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Department of Energy
Richland Operations Office

P.O. Box 550
Richland, Washington 99352
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Mr. John T. Conway, Chairman
Defense Nuclear Facilities Safety Board
625 Indiana Avenue N.W., Suite 700
Washington, D.C. 20004

Dear Mr. Conway:

TRANSMITTAL OF INFORMATION TO COMPLETE DEFENSE NUCLEAR FACILITIES SAFETY BOARD
(DNFSB) RECOMMENDATION 93-5 MILESTONE 5.4.3.5c

This letter constitutes completion of DNFSB Recommendation 93-5 Implementation
Plan, Revision 1, Milestone 5.4.3.5c, "Letter Reporting Approval of Safety
Assessment for Rotary Mode Core Sampling in Flammable Gas Tanks and
Documenting Incorporation into the Authorization Basis." The due date for
Milestone 5.4.3.5c is September 1996. The U.S. Department of Energy, Richland
Operations Office (RL) has completed the actions identified under this
milestone and proposes closure of the milestone.

Enclosure 1 is the Safety Assessment (SA) of Rotary Mode Core Sampling in
Flammable Gas Single-Shell Tanks developed by the Los Alamos National
Laboratory for the Westinghouse Hanford Company (WHC). Enclosure 2 (WHC
Engineering Change Notice [ECN] #609990) contains the Interim Operational
Safety Requirements (IOSRs) that were developed to implement the SA. Both of
these documents were intensively reviewed by the Independent Review Team from
Idaho National Engineering Laboratory and my staff with the participation of
your staff. The product of the review was the Safety Evaluation Report (SER
[Enclosure 3]). This SER was approved by RL in Enclosure 4. The WHC ECN
#609990 (Enclosure 2) incorporated the SA and IOSRs into the Interim Safety
Basis, which is the Authorization Basis for the Tank Waste Remediation System.

If you have any questions, please contact me or your staff may contact
Jackson Kinzer, Assistant Manager for Tank Waste Remediation System, on
(509) 376-7591.
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Enclosures (4)

Since ely,

~ohn D.~~fIj~
Manager

cc wjencls:
A. Alm, EM-1
R. Guimond, EM-2
R. Izatt, EM-2
J. Tseng, EM-4

S. Cowan, EM-30
M. Hunemuller, EM-38
M. Whitaker, S-3.1
S. Trine, RL DNFSB Liaison

cc wjo encls:
R. F. Bacon, WHC
L. F. Ermold, WHC
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September 12, 1996

Mr. J. K. McClusky, Director
Waste Storage Division
U.S. Department of Energy
Richland Operations Office
Richland, Washington 99352

Dear Mr. McClusky:
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(3)

(5)

COMPLETION OF DEFENSE NUCLEAR FACILITIES SAFETY BOARD RECOMMENDATION 93-5
IMPLEMENTATION PLAN, REVISION 1, COMMITMENT 5.4.3.5c, LETTER REPORTING
APPROVAL OF SAFETY ASSESSMENT FOR ROTARY MODE CORE SAMPLING IN FLAMMABLE GAS
TANKS AND DOCUMENTING INCORPORATION INTO THE INTERIM SAFETY BASIS

References: (1) Letter, J. D. Wagoner, RL, to A. L. Trego, WHC,
"Authorization of the Safety Assessment of Rotary Mode
Core Sampling in Flammable Gas Single-Shell Tanks,
WHC-SD-WM-SAD-035, Revision Oa, and Interim Operation
Safety Requirements," 96-QSH-042, dated August 30, 1996.

WHC-SD-WM-SAD-035, "A Safety Assessment of Rotary Mode
Core Sampling in Flammable Gas Single Shell Tanks:
Hanford Site, Richland, Washington,n dated
August 8, 1996.

WHC-SD-WM-ISB-OOl, "Hanford Site Tank Farm Facilities
Interim Safety Basis," Rev O-K, dated July 19, 1996.

"Safety Evaluation Report of the Safety Assessment
document titled 'A Safety Assessment of Rotary Mode Core
Sampling in Flammable Gas Single Shell Tanks: Hanford
Site, Richland, Washington,'" Lockheed Idaho Technologies
Company, dated July 18, 1996.

WHC-SD-WM-OSR-005, "Single Shell Tank Interim Operational
Safety Requirements," Rev O-E, dated July 18, 1996.

This letter reports completion of Defense Nuclear Facilities Safety Board
(DNFSB) Recommendation 93-5 Implementation Plan Milestone 5.4.3.5c, Letter
Reporting Approval of Safety Assessment for Rotary Mode Core Sampling in
Flammable Gas Tanks and Documenting Incorporation into the ISB.

By Reference I, the U.S. Department of Energy, Richland Operations Office,
authorized the Safety Evaluation Report (Reference 4) documenting the review
and approval of the Rotary Mode Core Sampling System Safety Assessment

H8nlord Operatlona and Engineering Contracwr for tl'te US Oepertment of Energy
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(Reference 2) and the related Interim Operational Safety Requirements
(Reference 5). The attachment to this letter (Engineering Change Notice
#609990) incorporates the Safety Assessment and the supporting Operational
Safety Requirements into the Tank Farm Interim Safety Basis (Reference 3).

The due date for submittal of this milestone to DNFSB is September 30, 1996.~

Very truly yours,

}
~ ~
L. F. ~d, Director
TWRS Characterization Project
Tank Waste Remediation System

srb

Attachment

HQ - J. Poppiti
M. A. Mikolanis

RL - R. E. Gerton
P. R. Hernandez
J. F. Thompson, Jr.
S. L. Tri ne
N. W. Will is
A. H. Wirkkala (w/o attachment)

PNNL - A. F. Noonan

SAle - H. G. Sutter
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EXECUTIVE SUMMARY

This safety assessment (SA) addresses each of the required elements associated with
the installation, operation, and removal of a rotary-mode core sampling (RMCS)
device in flammable-gas (FG) single-shell tanks (SSTs). The RMCS operations are
needed to retrieve waste samples from SSTs with hard layers of waste for which
push-mode sampling is not adequate for sampling.

This SA was prepared using the "Interim Guidance for PrepariIlg Safety
Assessments," which was documented in Appendix A of Westinghouse Hanford
Company (WHC) report WHC-CM-6-32. The contents of this SA address most of the
elements required in the Department of Energy (DOE) Standard (DOE-STD-3011-94)
"Guidance for Preparation and Submittal of Basis for Interim Operation (BIO) for
DOE Nonreactor Nuclear Facilities." The hazard analysis contained in this SA was
perfonned using the guidance provided in Chapter 2 of the OOE Standard
(DOE-STD-3009-94) "Preparation Guide for U. S. Department of Energy Nonreactor
Nuclear Facility Safety Analysis Reports." However, these standards generally apply
to a facility as opposed to a system or activity, which is the subject of the current SA.
The hazard analysis for the system of interest was performed in parallel with the
design. All required design changes (with the required protective equipment
credited in the accident analysis) are documented in this SA.

In this SA, potential hazards associated with the proposed action were identified and
evaluated systematically. Several potential accident cases that could result in
radiological or toxicological gas releases were identified and analyzed and their
consequences assessed. Administrative controls, procedures, and design changes.
required to eliminate or reduce the potential of hazards were identified.

The accidents were analyzed under nine categories, four of which were burn
scenarios. In SSTs, burn accidents result in unacceptable consequences because of a
potential dome collapse. The accidents in which an aboveground burn propagates
into the dome space were shown to be in the "beyond extremely unlikely" frequency
category. Given the unknown nature of the gas-release behavior in the SSTs, many
design changes and administrative controls were implemented to achieve these low
frequencies. Likewise, drill string fires and dome space fires were shown to be very
low frequency accidents «l.OE-6/yr) by taking credit for the design changes, controls,
and available experimental and analytical data.

Under the category of waste fires, the possibility of igniting the. entrapped gases and
the waste itself were analyzed. Experiments were conducted at the BaM to
demonstrate that the drill bit is not capable of igniting the trapped gas in the waste.
Laboratory testing and thermal analysis demonstrated that, under normal operating
conditions, the drill bit will not create high enough temperatures to initiate a
propagating reaction in the waste. However, system failure that coincides in a waste
layer with high organic content and low moisture may initiate an exothermic
reaction in the waste. Consequently, a conservative approach based on the current

1 July 9,1996
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state of the knowledge resulted in limiting the drilling process to a subset of the FG
tanks. .

Accidents from the chemical reactions and criticality category are shown to result in
acceptable risk. Many accidents are shown to result potentially in containment (tank
liner) breach below the waste leve1. Mitigative features are provided for these
accidents. Gas-release events (GREs) without burn also are analyzed, and
radiological and toxicological consequences are shown to be within risk guidelines.
Finally, the consequences of potential spills are shown to be withiIi the risk
guidelines.

Accidents associated with external events also are addressed in this SA. For the
SSTs, large seismic events with low frequency of occurrence may result in
catastrophic dome failure. However, such events and their consequences are
independent of the RMCS operations. Lightning is considered a potential initiator
for burn accidents.

The conservative consequences of the accidents are compared with the WHC risk
guidelines using accident frequencies obtained on a per-tank and per-year basis. All
of the accidents analyzed in this SA are shown to meet the radiological and
toxicological risk guidelines. The on-site and off-site consequences of a burn in an
SST dome space are high because of a potential dome collapse and do not meet the
risk guidelines if not mitigated. Mitigated frequency of the dome collapse accident is
shown to be <1Q-6/yr.

This SA is written to cover all FG tanks. As discussed in Section I, a bounding tank
is chosen and a bounding set of parameters are used in the analyses. However, all
the SSTs are not screened in determining the bounding set of parameters. To
address the issue associated with organic reaction, RMCS· is currently allowed in a
limited number of tanks. These tanks are explicitly identified in this SA. To
encompass the flammab~e gas issues, a checklist is prepared and included in
Section 7 of this SA. The checklist includes tank specific parameters that must be
screened against the assumptions made in this SA. This checklist is aimed at
complementing the Unreviewed Safety Question (USQ) screening process which
would be required to apply this SA to any given tank.

2 July 9,1996
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EXECUTIVE SUMMARY

This safety assessment (SA) addresses each of the required elements associated with
the installation, operation, and removal of a rotary-mode core sampling (RMCS)
device in flammable-gas (FG) single-shell tanks (SSTs). The RMCS operations are
needed to retrieve waste samples from SSTs with hard layers of waste for which
push-mode sampling is not adequate for sampling.

This SA was prepared using the "Interim Guidance for Preparing Safety
Assessments," which was documented in Appendix A of Westinghouse Hanford
Company (WHC) report WHC-eM-6-32. The contents of this SA address most of the
elements required in the Department of Energy (DOE) Standard (DOE-STD-3011-94)
"Guidance for Preparation and Submittal of Basis for Interim. Operation (BIO) for
DOE Nonreactor Nuclear Facilities." The hazard analysis contained in this SA was
performed using the guidance provided in Chapter 2 of the DOE Standard (DOE
SfD-3009-94) "Preparation Guide for U. S. Department of Energy Nonreactor
Nuclear Facility Safety Analysis Reports." However, these standards generally apply
to a facility as opposed to a system or activity, which is the subject of the current SA.
The hazard analysis for the system of interest was performed in parallel with the
design. All required design changes (with the required protective equipment
credited in the accident analysis) are documented in this SA.

In this SA, potential hazards associated with the proposed action were identified and
evaluated systematically. Several potential accident cases that could result in
radiological or toxicological gas releases were identified and analyzed and their
consequences assessed. Administrative controls, procedures, and design changes
required to eliminate or reduce the potential of hazards were identified.

The accidents were analyzed under nine categories, four of which were burn
scenarios. In SSTs, burn accidents result in unacceptable consequences because of a
potential dome collapse. The accidents in which an aboveground burn propagates
into the dome space were shown to be in the "beyond extremely unlikely" frequency
category. Given the unknown nature of the gas-release behavior in the SSTs, many
design changes and administrative controls were implemented to achieve these low
frequencies. Likewise, drill string fires and dome space fires were shown to be very
low frequency accidents «l.OE-6/yr) by taking credit for the design changes, controls,
and available experimental and analytical data.

Under the category of waste fires, the possibility of igniting the entrapped gases and
the waste itself were analyzed. Experiments were conducted at the BOM to
demonstrate that the drill bit is not capable of igniting the trapped gas in the waste.
Laboratory testing and thermal analysis demonstrated that, under normal operating
conditions, the drill bit will not create high enough temperatures to initiate a
propagating reaction in the waste. However, system failure that coincides in a waste
layer with high organic content and low moisture may initiate an exothermic
reaction in the waste. Consequently, a conservative approach based on the current

1 August 8,1996
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state of the knowledge resulted in limiting the drilling process to a subset of the FG
tanks.

Accidents from the chemical reactions and criticality category are shown to result in
acceptable risk. Many accidents are shown to result potentially in containment (tank
liner) breach below the waste level. Mitigative features are provided for these
accidents. Gas-release events (GREs) without burn also are analyzed, and
radiological and toxicological consequences are shown to be within risk guidelines.
Finally, the consequences of potential spills are shown to be withm the risk
guidelines.

Accidents associated with external events also are addressed in this SA. For the
SSTs, large seismic events with low frequency of occurrence may result in
catastrophic dome failure. However, such events and their consequences are
independent of the RMCS operations. Lightning is considered a potential initiator
for burn accidents.

The conservative consequences of the accidents are compared with the WHC risk
guidelines using accident frequencies obtained on a per-tank and per-year basis. All
of the accidents analyzed in this SA are shown to meet the radiological and
toxicological risk guidelines. The on-site and off-site consequences of a burn in an
SST dome space are high because of a potential dome collapse and do not meet the
risk guidelines if not mitigated. Mitigated frequency of the dome collapse accident is
shown to be <:1Q-6/yr.

This SA is written to cover all flammable gas tanks. As discussed in Section I, a
bounding tank is chosen and a bounding set of parameters are used in the analyses.
However, all the single-shell tanks are not screened in determining the bounding
set of parameters. To address the issue associated with organic reaction, rotary mode
core sampling is currently allowed in a limited number of tanks. These tanks are
explicitly identified in this SA. To encompass the flammable gas issues, a checklist
is prepared and included in Section 7 of this SA. The checklist includes tank specific
parameters that must be screened against the assumptions made in this SA. This
checklist is aimed at complementing the Unreviewed Safety Question (USQ)
screening process which would be required to apply this SA to any given tank.

2 August 8, 1996
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ACRONYM DEFINITION

I-D One-dimensional

2-D Two-dimensional

AED Eerodynamic equivalent diameter

AIChE American Institute of Chemical Engineers "'-

ALARA As low as reasonably achievable

AMCA Air Movement and Control Association

ANL Argonne National Laboratory

ANSI American National Standards Institute

ARC Accelerated rate calorimetry

ASA Accelerated Safety Analysis

ASTM American Society for Testing and Materials

BOM Bureau of Mines

CAA Chronic annual average

CANDU Canadian reactor licensing

CB Containment Breach

CC Concentrated complexant

CEDES Committed effective dose equivalents

CEL Chemical Engineering Laboratory

CGM Combustible Gas Meter

CL Convective layer

DBA Design Basis Accident

DBE Design basis earthquake

OC Dilute complexed (waste)

DCRT Double-contained receiver tank

DDT Deflagration-to-Detonation

DIP Differential Indicating Probe

DOE Department of Energy

OOE-RL Department of Energy-Richland Area Office

DR Damage ratio

DS Drill string

DSC Differential Scanning Calorimetry
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ACRONYM DEFINITION

DSF Dome space fire

DSSF Double-shell slurry feed

DST Double-shell tank

DTA Differential Thermal Analysis

EDES Effective dose equivalents
"-

EDTA Ethylenediaminetetra-acetic acid

ERDA (US) Energy Research & Development Administration

ERP Emergency Response Planning

EXF External fire

FGWL Flammable Gas Watch List

GRE Gas-release event

HA Hazard analysis

HASP Health and Safety Plan

HAZOP Hazards and operability

HBD Hydraulic bottom detector

HEDTA Hydroxyethyl-ethylenediaminetriacetic acid

HEPA High-efficiency particulate air (filter)

HIS Hazards Identification Study

HMS Hanford Meteorological Station

HTWRS Hanford tank waste remediation system

I&C Instrumentation and control

IEEE Institute of Electrical and Electronic Engineers

ill Industrial Hygience

IRRAS Interim Reliabililty Risk Assessment System

ISB Interim Safety Basis

LID Length-to-diameter

LANL Los Alamos National Laboratory

LASAN Los Alamos·Systems Analysis

LCO Limiting Conditions for Operation

LFL Lower (or lean) flammability limit

LOW Liquid observation well

LPF Leak path factor

MAF Mitigated accident frequency
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ACRONYM DEFINITION

MAR Material at risk

MEl Maximum Exposed Individual

MIST Minimum ignition surface temperature

MMD Mass median diameter

NCPLX Noncomplexed waste

NEC National Electric Code

NFPA National Fire Protection Association

NRC Nuclear Regulatory Commission

NSSFC National Severe Storms Forecast Center

NUREG Nuclear Regulatory Commission Regulation

OSD Operational safety document

OSHA Occupational Safety and Health Administration

OSR Operational Safety Requirement

PEL-TWA Permissable exposure limit time-weighted average

PG Purge gas

PIC Person in charge

PLC Programmable Logic Controller

PM Plume meander

PNNL Pacific Northwest National Laboratory

PPF Pump pit fire

PRC .Plant Review Committee

PVC Polyvinyl chloride

RCRA Resource Conservation and Recovery Act

RG Risk Guidelines

RCV Ram control valve

RF Respirable fraction

RLU Remote latch unit

RMCS Rotary-mode core sampling

RSST Reactive Systems Screening Tool

SA Safety assessment

SC I Safety Class I

SE Seismic event

SHMS Standard Hydrogen Monitoring Systems
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ACRONYM r ~ITION
1---..

Sj\ , .~ Sierra Mom :- Corpore ..1n..L
...

SOY Solenoid-oF 'ated valve

SR Shielded receiver

SSFGWLT Single-Shell Flammable Gas Watch List Tank

SMM Supernate mixing model
"-

SST Single-shell tank

TC Thermocouple

TEDE Total Effective Dose Equivalent

TGR Toxic gas release

TI Total Inventory

TLM Tank layer model

TOC Total organic compound

TRG Test Review Group

TSD Treatment, Storage and Disposal

TWRS Tank Waste Remediation System

UAF Unmitigated accident frequency

ULD Unit-liter dose

UOR Unusual occurrence report

USQ Unreviewed safety question

WHC Westinghouse Hanford Company

ZPA Zero-Period Acceleration
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DEFINITIONS

Dust Devil. A dust devil is a localized wind pattern that moves in a circular
motion which spawns and decays quickly and travels at relatively low
velocities.

Immediate Shutdown. Immediate shutdown is defined as the time it takes
for the PLC to send a shutdown signal to the drill engine upon receipt of a
valid shutdown signal with no additional programmed-delay. It is
understood that the determination of a valid alarm signal requires
approximately 2 seconds.

Independent Verification. Independent task verification is defined as
requiring that either a second person verify whether a task is performed
correctly after a task is completed or whether the original task performer
verifies a task correctly performed at a different time and location.

Rotary Drilling. Rotary drilling is defined as rotation of the drill string greater
than 2 rpm, while the drill string is in the tank waste.

Waste-intrusive activities. Waste-intrusive activities are defined to include
all actions in which motion of, or motion in, the drill string occurs, while the
drill string is in the tank waste, including drilling, gas flows and sample
insertion and recovery, while the drill string is in the tank waste. Waste
intrusive also includes the four hours following termination of these
activities.
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I.O.SCOPE

This safety assessment (SA) addresses each of the proposed elements required to
evaluate the installation, operation, and removal of rotary-mode core sampling
(RMCS) equipment in single-shell tanks (SSTs) on the Flammable Gas Watch List
(FGWL) or those tanks recommended by the contractor to be included on the FGWL,
hence referred to as FG/RMCS operations. These tanks, referred to as flammable-gas
tanks (FGTs), are located within· the 200 Area in Hanford Site, Richland,
Washington. Specifically, this SA addresses the proposed action to instatl, operate,
and remove an FG/RMCS device in the subject tanks.

The objective of this SA is to (1) systematically identify each of the potential hazards
associated with these proposed sampling actions, (2) analyze each of the resultant
accident sequences, (3) assess the consequences of the accident sequences, and
(4) identify the controls and procedures necessary to eliminate or reduce the
potential hazards. Section 1 of this SA provides the background information for the
proposed actions, discusses the no-action alternative, and outlines the safety
assessment approach and scope. Also included in Section 1 is a summary of the
significant characteristics of the SST farms.

1.1. BACKGROUND AND PURPOSE OF TIlE PROPOSED ACTION

The Department of Energy (DOE) is responsible for the management and storage of
the waste accumulated from processing defense reactor irradiated fuels for
plutonium recovery at the Hanford Site. Currently, there are 177 waste tanks,
including 149 SSTs and 28 double-shell tanks (DSTs) located in the 200 area of the
Hanford reservation. These wastes, consisting of liquids and solids, are stored in
underground storage tanks pending final disposition. A systems approach,
managed as part of the tank waste remediation system (TWRS), has been adopted to
address the complex and interrelated activities associated with the management and
disposal of Hanford tank wastes. The goal of the TWRS is to reduce the
environmental, safety, and health risks inherent in the Hanford tank waste
operation and remediation. The highest priority for this program is to identify a
corrective action strategy for each waste tank safety issue and to mitigate known
safety concerns. The four safety issues include (1) flammable-gas generation and
concentrations that exceed the lower flammability level (LFL); (2) tanks containing
mixtures of ferrocyanide compounds and nitrate/nitrite materials that could, if
specific concentrations and conditions were to occur, support an exothermic reaction
leading to an explosion; (3) tanks containing organic compounds that could, if
locally concentrated, support an exothermic reaction; and (4) Tank 241-106-C, which
contains a strontium source generating high heat that requires periodic cooling.

This SA is concerned primarily with SSTs that are on the FGWL or have been
recommended by the contractor for inclusion on the FGWL. These tanks are listed
and discussed in Section 2.
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Rotary-mode drilling is necessary only for the SSTs with hard waste layers where
waste samples cannot be obtained using. the push-mode sampler. The rotary core
sampling yields certain hazards that, if not mitigated, result in consequences beyond
those analyzed in the push-mode sampling SA.1 Therefore, an Unreviewed Safety
Question (USQ) evaluation was performed. It was concluded that the FG/RMCS
operations are not covered by the current authorization and that a separate SA was
needed to perform rotary-mode core sampling operations on FGTs. This SA fulfills
that need.

1.2. SAFETY ASSESSMENT-SCOPE AND APPROACH

The scope of this SA is to provide a safety basis for the FG/RMCS operations in the
single·shell FGTs. To develop an SA that aims at bounding FG/RMCS operations
on all FGTs, the following methodology was implemented. The identification of
hazards associated with the installation, operation, and removal of the FG/RMCS
was performed in a generic tank. Accident sequences also are developed from the
evaluated hazards in a generic way. Accident analysis and resulting controls
required the discussion of specific parameters pertinent to each SST. A set of
bounding tank parameters was not determined through detailed analysis. Instead, a
representative tank was chosen that was shown to have bounding tank parameters
by performing a preliminary screening process. The screening process considered
important tank parameters, such as the retained-gas amount, measured dome
flammable- and toxic·gas concentrations, the observed or anticipated gas-release
amount, and the waste type. Among the SSTs on the FGWL, Tank A-101 was found
to maximize the parameters of interest. The total waste stored in Tank A-101 is 953
Kgal and is mostly consisted of salt cake (950 Kgal). Tank A-101 waste is classified as
double-shell slurry feed (DSSF). Estimated radionuclides in Tank A-lOl are Cesium
(Cs-137), Strontium (5-90), Plutonium (Pu), and Uranium (U).

Accident analyses were performed with this anticipated set of bounding tank
parameters. When the first revision of this SA was issued, the anticipated bounding
tank parameters were not screened in detail for all tanks of interest. Furthermore, it
can be anticipated that additional tanks will be designated as FGTs in the near future
after the completion of this SA. Care must be taken in applying this SA to tanks that
are on other watch lists (organic, ferrocyanide, etc.). This SA was concerned
primarily with the FG issues; hazards specific to tanks on other watch lists may not
have been proper!y addressed in this document. Thus, a screening process with a
checklist of items was developed. The controls produced in this SA will require the
review and approval of the screening results against the checklist for performance of
the FG/RMCS in specific tanks by the Plant Review Committee (PRC). The PRC may
charter a separate technical review group to perform the review and approval
responsibilities of the PRe. Also, the Westinghouse Hanford Company (WHC)
Design Authority is responsible for all aspects of equipment design.

This SA is developed using the guidelines provided in Ref. 2. The approach
implemented in this SA incorporates a systematic evaluation of the potential
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hazards related to rotary-mode core sampling in tanks with a flammable
environment and the activities required for the installation, operation, and
removal of the equipment. For the potential hazards identified, evaluations were
completed to establish their potential severity and the resultant consequences of
accidents that may occur in response to these hazards. These evaluations consisted
of detailed analyses and evaluations using analytical and numerical techniques,
routine engineering calculations, and/or a review of existing information to
establish the consequences, if any, of these hazards. Finally, this SA identifies the
procedures and controls implemented to prevent or mitigate the consequences of
these hazards.

Commensurate with this approach, an SA format is developed in Ref. 3. Section 2
of the SA describes the equipment, subsystems, and procedures used during
FG/RMCS operations. Section 3 then systematically defines the hazards, causes, and
potential accident sequences anticipated, not only with the FG/RMCS operational
phase, but also with installation and removal activities. Section 4 assesses the
identified hazards in Section 3, followed by a consequence analysis of the postulated
accidents in Section 5. Section 6 defines both design features and administrative/
procedural controls that are required to ensure an acceptable level. of safety during
FG/RMCS operations, especially in a flammable environment. In Section 7, a
checklist is provided that contains the items that must be addressed in applying this
SA to all FGTs.

This format addresses all activity-related elements listed in US Department of
Energy (DOE) Guidance document 3011-94 (Ref. 4). Reference 4 is aimed primarily at
safety documents developed for a facility, this SA is aimed at a specific activity,
namely the RMCS operations in FGTs. Thus, most of the facility-related sections of
the 3011 Guidance are not addressed in this SA. However/ a brief summary of the
significant characteristics of the SST farms and their environment are provided in
Section 1.4 of this SA.

1.3. NO-ACTION ALTERNATIVE

Tank characterization is a high-priority activity at the Hanford site, and FG/RMCS is
the proposed retrieval technique for SST samples. A "no-action" alternative would
prevent or delay full-depth core sampling activities in SSTs that are FGTs. The
analysis of these waste samples is very important for the follOWing reasons:

• Addressing the issues associated with the safe storage of the waste, and

• Developing sound strategies for the retrieval and ultimate disposal of the
waste.

Currently, there is no engineered or conceptualized design that can replace the
FG/RMCS equipment for obtaining samples from hard waste layers for which the
push mode sampling is not adequate.
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1.4. SUMMARY OF SIGNIFICANT CHARACTERISTICS OF THE SST FARMS
AND THEIR ENVIRONMENT

All the SSTs of interest are located in the 200 Area at the Hanford Reservation, as
shown in Fig. 1-1. Detailed descriptions of the SSTs and SST tank farms are
provided in Refs. 5 and 6. Specific characteristics of the SSTs pertinent to this SA are
discussed in Section 2 and other parts of the SA when needed. This section provides
a summary of the descriptive information for the site.

A detailed and comprehensive description of the Hanford Site is presented in
documents developed by the (US) Energy Research and Develorment
Administration (ERDA), OOE, and Pacific Northwest Laboratory (PNL).7,· This
section summarizes results presented in these references and others as they apply to
the 200 Areas. The DOE Hanford Site lies within the semiarid Pasco Basin of the
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Fig. 1-1. Location of the Tank Farms within the 200 Area.
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Columbia Plateau in southeastern Washington State. The Hanford Site occupies an
area -1450 km2 (570 mi2) north of the confluence of the Snake, Yakima, and
Columbia Rivers. This land, with restricted public access, provides a buffer for the
smaller areas currently used for the production of nuclear materials, waste storage,
and waste disposal; only -6% of the land area has been disturbed and is actively
used. The Columbia River flows through the northern part of the Hanford Site;
turning south, it forms part of the site's eastern boundary (Fig. 1-2).lOThe terrain of
the central and eastern parts of the Hanford Site is relatively flat, with evidence in
the central part of the Site (including the 200-Area Plateau) of minimal erosion since
the deposition of Hanford Formation sediments by glacial floodwaters -13,000 yr
ago. The soil beneath the tank farm consists of silt, sand, and gravel. The principal
geologic units beneath much of the 200-West Area are, in ascending order: (1) the
Columbia River Basalt Group, with interbedded sediments of the Ellensburg
Formation; (2) the Ringold Formation; (3) the Plio-Pleistocene unit; and (4) the
Hanford Formation. The Ringold Formation is -47.2 m (155ft) below the surface of
the SY Tank Farm.1I
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Fig. 1-2. Location of 200 Area within the Hanford Site.
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Tw, areas of shallow, swarm seismic activity, Coyote Rapids and Cold Creek, are
lOG: ,::d within 16.1 km (10 mi) of the 200-West Area. The Coyote Rapids swarm area
has been the site of 8 swarms consisting of 91 shallow seismic events during the
period between 1969 and 1986. The depth distribution of these seismic events is
bimodal, with maximum activity occurring near the surface and at a depth of 4.0 to
6.9 km (2.5 to 4.3 mi). The Cold Creek swarm area, located 12.9 km (8 mi) south of
the 200-West Area, includes 32 events from 1979 to 1986 that occurred at depths up
to 4.8 km (3 mil. '"'

Several surface ponds and ditches associated with fuel and waste processing
activities are present within the 200 Area (Fig. 1-3).12 These ponds and ditches are
used primarily as wasteways for process and cooling water and sometimes contain
small quantities of radionudides (both fission products and transuranic elements).
Cold Creek and its tributary, Dry Creek, are ephemeral streams within the Yakima
River drainage system along the southern boundary of the Hanford Site. Both
streams drain areas to the west of the Hanford Site and cross the southwestern part
of the Site toward the Yakima River. The potential for flash flooding from the Cold
Creek drainage system has been examined, and a maximum flood depth of 2.1 m
(7 ft) was estimated along the southwestern part of the 200-Area plateau. However,
the maximum probable flood has not been well defined for the Cold Creek drainage
system. A 100-yr peak stage flood, estimated to be -0.9 m (3 ft) above the Cold Creek
Valley floor, would not reach the 200-West Area.13

Wastewater ponds on the Hanford Site have recharged the unconfined aquifer
below the 20o-Area artificially. The increase in water-table elevations was most
pronounced from 1950 to 1960 and had approached equilibrium between the
unconfined aquifer and the recharge between 1970 and 1980, when only small
increases in water-table elevations occurred. Wastewater discharges from the 200
Area were reduced significantly in 1984 (Ref. 14), with an accompanying decline in
water-table elevations. The depth to groundwater currently is -SO to 60 m (164 to
197 it) in the 200 Area. Groundwater flow direction is generally in an easterly and
southeasterly direction, toward the Columbia River.

Lateral groundwater movement occurs within a shallow, unconfined aquifer
consisting of fluvial and lacustrine sediments lying on top of the basalts and within
deeper confined-to-semiconfined aauifers consisting of basalt flow tops, flow bottom
cones, and sedimentary interbeds.1 Sources of natural recharge to the unconfined
aquifer are rainfall and runoff from the higher bordering elevations, water
infiltrating from small ephemeral streams, and river water along influent reaches of
the Yakima and Columbia Rivers. Artificial recharge to the unconfined aquifer
results from the disposal of wastewater to the ground below the 200 Areas from the
surrounding highlands. This recharge to the aquifer [5.5E04 m3/d(1.5E07 gal./d)] is
-10 times the natural recharge entering the unconfined aquifer below the 200
Areas. Is Beneath the disposal ponds, groundwater mounds have developed in
response to the artificial recharge. Beneath U Pond, located in the 20o-West Area,
the water table rose -24.4 m (80 ft) from the start of disposal operations in 1944
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(Refs. 16 and 17) until U Pond was decommissioned in 1985. From the recharge
areas to the west, the groundwater flows down the gradient to the discharge areas
along the Columbia River, interrupted locally by the groundwater mounds in the
200 Areas. The horizontal and vertical extent of these mounds appears to be related
directly to the surface discharge of wastewater from facilities in this areaY
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Fig. 1-3. Locations of surface-water ponds, ditches, and ephemeral streams on the
Hanford Site.

Climatological data are available from the Hanford Meteorological Station (HMS),
which is located between the 200-East and 200-West Areas. Data have been collected
at this location since 1945. Temperature and precipitation data also are available
from nearby locations for the period of 1912 through 1943. A summary of these data
through 1980 has been published in Ref. 19. Data from the HMS are representative
of the general climatic conditions for the region and describe the specific climate of
the 200-Area Plateau.

The prevailing winds on the 200-Area Plateau are from the northwest. Secondary
maxima occur for southwesterly winds. Diurnal and monthly averi'lges and
extremes of temperature, dew point, and humidity are contained in Stone et al.14
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Ranges of daily maximum temperatures vary from a normal 2°C (36°F) in early
Jam ! to 35°C (95°P) in late July. The record maximum temperature is 46°C
(115 and the record minimum temperature is -32.8°C (-27.0°F). Rela7:ve
~umi. ,y I dew-point temperature measurements are made at the HMS and at lne

;ree 61.0-m (200-ft) monitoring tower locations. The annual average relative
humidity at the HMS is 45%. It is highest during the winter months (averaging
-75%) and lowest during the summer (averaging -35%). At the Hanford Site, the
severe-weather phenomenon that occurs most frequently and has the greatest effect

the dust storm. 19 The maximum recorded peak gust at 15 m (50 ft) aboveground
was 128 km/h (80 mi/h), which occurred in January 1972. A 10o-yr return period
peak gust of 138 km/h (86 mi/h) has been calculated at the 15-m (50-ft) elevation.

Precipitation measurements have been made at the HMS since 1945. Average
annual precipitation at the HMS is 16 ern (6.3 in.). Most of the precipitation occurs
durin'. the winter, with nearly half of the annual amount occurring in the months
of November through February. Rainfall intensities of 1.3 cm/h (0.5 in./h) and
persisting for 1 h are expected once every 10 yr. Rainfall intensities of 2.5 cm/h
(1.0 in./h) for 1 h are expected only once every 500 yr. The Hanford Site is not a
major thunderstorm area. On average, only about 10 thunderstorm days per year
are recorded at the Hanford Site, although this number has varied from a low of 3 to
a high of 23 thunderstorm days per year. Thunderstorms theoretically can occur
during any month of the year; however, they occur most frequently from April
through September. The largest number of thunderstorm days recorded in a single
month is eight, which has occurred in both June and August. Large differences ir~,

electric potential can occur during thunderstorms, whicll, in turn, can lead to
lightning strikes. In general, -20% of lightning strikes are cloud-to
ground I ground-to-cloud discharges. Lightning strikes in the summer have
occasionally ignited range fires in the Hanford Site region. Estimates of the extreme
thunderstorm winds, based on peak gusts observed from 1945 through 1980/ are
given in Ref. 19. Using the National Weather Service criteria for classifying a
thunderstorm as "severe" [i.e., hail with a diameter ~20 mm (0.8 in.) or wind gusts
~93 km/h (84.8 fi/s)], only 1.9% of all thunderstorm events observed at the HMS
have been "severe" storms; all met the criteria based on wind gusts.

The nearest volcano is in the Cascade Range, more than 100 km (62 mil from the
Hanford Site, and most eruption products are deposited within 50 km (31 mi) of
their source. There is no evidence that volcanic lava flows, debris flows, or
mudflows from the Cascade Range volcanoes reached the Pasco Basin during the
Quaternary period.

Flows of lava, debris, and mud tend to be confined to existing drainage channels,
and because no streams flow directly from the Cascade Range to the Hanford Site,
these types of volcanic deposits are not considered likely at the 200 Area.

Tornadoes are infrequent and generally small in the northwest portion of the
United States. The HMS climatological summary and the National Severe Storms
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Forecast Center (NSSFC) database list 22 separate tornado occurrences within 161 km
(100 mi) of the Hanford Site from 1916" through August 1982. Two additional
tornadoes have been reported since August 1982.

1-9 August 8, 1996



WHC-SD-WM-SAD-035, Rev. O-a

1.5. REFERENCES

N. J. Milliken and G. R. Geschke "Safety Analysis for Push-Mode and Rotary
Mode Core Sampling," W stinghouse Hanford Company report,
WHC-SD-WM-SARR-031, Rev. 2 Guly 1995).

2. Westinghouse Hanford Company, "Safety Analysis Manual," W~tinghouse

Hanford Company report WHC-eM-4-46 Rev. 4 (September 30, 1995).

3. Westinghouse Hanford Company, "Interim Guidance for Preparing Safety
Assessments/, in Safety Analysis and Engineering Manual: Work Procedures,
Westinghouse Hanford Company report WHC-CM-6-32, Rev. 1 (November
1992).

4. US Department of Energy, "Guidance for Preparation of roE 5480.22 (TSR)
and roE 5480.23 (SAR) Implementation Plans," roE Standard 3011-94
(November 1994).

5. H. R. Brager, "Summary of Information on Flammable Gas Watch List
Tanks," Westinghouse Hanford Company report WHC-EP-0711 Oanuary
1994).

6. Westinghouse Hanford Company, "Hanford Site Tank Farm Facilities
Interim Safety Basis," WHC-SD-WM-ISB-OOl, Rev. 0, VoL 1 (August 1993).

7. US Energy Research and Development Administration, "Final
Environmental Impact Statement of. Waste Management Operations,
Hanford Reservation, Richland, Washington," US Energy Research and
Development Administration report ERDA-1538, 2 vols. (1975).

8. US Department of Energy, "Draft Environmental Assessment, Reference
Repository Location, Hanford Site, Washington," US Department of Energy
report OOE/RW-0017 (1984).

9. Pacific Northwest Laboratory, "Hanford Site National Environmental Policy
Act (NEPA) Characterization," Pacific Northwest Laboratory report PNL-6451
(1990).

10. M. Gerber, "Legend and Legacy: Fifty Years of Defense Production at the
Hanford Site," Westinghouse Hanford Company report WHC-MR-0293,
Rev. 1 (1992).

11. "Investigation to Determine Dynamic Soil Properties at the 241-SY-Tank
Site," URS/John A. Blume & Associates, Atlantic Richfield Hanford
Company (1974).

1-10 August 8, 1996



WHC-SD-WM-SAD-035, Rev. O-a

12. "Environmental Impact Statement, Disposal of Hanford High-Level and
Transuranic and Tank Wastes, Hanford Site, Richland, Washington," US
Department of Energy report DOE/EI5-0113, Vol. I-ill (1987).

13. R. L. Skaggs and W. H. Walters, "Flood Risk Analysis of Cold Creek near the
Hanford Site," Pacific Northwest Laboratory for Rockwell Hanford Operations
report RHO-BWI-C-120 (PNL-4219) (1981).

14. W. A. Stone, J. M. Thorp, O. P. Gifford, and D. J. Hoitink, "Climatological
Summary for the Hanford Area," Pacific Northwest Laboratory report
PNL-4622 (1983).

15. US Department of Energy, "Consultation Draft: Site Characterization Plan,
Reference Repository Location, Hanford Site, Washington," US Department
of Energy report DOE/RW-0164, Vol. 2 of 9 (1988).

16. C. C. Meinhardt and J. C. Frostenson, "Current Status of 200 Area Ponds,"
Rockwell Hanford Operations report RHQ-CK-798 (1979).

17. J. D. Jamison, "Standardized Input for Hanford Environmental Impact
Statements Part II: Site Descriptions," Pacific Northwest Laboratory report
PNL-3509, Part 2 (1982).

18. D. A. Zimmerman, A. E. Reisenauer, G. D. Black, and M. A. Young, "Hanford
Site Water Table Changes 1950 through 198D-Data Observations and
Evaluation," Pacific Northwest Laboratory report PNL-5506 (1986).

19. D. I. Herbom et al., "Hanford Waste Vitrification Plant Preliminary Safety
Analysis Report," Westinghouse Hanford Company report WHC-EP-0250
(1991). .

1-11 August 8, 1996



WHC-SD-WM-SAD-035, Rev. O-a

2.C DESCRIPTION OF AOlON

Th.. section presents the detailed descriptions required to evaluate the installation,
operation, and removal of rotary-mode core sampling (RMCS) equipment in single
s .1 tanks (SSTs) on the Flammable Gas Watch List (FGWL) or those tanks
recommended by the contractor to be included on the FGWL, hence referred to as
FG/RMCS operations. The safety of RMCS operations in flammable gas tanks has
been questioned because of the potential to induce a spark within the flammable
environment of the tanks. The descriptions reflect an understanaing of j~
FG/RMCS equipment and processes at the time of the safety assessment (SA) and
are provided for the information of the reader only.

This section details the safety criteria surrounding tanks on the FGWL and tanks
recommended by the contractor for inclusion on the FGWL, 'collectively to referred
to as FGTs, the gas and ignition phenomenology anticipated during sampling
operations in these tanks, and descriptions of the tanks and their characteristics.
Descriptions of the equipment and systems required for rotary-mode core sampling
follow, along with a summary of the drilling operations under normal, and certain
abnormal conditions.

Because tank characterization and sampling are of the highest priority at Hanford as
stated in Public Law 101-510, Section 3137, "Safety Measures for Waste Tanks at
Hanford Nuclear Reservation," (1990), a suite of sampling methods have been
incorporated into characterization and stabilization strategies, including grab
sampling, vapor sampling, auger operations, and push-mode sampling. However,
rotary-mode core sampling is used for obtaining full-depth core samples in tanks
with salt cake waste.

Rotary-mode sampling operations and procedures are similar to push-mode
sampling techniques with several differences: the drill bit differs, a nitrogen purge
system is activated to cool the drill bit as it rotates, and an exhauster is used to
compensate for the nitrogen purge flow and aerosol introduced into the tank dome.
In general, a sampling truck capable of rotary-mode sampling, a nitrogen supply
system, an exhauster, and a variety of support equipment is set up on or near the
tank. The sampling truck is located at the appropriate riser, and the drill string with
a universal sampler is inserted into the tank. With the nitrogen purge and
exhauster systems activated, the rotary drilling collects a cylindrical waste sample
that is withdrawn from the tank, transferred in a shielded receiver to a mobile X-ray
system for preliminary examination, then transferred into a cask for transport to the
analytical laboratories for full characterization. The drilling/sampling sequence is
repeated until a set of samples representing a full-depth core is acquired.

Specific design features and assumptions, provided in Section 6, shall be used to
assess the extent to which changes or modifications alter the functions or
operational characteristics of the FG/RMCS processes, systems, or components. The
Department of Energy (DOE) Order 5480.21, Unreviewed Safety Questions (USQs)
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process shall be used to assess which SA results could be altered or negated by said
changes or modifications, and to what extent SA revisions could be required.

2.1. PRINCIPAL SAFEn' CRITERIA

Safety criteria for this section include a consideration of OOE Orders, existing
Westinghouse Hanford Company (WHC) documents and procedures, and the more
specific criteria associated with FGWL tanks. Because several of the tanks on the
FGWL are also on the Organic Watch List, the organic criteria are also provided.

DOE Safety and Design Requirements

The OOE Orders cited in TABLE 2-1, are presently applicable to the design of the
rotary-mode core sampling equipment. They are helpful in developing the criteria
outlined in Sections 2.1.2,2.1.3,2.1.4 and 2.2. The risk criteria are given in Section 5
of this SA.

TABLE 2-1
RELEVANT DOE ORDERS

DOE Order Title..........................._ _ _._ _..__ __._-_._._.._ _ _ _---
DOE Order 1540.2 "Hazardous Material Packaging"-_..- _.- __._ _._ __ _ _---._---_._ -_ _ _-_ __.--_._----
DOE Order 4330.4A "Maintenance Management Program"
·OOE··Q;d;~..5000:3B..·..··--· ..;.·o;~~;·R;j;;;~g·;;;;-d ..P~-;;;g;i"op;;;ti;;~·fufu~;t·i~;;:; ....·--..··--·---..

::~~::§~~~~~~!~~:.:~ ::~~~~~~~~~I~~~~€?~·p~~~:~==:==:=:::==::::=~~~=::
DOE Order 5400.5 "Radiation Protection of the Public and the Environment".........................................._ _ __ _ _ _-- _ _.._ --_ __ _ _.__.._._-
H?9.~~~~:...~~:~ _ H ::~~.~~.~.~~~!!.?!.~~.~:_~~!X.:..~..?!.!~~!~..~~~~~.~~~~~~.::_. _
~~.~~~-~~~:~-.--- ..::~~.2'_~_J;J_~~.~:...~:~~ ._._.__. ..... ... . -._._'__-1
DOE Order 5480.7 "Fire Protection".- - _ _ -.-- -- - --.-- --- - ------ - ----t
DOE Order 5480.10 "Contractor Industrial Hygiene Program"

::~~§.:.~~._~Ti~~=:=: :~~E:~~·~~~~§:€:~~.p.ati~~~~~~~i:~..:===~~===:=. _
DOE Order 5480.19 "Conduct of Operations Requirements for DOE Facilities"_ __.- _._ _.._.__ __._... . .__._ ___.._._ _ _.._- -_.__.-
DOE Order 5480.20 "Personnel Selection, Qualification, Training, and Staffing Requirements at DOE

Reactor and Non-Reactor Nuclear Facilities" ......_._..--_..-.__.__ - __._._ _ _ _ __--- __-----
DOE Order 5480.21 "Unreviewed Safety Questions"
·ooE"'();~f~·;··5480_:_i2·--·-· "~;T~';;jZ;i'S;;f;yRequi~;~ents;;---·--·--·--·-·-·-..·· - ·..·-··-··..·-....---.-....

'OOE"'Ord;;"54S023"'-""" -'7N~cle;;"S;f;;yA;~iy~i;- Rep~rt=="""--- ..·_-··..-~------·-·- -···..·..·........·..·--H.--
··OOE··Q;d;;·54803i··..··..·· .,.. -;·S~~p;;~iR~~fN~i;;;F;cliiti;;~~ ..-·_-----·--·..--------
··ooE"~d~-;5483.iA--···;."&cupa·ti~;;;i..S;fety and H-;;iih'~mfo-;-ooE"-C~tr~~t;;-&npk;y~t·

Government Owned Contractor Operated'Facilities"
"OOE-o;d;;S500.2B--- ";~~"'erg;;-cy c;tei;~ri-;;,aasses ';~dN~fiz;~ci RePorti;;g'R;qci;;;~t;;' ..
"OOE-o;d;;s5iXi-:3A--"'-'- ..;'Pla~;;g;~;i"P;pa~;;;;_fur-Operati~;;;;j ..E;;:;;g~~i;:;·---- ··-·..·-'-'----4................._ _--_._._.._ _-_.__.__.._---_._-_._-_._ _.__.__ _..__.- __.._--
DOE Order 5700.6C "Quality Assurance"

-OO"E""();d;";S820-:-iA- -;;-~i~cti;;'W;;;;M-;'nagement"
'OOEQ;'cre;64'3ii~~--''''';';General Desi~ Crit~ria;;--·-"-----.-----.--.-.-.-.....--
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2.1.02. WHC General Safety Criteria

'WHC standard controls include a series of wr ,.~ documents that define the safety
envelope for the tank farm. The primary documents include the following:

• "Tank Farm Health and Safety Plan,"l

"Hanford Site Tank Farm Facilities Interim Safety Basis.,,2

Other pertinent WHC documents are referenced as necessary throughout the SA.

2.1.3. Safety Criteria for Tanks on the FGWL

Initially, Hanford tanks were identified for inclusion on the FGWL by qualitatively
considering the following:

J

• The presence of specific types of waste in the tank,

• The presence of a high radiation field in the tank,

• Observation of certain gaseous components in the dome space,

• Observation of pattern changes in the surface level,

• Observation of periodic pressure surges in the dome space, and

• Observations of the axial temperature profiles in the waste.

There are currently 19 SSTs on the FGWL with flammable gas concentrations that
can exceed 25% LFL in the dome of a full tank with a decay heat generation of 30,000
Btu/h. They were placed on the watch list more for the potential of containing
flammable gas rather than the verified presence of hazardous concentrations.

Further details of these criteria are provided in Ref. 3. Currently, there are 25 tanks
on the FGWL; 19 of these tanks are single-shell tanks. These tanks are:

A-lOl 5-102 SX-lOl V-l03

S-11l SX-l02 V-lOS

AX-lOl 5-112 SX-l03 V-I07

AX-I03 SX-l04 V-lOa

T-110 SX-l05 V-l09

SX-l06

SX-l09
"'.
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The hydrogen SSTs were placed on the watch list mainly because waste level
increases were observed without liquid addition. That is, slurry growth acted as the
main criterion for watch list designation. There was concern that the growth of
slurry could indicate a situation similar to that experienced with Tank 101-?Y, even
though the available data indicate total growth values as opposed to episodic-type
behavior.

Alternate criteria for tanks included having a surface crust, having a tOtal organic
compound (TOC) level >3g/L, or containing B-Plant waste. The B-Plant wastes are
organic-bearing wastes generated from the B-Plant fractionation process, primarily
during strontium recovery. The compounds making up the organic fractions are
complexing/chelating agents or their degradation products.

Recently, a new methodology was developed to identify tanks that may be
candidates for inclusion on the FGWL. The new method involves evaluating the
waste surface level changes in response to changes in barometric pressure.4 By
applying this criterion, a number of additional tanks were identified as candidates
for potential storage of flammable gases. These tanks are

A-I03 BY-1al C-104 5-101 TX-102 V-102

BY-102 C-107 5-103 TX-ll1 V-106
B-111 BY-lOS 5-104 TX-1l2 V-110

B-201 BY-106 T-201 5-105 TX-113 U-ll1

B-202 BY-109 T-102 5-106 TX-1l5

T-203 5-107 TX-116

BX-107 T-204 5-109 TX-1l7

Hereafter, these 34 tanks along with the original 19 FGWL single-shell tanks are
referred to as the flammable-gas tanks (FGTs). Presently, the total number of single
shell FGTs is 53.

2.1.4. Safety Criteria for Tanks on the Organic Watch List

Levels of safety for tanks on the Organic Watch List are addressed in Ref. 5. The
safety criteria are based on a set of tests in which dry sodium acetate nitrate/nitrite
mixtures exhibited propagating behavior at about 300°C (572°F) with a TOC value
greater than 6 wt%. Appendix G evaluates this criteria in detail for each SST.

2.2. PHENOMENOLOGY

Gas phenomena include considerations of gas storage and release mechanisms, gas
composition, waste characteristics, and flammability and ignition.
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2.2.1. Gas Storage and Release Mechanisms in SSTs

The model and data available that describe gas storage and release mechanisms are
discussed in Appendix L. The conclusion is that large and prompt releases are not
likely in single shell tanks.

The 19 single-shell tanks on the FGWL were separated by Los Alamos Nation,
Laboratory (LANL) in 19946 into the following four gas-release categorieS:

1. Tanks that do not experience episodic behavior nor exhibit long-term
growth in the waste level,

2. Tanks for which not enough data are available to evaluate the behavior,

3. Tanks that potentially exhibit episodic gas-release behavior"", and

4. Tanks that exhibit long-term waste growth but do not exhibit episodic gas
release behavior.

"There is only one SST in this category (A-IOl), and there is ro data to suggest that SST
exhibit episodic release. However, episodic behavior occurrences are addressed in
Appendix L.

TABLE 2-2 provides selected data pertaining to the SSTs on the FGWL, including
the designated gas-release category. A similar analysis for all the FGTs currently is
not available. TABLE 2-2 also notes which tanks are on the Organic Watch List.

2.2.2. Gas Composition

The gas-concentration measurements in the SST dome space are very scarce
compared to some of the double-shell tanks (DSTs) (e.g., Tank 101-SY). Tht
available data obtained from the vapor grab samples are analyzed in Appendix C of
this SA. As shown in Appendix C, hydrogen, nitrous oxide, ammonia and methane
are detected at varying concentrations in the dome space of the FGTs.
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TABLE 2-2
GAS DATA FOR SSTS ON THE FGWL

I
Organic ! Vapor Space Gas-release

Tank FGWL Watch List I Volume,m1 Category

A·101
: 1,454 3• ~ • ~ ;

AX·101 • : 2,481

I
2;

;
AX-103 • i i 4,892 1 '",
5-102 • ~ • 1,955 ; 4,

: !
5-111 • , • 916

,
1

; I !
j

5-112 ! • ~ 760 ~ 1
~

5X-101
~

• ! 3,283 ! 2
1 !

~ :
5X-102 ~ • : 2,953 : 2: : :: :

I5X-103 ! • i • i 2,540 1:

I :

~
:

5X-104 • ! 2,593 i 2
~ i :

! !
5X-105 • I ! 2,422 : 2i ! ~:
5X-106 I • • : 2,972 ! 1! :: ! i5X-109 • ! 4,064 i 1! ~ !

T-1l0 i • ; : 1,738 i 4:
:

U-103 •
, • ! 1,433 : 4

I
~

! !!
V·105 • ~ • ~ 1,590 : 4iU-107 • : • i 1,636 4~

,
I :,

V·lOB
:

1,401 ! 4! • : II i :

U·109 • 1,420 i 4~ ~

2.2.3. Waste Characteristics

Sludge and salt cake are generally the two forms of waste in SSTs of concern,
although supernatant liquid also exists in some tanks. Sludge results from the
precipitates formed during the neutralization of chemical separation wastes and is
composed principally of hydrous metal oxides. Salt cake results from actual
dewatering by pumping and from thermal evaporation of aged chemical and
miscellaneous wastes. For SSTs that contain both types of solids, the salt cake layer
is typically on top of the sludge layer. Liquid is present in SSTs as supernatant
and/or as interstitial lijuid existing in the void spaces of the solid wastes. Data on
waste type and volume are provided in TABLE 2-3 for information purposes only.

The waste types found in the SSTs on the FGWL are of four types: concentrated
complexant; dilute complexed (DC) waste; double-shell slurry feed; and
noncomplexed waste. Concentrated complexant (CC) is a concentrated product from
the evaporation of dilute complexed waste. IX: waste is characterized by a high
content of organic carbon, including organic complexants. Ethylenediaminetetra-
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acetic acL (EDTA), citric acid, and hydroxyethyl-ethyienediaminetriacetic acid
(HEDTA) are the major complexants used. The main sources of IX: waste are the
salt well liquid inventory from the SSTs. Double-shell slurry feed (DSSF) is waste
concentrated just before reaching the sodium aluminate saturation boundary (of 6.5
rolar hydroxide) in the evaporator withoct exceedi.r t(~ceiver tank composition
limits. Noncomplexed waste (NCPLX) is a general waSk term applied to all Hanford
Site liquors not identified as complexed.

TABLE 2·3 "-
WASTE INFORMAnON FOR FGWL SSTs

: Total ; Super- ; : ! ;
; ; : ! : : ;
; ; Waste : natant Sludge ; Salt cake ! Waste ~ Waste:

I
: : ; f! Waste Vol, j Vol, i Vol, ; Vol, Temp, Depth,!

~
; ~

Tank i Type KJtal ~ KJtal KJtal ! Kgal OF f In.

,1\-101 ~ DSSF 953 I 0 3 950 154 j 354
1-' !X-I0l ; DSSF : 748 ! 0 I 3 ! 745 136 ; 279

; I : :

i : ;
AX-103 CC ! 112 I 0 2 ~ 110 111 : 48! ! ; !
5-102 DSSF ! 549 i 0

:
4 I 545

I
: 207, ! 107

I
, i f5-111 i NCPLX
!

596 10 139
:

447 92 224,
i ; ;:

I; ; :

5·,112 ~ NCPLX 523 : 0 ~ 5 ~ 518 i 83 239;

SX-I0l ~ DC : 456 i 1
;

112 I 343 ;
138 I 173j ;

I
: iSX-I02 ~ DSSF 543 : 0 117 i 426 151 i 206

: ! I : !
SX-I03 ! NCPLX j j :

652 1 115 ; 536 174 I 245
~

I I ~5X-I04 ! DSSF 614 0 136 : 478 I 167 ! 231; : : i
5X-I05 ~ DSSF 683 i 0 73 ! 610

I
256: l ! 180 J

i i I : ;
5X-I06 NCPLX 538 61 12 l 465 111 l 203: I l

~l :
iSX-I09 ~ NCPLX 250

;
0 0 ; 250 148 : 98; : i: l

T-ll0 ~ NCPLX I 379 3 376 ~ 376 i 63
:

145i : !
U-I03 I NCPLX I 468

:
13

:
32 i 423 I 87 i 178, ! I; ! !

U-105 i NCPLX 418 37 i 32 ! 349 i 89 I 159

I I I
! !

U-I07 DSSF 406 31 5 ; 360 i 78 155
i : :

!

I
:

U-I08 i NCPLX I 468 24 29 415 i 88 ! 178;

IU-I09 I NCPLX 463 19 I 48 396 i 86 176:
: ; : :

2.2.4. Flammability and Ignition

IJ.mmability issues are highlighted by two aspects in tanks with a flammable
environment, the broad flammability range of hydrogen in air (4% to 75%) and the
low energy required for ignition (0.01 mI). The ignition hazard is increased because
nitrous oxide is a strong oxidant and is cogenerated with the hydrogen in amounts
that place the gas mixture well within the flammability range before mixing with
air. Burning hydrogen releases a relatively large amount of energy. The heat of
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combustion is 57.8 and 77.3 kcal/g-mol of hydrogen for oxygen and nitrous oxide
reactions, respectively. Ammonia has a flammability range in air of 15% to 30%,
and the heat of combustion with oxygen is 75.8 kcal/g-mol NH3 (25°C).

Secondary exothermic reactions in the waste surface crust can also be induced by a
hydrogen burn. The surface crust usually contains an oxidant, such as a mixture of
sodium nitrate and sodium nitrite, in which various amounts of organic carbon are
well mixed.

"'-
The presence of flammable gases and the release of chemical energy are
compounded by the presence of radioactive waste, thereby increasing the potential
consequences of a release. Toxic gases, especially ammonia, are known to be
associated with the waste and may have the greatest potential for release during an
episodic event.

2.3. FLAMMABLE-GAS TANKS

The 53 FGTs are spread over 11 of the 12 single-shell tank farms: A, AX, B, BX, BY, C,
S, SX, T, TX and U. The cylindrical, dome-roofed tanks8 are constructed of
reinforced concrete with a structurally independent mild carbon-steel liner covering
the bottom and sidewalls. Each tank is buried with a minimum of 6.5 ft of earth for
shielding and heat dissipation from radioactive decay. The tanks were designed to
hold approximately 15 to 30 ft of liquid, with a nominal capacity of 530,000, 758,0000,
and 1,0000,000 gallons. Of the three possible tank configurations, the 1,000,000-gal.
capacity tank used in Farms A, AX, and SX is schematically shown in Fig. 2-1. The
other tank configurations are similar to those given in Fig. 2-1. The BY-, TX- and S
Tank Farm has tanks with 758,000-gal. capacity, but tanks in Farms B, BX, C, T and U
have a capacity of 530,~00 gallons.

A typical single-shell tank has numerous vertical pipes called risers that penetrate
the tank dome and extend to various depths of the tank. The dome risers, which
vary in diameter from 4, 12, or 42 in., provide access to the tank interior for a variety
of operating and monitoring equipment, such as the breather inlet, a camera
observation point, the center pump pit, a dome elevation bench mark, a solids level
detector, a liquid observation well, a surface level probe, the temperature
thermocouple assembly, and a leak detection drywell.

Most SSTs use a passive form of ventilation2 that allows airflow through the tanks
to be dictated by atmospheric conditions such as temperature and atmospheric
pressure. The system, called the breather inlet, minimizes the pressure changes that
could damage the tank structure if the tanks were completely sealed. Each breather
filter is mounted on a tank riser, and consists of a housing containing a HEPA (high
efficiency particulate air) filter, an outlet screen, and a small seal loop that acts as a
pressure relief should the filter become plugged. An isolation valve, which is
normally open, allows flow between the tank vapor space and the environment
through the filter. The flow moves horizontally through the 12 in. x 12 in. filter,
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and then vertically through the downward-facing exit weather hood. During
f( ,vfCS operations, the breather inlet -will be fitted with a portable, sealable, IS-it
tao -m.-diameter stack to control the direction of gases exiting the tank.
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Fig. 2-1. Typical A-Farm SST cross section.
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2.4. RMCS SYSTEM AND ASSOCIATED EQUIPMENT

The system required for retrieving waste samples in the rotary-mode consists of the
sampling truck, the portable exhauster, the N 2 supply system, the generator, and
associated equipment. Primary components associated with the sampling truck
include the grapple hoist assembly, the shielded receiver (SR) with remote latch
unit (RLU), the drill string (OS), the nitrogen purge system, and the change-out
assembly.9. 11, 12 Associated equipment includes the X-ray machine, cask stand and
truck, power distribution trailer, and support vehicles. "'---

Functional criteria for the FG/RMCS are found in Ref. 13. Several critical elements
of the former document include the following:

• Equipment with energized circuits that can come in contact with waste
degradation gases before dilution by the tank vapor space or other gases
shall be protected in accordance with National Fire Protection Association
(NFPA) for use in Class I, Division I, Group B for a flammable hydrogen
atmosphere. Protection may be in the form of intrinsically safe electrical
components, purging in accordance with NFPA Article 496, or other
acceptable method as defined by the requirements of the National Electric
Code (NEC) Article SOl, for use in flammable hydrogen atmospheres.

• Equipment where energized circuits have the potential, under abnormal
conditions, to come in contact with waste degradation gases before
dilution by the tank vapor space or other gases shall be protected in
accordance with NFPA for use in Class I, Division 2, Group B for a
flammable hydrogen atmosphere. Protection may be in the form of
intrinsically safe electrical components, purging in accordance with NFPA
Article 496, or other acceptable method as defined by the requirements of
NEC Article SOl, for use in flammable hydrogen atmospheres.

2.4.1. RMCS Trucks

Three RMCS trucks provide mobility to position and move the core sampling
equipment from tank to tank. Fig. 2-2, derived from Ref. 15 shows the general
arrangement of equipment on the rotary platform that is mounted on the rear of
each of the three sampling trucks. The rotating platform supports and positions
core sampling equipment, including the platform hoist, the grapple hoist assembly,
the drill rig and drill string, and the shielded receiver over the tank riser to be
sampled. Five stationary hydraulic jacks act as outriggers to level the truck for
drilling operations.
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Fig. 2-2. Sampling truck configuration.

Two of the three trucks have diesel engines, while the third truck has a gasoline
engine. All drill engines are gasoline fueled.

2.4.1.1. Platform Hoist
The electric platform hoist is located on the rotating platform between the grapple
hoist assembly and the shielded receiver assembly. With a capacity of 500 lb, it
provides an on-site method to handle riser adapter equipment, insert and remove
drill rods, and position the cask stand.

2.4.1.2. Grapple Hoist Assembly
The grapple hoist assembly, shown in Fig. 2-3 consists of an electric motor-driven
hoist contained in a pressurized box, the electric motor (external to the pressure
vessel), and a grapple connected to the hoist cable. The grapple hoist assembly
controls the sampler piston movement.

Grapple Hoist and Box. The grapple hoist box, Ref. 16, houses the grapple cable,
cable reel, and a load cell. The grapple box and the pneumatic piping connecting it
to the purge gas enclosure provide containment of drill purge gases.

The hoist is used to lower the grapple into the drill string after a sampler has been
installed. The 3/4 hp grapple motor lowers the cable at a maximum speed of 58
ft/min, and employs a cable with a breaking strength of 2400 lb. A load cell attached
to the cable tension assembly is designed to shut off the motor if the load equals or
exceeds 250 lb. Roll pins on the hoist shaft are designed to shear before the hoist
motor can exceed the structural capability of the hoist shaft.
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Grapple Hoist
and Cable

Cable Tension Assembly
and Load Cell

Inner/Outer Bellows

Monoflow Union

Drill Head Chuck

Drill Rig Cross Head

Rams

~ QuillRod

Fig.2-3. Grapple hoist assembly.

2-12

Inner and Outer Bellows Assembly.
The inner and outer bellows
assembly,17 also shown in Fig. 2-3,
provides a collapsible pressure
boundary between the grapple box and
the quill rod for containment of purge
gas.

Grapple. The grappl€' (sample
actuator), Ref. 18, is a spring-loaded
device, schematically represented in
Fig. 2-4 that is lowered to connect with
the pintle rod of the sampler and
holds the sampler piston in position
while a sample is being taken.

Spring

Shaft

Weight

Grapple Tube

Guide Assembly

~ Grapple Body
and Clasp

Fig. 2-4. Grapple Schematic.
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2.4.1.3. Drill Unit and Quill Rod
The drill unit is composed of the drill rig,' the drill head, and a hydraulic chuck that
clamps to the quill rod.

Drill Rig. The drill rig engine provides energy through the drill head for drill
rotation and through the hydraulic rams for down force to the quill rod, which in
turn transfers these motions to the drill string. The drill head raises and lowers the
quill rod, and a hydraulically operated chuck clamps the quill rod in place. Manual
hydraulic controls are provided for quill rod and shielded receiver positioning.

Quill Rod. The quill rod, Ref. 19, which transfers power to the drill string, is the
topmost rod of the drill string. This unit remains in the drill head and transmits
power through the hydraulic chuck.

Quill Rod Adapter. The stainless-steel quill rod adapter, Ref. 19, is attached at the
bottom of the quill rod and is a 6-in. section with the same diameter as the quill rod.
The adapter has a quick connection feature that allows for the addition of water to
wash the drill bit. The adapter connection feature is also used for flammable-gas
sniffing.

2.4.1.4. Drill String Assembly
The drill string assembly, Ref. 20, is comprised of the drill bit and core barrel
assembly, mated to multiple interconnected drill rods.

Drill Bit. The drill bit rotationally bores into the waste to produce a nominal 1-in.
diameter core sample, and acts as the leading tip of the drill string. The bit has a
hollow-cored center section surrounded by cutting teeth and holes on the drilling
surface for nitrogen purge flow. The commercially available unit (nominally 2.5-in.
o.d.) is made of copper-based (sintered bronze) material with teeth designed to
"smear" when they come into contact with the bottom of the tank to prevent
penetration. Appendices T and F address the safety concerns in regard to material
properties.

Core Barrel. The core barrel, when screwed onto the drill bit, forms an assembly that
houses the universal sampler. The fluted core barrel with drill bit is 40 in. long with
a 2.25-in. o.d (an effective 2.5 o.d. with liB-in. flutes). It also is a commercially
available unit made of nickel-plated carbon steel. The serrated edges, or grooves, are
machined into the inside of the core barrel so that the quadralatch fingers can slide
over them easily in one direction (toward the drill bit) but cannot normally slide
past in the opposite direction (away from the drill bit). The section of the core barrel
containing the serrated edges is made of 304 stainless steel.

Drill Rods. The drill string is comprised of drill rods that are sections of thin-walled
pipe that when mated together transmit power between the quill rod and the drill
bit/core barrel assembly. The commercially available drill rods used in the wast(
have a 2.25-in. o.d and 1.91-in. Ld., with a spirally-wound, fluted ribbing
(approximately 114 pitch) on the nickel-coated exterior surface to remove drill

2-13 August 8, 1996



WHC-SD-WM-SAD-035, Rev. O-a

debris; drill rods above the waste surface may be unfluted. Each drill rod has an
internally threaded (female) end and an externally threaded (male) end, and is
available in 19-in., 60-in., 24-in., 12-in. and 6-in. lengths. The drill string is
constructed of rods until the drill bit is just above the waste surface. At that point,
only 19-in. rods are attached to the top of the drill string, consistent with drilling 19-
in. core samples of waste. .

Quadralatch

Rotary
Valve

Pintle
Rod

Piston

Drill String. The drill string transmits power from
the quill rod to the drill bit and Cbre barrel
assembly and consists of the drill bit/core barrel
assembly and multiple sections of drill rod
screwed together. The drill string provides
containment for purge and hydrostatic head gases.
The total length of the drill string is generally
calculated by determining the distance between the
bottom of the tank and the bottom of the quill rod
on the leveled truck. The equivalent number of
differently-sized rods is calculated using the drill
string calculation sheet.

2.4.1.5. Universal Sampler
The universal sampler, Ref. 21, is a mechanical
device that is used to collect and retain the waste
sample. After drilling, the sampler is transferred
from the drill string to the shielded receiver, then
to a cask for shipment to the analytical laboratory.
The universal sampler, as depicted in Fig. 2-5,
consists of the quadralatch, the pintle rod, a piston,
bearings, seal, and a rotary valve. Latched in the
core barrel assembly, the sampler provides a seal to
prevent waste from entering the drill string.

Quadralatch. The stainless-steel sampler
quadralatch latches the sampler into the core
barrel grooves. Subsequently, the remote latch
unit in the shielded receiver locks onto the
quadralatch fingers and disengages the quadralatch
mechanism from the core barrel's internal bore,
thus providing a method for retrieving the
sampler.

Fig. 2-5. Universal sampler. Pintle Rod. The pintle rod attaches to the piston
in the sampler and holds the piston in place

during sampling when the grapple is attached. A pin on the pintle rod trips the
trigger mechanism to close the rotary valve. The grapple removes the pintle rod by
releasing a spring clip connecting the rod to the piston.
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Seal. A chevron seal is used to prevent the flow of waste into the drill string when
hydrostatic pressure is not present.

Rotary Valve. The rotary valve is located at the bottom of the sampler and is rotated
closed after completing the sampling of a 19-in. segment of waste. The sample is
sealed inside the sampler when the valve is closed by actuating a spring-loaded
trigger mechanism as the pintle rod is separated from the piston during the
sampling operation.

2.4.1.6. Shielded Receiver Assembly
The SR assembly, Ref. 22, is schematically represented in Fig. 2-6, and consists of the
weatherproof cover, sampler hoist box with an enclosed winch system, the shielded
receiver tube, the RLU that is attached to the sampler hoist cable, and an isolation
ball valve attached to the bottom end of the SR tube. The shielded receiver design is
independent of the core sampling mode and provides interim sampler shielding. A
power winch internal to the weatherproof covering, a cable, and a reel internal to
the sampler hoist box are used to retrieve the sampler from the drill string, and to
deposit the sampler in the transfer cask. The SR assembly is also used to remove a
clean sampler from the transfer cask and transfer it to the drill string for the next
sampling operation. The receiver valves, receiver tube, pressure vessel, and
pneumatic piping connecting the shielded receiver to the purge gas enclosure
provide containment for hydrostatic head gases. The receiver has a load cell to
detect cable tension and slack cable, and has a decontamination spray wash. A
mechanical counter and digital encoder are used to determine the depth of the RLU
and are attached to the cable reel shaft inside the weather cover.

Sampler Hoist. The 1.5 hp sampler hoist motor, Ref. 23, raises and lowers the cable
at a maximum speed of 23 ft/min, and employs a cable with a breaking strength of
3000 lb. A load cell shuts off the motor at a maximum load of 300 lb.

Shielded Receiver Tube. The SR tube, Ref. 24, provides shielding for personnel,
thereby reducing radiation exposure, and aids in transferring and depositing
samplers into the transfer casks.

Remote Latch Unit. The RLU, Ref. 25, is a mechanical latching device that provides
a mechanism for latching onto and releasing the sampler. The configuration shown
in Fig. 2-7 schematically represents the most recent design, as provided by WHC
personnel in December 1995. The RLU is raised and .lowered by the sampler hoist
assembly.

Ball Valve. The 3-in. ball valve at the bottom of the shielded receiver tube, Ref. 26,
isolates the shielded receiver from the surrounding environment and has a male
Kamlok® interface.

Kamlok® adapter assemblies. The Kamlok® adapter assembly, Ref. 27, is a
commercially available, two-part, male/female assembly that provides rapid,
manually actuated connect and disconnect capabilities. In general, the male
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Kamlok® adapter is cormected to the female Kamlok® adapter. The design
convention was established so that movable components, like the shielded receiver,
have a male Kamlok® adapter, and the stationary components that are cormected to
the shielded receiver, such as the change-out assembly, X-ray system, and cask
system, have female Kamlok® adapters.

Fig. 2-6. Shielded receiver assembly.

string, and prevent gas accumulation.

2.4.1.7. Purge Gas
Enclosure
Assembly

The purge gas enclosure
assembly, Ref. 28, is
located on the truck's
rotary platform, and
houses, protects, and
includes the pneumatic
components used to
monitor and distribute
the hydrostatic head and
purge gas nitrogen
supplies (including
regulators, solenoid
valves, analog gauges,
control valves, piping,
wiring, and instrument
transducers.)

Nitrogen is supplied for
five different functions
during FG /RM:CS
operations: the DS
purge gas system used
during FG/RM:CS
drilling; the purge
through the riser sleeve
annulus, the hydrostatic
head in the drill string
and in the shielded
receiver, and the Z
purge (NFPA 496) in the
SR weather cover. The
systems provide drill bit
cooling and cleaning
during rotary drilling,
help prevent waste
flooding in the drill

Weatherproof
Covering

3-in. Ball Valve

SR Ture Section

Male Kamlok®

ViewPort

Sampler
Hoist

Assembly
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Fig. 2-7. Mechanical remote
latch unit configuration.

2.4.1.8. Instrumentation and Control System
This section is primarily focused on the systems
for drill engine shutdown, and the
instrumentation used by the operator for
operational controls.

2.4.1.8.1. Programmable Logic Controller (PLC).
The PLC processes out-of-t-'lerance al~m signals
to activate alarm strobe, hom, and indicator lights,
followed by engine shut-down signals sent to the
shut-down relay. Located in the instrumen f

cabinet, the PLC controls the alarm sequencing ana
interlock logic for the RMCS Truck System.
Alarm contacts from the truck instrumentation
and external sources (exhauster) are monitored.
When a valid alarm is received by the PLC, it
initiates both visual and audible annunciation as
appropriate. Additionally, if the received alarm
requires a drill rig engine shutdown, the PIC
deenergizes the shut-down relay, shutting down
the drill rig engine.

2.4.1.8.2. Engine shutdown. The following
mechanisms are elements of a safety system
referred to as the sampling truck engine
shutdown, as defined in
Ref. 9. The drill rig engine will automatically shut
down for out-of-tolerance drilling parameters,
exhauster shutdown, or detection of a GRE.

Shutdown Interlock (1<5 relay). The shut-down
interlock relay is controlled by the PLC and shuts down the drill rig engine by
interrupting electrical power to the drill rig ignition.

RPM (Revolutions per Minute) Measurement. Two drill rotation sensors measure
drill rotational speed and send signals to two digital units that display drill rpm. If
out of tolerance, an alarm signal is sent to the programmable logic controller, and
the drill rig engine is shut down. Exhauster operation and nitrogen purge flow are
not terminated under this shut-down condition.

Down Force Measurement System. The down-force measurement system
electronically measures and calculates the down force of the drill string, provides a
signal to the digital display unit, and digitally displays the measurement. If the
down force is above the designated down force limit, an alarm signal is sent to the
PLC which shuts down the drill rig engine. Exhauster operation and nitrogen purge
flow are not terminated under this shut-down condition.
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Riser sleeve Purge. Two differential pressure switches measure the pressure drop
across a flow controller, and provide a shutdown signal to the PLC on low
differential pressure. Exhauster operation and nitrogen purge flow are not
terminated under this shut-down condition.

DS Purge Gas Measurement. The purge gas measurements include three turbines to
measure flow and transducers to measure pressure and temperature. Signals are
sent from the purge gas enclosure to the three digital flow indicators that display
compensated flow in scfm (standard cubic feet per minute) units. Any df the three
indicators can detect an out-of-tolerance condition and send an alarm signal to the
PLC; the PLC then executes two-out-of-three voting logic to activate drill rig engine
shutdown.

Penetration Rate Shutdown. The penetration rate. measurement system
electronically measures the penetration rate of the DS and provides a signal to the
digital display unit, and digitally displays the measurement. If the penetration rate
is below the designated limit, an alarm signal is sent to the PLC which shuts down
the drill rig engine. Exhauster operation and nitrogen purge flow are not
terminated under this shut-down condition.

Exhauster-Induced Shutdown. The exhauster can induce drill rig engine shutdown
based on signals from the flammable-gas detection system or based on exhauster
operational parameters. The operational parameters that provide a shut-down
signal to the PLC to shut down the drill rig engine are discussed in Section 2.4.2 A
keylock override switch allows operation of the truck when the exhauster is not
needed.

2.4.1.8.3. Instrumentation Cabinet. The instrumentation that the operator has
available on a directly accessible panel for control of the sampling operations is
discussed in this section.

Enclosure Temperature Instrument/Display. The instrument enclosure is
temperature-controlled with separate air conditioning and heating systems. The
temperature instrument!display measures and digitally displays the cabinet
temperatures, and an alarm sounds for out-of-bounds 500 P < T > 900 P.

Purge Gas Temperature Display. This instrument displays purge gas temperature,
and alarms for out-of-bounds conditions that are < lOOP and > 1400 P.

Purge Gas Pressure Display. This instrument converts a transducer signal to a
digital display of purge gas pressure, and if greater than the currently set value of 0.3
psig, sends a signal to the PLe. This display is for information only during drilling
modes.

Shielded Receiver and Drill String Pressure Displays. These instruments convert
transducer signals to a digital display of pressure in the shielded receiver and drill
string, respectively, and if greater than the currently used value of 0.2 psig, send a

2-18 August 8, 1996



WHC-SD-WM-SAD-035, Rev. O-a

signal to the PLC. The displays are used by the operators to ensure sufficient
pres.- e for sample change-out operations and to verify that the DS and SR are
deprurized when breaking containment. If hydrostatic head pressure is not
mJ~ntained at the required level, then waste intrusion into the drill string could
result.

Other Informational Displays. The Lower Ram Pressure Display converts
transducer signals to digital displays for the walkdown or hydraulic bottom--function
(HBD) setpoint pressure with a selector switch. The Enclosure Indicator Lights
provide visual status of various limits and logic controller functions. The Purge
Gas Flow Display selects and digitally displays the output from one of three purge
gas flow meters.

2.4.1.8.4. Hydraulic bottom detector. When obtaining the final sample, the
hydraulic bottom detector detects loss. of lower ram pressure, and energizes a
solenoid valve to automatically reverse the ram direction to raise the drill head.

2.4.2. Exhauster Assembly

The exhauster train, Refs. 29 and 30, as depicted in Fig. 2-8 is composed of a flexible,
conductive duct connecting the exhauster to the riser, a heater to dehumidify
exhaust gases, a filter housing containing a prefilter with two high-efficiency
particulate air (REPA) filters in series, and a stack assembly. The exhauster systein,
designed to operate continuously, is required during all FG/RMCS activities to
maintain a negative tank pressure with respect to atmospheric pressure and to
prevent uncontrolled particulate emissions.

Exhauster. The exhauster filter train is composed of a prefilter immediately
upstream of two REPA filters in series mounted on a single skid (15 by 7 ft). To
limit filter loading, the allowed dose rate on contact with the HEPA filter housing is
100 mrem/h.29 Flow into the exhauster from nitrogen purge and tank in-leakage is
designed for 9.4 x 10-2 m3 Is (200 ft3 Imin), resulting in a tank pressure of about -250 Pa
(-1 in. w.g.).

The flexible exhauster duct connects the tank riser to the exhauster and is held in
place with stand assemblies. The electrically conductive duct is 1/32 in. thick,
neoprene over a polyester base. A seal pot assembly is positioned between the riser
and the exhauster, and the drain lines to the seal pot are 1/2-in. stainless steel.

Some tanks have high humidity levels. Therefore, a hot-water heat exchanger
meeting Class-I, DivA, Group-B electrical requirements is supplied upstream of the
HEPA filters to lower the relative humidity of the tank gases being exhausted. The
heater meets the constraints of the Washington State Operating permit that limits
the humidity of the air stream passing through the HEPA filters to be no greater
than 80%.
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Exhauster Stack
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Fig. 2·8. Exhauster system.

Fan and Stack. The fan, driven by a 7.8 hp electric motor, is qualified for operation
in a flammable-gas environment, provides the motive force for drawing tank gases
from the riser through the filters and prevents tank overpressurization during core
sampling activities. The fan/motor combination are capable of drawing 1900 sefm,
so the motor has a speed controller to reduce the rpm to obtain the nominal 200
scfrn flow rate. The controller uses output from the stack velocity transmitter to
automatically adjust motor rpm to maintain constant flow as loading increases and
flow decreases.

Exhauster Control and Monitoring. The exhauster is designed to automatically shut
down when flow through the stack is greater than 250 scfrn for greater than 5 min.,
or shutdown immediately when flow is less than 150 scfrn. Two pressure
conditions can also induce automatic exhauster shutdown: when the tank pressure
falls to less than -3 in. w.g.; and when the differential pressure across the
prefilter/HEPA filter bank is greater than 5.9 in. w.g. Vendor information indicates
that the HEPA filter performance is undetermined at a differential pressure of
10 in.· w.g. after 15 minutes, but there are no relief valves or vacuum breakers
installed to protect the HEPA from excessive delta pressure. In order to protect
against filter collapse, the blower is limited to 9 inches of water static pressure.

The tank pressure, HEPA differential pressures, and flow through the exhauster are
continuously monitored using intrinsically safe systems in the exhauster. Even
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though totalized flow is continuously data-logged in the exhauster instrumentation
cabinet, only pressure alarms are recorded.

Exhaust gases can be monitored for radionuclides, ammonia, and total vapor space
organic compounds at the stack outlet. The exhauster has no organic or toxic vapor
control technology.

2.4.3. Flammable Gas Detection System

The flammable gas detection system consists of four primary components; a spool
piece with gas sensors to obtain gas samples from the exhaust stream, two identical,
separate, electronic packages and a power distribution skid with redundant shut-off
contactors. The system is powered by the same source as the exhauster. The flexible
duct from the waste tank is attached to the spool piece which is bolted directly to the
exhauster heater. The ventilation stream passes through the spool piece and into
the exhauster. Attached to the spool piece are two separate flammable gas sensors; a
Whittaker hydrogen detector cell and a Sierra Monitor Corporation (SMC)
combustible gas detector.

The purpose of the gas sensors on the spool piece is to provide safety shutdown
signals for both flammability and toxic hazards during core sampling operations.
Out-of-tolerance conditions include concentrations of hydrogen equivalent
flammable gas greater than 5000 ppm, or concentration rate increases greater than
100 ppm/s for 10 s. Upon detection of out-of-tolerance conditions, the interlock will
initiate drill rig shutdown and alert personnel to evacuate the tank farm.

The Wittaker Cell, an electrochemical cell with a membrane placed between the
sample gas and the active element, is very selective for hydrogen and responds
directly to the partial pressure of hydrogen on the other side of the membrane.
Significant experience with Wittaker Cells has shown them to be stable and reliable
in the tank farm environment.

The SMC combustible gas sensor uses a catalyst to "burn" the gas and detects the
resulting heat release. To increase sensitivity and decrease drift, the heat detection is
done by comparing the temperature of a reference (uncatalyzed bead) to that of a
signal (catalyzed) bead. The beads are imbedded in a sintered metal housing which
prevents the combustion energy from igniting a flammable mixture. It has the
advantage of responding to both ammonia and hydrogen. Appendix U presents
functional design requirements of SMC combustible gas sensors as well as Wittaker
cells.

Sample flow to each instrument is provided by a pressure differential within the
spool piece-no sample pumps are used. Signals from the flammable gas
instruments are processed by redundant programmable logic controllers. If
flammable gas concentrations exceed 5000 ppm, the rate of change in flammable gas
concentrations better 100 ppm/s for 10 seconds, or the tank pressure increases more
than two inches water gage in five minutes, the exhauster will remain operational
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and the truck will be shut down. In addition, the exhauster will shutdown on
internal alarms (low and high flow, and HEPA filter differential pressure) when the
interlock is used.

If interlock power is lost, or tank pressure falls to less than -3 inches w.g. electric
power to the exhauster is terminated. Exhauster shutdown will automatically result
in core sampling drill truck shutdown via the existing connection.

2.4.4. Riser and Adapter Equipment

This section discusses equipment attached to the riser as illustrated in Fig. 2-9.

Riser and sleeve. The riser to be sampled will have an internal sleeve of spark
resistant stainless steel with a nominal length of 15 ft. The annulus between the
sleeve and the DS will be purged with nitrogen. during FG/RMCS operations to
prevent the accumulation of flammable gas. The riser purge gas system will have
two differential pressure detectors which are interlocked to the PLC and can cause an
automatic trip of the drill rig. Each detector's set point will be approximately 40 psid
across a flow controller that is sized for 5 scfm. The sleeve has a separate spray wash
assembly with operational parameters like the DS spray wash system.

Riser Adapters. The riser adapter/Ref. 31, is basically a flanged plate, located on top
of the riser, with an offset orifice to allow for the connection of riser equipment,
regardless of the size of the riser.

Drill String Spray WasherlFrisbee Wiper Assembly. The drill string is washed to
reduce contamination with a hot-water spray wash of the exterior surfaces as the
drill string is being extracted through the drill string spray washer/ frisbee wiper
assembly.32 Water is supplied to the spray washer at a temperature less than or
equal to 140°F and a flow rate less than or equal to 3 gal./min from the water heater
and 55-gal. water supply on the support truck.

The frisbee seal around the drill rod provide a wiping action during drill rod
recovery operations and serves to stabilize the drill string during rotation. The
frisbee also effectively provides a seal between the tank and the environment by
sealing around the drill string outer diameter, and between the spray washer and
the foot clamp.

Pneumatic Foot Clamp. The commercially-available pneumatic foot clamp33 holds
the drill string when it is disconnected from the platform hoist, the quill rod, or the
shielded receiver. The three-legged, spider-like clamp must be pneumatically
opened to release the drill string. If the pneumatic pressure is lost, the clamp fails in
the closed position and the spider-like legs rotate for a three-point positioning
around the drill string, locking the drill string in place. The foot clamp does not
prevent upward motion of the drill string.
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Locking wrench. A commercially-available, carbon steel locking wrench34 is used in
conjunction with the pneumatic foot clamp as a redundant mechanism to support
the drill string when drill rods are installed or removed, or when the drill string is
disconnected from the drill rig. Positioned just above the foot clamp, the fingers of
the wrench completely surround the drill string, employing a toothless, ratchet
action grip to grasp the drill string.

Lifting Bale. An electrically-bonded lifting bale is attached to the hoist to~upport the
drill string during installation and removal of drill rods.

Cable Spray Washer
Assembly and Change
out Assembly

2.4.5.

Riser Adapter

Foot Clamp
Frisbee Wiper
Drill String Spray Washer

1=:;:::=:::1

Sleeve Spray Washer

E;:::::1 Offset Riser Flange

Riser Sleeve

The change-out assembly,35 Fig.
2-10, is placed on top of the cable
spray washer when the drill
string is disconnected from the
quill rod. It 'provides a means to
isolate and maintain hydrostatic
head pressure within the drill
string while samplers are
exchanged. It also provides
containment of hydrostatic head
and DS gases. It is comprised of
a male Kamlok® adapter

Fig. 2-9. Riser adapter, washer/frisbee wiper assembly, a 3-in. ball valve, and
assembly and foot damp. a female Kamlok® adapter.

Once attached to the DS, the
change-out assembly prOVides quick connect and disconnect capabilities to the
shielded receiver.

Tank Riser

Cable Spray Washer Assembly. The cable spray washer assembly36 connects to the
drill string before installation of the change-out assembly in order to wash the
internal cables of the shielded receiver and grapple cables, and to internally wash the
drill rods if required.
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Support2.4.6. Primary
Equipment

The primary support equipment
for rotary sampling operations
include the N 2 supply system, an
X-ray imaging capability, power
generation and distribution,
washer supply systems;and casks
and the cask truck. Operational
support equipment include the
power distribution trailer, the
breathing air compressor, the
service and support truck and
trailers, lights, and the crane
used during equipment setup
and teardown.

3 in. Ball Valve ........

Male Kamlok®~
Adapter

Female Kamlok®
Adapter '"

Female Kamlok® "'"ft/
Adapter

Cable Spray
Washer --'" ~

wi Male
Screw Threads

Fig. 2-10. Change-out assembly.

2.4.6.1. Liquid Nitrogen Supply Trailer and Heater
The liquid nitrogen support trailer and vaporizer supply the nitrogen used for the
purge and hydrostatic head systems during FG/RMCS operations.

Nitrogen Trailer. In the nitrogen trailer, liquid nitrogen is vaporized by a propane
fired, forced-convection, water bath vaporizer. The 1500-gal. nitrogen tank and
liquid supply piping stores liquid nitrogen and includes a passive closed-loop
evaporator (to supply tank pressure), valves, piping, regulators, and gauges to
accommodate tank filling and liquid nitrogen supply to the vaporizer.

The normal nitrogen system pressure in the N 2 trailer is 100 to 250 psig while the
system is in operation, with a tank relief valve set to relieve pressure at 250 psi.
Nitrogen provided to the sampling truck is 100 to 150 psi. The nitrogen trailer
remains outside of the tank farm at all times.

Vaporizer. The vaporizer vaporizes both the liquid propane to supply the water
heaters and the liquid nitrogen to supply the nitrogen gas regulator and supply hose.
The vaporizer includes self-igniting, thermostatically-controlled water heaters, a
water circulation pump, and closed-loop water piping and expansion tanks. The
control panel and instruments automatically regulate water flow and gas exit
temperatures. A nitrogen gas regulator with a shutoff valve regulates the pressure
of the gas at the exit of the vaporizer. A supply hose with a quick disconnect fitting
supplies gas to the core sample truck. The vaporizer is electrically-powered by a
propane-fueled engine generator, or alternate 240 v power source.
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The vaporizer'~ propane tank stores pressurized propane and includes plpmg to
supply the water heaters with propane gas, the generator engine with propane gas,
and the vaporizer with propane liquid.

2.4.6.2. Mobile X-ray Imaging System
The X-ray imaging system, Ref. 37 is used for a preliminary assessment of the core
sample to verify how complete the sample was and the characteristics of the waste
form. This assessment is intended· to help the operator more accw-ately set
operational controls for the next sample. The system is equipped with a female
Kamlok® adapter for connection to the SR.

2.4.6.3. Casks and Sample Transfer Truck
The sample casks and transfer truck are discussed in this section.

Transfer Casks. The transfer casks are held at the sample site in a five-cask holder,
or cask stand, in an upright position.38 The transfer casks are lead-lined chambers
that provide shielding and containment for the core samples during shipment to
the analytical laboratory. Each cask is 40 in. long, about 6 in. in diameter, and weighs
480 lbs. Casks are equipped with a female Kamlok® adapter for connection to the
SR.

Sample Transfer Truck. The sample transfer truck, or cask truck, transports the
sampler / cask assemblies to and from the laboratory and moves samples in the field.
The truck is capable of carrying three casks at a time, and field positioning is
facilitated through an overhead rail chain-hoist crane on the truck.

2.4.6.4. Portable Generator Set
Two types of generators are available to support FG/RMCS activities-ISO kVA and
200 kVA. The portable generator set described in Ref. 39 provides standalone power
for the core sample truck and auxiliary equipment. The grounded generator is
powered by a turbocharged-diesel engine to produce power with a rating of 150 kW ,
480 Vac, 60 Hz, 30,4-wire and 120/240 Vac, 60 Hz, 10. The diesel generator remains
outside of the tank farm at all times.

2.4.6.5. Power Distribution Trailer
The power distribution trailer distributes power from the generator to the sampling
equipment such as the sampling truck, the exhauster, the water heater on the
support truck, the X-ray imaging system, the truck's air compressor, and 120V
outlets.

2.4.6.6. Breathing Air Trailer/Compressor
The compressor is a two-stage, oil-free design powered by a 30 hp, 480 Vac, 60 Hz,
three-phase electric motor. A 30-gal. receiver tank and a 30-gal. surge tank allow the
compressor to cycle, and collected moisture is manually drained in the receiver
tank. The breathing-air compressor remains outside the fenced area and away from
sources of contamination and toxic fumes.
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2.4.6.7. Support Truck and Trailer
The support truck transports personnel and miscellaneous equipment, and can be
parked on the tank. The support truck acts as a lock-up rack for drill rods, and also
carries a drum heater and pump for supplying water. The support trailer, located
outside the tank farm, provides equipment storage and shelter for personnel.

2.4.6.8. Crane
A standard crane is used in the setting up and taking down of the sampling
activities. It is used on an as-needed basis only and is not normally retamed at the
job site except when in use.

2.4.6.9. Light Units
Diesel-powered portable light units are used on and off the tank farm during
drilling operations. Each light is capable of producing 2500 W of light (5 halogen
lights at 500 W per light). The diesel generator units are refueled on an as-needed
basis.

2.4.6.10. Tent
A large tent can be installed on top of the tank over the sampling truck and some of
the auxiliary equipment. It's purpose is to provide protection against and reduce the
impacts of atmospheric weather conditions such as sun, rain, snow, cold weather,
wind, etc. The tent weighs 7000 lb and is made stationary with 33,000 lb of weights
located on the tent periphery.

2.4.6.11. Video Vehicle
A vehicle weighing 5,000 lb can be used for video documenting the sampling
activities. Even though the installation/operation/removal of the video is not
within the scope of this SA, the vehicle is mentioned because of its contribution to
tank loading.

2.4.7. RMCS System Weights

RMCS operations for single-shell FGWL tanks increase the live weight on the tank
dome. TABLE 2-4 lists the calculated weights of various components that could be
placed on the tank dome surface.40 However, all of the listed components are not
simultaneously placed on the tank because of tank load limits. The dome loading
for SSTs is controlled by limits specified in the approved procedure,41 and the
additional tank dome loading is considered to be a live load in the WHC evaluation
of the tank structural integrity.

Tank structural integrity can be at risk if the FG/RMCS drill string falls and impacts
the tank bottom. For this reason, the total weight of the drill string suspended over
the tank bottom is an important factor. The total weight will be the sum of the core
barrel, sampler, and drill string, but will vary as a function of the drill string length.
The drill rod nominally weighs 4 lb/ft, and the universal sampler, which includes
the quadralatch and pintle rod, weighs 10.3 Ib.40 The combined suspended weight for
an FG/RMCS operation will peak as sample operations approach the tank bottom
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(e.g., ;O-ft drill string length effectively would weigh more than 210 lb), but the
imp" nergy will peak at an intermediate sampling depth because it is a product of
the s ended weight and drop height.

. TABLE 2-4
RMCS COMPONENT WEIGHT BREAKDOWN

Component Weight (lb)

30,000'~ore sample truck (includes grapple hoist assembly and
hielded receiver assembly) ..............................................................·.•.......•...····.u ·.•...........········.............................•.•.....+~ ..
ruck platform 1 6,000...........................................................................................................................................................................................................
niversal sampler (11 @ 10.3 lb) 1 113.............................................................................................................................................................................................................
ill String (50 ft @ 4 lb/ft) i 200

...........................................................................................................................u .

ange-out assembly ~ 45
.........................................................................................................................................................................-=- .

. er adapter and drill rod washer 1 280....:H~;··;i;;~;································ ..····· H HH H !" HHHH.Hioo..··_H .
.....................................................................................................................................................,;, _ .

et breather filter stack ! 2,000
..........................................................................................................................................................._ _ 1 .

upport truck t 7,000............................................................................................................................._ --._ ..
~ 8,000,.....................................................................................- _ --r _ _.-._ I _ •••

! 300............................................................................................................................._ _ -
! 2,400........................................................................................................................................................;._ _.__ .

obile X-ray system ! 5,000
..·;;h;~~t~;··~d··fl~bi~··g;··d·~t;cti~;;·;y~t;;;····· ..·HH H H'''_''_ i ·---·-12,2oo..HH _.-
......................................................_ _ _ ___ __ ....

ight plants (2 @ 1000) I 2,000
...................................................................oi _ _ _ _ ••_ _._.

ideo vehicle I 5,000....................................................................._.- _ _ _--_ __ _ --_.._..
I 7,000............................................................................__ __ -_ - _--_ _ .

ent weights ! 33,000.........................................._ __ _._ _ _ __ ..
eople (10 total) ! 2,000

........................._ _ _ _ ..---._ __ _ 'P _ _ ..

otal Potential Weight ! 122,738

2.5. RMCS OPERATIONS

For the purposes of this safety assessment, FG/RMCS operations are divided into
four phases as depicted in Fig. 2-11: (1) preinstallation activities, (2) installation, (3'
drilling operations, and (4) removal. Key steps and limits are then provided within
each phase. The following section describes the operations associated with rotary
mode core sampling, and is a summarization of input from safety analyses in Refs
11, and 12, and verbal discussions with WHC personnel.

The fundamental premise of FG/RMCS operations is to minimize the source 0

ignition and to ensure the capability to enact safe shutdown upon detection of

2-27 August 8, 1996



WHC-SD-WM-SAD-035, Rev. O-a

unacceptable levels of flammable gas and shut down sampling operations until it
becomes safe to continue operations.

PREINSTALLATION

lDand
Position Level Ground

ConnectPrepare '-'" Equipment ~ Truck I-- and Bond - EquipmentSite Equipment

INSTALLATION

Open Install Riser Sleeve and Install Core Construct
Riser ~ Adapter, Washer, Frisbee and - Barrel and ~ Drill String

Foot Clamp Sampler

[

1st Sampler
Interm Samplers
Last Sampler

~ Normal

'- '-- Abnormar Equipment Shutdown
r-;:Dis=:"·-c-onn-ect....3o;Q::":R:::"'fr':'"o-m--=DS:-:::---.., Plugging

Attach Changeout to OS Buckling
Drop Pintle Rod

Establish Nitrogen Purge
Drill
Close Sampler Rotary Valve 
Retrieve Pintle Rod
Ston N ... Pur2e

DRILLING OPERATIONS

Start Exhauster
Connect drill to OS
Attach Grapple to Sampler

Attach SR to Changeout
Establish HH Flow
Retrieve Sampler
Detach SR from Chan~eout

Attach SR to X-Ray
X-Ray
Detach SR from X-ray

Attach SR to Cask
Release Sampler
Detach SR from Cask

Attach SR to new Cask
Latch to New Sampler
Detach SR from new Cask

Attach SR to Changeout
Insert new Sampler'- .. Stop HH Flow

Detach SR from Changeout
Remove change-out assembly

REMOVAL

Pull and Wash Drill Pull and Wash Disconnect
String w / Last Sampler I-- Remove Last

~ Remaining Drill - Equipmentto just above waste Sampler String Restore Sitesurface

Fig.2-11. FGIRMCS process.
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2.5.:" Preinstallation

Preinstallation activities are assumed to include site preparations, equipment setup
and .nnection, electrical bonding, and verifying critical alarms and trips. Fig. 2-12
schematically shows the relative positions of the pieces of FG/RMCS equipment on
and surrounding any given tank, along with the anticipated power requirements.

Setup and operation of all equipment is assumed to be in compliance with
appropriate procedures. For information only, several commonly usedprocedures
are listed in TABLE 2-5.

Preinstallation activities include:

• Collect all appropriate procedures.

• Obtain sign off on all necessary conditions, concurrence, forms, and
permits.

• Comply with all contractor safety, radiation and contamination,
environmental protection, permitting and quality assurance controls,
procedural limits and precautions, and records maintenance.

• Investigate and identify farm, tank, and riser locations. Prepare the site.
Acquire and stage all supplies and equipment needed to perform
operations. Calibrate measurement devices as procedurally required.

• Verify tank ventilation method and operability. Verify spark resistance of
tools and lanyard as necessary to prevent tool entry into tank.

• Set up auxiliary support equipment, including the generator, the
compressor, power distribution trailer, the support truck with the drum
H 20 heater, nitrogen trailer, and service trailer. Position and set up
primary systems, including the sampling truck, exhauster, the cask stand
with casks, and the mobile X-ray image system.

• Perform grounding and bonding activities. Call the weather service to
verify that there are no lightning storms within a 50-mile radius of the
sample site.

• Measure the quill-rod-to-riser distance, and determine the number and
size of drill rods needed in accordance with the procedure data sheet.
Obtain drill rods. Place drill rods in the lockup rack on the support truck.

• Place the quill rod in a full down position, hydraulically level the
sampling truck, and verify stability. Verify alarms and annunciators.
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Fig. 2-12. Relative placement of equipment required for core sampling in the rotary
mode.

2.5.2. Installation

Installation activities are assumed to include removing the riser blank flange and
gasket, installing the riser sleeve and riser equipment (riser adapter, spray washer,
frisbee wiper, and foot clamp), and core barrel/drill bit/sampler unit through the
riser equipment. It should be noted that during the opening of a riser, either toxic
gases (i.e., ammonia, organic vapors, and nitrogen dioxide), and/or combustible
gases (Le., methane, hydrogen) could be released and are monitored in a way
consistent with appropriate procedures. Operations may proceed only if the
combustible-gas meter, calibrated according to appropriate procedures, reads.$. 25%
LFL.

• Crack open the blank flange or pipe cap to off-gas the tank for 5 minutes.
Start air sampling. Perform a breathing zone survey and sniff the riser
and surrounding area.

• Install the riser assembly, using the mobile crane or the platform hoist.
The riser assembly is assumed to include the riser adapter, conductive
sleeve, spray washer/frisbee wiper assembly, and foot clamp.
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• Screw the drill bit onto the core barrel and gently insert a universal
sampler. Attach and install the drill rods in the order specified by the
procedural worksheet. Screw the electrically-bonded lifting bail onto each
newly attached drill rod, open the foot clamp, and lower the DS with the
platform hoist. Close the foot clamp each time before releasing the DS to
attach another drill rod.

• Install drill rods until the string is just above the waste surface or until
only 19-in. drill rods remain. The predrilling configuration should
resemble Fig. 2-13.

TABLE 2-5
EQillPMENT PROCEDURES USED IN SA

• ~ Perform Rotary Core Sampling of Ferrocyanide,! TQ-080-056
j Organic, Organic/Ferrocyanide Watch-List Waste 1

~ Storage Tanks42 ~
........ ,.t- II u t ) u ..

• ~ Liquid Nitrogen Trailer, Nitrogen Chiller, and Indeeco 1TQ-060-345
! Nitrogen Heater Operations 1

........... to _ _ ) _ _ _ _ _ ..

• 1ONAN 150DGFA Generator Set Operation ~ TQ-020-900

··:····-t·AEROFLow·..M~d~1 ..2ANi37·-B~~;th~g··Ai;··c·~~p;;~;~;·i ..To.oio:o56·-..·-··-·-·-..--
! Operation j

............~ _ _._ _ _ _ '1 _._._._.__._ _ ..

• iTransfer the On-site Transfer Cask !TD-080-D90
..........."' _ _ _ _ ••_._.; _._ _._ _._ _.__H_••• ISample Transfer Truck Operation !TO-080-075
··:·_···r·pi~i····up7T;;~;p~;t····R;·di~;~ti;~·· ....~i;t;;i;'i ..·-~~d..·..w·;;t~·T·TO-l(io:o'io··-- ..···..···....·-..-·-

1 Packages !
.............""' _ -._ _ _ -..ot __ ..

• ~ Katolight Model D200FRJ4 Standby. Power System ~ TD-020-825
~ Operation I._ _ __.._ _ __. ._. . .._ __._. i_ __.. ._.__

• l Perform Waste Generation, Segregation and 1TD-100-052
j Accumulation !

..........~ _••••••••_ _ _ __••__ __ _ ••_ .i.•••_ _ _ _ ',

• IX-ray Procedure !To be specified following SA approval
...........;. + _-- _ _._._ _ __ _ _.__ .• !Exhauster Procedure iTo be specified following SA approval

2.5.3. Sampling Operations

Sampling operations are assumed to include drilling operations, removal of the
universal sampler from the drill string, X-ray imaging, placing the sampler into the
receiving cask, obtaining a new sampler, and placing the new sampler into the drill
string.
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2.5.3.1. Drilling
• Monitor and record flammable-gas

concentrations and other appropriate
parameters, according to the operational
safety document (OSD) requirements.

• Rotate the truck platform to position the
grapple hoist assembly/drill ~it over
the drill string. Attach a 19-in. drill rod
to the drill string. Open the drill chuck,
connect the quill rod, and close the
chuck. Open the foot clamp. Raise the
drill rams if necessary.

• Establish nitrogen purge flow through
the riser/sleeve annulus.

• Ensure that the exhauster is operating
according to the appropriate procedure,
verify that the exhauster interlock is
activated, and initiate nitrogen purge gas
flow through the DS.

• Lower the grapple through the quill rod
with grapple hoist until it latches onto
the pintle rod of the universal sampler.
Record the mechanical grapple counter
value. Raise the grapple only enough to
remove the slack in the grapple hoist
cable.

• If obtaining a final sample, activate the
hydraulic bottom detector, with
independent verification.

Drill Rig
Cross Head

at:",: .,' Drill Head, Chuck

F " 1',.53
Xl. I/'

Riser
Sleeve

Quill
Rod

Threads for 2
Attachment to ; (.'} , Quill
Drill Siring ~ Rod

j
ffi!il Adaptor

Drill :
String r-! --,

, " i FootOamp
- :i==F Frisbee Wiper

I ! 1 j Drill String Spray===':= :r---::=-wuher\ .~C Riser
Adapter

Sleeve Spray

E;::~ t::::::::JA~ Riser
Flange

Tank
Riser

Fig. 2-13. Pre-drilling
configuration.

• Establish the nitrogen purge gas flow at
about 40 scfm, or as necessary. Engage
the clutch, adjust the DS rpm, and
proceed with rotary drilling by adjusting

the ram control valve to obtain the desired penetration rate, i.e., down
force, as appropriate, within the operating parameter envelope.
Operational limits on FG/RMCS parameters are provided in Section
2.5.5.1.

• If the drill bit becomes plugged, refer to Section 2.5.5.2.4.
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• If the drill string becomes stuck,. refer to Section 2.5.5.2.5.

• When a full sample stroke is completed, close the ram control valves,
disengage the clutch, and close the nitrogen purge flow control valve.

• Raise the grapple to pull the pintle rod, release the spring clip that
separates the pintle rod from the sampler piston, and close the rotary
valve at the bottom of the universal sampler. Pull the pintle rod up
through the drill string and into the quill rod.

• Raise the drill string about 1 in. to ensure trouble-free installation of the
next sampler. Close the foot clamp. Depressurize the grapple hoist box,
and verify depressurization.

• Open the chuck, disconnect the quill rod adapter from the DS, and close
the chuck. Screw the cap with the male Kamlok® adapter onto the quill
rod adapter. Rotate the platform to place the grapple hoist assembly aside
from the drill string. .

• Screw the cable wash assembly onto the DS. Connect the male Kamlok®
of the change-out assembly to the female Kamlok® of the spray washer
assembly. Close the change-out isolation valve. Pressurize the DS to
maintain hydrostatic head.

• Kamlok®-connect the pintle rod overpack to the bottom of the quill rod
adapter, and mechanically release the pintle rod from the grapple into the
overpack. Disconnect the overpack from the Kamlok® cap on the quill
rod adapter.

2.5.3.2. Removing the Universal Sampler
• Rotate the truck platform to position the SR over the change-out assembly

connected to the DS. Connect the Kamlok® on the end of the SR tube to
the Kamlok® of the change-out assembly.

• Open the SR ball valve. Establish hydrostatic pressure in the SR. Open the
change-out isolation valve. Lower the RLU at full speed to impact on and
engage with the quadralatch of the universal sampler.

• If the DS pressure is greater than 0.5 psi times the sample number, vent
the excess SR pressure.

• Slowly increase the hoist upward speed to unseat the sampler. The load
cell value should read 60 to 70 lbf, but if the value is >150 lbf, then waste
could be in the core barrel.
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• Raise the sampler through the DS and into the SR tube. Inspect the
sampler in the sight glass for cleanliness and record abnormal conditions.

• If the sampler exhibits visible waste material, wash the sampler by
connecting the hot waterline to the cable spray washer and raising the
sampler slowly through the washer. Record water usage on proper data
sheets and chain-of-custody documents.

'--
• Raise the sampler into the SR tube. Close the change-out isolation ball

valve. Depressurize the SR. Close the SR ball valve. Disconnect the SR
Kamlok® from the change-out Kamlok®.

2.5.3.3. Mobile X-ray Image System Operations
• Rotate the truck platform to position the SR over the mobile X-ray image

system. Connect the SR Kamlok® to the Kamlok® of the X-ray system.

• Open the SR ball valve. Lower the sampler into the mobile X-ray image
system. Complete the imaging and raise the sampler into the SR tube.
Close the SR ball valve.

• Disconnect the SR Kamlok® from the Kamlok® of the X-ray system.

2.5.3.4. Sampler Into Receiving Cask
• Rotate the truck platform to position the SR over the receiving cask, and

remove the cap from the cask adapter. Connect the SR Kamlok® to the
Kamlok® of the cask.

• Open the SR ball valve. Lower the sampler into the cask until the cable is
slack. Disengage the RLU from the sampler quadralatch mechanism.
Raise the RLU back into the SR tube. Close the SR ball valve.

• Disconnect the SR Kamlok® from the Kamlok® of the receiving cask.

• Prepare the cask for shipping. Remove the PVC sleeve from the cask.
Remove the Kamlok® adapter from the cask; install the inner cask
container plug, flange, and a new gasket; and install flange bolts.
Complete the appropriate data sheets and chain-of-custody documents.
Place a Waste Tank Sample Seal on the cask so that the seal must be
broken to open the cask.

2.5.3.5. New Sampler Preparation
• If another sample is required, place a new universal sampler into a cask

liner, and gently insert the sampler into a new cask.
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• Rotate the truck platform to position the SR over the new cask. Connect
the SR Kamlok® to the Kamlok® of the new cask.

• Open the SR ball valve. Lower the RLU at full speed to impact on and
engage with the quadralatch of the new universal sampler. Visually
verify that the sampler is attached while raising the sampler into the SR
tube. Close the SR ball valve.

'"• Disconnect the SR Kamlok® from the Kamlok® of the new cask.

2.5.3.6. New Sampler Insertion into Drill String

• Rotate the truck platform to position the SR over the change-out assembly
connected to the DS. Connect the SR Kamlok® to the Kamlok® of the
change-out assembly. Open the SR ball valve.

• If directed by the PIC (person in charge), wash the drill bit by adding 0.1 to
0.3 gal. of hot water through the cable wash assembly. Criteria for this
direction are circumstances in which the drill string has been idle for >4
hours or purge flow has not been established. Record water usage on the
appropriate data sheets and chain-of-custody documents.

• Pressurize the SR. Open the change-out isolation valve. Lower the RLU
and new sampler into the DS until the cable is slack (NOTE: there is no
indication that the new sampler is fully latched into the core barrelldrill
bit assembly.) Disengage the RLU from the sampler quadralatch
mechanism. Raise the RLU back into the SR tube. Close the change-out
isolation valve.

• Depressurize the SR. Close the SR ball valve.

• Disconnect the SR Kamlok® from the change-out Kamlok®.

• Rotate the truck platform to position the grapple hoist assembly/drill unit
next to the drill string.

• Depressurize the drill string. Remove the change-out assembly.

• Return to Section 2.5.3.1 until the last core segment is obtained.

2.5.4. DS Removal

Removal operations are assumed to occur when the DS equipment is washed and
removed. The hoist or drill head is connected to the drill string, and the OS is
retrieved and externally washed. The hoist or drill head is disconnected, and the
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drill sections are discarded. Auxiliary equipment is disassembled, and the site is
restored.

The drill string is washed as follows. Retain the last sampler in the core barrel, or
install a new sampler. Depressurize the drill string, connect the water line to the
drill rod washer, disconnect the change-out assembly and cable spray washer, and
use the drill head to remove all 19-in. drill rods, washing while removing. Retrieve
the final sampler when above the waste surface. Rotate the platform, and use the
platform hoist to retrieve the remaining segments of drill rod and the core barrel,
washing while removing.

2.5.5. Operational Conditions and Characteristics

RMCS activities include both normal and abnormal operating conditions during
drilling and sample retrievaL

2.5.5.1. Normal Operations
Normal operations include normal rotation within the established parameter
envelope, a walkdown mode, and a bottom-detection mode. Truck stabilization can
also be described in certain cases as a normal condition.

2.5.5.1.1. Normal Drilling and Sample Retrieval. TABLE 2~6 lists pertinent
operational characteristics associated with the normal drilling and sample retrieval
activities described in Section 2. Nominal values are provided, along with
minimum and maximum range values. Alarm and trip points, if appropriate, are
specified.
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TABLE 2-6
OPERATIONAL PARAMETERS FOR ROTARY-MODE CORE SAMPLING

METHOD

Normal High Low

Parameter Range Value Value Alarm Trip

Down force'" (lb) oto 750 750 0 750 >750

DS rotational speed· (rpm) 2 to 55 110 2 55 >55

RMCS enable system (rpm) 2 2 2 NA 2

DS purge ga. flow (scfm) 30 to 50 100 0.1 30 <30

DS purge gas pressure (psig) 30 to 50 90 0.3 NA NA
Riser purge gas flow >40 psid NA NA 40psid 40 psid

(2-5
scfm)

Purge gas temperature (OP) 60 to 80 140 10 <10 NA
(atmosphe >140

ric)

Instrument enclosure 70 to 80 90 50 <50 NA
temperature (OP) >90

Penetration rate (in./min) 3 to 10 25 0 0.75 <0.75

Lower ram pressure (psi) 50 to 250 250 20 NA NA
(walkdown mode)

Hydrostatic DS pressure (psi) 0.5 to 30 35 0.2 NA NA
Hydrostatic DS flow (scfm) 0.5 to 2 7.8 0.2 NA NA
Hydrostatic SR pressure (psi) 0.5 to 30 35 0.2 NA NA
Hydrostatic SR flow (scfm) 0.5 to 2 7.8 0.2 NA NA
... Lt.unts are gtven for automatic shut-down features. Appendix N discusses admmlstrabvely
controlled structural limits. For drill strings shorter than. or equal to 45 ft, the down force of 750 lbf and
rotational speed of 55 rpm are valid. For drill strings longer than 45 ft, the down force limit is reduced
to 650 lbf and the rotational speed is reduced to 40 rpm for structural considerations.

2.5.5.1.2. Walkdown mode. The walkdown mode establishes a setpoint to allow the
drill to "walk" through the drill stroke. The mode utilizes a solenoid-operated
valve (SOV) to automatically start and stop ram motion by stopping hydraulic fluid
flow through the drill rams when the specified pressure is reached.

2.5.5.1.3. Bottom detection. To prevent penetration of the tank bottom, a hydraulic
bottom detector (HBD) is activated with the last sample. The four-way valve
controls whether hydraulic fluid flows into the top or bottom side of the drill rams,
thus controlling the direction of drill ram movement. During normal operation,
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the flow control valves control the amount of fluid that flows from the downstream
side of the drill ram, which controls the' drill penetration rate and the amount of
force applied to the drill string. When activated, the HBD monitors the pressure on
the lower or downstream side of the drill ram. When the hydraulic pressure
sensors detect a loss of lower ram pressure, the drill direction is automatically
reversed. When the stroke is complete, the HBD alarms may have triggered; the
operator will silence the siren, stop the stroke, and disable the HBD.

2.5.5.1.4. Stabilized mode. A stabilized mode for the tank and sampling tfttck can be
defined to include the following:

• If stabilization is required when the tank is open, then the open riser is
covered.

• If the sampling truck is connected to the drill string, then it remains
connected unless lightning is approaching, in which case, the drill string is
disconnected and capped.

• If the sampling truck is not connected to the drill string, then stabilization
assumes that the truck is placed in stabilized mode: the sampler is in the
drill string; the drill string, the shielded receiver and quill rod are sealed;
the shielded receiver and quill rod are above the rotary platform; the skid
is traverse centered; the quill rod is to the back of the truck; all control
panel breakers on the truck are off, unless otherwise directed by the PIC;
the PG, SR and DS Gas switches are off; PG mode switch is positioned to
DRILL; PG, SR and DS flow control valves are closed; the foot clamp is
closed; the four-way valve is in FLOAT position; the Up and Down ram
control valves (RCVs) are closed; and the hydraulic bypass valve is closed.

• The PIC should record the status of sampling in the log book for recovery
from the stabilized mode.

2.5.5.2. Abnormal Drilling Conditions
2.5.5.2.1. Reduced nitrogen flow. If nitrogen purge flow is less than the total of 30
scfm, then the drill rig will be automatically tripped, and drilling will be
immediately terminated. The exhauster shall remain operational. The operator
will correct the condition that caused the trip before drilling operations are
reinitiated.

2.5.5.2.2. Excess rpm or down force on drill string. If the rotational speed exceeds 55
rpm or the down force is greater than 750 lbf, then the drill rig will be automatically
tripped and drilling will be immediately terminated. The nitrogen purge and
exhauster shall remain operational. The operator will correct the condition that
caused the trip before drilling operations are reinitiated.
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2.5.5.2.3. Penetration Rate. If the penetration rate falls below 0.75 in./min, then an
alan;: is triggered, and a 60-second period is provided for operator intervention t r

increase the penetration rate. If the rate is not increased, then the drill rig will b.;
au '")matically tripped and drilling will be immediately terminated. The exhauster
s. 11 remain operational. The operator will correct the condition that caused the trip
bE' .:>re drilling operations are reinitiated.

2.5.5.2.4. Orill bit plugging. If 30 scfrn nitrogen purge flow cannot be maintained in
nO"mal operations, then the drill bit could be plugged with waste. In this case, the
grapple hoist box is depressurized, and 0.1 to 0.3 gallons orhot water are added to the
drill string through the quill rod adapter. The water usage is noted on the chain-of
custody for that sample.

Purge flow is then reestablished at 40 to 70 scfm. If the bit is cleared, then operations
can resume. If not, then the cognizant engineer is consulted for alternate methods
to unplug the bit.

2.5.5.2.5. Stuck drill bit. If the drill bit becomes stuck in the waste, then the grapple
hoist box is depressurized if necessary and about 1 gal. of hot water is added to the
drill string through the quill rod adapter. The water usage is noted on the chain-of
custody for that sample.

Purge flow is then reestablished at 40 to 70 scfrn. If the bit becomes unstuck, then
operations can resume. If not, then the cognizant engineer is consulted for alternate
methods to loosen the bit. '

2.5.5.2.6. OS flooding or structural failure. The procedures for handling OS
flooding or unplanned maintenance activities are not covered in this safety analysis.
The actions needed to handle OS structural failure or extreme jamming of the OS
are not delineated in this document.

2.5.5.3. Loss of exhauster
Exhauster operation can be automatically terminated as a result of exhauster
operational issues. Operationally tripping the exhauster will automatically trip the
drill rig through the PLC on the truck. Similarly, the PLC also deenergizes the SOV
in the nitrogen purge enclosure, which stops the purge flow to the OS.

Operationally, the exhauster automatically shuts down under the following
conditions:

• Excessive negative tank pressure (-750 Pa or -3 in. w.g.).

• High differential pressure of 10 in. of water across the optional in-riser
prefilter.

• High differential pressure of 5.9 in. of water across the HEPA filter bank.
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• Exhaust stack flow greater than ~50 scfm or less than 150 scfrn.

A seismic event will not invoke automatic shutdown of the exhauster.

2.5.5.4. Gas-release Event
A gas-release event can be measured by the flammable gas detection system,
discussed in AppendiX V, that is connected upstream of the exhauster, or by the tank
pressure system in the tank dome. The flammable gas detection system is setpoint
limited at the equivalent of 5000 ppm hydrogen concentration, or a rate olrise of 100
ppm/second. The flammable-gas detection system is also required to provide a cut
off and alarm on out-of-tolerance conditions at 12,000 ppm ammonia for toxic
considerations. Likewise, an increase in the tank pressure of 2 in. w.g. above back
ground will trip the drill rig.

With out-of-tolerance conditions, the exhauster remains operational, but the drill
rig engine operation is terminated. Personnel evacuate the site, don protective
clothing, and can return to the tank for further equipment stabilization.

2.5.5.5. Emergency Response
All emergency conditions that could result in personnel injury or equipment
damage are handled by the PIC in the following manner.

• Direct personnel to attend to any injured personnel, and evacuate as
appropriate. Notify the fire department and the occurrence notification
center.

• Depending on the nature of the emergency, and at the discretion of the
PIC, stabilize the drill site as much as feasible commensurate with Section
2.5.5.1.4.

• Monitoring should be continued in support of all emergency activities.

• Evacuate personnel, and ensure the prevention of uncontrolled access to
the drill site area.

Notify the Sampling Operations and Tank Farms Shift Management of the
emergency.

2.5.6. Restart

Restart could be required for numerous reasons, including a power outage,
exhauster shutdown, loss of nitrogen purge, exceeding drilling setpoints, or even
starting a new work day. In general, the following conditions would be verified
before sampling is reinitiated. Restart following off-normal incidents should be
performed in a way consistent with the requirements of the Interim Safety Basis.
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• Complete the Daily Core Sample/Inspection Data Sheet as required by the
procedure. .

• Tum all breakers on the truck's Core Sampler Power panel to ON.
Acknowledge all alarms, and reset all immediate alarms. Resume
exhauster operation. Resume sampling operations.
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3.0. IDENTIFICATION OF HAZARDS

This section presents the methodology and results of a hazards identification study
used to formally identify all hazards associated with the proposed action of the
installation, operation, and removal of rotary-mode core sampling (RMCS)
equipment in single-shell tanks (SSTs) on the Flammable Gas Watch List (FG\VL) or
those tanks recommended by the contractor to be included on the FG\VL, hence
referred to as FG/RMCS operations. This process, called hazard idec.!ification, is
equivalent to the hazard analysis (HA) or hazard evaluation process in a safety
analysis report. The final product of this hazard identification process is a list of
design-basis accidents (DBAs) that will be examined in more detail in the accident
analysis section of the safety analysis (SA).

According to Ref. I, hazard is defined as IIA source of danger (Le., material, energy
source or operation) with the potential to cause illness, injury or death to personnel
or damage to an operation or to the environment." A hazard is not an accident
initiator, cause or deviation. Rather, it is a property, typically radiological and
toxicological, inherent to the danger. Based on this definition, the hazards
associated with the FG/RMCS operations in flammable-gas tanks are summarized
in Table 3-1.

The major consequence of accidents in the flammable-gas SSTs is the release of
radioactive and toxic materials that might expose the public sector and/or on-site
personnel to unacceptable doses. Airborne, underground, and surface release
pathways are considered in the study. In addition, any structural damage of the tank
that would cause major damage in the dome area or leaks in the liquid region are
evaluated. Radiological and toxicological consequences resulting from dome
collapse are also evaluated in this safety assessment. Leaks below the waste level,
however, are identified as potential environmental hazards and the long-term
consequences are not evaluated.

3.1. MElHODOLOGY

The guidance used to perform the hazard identification (or HA) is DOE-STD-3009
(Ref. 1). DOE-STD-3009 provides the following guidance on the requirements for a
complete hazards analysis. A complete hazards analysis should (STD-3009, p. 31)

1. Consider the complete spectrum of accidents that may occur as a result of
facility operations;

2. Analyze potential consequences to the public and worker;

3. Estimate the likelihood of occurrence;

4. Identify and assess associated preventive and mitigative features;
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TABLE 3·1
SUMMARY OF POTENTIAL HAZARDS

HAZARDOUS MATERIALS

MATERIAL LOCATION FORM and QUANTITY

Flammable Gases Stored in the waste with Major species are hydrogen, ammonia,
potential release to methane, nitrous oxide (oxidizer), and

- the dome space, oxygen. Composition and quantitie.Q-yary.

- the drill string, drill unit See discussions in Appendixes C and L.

and shielded receiver

- the environment (above
ground)

Flammable Solids In the waste. Organic compounds with oxidizers.
and Liquids Composition and quantities vary.

See discussion in Appendix G.

Radioactive Solids In the waste Bounding dose is discussed in Appendix R.
and Liquids

Fissile Materials In the waste Bounding quantity discussed in Appendix R.

Toxic Gases Stored in the waste with Major species are ammonia and nitrous oxide.
potential release to the Composition and quantities vary.
environment. See discussion in Appendix C.

Toxic Solids and In the waste Bounding dose is discussed in Section 5 of this
Liquids SA.

ENERGY SOURCES ,

ENERGY LOCATION FORM and QUANTITY

Electrical - Dome space - Various electrical equipment

(spark sources) - Ventilation system - Material with potential electrostatic

-Truck charge built-up.

- Above ground near risers.

Mechanical - Dome space - Drill bit and drill string with kinetic

(spark sources) - Ventilation system (rotational and linear) and potential energy

- Above ground (near risers) - Truck and other vehicles with kinetic

- Truck
energy

- Moving parts with kinetic energy (pumps,
- Inside the drill string motors, etc.)
- In the waste - Heavy equipment with potential energy

- Tools with spark potential

- Ventilation fan with kinetic energy

- Compressed gases

- Air motion caused by active ventilation

3-2 August 8, 1996



WHC-SD-WM-SAD-035, Rev. O-a

TABLE 3-2 (cont)
SUMMARY OF POTENTIAL HAZARDS

ENERGY SOURCES

ENERGY LOCATION FORM and QUANTITY

Chemical - Tank - Propane tank

- Truck (on the tank) - Diesel and gasoline
""-

- Tank Farm - Lubricants

- Water and nitrogen added to the waste

Radiant Truck (on the tank) - X-Ray machine

- Waste samples

External Events Tank Farm - Lightning/Tornadoes/Heavy Rains

- High Winds/Dust Devils

- Earthquake/Volcanoes

- Range fires

5. Identify safety-significant structures, systems, and components; and

6. Identify a select subset of accidents to be formally defined in accident
analysis.

In the hazards identification performed for rotary-core mode drilling, four of the six
requirements listed above were met in full. Namely, (1) a complete consideration of
the spectrum of accidents, (2) analysis of the potential consequences, (3) estimation
of likelihood, and (6) identification of a select subset of accidents for accident analysis
(the end product for this hazard identification). However, two of the requirements,
(4) the identification of preventive and mitigative features; and (5) identification of
safety-significant structures, systems, and components, were only partially met. For
the rotary core mode drilling activity, hardware design and procedures were being
developed during the hazard identification (hazard analysis) process. Therefore, at
that time, preventive and mitigative procedures were not fully identified. By not
identifying the preventive and mitigative features, the identification of safety
significant structures, systems, and components could also not be performed.
However, identification of preventive and mitigative systems is performed in the
design change/control implementation phase of this SA and documented in
Section 6. A list of equipment significant to safety is provided in Section 6.

Hazard identification is the first step in the safety analysis process. The goals of
hazard identification for this SA are a subset of the hazard analysis requirements
presented earlier, namely;

• Consideration of the complete spectrum of potential accidents,
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• Qualitatively assess the consequences to the worker and the public,

• Qualitatively estimate the frequency (or likelihood) of occurrence,

• Identification of a select set of representative and unique accidents (DBAs)
for further evaluation.

Because of the relative complexity of the rotary-core drilling system and its unique
intrinsic hazards, a detailed hazards identification study was performed considering
all phases and aspects of the rotary-core drilling operation. The intent was to meet
the requirements of Department of Energy (DOE) Order 5480.23 (Ref. 2) to identify all
the hazards and accidents scenarios. The rotary-core drilling hazard identification
process was performed by a multidisciplinary team consisting of Los Alamos and
Westinghouse personnel, using a combination of two standard techniques, the
hazard and operability (HAZOP) technique and "what if" checklist techniques. The
operations examined were the installation of the equipment, the individual steps of
the rotary-mode sampling, and the removal of the equipment. The operation was
tracked in this way to ensure completeness of the HA.

At the beginning of the HA, the Westinghouse Hanford Company (WHC)
Characterization Project Engineering and Operations personnel presented and
described the operations. Subsequently a process-flow diagram was prepared to
describe all phases of the installation, operation, and removal of the rotary-mode
sampling equipment on a typical tank. Previous safety analyses, the available design
documentation, and the operating procedures were reviewed before another
meeting with FG/RMCS engineering and operations personnel. The hazards
analysis was developed based on the process-flow sheets and the questions that
resulted from the documentation review. Hazards identified in previous safety
assessments3

,4,,6 were reviewed and included in this study. The results of the
hazards identification study are documented in Appendix A.

The HA includes estimates of the frequencies and consequences of the hazards that
have been combined to provide a risk ranking. The risk ranking is one factor used
to select the accidents. The accident database was examined and nine accident classes
were selected for further analysis. Section 4 of this SA evaluates these nine accident
classes. Alternative groupings are possible, and inevitably the grouping in some
cases is not very clear. However, although the boundary between the groups may be
subjective, the grouping process was complete, and all of the identified hazards are
captured in these groupings.

This SA discusses all of the hazards identified and how they are managed to
acceptable levels of risk. Some of this will be a discussion of the design features and
controls. In some cases, analyses are used to show that the accident cannot happen
physically. Also, analyses are presented to quantify the bounding consequences in
the event that preventative and mitigation features are ineffective.
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3.2. RESULTS OF THE ROTARY-CORE DRILLING SYSTEM HAZARDS
IDENTIFICATION

The hazard identification conducted for the proposed action examined three
processes; installation, operation, and removal of the rotary-core drilling unit. The
hazards associated with transportation, of a contaminated rotary-core drilling unit
or its auxiliary equipment from the tank farm or its ultimate decontamination and
disposal are not considered. Transportation of the cask where core samples are
stored also is not considered. These activities are included in the safety analysis
reports for site transportation waste storage, and handling (see Ref. 7), and are
subject to the applicable controls listed there. Operations evaluated included X-ray
examination and storing the core sampler in the cask.

The results of the hazards identification indicate that the potential contributors to
the release of radioactive and toxic materials and structural damage to the tank can
be categorized in nine general categories of accidents. In Appendix A, details of the
hazards identification and the general accident categories are presented. A total of
180 scenarios resulting in waste and toxic-gas releases were identified. The
individual accidents are evaluated based on their qualitative accident frequency and
resulting consequences. In Appendix A, a frequency and a dose class are assigned to
each accident in order to rank them. The dose rates indicated in Appendix A are
qualitative values. Likewise, frequency determination did not include a detailed
failure-rate evaluation, but qualitative frequency estimates are prOVided. Selection
of representative and unique accidents consider frequency and consequence in order
to rank individual hazards. These representative unique accidents are categorized
in nine groups based on their release characteristics. .

The results of the hazards identification process are summarized in Tables 3-2 to 3
10. For each accident category, a separate table is given. The accident, the applicable
scenario, principal causes, and design safety features are given for each case.

Specific design-related features, primarily those provided to manage identified
hazards, are included because their failure may cause an accident.

The relationship between hazards and accident analyses is determined for each
accident in a given category. The accident analysis is cross-referenced to the section
in Chapter 4 where the potential accident is evaluated. In some cases, the same
accident analysis covers more than one hazard or initiator. In other cases, several
accident analyses will be required to assess the various manifestations of the hazard.

The following is the summary of the tables in which the different accident hazard
groups are summarized. Industrial hazards such as installations in the wrong tanks
or risers, operation of the liquid nitrogen tank, traffic accidents, slips, falls, etc., are
beyond the scope of this safety assessment.
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SUMMARY OF TABLES

Group Table
Aboveground fire Table 3-2
Dome fire Table 3-3
Drill string fire Table 3-4
Waste fire Table 3-5
Chemical reactions and criticality Table 3-6

"Containment breach Table 3-7
Gas releases Table 3-8
Spills and radiation exposure Table 3-9.
External events Table 3-10
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TABLE 3-2
ABOVEGROUND FIRE HAZARD ASSESSMENT RESULTS

Accident

Flammable
gas iease to
exhauster and
bum

Flammable
gas release
through tom
duct and bum

Scenario

• Flammable-gas
release from waste
into exhauster and
ignition source.

• Ignition in the
exhauster and bum
back to the tank
dome (see Dome
Fires)

• Gas release through
tom hose

Design Safety Features

• All electrical equipment in the exhauster
flow stream must be rated to Class-I, Div.-I,
Group-B environment.

• Do continuous exhausting with spark
resistant fan.

• Use heavy-duty, tear-resistant, conductive
hose.

• Use redundancy /diversity in gas-release
detection system (flammable gas and
pressure).

• Use heavy-duty, tear-resistant, conductive
hose.

• Nonqualified equipment behind deflectors
or in enclosures.

Analysis

Sec. 4.1.1.

Sec. 4.1.2.

Flammable
gas release
and bum
outside an
open riser

Flammable
gas release
and bum in
shielded
receiver.

• Flammable-gas
release from waste
through open risers
and ignition source

• Ignition above the
tank and bum back
to the tank dome
(see Dome Fire)

• Flammable-gas
release from
shielded receiver,
drill string, and
ignition source.

• Inlet and exhaust have a stack height of 5 Sec. 4.1.2.1.
m (15 ft).

• All electrical equipment near open risers
must be rated to Class-I, Div.-I, Group-B
environment or Class-I, Div.-ll, Group-B
environment with automatic shutdown.

• N2 purge of riser liner

• Use hydrostatic head purge in the shielded Sec. 4.1.2.2.
receiver.

• Electrical equipment is designed for Class I,
Division 1, Group B in the shielded
receiver.

• Spark-resistant mechanical RLU/sampler.

• Cable hoist structural strength prevents
RLUdrop.

Flammable
gas release
and bum in
the X-ray or
cask

Flammable
gas release
and bum

• Flammable-gas
release into X-ray
machine and into
storage casks.

• Flammable-gas
accumulation or
release from the loss
of electrical power
and ignition source

• X-ray sample liner is made of plastic.

• No unqualified equipment in Class I,
Division 1 or Class I, Division 2 space in x-
ray machine. •

• Liner is painted with conductive graphite
paint, and grounded and bonded.

• No unqualified equipment in Class I,
Division 1 or Class I, Division 2 space
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TABLE 3-2 (cont.)
ABOVEGROUND FIRE HAZARD ASSESSMENT RESULTS

Accident Scenario Design Safety Features Analysis

Flammable- • Release from • No credited design feature. Sec. 4.1.5.
gas release propane tank on
and bum nitrogen trailer

Flammable • Flammable diesel • No credited design feature. Sec. 4.1.6.
material and and gasoline fuel "'-

bum

Equipment • Collision caused by • No credited design feature. Sec. 4.1.7.
fire trucks and other

equipment

TABLE 3-3
GAS RELEASE AND DOME FIRE HAZARD ASSESSMENT RESULTS

Accident Scenario Design Safety Features Analysis

Flammable • Drill string break • Automatic shutdown on high flammable Sec. 4.2.1.
gas and burn gas.

Flammable • Equipment, tools, or • Use spark-resistant tools. Sec. 4.2.2.
gas and burn drill string/

component drop on
riser induces
mechanical spark.

Flammable • Equipment, tools, or • Pneumatic clamp is designed to fail closed. Sec. 4.2.3.
gas and bum drill- • Use of spark resistant tools.

string/component
• Use of locking collardrops on crusl

Flammable • Frictional spark in • Use stainless-steel sleeve in the riser. Sec. 4.2.4.
gas and bum the riser. • Inject nitrogen into riser sleeve to prevent

hydrogen penetration.

• Automatic shutdown on loss of sleeve purge.

• Automatic shutdown on high flammable
gas.

• Unique connectors for sleeve purge.

Flammable • Electrostatic spark • Equipment grounded and bonded. Sec. 4.2.5.
gas and bum in the riser
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TABLE 3-3 (CONT)
GAS RELEASE AND DOME FIRE HAZARD ASSESSMENT RESULTS

Accident Scenario Design Safety Features Analysis

Flammable • Frictional spark • Drill bits do not have spark-inducing Sec. 4.2.6.
gas and bum caused by drill bit carbide teeth. Cutting teeth are copper-

on crust based soft material.

• Drill bit design must be qualified by testing ,
to non sparking.

• Automatic shutdown on high rpm and down
force.

• Use of walkdown function and HBD.

Flammable • Spark sources • All electrical equipment in the dome and Sec. 4.2.7.
gas and bum - in the dome ventilation system is rated for operations in

- in the Class-I, Div.-l, Group-B environment or
ventilation Class-I, DivAl, Group-B environment with
system, automatic shutdown.

- in connected
tanks

Dust • Aerosol • Use of qualified exhauster. Sec. 4.2.8.
explosions accumulation
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TABLE 3-4
DRILL STRING FIRE HAZARD ASSESSMENT RESULTS

Accident Scenario Design Safety Features Analysis

Flammable • Failure of sampler • Sampler chevron seal. Sec. 4.3.1.
gas in the chevron seal • Drill string purge gas.
drill string • Hydrogen diffusion • Hydrostatic head purge.

""• Waste in the drill • Shut down on low nitrogen flow.
string

• Use of compatible material.
• Depressurization of

waste

• Loss ofNZ

• Incompatible
material

Flammable • Drop impact on drill • Components within the drill string must be Sec. 4.3.2.
gas and burn bit by sampler, qualified to the requirements of Appendix T,
in drill string remote latch unit, or or prevented from dropping.

grapple • Sampler chevron seal.

Flammable • Ignition caused by • Components must be qualified to the Sec. 4.3.3.
gas and burn assembly I requirements of Appendix T
in drill string disassembly of drill

strings

• Ignition by drill-
rodl quill-rod
adapter impact

Flammable • Unqualified in the • Electrical equipment meets Class I, Div. 1, Sec. 4.3.4
gas and burn drill head or SR Group Brequirements
in the drill
string

Flammable • Drill string failure • Use NZ purge of drill. Sec. 4.3.5.
gas and burn

• Sampler chevron seal
in drill string

Ignition • Friction • Use NZ purge. Sec. 4.3.6.
source and • bearings • RLU I grapple insertion rate limited to 1
flammable
gas in the • RLU ft/s .

drill string • Grapple

Flammable • Shear pin break • Use NZ purge. Sec. 4.3.7.
gas in the • Shear pin is replaced by a clip.
drill string
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TABLE 3-4 (cont.)
DRILL STRING FIRE HAZARD ASSESSMENT RESULTS

Accident Scenario Design Safety Features Analysis

Detonation • Flammable gas • Sampler chevron seal. Sec. 4.3.8.
and ejection ignition in the drill • Electrical equipment meets Class-!, Div.-I,

string Group-B requirements.

• Shut down on low nitrogen flow. '""
• Components within the drill string must be

qualified to the requirements of Appendix T,
or prevented from dropping.

• Use of compatible materials.

Ignition in • Lightning strike • No credited design feature. Sec. 4.3.9.
the drill
string caused
by lightning
strike

Ignition in • Static electricity • Maintain continuous contact with metal and Sec. 4.3.10.
drill string between O-rings is bonded.
caused by • Static electricity m • Sampler design maintains contact with drill
static the Frisbee string.
electricity

TABLE 3-5
WASTE FIRE-HAZARD ASSESSMENT RESULTS

Accident Scenario Design Safety Features Analysis

Drill bit • LossofN2 • Automatic shutdown on loss of N2 purge. Sec. 4.4.1.
over-

• Down force • Automatic shutdown on high RPM.
temperature

• Rotational speed • Automatic shutdown on high downforce.

• Low penetration • Use bottom detector and walkdown function.
rate • Automatic shutdown on low penetration rate

Exothermic • Incompatible • Use of compatible material. Sec. 4.4.2.
reactions materials

Impact on • Drop of drill string • No credited deesign feature.. Sec. 4.4.3.
crust of waste or tool

Gas fire under • Spark induced with • Components in contact with the waste must Sec. 4.4.4.
surface drill bit impact be qualified to the requirements of

• Inadvertent increase Appendix T.

in force and rpm • Automatic shutdown on high rpm, down
force.

• Automatic shutdown on low nitrogen purge
flow and penetration rate.
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TABLE 3-6
CHEMICAL REACTIONS AND CRITICALITY HAZARD RESULTS

Accident Scenario Design Safety Features Analysis

Cri ticali ty • Drilling operation • No credited design feature Sec. 4.5.1.

Gas release • Water addition • Limited supply of water. Sec. 4.5.2.
caused by • Temperature control on water heater. "'-
water
addition

Exothermic • Drill bit frictional • Carry out N2 purge during rotation. Sec. 4.5.3.
runaway energy

• Automatic shutdown on high rpm, and downreactions • Water addition force.
Waste • LDss of N2 purge • Automatic shutdown on low penetration ratemelting

• Plugged purge holes and nitrogen purge flow.

Energy • Frictional heating • Automatic shutdown on high rpm, and down Sec. 4.5.4.
transfer • LDss of N2 purge force.
to/from the • Automatic shutdown on low penetration rate
waste and nitrogen purge flow.

Impact • Drilling • No credited design feature. Sec. 4.5.5.
sensitive

• Pushing
CDI1lpOU1'¥:Is
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TABLE 3-7
CONTAINMENT BREACH HAZARD ASSESSMENT RESULTS

Accident Scenario Design Safety Features Analysis

Dome • High static loading • No credited design feature. Sec. 4.6.1.
Loading • Dynamic loads

• Truck falls off
platform "'-

• Crane drop

Vacuum • Exhauster failure • Automatic shutdown on exhauster with Sec.4.6.l.

• Inadvertent closure high vacuum.

of inlet riser • Seal loop on breather filter.

Tank bottom • Drill into bottom • Use hydraulic bottom detector. Sec. 4.6.2.
penetration • Drill string drop • Use soft drill bit material.

and penetration • Automatic shutdown on high down force.

• Use of pneumatic foot clamp.

Drill-s tring • Excessive down force • No credited design feature. Sec. 4.6.3.
break • Excited frequency

Riser damage • Equipment • No credited design feature. Sec. 4.6.4.
(conductive sleeve
and drill string) and
tool drops

Side • Drill string failure • No credited design feature. Sec. 4.6.5.
penetration
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TABLE 3·8
GAS RELEASE WITHOUT BURN HAZARD ASSESSMENT RESULTS

Accident Scenario Design Safety Features Analysis

Toxic-gas • Drilling operations • Automatic shutdown on high gas Sec. 4.7.1.
release • Multiple release concentration.

rmdes • Use exhauster stack for worker protection.

• Additional N2 • Use of inlet breather filter stack. --.....
pwge

Unfiltered • Ventilation failure • Use of qualified exhauster HEPA and Sec. 4.7.2.
release • Tank pressurization breather HEPA filters

Steam release • Drill temperature • No credited design feature. Sec. 4.7.3.
induces steam

N2 addition • Accumulation in • Use of qualified exhauster. Sec. 4.7.5.
waste causing a gas- • Automatic shutdown on tank pressure and
release event gas concentration.

• Ammonia scrubbing

TABLE 3-9
SPILLS AND RADIAnON EXPOSURE HAZARD ASSESSMENT RESULTS

Accident Scenario Design Safety Features Analysis

Exhauster • HEPA failure • Use .6P limits. Sec. 4.8.1.
releases • Use high- and low-flow shut down

exhauster.

• Loss of exhauster flow shuts down N2 and
drill.

Exhauster • HEPA failure • Use .oP limits. Sec. 4.8.2.
continuous • Use high- and low-flow shut down
release after exhauster.
filter failure

• Loss of exhauster flow shuts down N2 and
drill.

Inlet duct • Breather HEPA • No credited design feature. Sec. 4.8.3.
failure fiI ters fa iI

Aerosol • Loss of ventilation • Use of qualified exhauster. Sec. 4.7.2.
flow and failure to • Use of breather inlet HEPA filter stack.
shutdown purge

• Use of exhauster stack.

Sprays • No initiators • No credited design feature. NA

Drop sampler • Operational hazard • No credited design feature. Sec. 4.8.4.
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TABLE 3·9 <Cont.)
cpILLS AND RADIAnON EXPOSURE HAZARD ASSESSMENT RESULTS

..---.-.
At .dent Scenario Design Safety Features Analysis.-

Open sampler • Stuck ball valve • Use viewing window. Sec. 4.8.5.

• Use transfer to shielded cask through closed
system.

Spill in core • Waste accumulation • Cable spray washer. 'Sec. 4.8.6.
barrel in core barrel

Drop of con- • Ineffective • Spray wash system. Sec. 4.8.7.
taminated decontamination
drill string and drop

Radiation • High loading in • No credited design feature. Sec. 4.8.8.
exposure HEPA

• Spills
• Open riser

• Failure of
decontamination

TABLE 3·10
RESULTS OF HAZARD ASSESSMENT FOR EXTERNAL EVENTS

Accident Accident Scenario Design Safety Features Analysis

Lightning • Ignition of flammable gases • No credited design feature. Sec. 4.9.1.

Winds • Flow induced vibration • Conductive duct. Sec. 4.9.2.

• Static electricity buildup • Heavy skid.

• Spread of contamination • Exhauster stack and inlet

• Operator errors/equipment drop breather HEPA stack is
designed for high winds.

Range fires • Ignition of flammable gases • No credited -design feature. Sec. 4.9.3.

Seismic • Tank failure • No credited design feature. Sec. 4.9.4.

• Gas-release event

Tornadoes • See lightning/flooding/high winds • No credited design feature. Sec. 4.9.5.

Flooding/ • Tank overfill • No credited design feature. Sec. 4.9.6.

heavy rains • Equipment malfunction

• Operator errors

Volcanoes • Flooding, gas ignition, dome loading • No credited design feature. Sec. 4.9.7.

Dust devils • Spread of contamination • No credited design feature. Sec. 4.9.8

• Operator error/equipment drop
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4.0. HAZARD ANALYSIS

In Section 3, the hazards associated with the installation, operation, and removal of
rotary-mode core sampling (RMCS) equipment in single-shell tanks (SSTs) on the
Flammable Gas Watch List (FGWL) or those tanks recommended by the contractor
to be included on the FGWL, hence referred to as FG/RMCS operations, were
identified, and the resulting accidents were grouped into nine categories. In
Section 4, each accident .. category is quantitatively discussed in the -J0llowing
subsections:

• Section 4.1:

• Section 4.2:

• Section 4.3:

• Section 4.4:

• Section 4.5:

• Section 4:6:

• Section 4.7:

• Section 4.8:

• Section 4.9:

Aboveground Fire Accidents

Dome Fire Accidents

Drill String Fire Accidents

Waste Fire Accidents

Chemical Reactions and Criticality Accidents

Containment Breach Accidents

Gas Releases without Burn

Spills, Releases, and Hazardous Material and Radiation
Exposure

External Events

Radiological and toxicological consequences of the above accidents are discussed in
Section 5 of this safety assessment (SA).

In this section, the frequencies are estimated and discussed for each accident in the
corresponding subsection. Both the unmitigated accident frequency (UAF) and the
mitigated accident frequency (MAF) for each accident are provided in which credit is
taken for the administrative controls established in this safety assessment (SA) and
in other safety basis documents. In AppendiX D, the equipment reliabilities are
computed for each FG/RMCS activity. An FG/RMCS activity is defined to include
preinstallation equipment setup, installation of the FG/RMCS equipment, the
collection of a complete set of core samples representing an entire tank depth, and
removal of the FG/RMCS equipment. One hundred forty-four hours are required
to complete an entire activity. Within this 144-h period, 40 h (approximately 2
samples collected per shift) are required to retrieve the 11 samples (based on an
average SST waste depth). Total drilling time is approximately 4 h (20 min. per
sample). Exhauster and truck shutdown instrumentation systems and calibration
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are checked and calibrated every six months. Assuming there are two FG /RMCS
activities per year per tank, the accident frequency is calculated per year per tank.

There are several key assumptions that underlie assigning a probability to a given
event (Appendix E). The probability of a human error was assumed to be 0.003 based
on assumptions defined in NUREG-CR-4772! and listed in Appendix E. FG /RMCS
operations are required to comply with these assumptions. Therefore, they are
listed in Section 6 as administrative controls.

Also considered in determining the accident frequencies is the probability of
phenomenological events such as gas-release events (GREs), fraction of the waste
causing propagating exothermic reaction, spark generation, and propagation of fire
into the dome or into the waste.

The major hazard associated with FG/RMCS operations in flammal;>le-gas tanks is
the existence of flammable material. Consequently, four of the nine accident
categories identified in the SA are burn scenarios, which generally result in the
highest radiological and toxicological consequences because a dome space
deflagration in an SST is likely to result in a catastrophic dome failure (see Section 5
of this SA). . .

To eliminate a fire hazard, either the fuel, the oxidizer, or the ignition source must
be eliminated or controlled, and for the safety of FG/RMCS operations, one or more
of these factors is controlled under different conditionS. Each identified ignition
source was analyzed and is discussed in terms of how each is managed by either
controls or design safety features. In analyzing the fire risk associated with the
proposed FG/RMCS activities, the following multistep approach was used in the
following specified order:

1. The most important issue was to develop and implement a spark
management strategy that is appropriate for a hazardous flammable-gas
environment. In summary, the spark-management strategy provides a
minimum of two protective system barriers against spark sources
(including mechanical sparks) so that no single failure leads to a sparking
condition. The details of the spark management strategy are summarized
in Appendix B.

2. After implementing the spark-management strategy, the reliability of the
equipment used to protect against fire accidents was quantified (Appendix
D). Considering the type of operation, failure probabilities on the order of
10-4 to 10-5 per activity for the protection systems were used to provide
reasonable assurance that all practicable preventive measures would be
taken against. burn accidents.

3. After completing the first two steps, the probability of a GRE was
introduced to assess realistic accident frequencies. In this SA, GRE is

4-2 August 8,1996



WliC-SD-WM-SAD-035, Rev. O-a

defined as any gas release that exceeds the steady-state releases in the SSTs
by either volume or rate. The probabilistic model of GREs is discussed in
Appendix L.

It is recognized that the order of steps differ from the order one would use to
quantify the event trees. Typically, the GRE would be the initiating event and the
probability of a burn accident would be the product of the following sequence
probabilities:

Burn Probability =(Probability of a GRE causing flammable conditions locally)

x (Failure probability for the protective system)

x (Probability of a spark that can ignite the gas mixture)

x (Probability of flame propagation).

However, in the beginning of the SA process, it was recognized that there is much
uncertainty in the magnitudes and probabilities of a GRE for the SSTs as defined in
the first term of the above equation, and that design decisions and design controls
could not be based on a poorly quantified event probability. Therefore, our initial
assumption was that the probability of a large GRE is high, and that flammable gases
exist continuously in the areas where potential spark sources are located. Thus,
design-changes and design-controls were conservatively developed without taking
credit for the GRE probabilities.

System reliabilities are estimated in Appendix D. Table 4-1 gives a summary of the
system reliability quantification (see Appendix D for details). Frequency estimates
for the initiating event are given for the activity. These frequency estimates are
used in event trees for the postulated accidents discussed in this section to
determine the accident frequencies. The final accident frequency estimates are also
listed in Appendix E.

After completing the assessment of equipment reliabilities, the GRE probability was
evaluated. Based on the analysis prOVided in Appendix L, it is assumed that GREs
would occur during the FG/RMCS operations. However, the frequency of having a
resulting flammable-gas concentration exceeding the lower flammability limit (LFL)
in the dome space with the dome pressure being positive is estimated as 7.0E-5 per
activity. The bounding period of the dome concentration being greater than the LFL
limit during the FG/RMCS operations was computed to be <0.12 min./activity,
assuming that the ventilation system is continuously operational during a GRE.
The time period during which the LFL is exceeded (time-at-risk) divided by the 144-
hour mission time of FG/RMCS operations per activity is 1.4 x 10-5, which is the
probability of a GRE during FG/RMCS activities for accidents involving a random
spark. For certain accidents, the GRE probability based on the exposure period to
flammable gas is not adequate. These are accidents in which the spark sources are
not random in time. In those accidents, the GRE probability of causing the dome
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pressure to be positive is more appropriate. Thus, depending upon the accident
scenario, a GRE probability of 7.0£-5 or 1.4£-5 is used.

TABLE 4-1
SUMMARY OF SYSTEM RELIABILITY QUANTIFICATION

Initiating Event Frequency Probability of Subsequent Failures Frequency

(l/activity) -(J./activi ty)

Excessive force used while taking any Failure to detect excessive force and stop 4.3E-5
sample except last sample, 0.05 per drill, 7.9E-5.

n c:;c; ••~, l~~ 11

Excessive force used while taking last Failure to detect excessive force and stop 4.0E-6
samole 0.05. drill 7.9E-5.
Total for excessive force with failure to stop drill. 4.7E-5

High HZ level in exhauster, 1.0. Failure to detect hydrogen, 7.6E-4. Failure 7.6E-4
to detect hydrogen and trip the drill string 1.6E-3
1 kh'_ ':I.

High HZ rate of rise in exhauster, 1.0. Failure to detect hydrogen, 7.6E-4. Failure 7.6E-4
to detect hydrogen and trip the drill string 1.6E-3
, kh'_ ':I.

High dome pressure caused by HZ Failure to detect hydrogen, 7.7E-4. Failure 7.7E-4
release, 1.0. to detect hydrogen and trip the drill string, 1.7E-3

1 '7l::'_':I.

H2 from waste, 1.0. Failure of drill string N2 hydrostatic 6.4E-3
svstem 6.4E-3.

H2 from waste, 1.0. Failure of shielded receiver N2 hydrostatic 6.4E-3
svstem 6.4E-3.

H2 from waste, 1.0. Failure of both drill string N2 hydrostatic 6.9E-4
system and shielded receiver N2
• . k OlLA

Drill string held above waste with foot Foot clamp drops drill string onto waste 3.0E-5
clamn.1.0. surface 3.0E-5.
Excessive rpm during drilling, 0.011. Failure to trip drill string on excessive rpm, 6.8E-6

6.2E-4.
Perform drilling operation, 1.0. Total loss of N2 cooling and failure to stop 3.3E-6

drill ~.3E-6.

Perform drilling operation, 1.0. Loss of drill bit N2 cooling from N2 bypass 1.6E-5
leaka!!"e 1.6E-5.

Total for overheating drill bit caused by inadequate N2 cooling. 1.9E-5

Take a sample, 11.0. Failure of rotary valve in sampler to 1.1
comoletelv closp. 0.1.

Perform drilling operation, 1.0. Failure of sampler chevron seal. 3.3E-2

H2 from Waste, 1.0. Failure of H2 sniff in drill string, 4.6E-3 4.6E-3
{3.0E-3 onerator 1.6E-3 hardware'.

Excessive filter OP , 1.0. Fail to trip exhauster on filter OP, 2.6E-3. 2.6E-3

Contact rock in waste, 0.1. Failure of penetration rate and failure of N2 3.3E-7
coolin!!" to drill bit sYstem!=>. 3.3F.-6.
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The third term in the burn probability equation is the probability of a spark, which is
also not easy to evaluate for a general case. It was assumed that the probability of a
spark is high, given that flammable conditions exist near nonqualified electrical
equipment. Sparks caused by materials with potential electrostatic discharges are
also assumed to occur with a probability of 1.0 when the environment is flammable.
Ignition as a result of sparks caused by mechanical impacts and drops are, in general,
evaluated by performing mechanical ignition tests.

Propagation of a fire from the tank top into the tank dome is assumed to'be likely
for certain accidents (especially for gas releases through openings at the top of the
tank). The velocity of the released gas could be small enough to allow fire
propagation to occur.

In the following subsections, the accidents of concern are quantitatively discussed.
In each subsection, the accident, its causes (dominant failures), and mitigation or
credited assumptions or controls are defined in evaluating accident frequencies.
The accident frequency based on credited assumptions or controls is defined as the
MAF. The UAF does not consider the effects of credited assumptions or controls
listed in Tables given in the rest of this section. Appendices D and E provide the
details of how the UAFs and MAFs are obtained. Appendix E provides two sets of
event trees; one for mitigated accidents and one for unmitigated accidents. The
mitigated and unmitigated accident frequencies are given in the summary tables
and used primarily to identify the level of the controls.

4.1. ABOVEGROUND FIRE ACCIDENTS

Accidents in this category include all fire initiators on the top of the tank for which
FG/RMCS activities are performed. For this accident scenario, it is postulated that
waste-intrusive FG/RMCS operations may cause a large GRE resulting in a
flammable-gas environment above the tank through possible leak paths. If a fire.
occurs at the top of the tank, it could propagate into the tank dome. The fire
propagation into the tank may result in structural damage to the tank and in
significant material releases.

4.1.1. Flammable-Gas Release to Exhauster and Burn (Ignition in the Exhauster,
Electrostatic and Electrical/Mechanical, and Other Spark Sources,
Operation, and Removal) .

Preinstallation and installation phases do not include waste-intrusive activities.
Therefore, a gas-release event is not expected in single-shell tanks during these
phases. Westinghouse Hanford Company (WHC) standard controls require
verification that the tank dome does not have flammable gas before starting the
installation phase. The preinstallation phase also includes testing of critical alarms.
The exhauster and its safety system, as briefly discussed in Section 2, are required to
be operational dUrulg FG/RMCS operations, including drilling and sample retrieval
activities. Drilling starts by turning the nitrogen purge flow to the drill bit at a rate >
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30 scfm. Any time the nitrogen purge flow is terminated, a 16-hour, post-drilling
exhauster operation is required. During this period, sample retrieval, or other
FG/RMCS-related activity could occur. If drilling is resumed during this period, the
16-h requirement must be reestablished after termination of the nitrogen purge
flow. The 16-h requirement corresponds to the time in which the equivalent of 4
dome-volumes is circulated at a minimum nominal flow rate of 200 scfm, primarily
to remove aerosols and flammable-gas accumulations created during the drilling.
To completely circulate the equivalent of one dome volume, the exhauster needs to
operate approximately 4 hours. It is expected that the 16-h post-d~illing exhauster
operation will remove more than 95% of the accumulated aerosol and flammable
gases.

The exhauster must be turned on at least one hour before drilling begins in order to

• Mix any potential flammable-gas pockets,

• Reduce the flammable and toxic-gas concentrations,

• Obtain flammable-gas concentration and pressure data, and

• Perform flammable-gas meter verifications as necessary.

In the current system design, when the flammable-gas detection system detects
concentrations higher than those specified in this SA, exhauster operation is
continued without interruption while the drilling operations are automatically
terminated through a separate interlock. The exhauster will be operational during
and after a GRE until the flammable concentration falls below acceptable levels.

There are numerous ways to initiate a fire in the exhauster. The possible ignition
sources in the exhauster are as follows:

1. Static electricity from the flexible duct or other parts of the exhauster,

2. A lightning strike to the exhauster,

3. An electrical spark from nonqualified electrical equipment,

4. Mechanical frictional sparks from crane load or other heavy equipment
Itool drops on the exhauster (note that in order to damage the duct it is
not necessary to have drop accidents involving cranes; any other.
equipment drops can cause damage to the duct), and

5. Mechanical frictional sparks from the fan and housing contact.

The first four causes are independent of whether the ventilation system is active or
not.
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4.1.1.1. Static Electricity
Static electricity in the flexible exhauster duct is managed by grounding the
conductive duct and exhauster to the tank using WHC standard controls for
grounding and bonding. The flexible duct is 1/32 in. thick and made of neoprene
over a polyester base, and is conductive from the inner to the outer layer.2 Vendor
information indicates the conductivity of the duct material is 100,000 ohms per
square inch, which is within the standards issued by the Institute of Electrical
Electronics Engineers (IEEE) 142-1991,3 paragraph 3.2.6.2, which stat~ that a
resistance of 1.0E6 ohm is adequate for static grounding. Robinson4 measured the
resistivity of the conductive duct (across the 10-in. diameter of the duct). In all
samples the resistivity was measured between 500 and 900 ohms. These values are
much lower than 1.0E6 ohm/in2 required to prevent static build up. Therefore, the
conductive duct meets the requirements of IEEE standards and is not expected to
cause a static electricity discharge.

Failure to bond/ground the exhauster duct is unlikely because the duct is connected
at both ends to the metal flanges of grounded and bonded components. Mechanical
failure of grounding also is considered unlikely. The procedural steps requiring a
physical inspection of the ground system before the operation help prevent this
failure. Procedural steps requiring the physical inspection of the resistance between
the exhauster and the tank are performed by WHC as a standard requirement.

Materials such as plastic bags must be carefully controlled because of the potential
for static sparking.

Based on these considerations, static electricity concerns associated with the
exhauster flexible duct are considered to be properly managed and will not cause a
burn accident.

4.1.1.2. Lightning
Details of a lightning strike and a burn accident initiated by lightning strikes are
provided in Section 4.9.1.

4.1.1.3. Electrical Spark from Nonqualified Electrical Equipment
Appendix B-concludes that the tank dome space must be treated as a Class-I, Div.-l,
Group-B environment during active waste-intrusive FG/RMCS operations. The
FG/RMCS exhauster flow path has a direct path to the tank and therefore is also
treated as a Class-I, Div.-l, Group-B environment.

Emission control requirements for the exhauster are not discussed in this SA, but
based on the information provided by WHC, Washington State permits exhauster
operation without stack monitoring.s

All of the electrical equipment in the exhauster air stream is either intrinsically safe
or deenergized. The fan motor is outside the exhauster duct. The shaft between the
motor and exhauster fan is purged with nitrogen. The measurement devices for
exhauster flow and the differential pressure across the high-efficiency particulate air
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(HEPA) filter unit are electrical components that have been made intrinsically safe.
The exhauster has a heater to prevent~oridensation in the HEPA filter. The heater
was originally an electric heater but ha1een replaced with a heat exchanger driven
with hot water supplied by a heater loc '=d in an unclassified area.

Based on these design features, it is believed that an electrical spark in the exhauster
is not considered as a credible initiator of a burn accident.

4.1.1.4. Mechanical Sparks
One credible mechanical, frictional spark source can result when heavy equipment
or tools are droDped on the exhauster or flexible duct. Generally, WHC has a
standard practice of not transferring heavy equipment and tools over the exhauster
or other equipment critical to safety. Administrative controls prohibiting the
transport of equipment over the exhauster are established in the SA to manage this
source of frictional sparking.

The frequency of a fire accident as a result of dropping equipment on the exhauster
during operation is determined as 9.5E-12/yrin Appendix E, and that value is very
low. The accident is caused by failure to terminate the lifting operation, given a
high tank dome pressure, hydrogen concentration, or a high rate of hydrogen
concentration increase, failure to observe lift-over-tank control, and a crane load
drop and exhauster impact.

Another mechanical spark source is the exhauster fan that is built to the Air
Movement Division of the Air Movement and Control Association (AMCA)
Standard 99-0401-86.6 The standard requires the following:

All parts of the fan in contact with the air or gas being handled should be
made of nonferrous material. The hole where the shaft passes through
must be made so that ferrous materials could not rub. Steps must be taken
to ensure that the impeller, bearings, and shaft are adequately attached
and/or restrained to prevent lateral or axial shift in these components.
The fan must be so constructed that a shift of the shaft or impeller must
not allow two ferrous parts to rub. No bearings, drive components, or
electrical devices must be placed in the air or gas stream unless they are
constructed or enclosed in such a manner that failure of that component
cannot ignite the gas. However, the customer must accept both the type
and design with full recognition of the potential hazard and the degree of
protection required.

The WHC fire protection engineer has determined that the construction
requirements for AMCA Type A adequately address the spark-resistant criteria in
National Fire Protection Association (NFPA) 91. However, there is no requirement
to demonstrate that if the fan and housing come into contact because of bearing
failure, the contact is not capable of igniting a potential flammable atmosphere. For
the frequency of this event, it is assumed that if a bearing fails 10% of the time, it
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results in contact between the fan and the housing, with a conditional frequency of
6.4E-1O/yr. .

However, this event is not considered a credible source of ignition because WHC
performed an assessment study, including a literature survey, on the possibility of
generating sparks as a result of aluminum fan-to-aluminum housing impact.7

Based on the findings of this study, the following recommendations are made:

"• Fan material should be made of aluminum alloys containing less than
0.8% Mg,

• The housing or any place where impact of the fan is possible should not
include iron alloys,

• All surfaces should be aluminum, and

• Any lubricant that may cause sparking should not be used on surfaces
where impact is possible.

The exhauster fan meets all the conditions recommended above. In addition,
Appendix P investigates the possibility of a hot spot for rubbing aluminum surfaces
and found no credible evidence to conclude that if the fan mechanically fails and
impacts the housing, sparks capable of igniting hydrogen-air and hydrogen-nitrous
oxide mixtures could be created. Although the vendor did not have data to confirm
this conclusion, they confirmed that there have been no accident reports indicating
this type of failure. Consequently, it was concluded that the failure of the fan is not
a credible initiator for a burn accident, and the frequency is designated as « 10-6 /yr.

4.1.1.5. Summary of Exhauster Fires
Table 4-2 summarizes the above discussions. The bounding accident frequency for
exhauster fires is 1.lE-lO/yr caused by lightning strikes. For bounding consequences,
it was conservatively assumed that a fire initiated in the exhauster would propagate
into the dome, resulting in a dome collapse accident, as discussed 4l Section 5 of this
SA.

4.1.2. Flammable-Gas Release Through Tom Duct and Bum (Operation)

This event postulates a GRE occurring at a high rate, creating a positive tank
pressure, which results in an ignition of flammable gases that have escaped through
the tom exhauster duct. The ignition source for this scenario is potentially
nonqualified electrical equipment at the exhauster skid and around the exhauster
duct.

If the exhauster duct has tom and a GRE occurs, some region around the duct must
be assumed as a Class-I, Div.-2 environment, based on the diameter of the leak. The
undetected leak diameter is assumed to be S; 1 in. Based on the criteria given in
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AppendixB, nonqualified equipment with no automatic shut-down features should
be 18 in. away from the leak. Therefore, an exclusion zone should be established 18
in. from each side of the exhauster duct, and no equipment with sparking potenti<:'
should be placed within this exclusion zone. This control protects the tank from fire
initiated through a torn duct. All electrical equipment currently on the skid not
meeting Class-I, Div.-l requirements is protected by enclosures, and most is 18 in.
away from the point where the exhauster duct is attached to the metal flange near
the heater.

TABLE 4-2
SUMMARY OF FIRE ACCIDENTS IN EXHAUSTER

Frequency of Controls Credited in
Failure Dominant Calculating UAF and

Accident l/yr Failures MAFValues

Lightning strike causes MAFandUAF Random lighting strike Do not drill if a lightning
dome fire. « 1.0£-06 hits risers or other strike is observed within

equipment on top of tank a SD-mile radius.
that connects to tank
interior.

Drop of equipment MAFandUAF Equipment is dropped No equipment lifts over
from crane onto « 1.0£-06 from crane onto exhauster. exhauster.
exhauster leads to
dome fire.

Ignition of flammable MAFandUAF Failure of fan bearings No controls are credited.
gas in the exhauster is « l.OE-06 results in fan housing
caused by fan failure. mechanical sparking.

Even though the flexible duct is heavy and difficult to tear,2 the following
requirements are established to prevent duct damage. The flexible duct must be
made stationary before operations start to prevent any motion that may result in
damage to the duct when there is a strong wind. A control requires the termination
of FG/RMCS operations when the sustained wind velocity is greater than 25 mph
because of concerns about possible structural failure of the flexible duct. A control to
inspect the flexible duct for possible leaks before operations begin also is established,
as well as the control to preventing the transport of any equipment or tools over the
exhauster or duct.

The MAF is calculated as 1.4E-9/yr, and the UAF is 5.6E-8/yr, as discussed in
Appendix E. Note that no credit was taken for the probability of the propagation of
fire into the dome. Dominant failures are summarized in Table 4-3. The
consequence of this accident is conservatively considered to be the dome collapse
discussed in Section 5 of this SA.
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TABLE 4-3
ABOVE-TANK FIRE ACCIDENTS CAUSED BY TORN EXHAUSTER DUCT

Frequency of Controls Credited in
Failure Dominant Calculating UAF and

Accident 1/yr Failures MAFValues
Tear in the exhauster MAF = 1.4E-9 Big tear occurs in the duct Inspect the duct for tears
duct exposes during operation. before operation.
flammable gas to UAF = 5.6£-8 ""-
nonqualified electrical Tear in the duct is not Locate unqualified
equipment leading to detected. equipment at a distance
dome fire. >18 in. from exhauster

duct, or provide
deflectors/enclosures for
equipment located within
18 in.

4.1.2.1. Flammable-Gas Release through Open Riser (or Possible Leak Paths)
Driven by Gas Release Event and Burn (Operation and Removal)

This event postulates that a large GRE occurs, releasing flammable gas from
openings in the tank, exposing the flammable gas to equipment with possible spark
sources, resulting in a fire on top of the tank. This event is of concern during
operation and removal phases of FG/RM~S. None of the auxiliary support
equipment on top of the tank is qualified to operate in a flammable-gas
environment.

Preventing flammable-gas exposure to this equipment is managed in several ways.
Open paths from the tank dome to the tank top include the exhauster stack, the
breather inlet riser, open risers, drill string riser, and other possible tank leak sources
(unsealed risers, pits, etc.). It is assumed that inspection of tank top penetrations for
potential leak paths will find leak paths with a I-in. effective leak diameter.
Therefore, it is assumed that undetected leak paths with a I-in. effective leak
diameter could exist. Therefore, the top of the tank must be examined to identify
leaks other than risers used for passive/active ventilation, and when identified,
leaks greater than or equal to I-in. effective leak diameter must be sealed.

A portable stack over the breather inlet HEPA system will be used during waste
intrusive FG/RMCS operations. The portable stack is at least IS-feet tall, has an
upper 4-in. diameter, is sealed at the ground level, and is grounded. The purpose of
using a portable stack over the breather inlet is two-fold:

• The gas release would be released through the stack, resulting in increased
atmospheric dilution and reducing the toxicological consequences of a
GRE.
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• Any nonqualified equipment on the top of the tank around the breather
inlet HEPA system would De protected from flammable-gas exposures.

The positioning of the drill truck, the X-ray machine, the light plant or other
auxiliary equipment that could be a spark source is based on the criteria given in
Appendix B. It is required that any nonqualified electrical equipment must be
placed at least 36 diameters away from an open riser during waste-intrusive
operations. If a GRE occurs, immediate personnel evacuation is require~

Another control also requires that when the drill truck needs to be parked over an
unused, closed riser or pit, the riser or pit must be sealed. Note that the riser or pit
considered here is not the riser being sampled but the one that the front part of the
truck is parked on. If the truck is parked over an unused riser or pit, the potential
spark location is not considered random, and no credit can be taken for the
probability of a random placement. However, the leak size from pit or riser is
assumed to be no bigger than 1 in. There are at least 3 feet between the top of the
pit/riser and any potential ignition sources on the truck. A control was established
to make sure the distance between potential ignition sources on the truck and the
top of the pit/riser is ~ 36 in. Combining the failure probability to seal the riser/pit
and violate the 36 in. distance criteria and the GRE probability that makes the dome
pressure positive, the accident frequency is determined as 2.1E-8/yr. This frequency
is low. However, the unmitigated frequency becomes 1.4E-4/yr if the control to seal
the riser/pit and 36 in. distance criteria are not implemented.

The flammable-gas release could occur from other unused risers if they have
undetected leak paths. The control requiring the examination of risers before
operations reduces the probability of having an unknown open path. It is assumed
that leaks from threaded junctions, flanges, and cover plates could be identified with
an effective leak diameter greater than 1 in. If a GRE occurs and nonqualified
equipment is located close to these unknown openings, the accident frequency of an
above-tank fire becomes 1.8E-7/yr. This frequency includes the probability of a GRE
based on exposure time (Appendix L) and the probability of a temporal random
spark. It also assumes that SO%of all risers on the top the tank leak after the initial
inspection is performed. The existence of a spark on the equipment located around
.risers is also assumed. The unmitigated accident frequency is 2.8E-S/yr for this
accident scenario; therefore, the control requiring that leaks be limited before the
FG/RMCS operation is important. .

The last accident scenario includes the ignition of a flammable-gas release from an
intentionally opened riser during FG/RMCS activities. This may be needed for
other daily activities. AppendiX E gives the event tree for a fire accident. A control
is reqUired not to place any nonqualified equipment within 36 diameters of the riser
being opened during waste-intrusive operations. Considering this control and a
GRE probability based on exposure time including a temporal random spark, the
mitigated accident frequency becomes 4.2E-8/yr. This number is conservative
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because it was not considered that the riser may be open for only a fraction of the
mission time. The unmitigated accident fiequency is 1.4E-5/yr.

The combined mitigated frequency of these three events is 2.4E-7/yr. Note that the
fire propagation into the dome conservatively is assumed to be 1.0. This number is
conservative because it is assumed that nonqualified equipment does include a
spark source and the probability of a random spark in time is based on a
conservative dome concentration.

Positioning the drilling truck needs special attention. The closest release path to the
truck is the drilling riser that can momentarily be open to the environment during
installation and removal of FG/RMCS equipment, even though the riser is sealed
with a rubber frisbee during operation. However, because some drill rods are fluted,
it is likely that the frisbee can be damaged, and a leak can result. A nitrogen purge is
provided in the annulus between the drill string and the conductive riser sleeve.
This purge flow is designed to provide 5 standard cubic feet per minute (scfm) flow
for all postulated tank dome conditions.s The purge system has redundant
differential-pressure alarms across the flow controller. Necessary controls for this
system will be discussed in the dome fires accident category (ignition in the riser).

For a gas release to occur from the rIser path, the nitrogen purge would have to fail,
and a GRE would have to occur. However, even if a I-in. effective leak diameter
path exists through the frisbee, potential ignition sources on the FG/RMCS truck
are at least 3 ft away. There is a direct path from the frisbee to the top of the platform
when the shielded receiver or the drill rig are connected to the drill string.
However, the spark-generating electrical motors are located at the top of these
components and meet the 36-equivalent-Ieak-diameter distance requirements of
Appendix B. This distance is acceptable because the rotating platform also acts as a
jet deflector. The nitrogen instrumentation and piping enclosure have solenoid
valves, but they are in an enclosure (not leakproof but reasonably sealed) and
protected from direct flammable-gas jet impingement. The major spark contributor
is the drill engine and it is at least 3 it away from the frisbee. In summary, if a leak
occurs from the frisbee, the gas would not reach the spark sources on the truck with
a flammable concentration.

To further reduce the likelihood of a gas release from the drill string during
removal, the drill string must not be removed from the waste 'without a sampler or
a dummy sampler in the string. The drill string and frisbee hole must comply with
the 36 equivalent-leak-diameter distance requirements during waste-intrusive
activities.

The summary of this accident is given in Table 4-4. With the above controls in
place, it is believed that the ignition from the truck or any other nonqualified
equipment is adequately controlled as demonstrated by the low magnitude of the
MAF.
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4.1.2.2. Flammable-Gas Release through. Shielded Receiver (SR) and Ignition in
the Shielded Receiver (Operation)

There are two cases for this accident, depending on the operating condition:

• When the shielded receiver (SR) is connected to the drill string during
sampler recovery, and

• When the SR is isolated from the drill string while the sampl~ is being
transferred to the X-ray machine or the shielded cask.

This section treats the cases where the SR is isolated from the drill string. The other
case is examined in Section 4.3.2 along with drill string fires. Flammable gas may
accumulate in the SR either by a gas transfer from the drill string or flammable gas
may be released from the sampler into the SR.

TABLE 4-4
ABOVE-TANK FIRE ACCIDENTS CAUSED BY GAS RELEASES FROM OPEN

RISERS

Frequency of Controls Credited in
Failure Dominant Calculating UAF and

Accident l/yr Failures MAFValues

Release of flammable MAF= 2.1E-8 Fail to seal to riser or Seal the riser or pump pit
gas from riser/pit that UAF =1.4E-4 pump pit. being parked on.
the drilling truck is Fail to locate potential Distance between the
parked on leading to ignition sources on the potential ignition sources
dome fire. FG/RMCS truck within 36 on the FG/RMCS truck

in. of the riser/pit. and the riser/ pit is
greater than or equal to 36
in. or provide
enclosures/deflectors for
equipment locsted within
~

Releases of flammable MAF = 1.8E-7 Randomly located Limit leakage from all
gas to unqualified UAF = 2.8E-5 . unqualified equipment is unused risers/pits to less
electrical equipment located too close to than 1 in.-effective leak
from unknown leaks riser/pit not in use. diameter.
leading to dome fires

Releases of flammable MAF=4.2E-g Equipment located too Restrict location of
gas to unqualified UAF = 1.4E-5 dose to open riser/pit. equipment to greater than
electrical equipment Randomly located 36 diameters from open
from an intentionally unqualified equipment is risers/ pits or provide
open riser during located too close to open enclosures Ideflectors for
FG/RMCS waste- riser/pit. eQ,Uipment located within
intrusive activities ~

leading to dome fire Inlet stack 15 feet tall is
installed on HEPA inlet
riser.
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For gases to be released into the SR from the drill string, the hydrostatic head must
fail. Calculations provided in Appendix Jshow that as long as the hydrostatic head
purge of 0.3 sfcm exists, the flammable gas in the drill string does not diffuse back
upstream. There are two sources of hydrostatic head purge while the SR is
connected to the drill string. One purge is connected to the SR and another is
connected to the change-out assembly. Considering the operating procedures, the
analysis shows that failure of both purges and not detecting this failure combined
with a frequency of dropping the cofe sampler, which is the only crediPle spark
source in the SR, results in an ignition frequency of 1.9E-6/yr.

The consequences are small when the SR is isolated from the tank, and the quantity
of gas in the SR also is small.

Besides being transported from the drill string, the flammable gas can accumulate in
the shielded receiver in two other ways as follows:

• Waste accumulation in the SR resulting in a gas accumulation; and

• A gas release from the sampler.

The maximum waste release into the SR is the equivalent of one full sampler (0.39
kg). Gas that could be retained in this amount of waste is small. If the sampler is
full of gas at approximately 2 atm, the maximum gas volume at atmospheric
pressure would be 611 cm3. The volume of the receiver is 120,000 cm3. Thus, the
resulting flammable-gas concentration would be less than the lower flammability
limit (LFL), and ignition would not be possible. There is no incompatible material
inside the SR, so that additional gas generation caused by chemical reaction is not a
concern.

The SR has a load cell to measure the weight on the cable. This load cell is protected
by an intrinsic safety barrier. Therefore, an electrical spark inside the SR is not a
concern.

The RLU is based on a mechanical design. A frictional spark caused by RLU motion
may be considered as a spark source. The electrical motors controlling RLU use are
direct current (dc) pulse width modulated power. The hoist motor for the RLU has
a 150:1 worm-gear reduction, and because of the gearbox, the RLU does not
freewheel if the motor fails. The normal hoist velocity is less than 1 fils. Studies
have been done to examine the characteristics of mechanically-produced sparks that
lead to the ignition of tank-like gases. Krok and Shepherd9 carried out frictional
spark ignition studies of ~/air and ~/N/N20/airmixtures in which they used
rusted steel and aluminum plates impacted by steel or aluminum bars. A
pneumatically-actuated piston made of steel or aluminum was stroked on an
inclined, rusted-steel plate. The impact velocity varied from 0.5 to 2.5 mls (1.64 to
8.2 fils). These experiments showed that the frictional ignition in a mixture of 10%
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or 15% H2 in air at 1 atm was very unlikely. Based on this data, a frictional spark
caused by the normal RLU motion is not e"xpected.

Rae m exposures were calculated in Appendix R for possible doses if a full
sam. :f were to be released in the SR. Based on these calculations, measurable

L .

quantities of waste would be recorded by manual radiation readings. WHC has
radiation controls performed by the health and safety personnel, but an additional
radia+on control limits the SR dose rate to 100 mrem/h on contact. ~ radiation
monitoring must be performed once per shift during waste-intrusive activities to
prevent waste and flammable-gas accumulation in the SR.

One other possibility of frictional spark occurrence is an equipment drop in the
~hie!ded receiver. The RLU may be dropped because of a mechanical failure, or the
samp :,:~r may drop from the RLU. In order for the RLU to drop, the core sampler
should be stuck and the operator should fail to respond. The hoist cable is designed
to fail at loads higher than 2000 lb. The hoist motor fails at about 800 to 1300 lb.
Thus, the cable cannot fail before the electrical motor fails. Because of the gearbox,
the RLU does not freewheel if the motor fails. It is concluded that an RLU drop is
not a credible event. In addition, dropping a 5.2-lb stainless-steel piece from a 44-in.
height to simulate the quill-rod-to-carbon-steel impact showed no ignition in a
bounding flammable gas environment (see Appendix T and WitwerlO

). Note that
the weight of the RLU is higher than 5.2 lb but the drop height in the shielded
receiver is much smaller than 44 in. The core sampler drop can be bounded by the
ignition tests performed on quill-rod adapter to drill string impact because its weight
is comparable and the drop height is small. Because BOM tests showed no ignition
(Witwer10

), all accidents discussed in this section are considered to be not credible.
The drill string is sniffed before it is connected to the shielded receiver. The sampler
rotary valve needs to fail in order to cause a gas release in the shielded receiver.
Considering these failures, this accident is assumed to be incredible, as shown in
Table 4-5.

The core sampler may drop from the RLU. The conditional MAF is estimated as
2.8E-5/yr in Appendix E and given in Table 4.5. Ignition caused by dropping the core
sampler in the shielded receiver was investigated by tests conducted by the Bureau
of Mines (BOM). Appendix T describes the test requirements and Witwer (Ref. 10)
summarizes the results. Tests are performed by dropping the core sampler in the
drill string from a 60-ft height. No ignition is observed in a stoichiometric
hydrogen-air mixture. The drop height in the shielded receiver is much smaller
than 60 ft. Therefore, this accident is considered to be not credible.

If ignition occurs in the SR with low concentrations, the burn pressure, 1.2 atm,
does not exceed failure pressure.ll The SR maximum design pressure is 52 psia (Ref.
12). The ball valve isolating the SR fails at very high pressures (1100 psia).
Therefore, no failure and release is expected if ignition occurs in the SR.
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TABLE 4-5
ABOVE-TANK FIRE ACCIDENTS IN SHIELDED RECEIVER

Frequency of Controls Credited in
Accident Failure Dominant Calculating UAF and

lIvr Failures MAFValues
Flammable gas in drill Without BOM Nitrogen purge to both Leak test of N2:
string (DS)/SR during test results: drill string and to SR hydrostatic systems is
sampler handling MAF =1.9E-6 fails. done for both drili-string
leading to fire in SR UAF =2.8E-3 RLU drops sampler. and for shielded receiver.
(core sampler drop).

With BOM test Unique connections for N2:
(Fire does not results: purge systems for both
propagate back to the

MAFand UAF drill string and SR are
dome.)

«1.0E-6 used (design feature).

Verification of N2 purge:
supply to both drill string
and SR during activation
of hydrostatic mode of N2
supply is carried out.

Controls over operation of
RLU are used.

Flammable gas in SR Without BOM Waste prevents closure of Controls over operation of
with SR isolated from test results: sampler rotary valve RLU are used.
drill-string results in MAF =2.8E-5 leading to gas release as
aboveground fire (RLU UAF =3.0E-4 sample is retrieved and
or core sampler drop).

With BOM test
depressurized.

(Fire does not results:
propagate back to the

MAFand UAF
Flammable gas is not

dome.) sniffed or detected.
«1.0£-6

RLU drops sampler.

A control has also been established for a visual inspection of the sampler through
the sight glass as it is withdrawn from the drill string. This visual inspection does
not directly indicate the failure of the sampler rotary valve, but it may indicate
leaking from either the rotary valve or rotary valve seal. An administrative control
shall be developed for handling a leaking sampler. An additional control prohibits
putting a known leaking sampler into the x-ray machine.

One other concern is the release of gas from the SR. For this accident to occur, the
manually operated SR ball valve would have to be opened before it is connected to
the x-ray machine, which would be a violation of the procedures. The engine has
several potential ignition sources. The likelihood of this event is low because
several failures have to occur; inadvertent opening of the ball valve, failure of the
rotary ball valve, and dropping the sampler at the same time. In addition, the
operator must fail to identify the leak by visual inspection. Besides, the flammable
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gas may not corne from the bottom of the pipe but may accumulate at the top of the
horizontal section of the shielded receiver. Even if flammable gas comes from the
valve, the maximum amount of flammable gas that can be accumulated in the
receiver is limited to 611 cm3

. It is expected that the consequence of the accident is
insignificant because of the limited amount of flammable gas present and because
there is no entrained waste. The fire cannot propagate back to the tank because the
shielded receiver is not connected to the drill string. The only concern in terms of
material release would be dropping the waste on the ground when the valve is
opened. This accident is discussed along with the spill accidents in Section 4.8.

4.1.3. Flammable Gas and Ignition in X-ray or Cask

If the flammable gas were accumulated in the SR, it could be discharged into the
x-ray machine or into the shielded cask when the SRis connected to these
components. The concern with this scenario is a fire in the cask or x-ray machine
with a local release of radioactive material and possible propagation of fire into the
tank dome.

If the flammable gas in the SR is discharged into the cask or the x-ray machine,
ignition is not expected. No unqualified electrical equipment in a Class-I, Div.-1 or
Class-I, Div.-2 space exists in the x-ray machine.13 The cask does not contain a spark
source. The only ignition source identified is dropping of the sampler into the
plastic x-ray container or the cask. The x-ray container may not produce frictional
sparks but rather static electric charges. However, the plastic container is grounded
and bonded by a graphite paint as a coating surrounding the interior of the plastic
container.

Appendix E examines the probability of ignition in these components; The accident
frequencies are found as 1.6E-9/yr and 2.8E-S/yr for the x-ray and the cask,
respectively, as indicated in Table 4-6. The x-ray and cask are grounded and bonded
through the SR, and the sampler is inspected for external contamination. Even if
the ignition occurs, the available flammable gas that can come from the SR or
sampler is limited so that the flame would not propagate to the tank. For
propagation to the tank to occur, there would have to be hydrogen in the dome and
a flammable pathway, which does not exist. Under these conditions, operations
would not be conducted.

4.1.4. Flammable Gas Accumulation or Release Caused by the Loss of Electrical
Power and Ignition Source (Installation, Operation, and Removal)

In case of loss of electrical power, the FG/RMCS truck is shut down. When the
electrical power is lost, the nitrogen shutoff valve closes. If the sampler is being
removed or installed, the hydrostatic head purge that keeps the waste from entering
the drill string is lost, allowing the drill string to flood. Flammable-gas
accumulation in the dome, drill string, drill unit, and shielded receiver is of concern
in this scenario. Waste can flood the drill string and release flammable gas into the
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drill string and the SR. Appendix J s.hows that the diffusion of hydrogen is
relatively fast. Flammable gases also could be released as a result of depressurization
of the waste.

The management of ignition sources in these compqnents has been discussed
previously. No attempt was made to evaluate the failure probabilities of the loss-of
power accident. An administrative control must be developed for the startup after
loss of power considering the possibility of the presence of flammable gas. A
control requiring the purging of the shielded receiver, drill string, and 'arill unit
long enough to evacuate the possible flammable gas in the drill string is established.
If the drill string is flooded, the SA requires that the drill string be washed before the
operation is restarted.

4.1.5. Propane Release from Refueling of Nitrogen Trailer Propane Tank and
Fire (Installation, Operation, and Removal)

This accident scenario involves a propane spill during the refueling of the propane
tank. The main concern is the propagation of fire to the tank being sampled or to
another tank in the farm. The propane tank is kept outside of the tank farm.
Drilling on the tank being sampled is prohibited during refueling. This is a typical
industrial accident and is not discussed in detail. WHC standard controls already
exist to prevent this type of accident.

4.1.6. Flammable Diesel and Gasoline Fuel Fire (Installation, Operation, and
Removal)

This accident scenario involves a spill of dieset gasoline, or hydraulic fluid during
the refilling of the FG/RMCS equipment. The main concern is the propagation of
fire to the tank because the refueling occurs when the truck is already over the tank
dome.

The SA requires that all engines or motors on affected equipment be shut down
during refueling. Exhaust pipes on affected equipment must be cool. No drilling
operations, open risers, or open drill string or non-RMCS activities on affected
equipment are allowed on the tank being sampled during refueling. A restricted
smoking area is required, and all possible ignition sources need to be kept outside of
the refueling area. These controls are established to prevent fire propagation to the
tank. In addition, proper fire extinguisher equipment in the vicinity of the drilling
truck must be available in case of a local fire.

4.1.7. Collision Caused by Trucks and Other Equipment (Installation, Operation,
and Removal)

This accident involves frictional sparks created by the collision of trucks or other
equipment with the riser. The drill truck and other equipment must be operated
safely on top of the tank. In the unlikely event that the truck impacts an open riser,
all operations must be stopped, and possible gasoline or diesel leakage into the tank
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must be evaluated. The introduction of flammable material into a flammable-gas
tank may have serious consequences. Thus, the Tank Farm Operations
management must be notified, and approval must be granted before operations may
resume.

TABLE 4-6
ABOVE-TANK FIRE ACCIDENTS IN X-RAY MACHINE AND CASK

Frequency of Controls Credited in
Failure Dominant Calculating UAF and

Accident lIvr Failures MAFValues
Flammable gas in x- No fire Waste prevented previous Use sealed plastic
ray machine leads to propagation into closure of the sampler sampler receiver
aboveground fire. the dome: rotary valve leading to surrounded by isolation
(Propagation into MAF = 1.6E-9 gas release as sample is barriers.
dome not possible.) retrieved and Use controls overUAF =1.6E-8 depressurized. operation of RLU.

Fire Previous sniff in shielded
propagation into receiver failed to detect
the dome: flammable gas.
MAF and UAF RLU drops sampler.
« l.OE-6

Plastic receiver breaks.

Isolation barrier volume
fails.

Flammable gas in cask No fire Waste prevented previous Use controls over
leads to aboveground propagation into closure of sampler rotary operation of RLU.
fire. the dome: valve leading to gas

(Propagation into MAF=2.8E-5 release as sample is

dome not possible.) retrieved and
UAF = 2.8E-4 depressurized.
Fire Operator fails to perform
propagation into sniff for flammable gas.
the dome:

MAFandUAF
RLU drops sampler.

« 1.0E-6

Before installation, standard WHC controls are implemented to prevent an
unexpected flammable-gas release from the tank dome. Frequent and large natural
gas release events are not expected in single-shell flammable-gas tanks. The tank
vapor space must be sampled before installation, and the flammable gas must be less
than 25% of the LFL. If a GRE were to occur, operations would be stopped.

A possible scenario is the flammable-gas accumulation in the dome and failure to
detect it before FG/RMCS tank-intrusive activities. If there is flammable gas in the
riser, a fire can be initiated by a frictional spark from a collision. During the
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removal phase, the tank dome and drill string must be sniffed before drill string
removal and other riser activities. If flammable gas is detected above limits, all
operations must be stopped, including drilling. For this accident to occur, the
detector systems would have to fail simultaneously with a collision. This event is
not considered credible.

Without fire, the consequence of collision is damage to the tank riser. The tank
liner is not connected to the riser or to the dome. Thus, the damage would be to the
riser, which can be sealed if this accident occurs. Standard WHC sate practice
requirements are required to prevent the collision. The likelihood of serious
consequences of this type of accident are not considered credible.

4.1.8. Summary of Aboveground Fire Accident Category

The total conditional accident frequency for the aboveground fires that lead to a
dome fire is 2.4E-7/yr. The dominant contributor to this frequency is gas release to
nonqualified equipment. Randomly located unqualified equipment too close to
risers that have an open path results in the highest accident frequency of 1.8E-7/yr.
The consequence of an above-tank fire is treated as a dome collapse. Dome collapse
consequences are discussed in Appendix I. The total frequency for aboveground fire
accidents, 2.4£-7/yr, is added to the other three frequencies considered in the next
section to determine the frequency of dome collapse.

4.2. GAS RELEASE AND DOME FIRE ACCIDENTS

The postulated accidents in this category consider fires initiated in the dome space of
the tank. Most of the cases discussed in this section can occur during the operation
phase of the drilling. The flammable gas in the dome is the first necessary condition
for a fire scenario to occur. The gas can be released when the drill bit penetrates the
crust or waste sludge.

Below, each identified spark source in the dome is examined closely, and the
associated control systems are discussed.

4.2.1. Ignition of Flammable Gas as a Result of a Drill String Break (Operation)

This accident is caused by a mechanical spark created by the drill string breakage
during the drilling. This failure is assumed to occur at a portion of the drill string
that is in the dome. The flammable-gas detection system is the primary protection

. against this accident. This system prevents drilling operations when the flammable
gas concentration is above 25% of the LFL in the dome.

The force applied to the drill string is measured. The force limit, based on drill bit
heating (Appendix F), is set to 750 lbf. There are other down force and rotational
speed limits caused by structural concerns as discussed in Appendix N. The drill
truck has a torque capacity that is more than that required to break the drill string.
Several drill-string breakages have occurred in the past. A control is established not
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to exceed the buckling limit (down force) and not to operate at a rotational speed
that could excite the drill string at its natural frequency (Appendix N). The MAF
listed in Table 4-7 for this accident is determined as 4.8E-IO/yr (see Appendix E). The
UAF is 2.8E-7/yr. Controls to prevent drill string buckling and resonance are given
in Section 4.6.3.

TABLE 4-7
DOME FIRE ACCIDENTS CAUSED BY DRILL STRING BREAKA~E

Frequency of Controls Credited in
failure Dominant Calculating UAF and

Accident 1/year Failures MAFValues
Drill-string break in MAF = 4.8E-10 Fail to shut down drill Drill string automatic
dome leads to dome string on detection of HZ. trip when high HZ level,
fire. UAF = 2.8E-7 high rate of change of HZ

Drill string breaks by level, or high dome
jamming in waste causing pressure occurs.
overtorque or buckling.

4.2.2. Ignition of Flammable Gas in the Riser Caused by the Drill-String,
Equipment or Tool Drop (Installation and Removal)

This accident is postulated to occur when there is flammable gas in the dome, and
equipment, drill string, or tools are dropped into or onto the riser during the
installation or removal phase. As discussed previously, the riser condition must be
determined before installation to make sure there is no flammable gas in the riser or
dome. During the removal, gas may exist in the dome only if the flammable-gas
release detectors faiL This accident analysis covers the friction in the riser caused by
these drops. The more limiting case is the dropping of the drill string with an
impact on the crust; this accident is examined in the next section. The friction in the
riser as a piece of equipment falls through the riser is not considered to be a
significant contributor and is bounded by the tool drop on the crust in the next
section. Nevertheless, Appendix E determines the accident frequency of this
scenario as 1.4E-9/yr as given in Table 4-8. The unmitigated frequency is also small,
and 2.8E-9/yr. BOM testing performed by Witwer (Ref. 10) also included frictional
spark tests for drill-string-to-drill-string impact and quill-rod adapter to drill string
impact. These tests showed no ignition and bound the tool drop into the riser.

4.2.3. Flammable-Gas Release and Burn Caused by the Drill String or Tool Drop
on Crust (Installation, Operation, and Removal)

This accident involves dropping the drill string or other tools that may create
frictional sparks on the crust and thus results in ignition of the flammable gas in the
vicinity of the crust.
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General practice at Hanford site is to use spark-resistant tools during activities
around the riser. Riser covers are also grounded and bonded. Standard procedure
requires sampling of the dome space when opening a riser. The crust reaction/burn
from impact heat is considered separately in the waste bum accident category.

There are several simultaneous conditions required to cause a dome collapse if the
drill string is dropped. First of all, there must be a drop, and flammable gas must be
present in the dome or in the vicinity of the impact point. Debris is found in the
tanks from contaminated or unwanted material being disposed of in the tanks.
There must be debris at the impact point, and the impact energy must be large
enough to cause a frictional spark. A gas pocket large enough to sustain propagation
must exist immediately beneath the surface where impact occurs.

The drill string is held by a pneumatic foot clamp. The drill string is manually
inserted into the rubber frisbee by an operator. A lubricant is used to insert the drill
string because the inside diameter of the frisbee is smaller than the outside diameter
of the drill string. The rubber frisbee creates a frictional force of 200 lbf. However,
this value may go down to 40 lbf when the lubricant is used. As the drill rods are
added to the drill string, weight increases and exceeds the frictional force of the
rubber frisbee. The maximum drop weight may be as high as 210 lb (Appendix G).
The pneumatic foot clamp supports the drill string when it is not supported by the
hoist or connected to the drill. The pneumatic foot clamp is designed to fail-close.
To open the pneumatic foot clamp, the operator must activate the foot clamp pedal.
The drill string is then raised about 1/2 in. before the foot clamp can be actuated,
although this is not necessary by design but is caused by the seal used in the system
(no credit is taken for this feature). The drill string is held by the foot clamp for a
short period, about 4 minutes, during the collection of one sample. Considering the
short lifting period, the drop accident frequency is estimated at 3.0E-3 I activity (see
Appendix D).

In order to reduce the drop frequency further without taking into account additional
events necessary to cause a dome collapse, the use of a locking collar when the drill
string is held by the hydraulic foot clamp is required for all modes. The use of a
locking collar reduces the drop frequency to 6.0E-S/yr. The collar needs to be
installed before the drill string is disconnected from the drill unit. This requirement
prevents flammable-gas exposure from the drill string during the installation of the
collar.

The rotary drill bit is made of nonsparking copper-based material. Appendix T
describes ignition tests performed for core sampler drops at BOM. In these tests, the
core sampler is dropped in the drill string from a height of 60 ft in a flammable
hydrogen-oxygen mixture. The impact includes a contact of a stainless-steel core
sampler and copper-based drill bit. Witwer10 performed these tests and found no
ignition. Drill string impact on metal objects is not bounded with these tests.
However, test results indicate that the probability of a spark from the drill string
dropping on the crust or metals in the crust may not be high.
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As mentioned above, additional events may be required to cause a local hydrogen
bum that could result in a dome collapse.' These events must occur simultaneously
and are as follows: having metals in a dry environment at the impact point that
might cause sparks, having hydrogen in sufficient amounts to cause propagation in
the waste in order to cause a dome collapse, or the occurrence of sparks from
impacts with nonsparking materials on metals. Considering these additional
probabilities and a low drop frequency, this accident is concluded not to be a cause
for a dome fire. However, the possibility of a waste burn is considere~in Section
4.4.3. The conditional frequency of tool drops on/into a riser is estimated as I.4E
9/yr and is already small.

4.2.4. Ignition of Flammable Gas in the Riser Caused by a Frictional Spark
(Installation, Operation, and Removal)

In this subsection, the main concern is the ignition of flammable gas in the riser
caused by frictional sparks. There are several ways a frictional spark can be initiated
in the riser. These possibilities and their management methods are discussed below.

A flanged, 2.9-in. Ld. (3-in., Schedule 80), and IS-feet-Iong conductive stainless-steel
riser sleeve must be installed in the riser. The installation requires that the piece is
bonded. The insertion and removal velocity of the conductive sleeve should be no
more than 1 fi/s to prevent frictional sparks in the riser. The riser must be sniffed
before insertion of the sleeve as a part of WHC standard control before opening a
riser.

The other concern is frictional heating from the drill string rotating in contact with
the conductive sleeve, leading to ignition in the riser. This situation is analyzed in
Appendix P, and the conclusions are summarized below.

The expected temperature is less than the autoignition temperature for hydrogen in
air for the period of the calculation (Appendix P). Given the conservative nature of
the problem assumptions, frictional ignition in the tank dome from drill-string-to
sleeve contact is considered unlikely. This determination is confirmed by BOM
ignition test results obtained by Witwer (Ref. 10). App. T describes the experiments,
and Witwer's results showed no ignition of stoichiometric hydrogen-air mixtures.

A nitrogen purge system is designed to provide flow into the annulus between the
riser sleeve and the drill string. This system gives a minimum flow of 5 scfm at any
tank pressure. There are two differential pressure detectors for riser sleeve purge gas.
Either detector could cause an automatic trip of the drill. The set point is 40 psid
across a flow controller sized for 5 scfm. The probability of a GRE pressurizing the
dome by 3 in. w.g. is very low. Furthermore, a control is established to stop drilling
when the dome pressure increases by 2 in. w.g. in any 5-min period. The differential
pressure across the flow controller is monitored and set to sound an alarm to deter
a loss of flow. The purge flow also further prevents the hot spot that could occur at
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the drill string and sleeve contact point. This system provides the necessary
protection to prevent ignition in the riser'sleeve.

TABLE 4-8
DOME FIRE ACCIDENTS CAUSED BY EQUIPMENT AND TOOL DROPS INTO

RISER

Frequency of Controls Credited in
Failure Dominant Calculating uAI: and

Accident l/yr Failures MAFValues
Drop of raised drill Drop frequency: Foot clamp spuriously Pneumatic foot clamp
string onto waste fails open. fails, closes upon loss of
ignites H2 below the MAF=6E-5 air.
crust leading to a dome Locking collar is not used
fire. UAF=2 or fails. A second locking collar is

used. Collar needs to be
Bum Frequency: installed before drill

string is disconnected from
MAFand UAF the drill unit.
«l.OE-6

from BOM test
results for core
sampler drops
and other
necessary
probabilities.

Drop of tool into open Drop frequency: Tool is dropped into open Operator uses spark-
riser leads to dome riser. resistant tools within 36D
bum. MAF = 1.4E-9 of open riser.

UAF =2.8E-9

Bum frequency
with credit from
BOM tests:

MAFand UAF
« 1.0E-6

If the nitrogen purge system fails, the ignition of flammable gases is possible. In
order to demonstrate that sparks cannot be generated from drill string and sleeve
contact, ignition testing experiments were performed by the BOM. The test
conditions' requirements and acceptance criteria are discussed in Appendix T. BOM
tests showed no ignition in stoichiometric hydrogen-oxygen mixtures (see Ref. 10).

Another case considered is the accumulation of hydrogen in the riser, but not in the
dome. In this case, flammable-gas detection and the shut-down system could not

4-25 August 8,1996



WHC-SD-WM-SAD-035, Rev. O-a

interrupt drilling. Protection is pI'\/ided by the riser purge with a failure probability
of 6.5E-3 (Appendix E). The accident frequency is calculated in Appendix E and
given in Table 4-9. Based on the sparking tests of the drill against the riser sleeve at
the BOM and the calculation that was done for frictional heating, ignition is not
expected to occur in this potential pocket of gas. In addition, if it did, the vol ume
would be small and not lead to a dome collapse.

TABLE 4-9 ........
DOME FIRE ACCIDENTS CAUSED BY FRICTIONAL SPARKS IN THE RISER

Frequency of Controls Credited in
Failure Dominant Calculating UAF and

Accident l/vr Fa~iures MAFValues
H2 in riser during Without BOM Fail to shut down drill Drill-string
:trilling leads to dome test results string upon detection of automatically trips when
fire. H2. high H2 level, high rate

MAF =3.1E-1O of change of H21evel, or

UAF =2.8E-S
N2 supply to riser sleeve high dome pressure.
fails.

(assumes drill Leak check of N2 supply
string-sleeve

to riser sleeve is done.contact may
spark)

OS trips on loss of N2 to

With BOM test riser sleeve.

results:
Unique connector for N2

MAF and UAF supply to riser sleeve is
«l.OE-6 required.

N2 supply to sleeve
during actuation of system
is verified.

Even though the MAF is small,BOM experiments were needed (to verify that the
ignition of a bounding hydrogen-oygen mixture is not credible, Appendix T) because
of the uncertainties associated with the GRE probabilities. This test showed no
ignition (Witwer10

).

4.2.5. Ignition of Flammable Gas in the Riser Caused by Electrostatic Spark
(Installation, Operation, and Removal) (Rubber Frisbee and Drill String)

For this event, the concern is with the electrostatic discharge from the rubber frisbee
as the drill string rotates on this piece. The rubber frisbee diameter is slightly
smaller than the drill-string diameter so that there is always a force exerted by the
frisbee on the DS. A lubricant is applied to the DS in order to ea~ the rotation and
insertion. The use of this lubricant can reduce the probability of the static electricity
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discharge during drilling. The frisbee ~s in contact with the grounded DS and
washer, and the DS is connected to the drill unit that is grounded through the drill
truck. The riser sleeve is purged with a nitrogen flow. The probability of failure of
the nitrogen purge to the riser sleeve is very low; thus, a static discharge is not an
issue. However, a control requires the use of the lubricant as a part of the procedure
because it also helps to reduce the likelihood of damaging the rubber.

The resistivity of the frisbee is measured, and the findings show that the frisbee is
not a good conductor. However, although the frisbee is compoied of a
nonconductive material, and if the drill string is always grounded by either the foot
clamp or the hoist/truck, no credible spark source has been identified. Therefore,
the SA does not consider a dome fire accident caused by this initiator and does not
require the replacement of the frisbee as a mandatory control.

4.2.6. Ignition of Flammable-Gas Release Caused by Crust Penetration and
Frictional Sparks Caused by the Drill Bit (Operation)

This accident analysis deals with the ignition of flammable gas that could exist in
the crust or under the crust during the drill-bit penetration through the crust or
waste sludge. The possibility of metal objects at the waste surface or in the crust
always exists because it is known that manual tapes, wires, and metal pieces have
been dropped through the risers. A frictional spark caused by the drill bit can ignite
the hydrogen. The ability of the drill bit to cause a frictional spark when rotating on
a steel plate has been observed. In testing discussed by Keller/4 the drill bit had
carbide teeth and was operated on a steel piece in the dark. Sparks were observed.
All carbide teeth are eliminated in later designs. New drill-bit cutting teeth are
made of a proprietary sintered bronze with small tungsten chips in the bronze
matrix. This material can wear easily when the drill bit is operated on metal objects
or hard materials. The core sample drill bits used by FG/RMCS are Longyear
(trademark of Longyear Incorporated) Part. Number lOOIVD/8 (currently used). It is
known that the probability of sparks from copper-based materials is not high.
Nevertheless, the inability of the drill bit to cause a frictional spark in a bounding
flammable-gas mixture needed to be demonstrated by testing.

A series of ignition tests were conducted to demonstrate that the present drill bit
design does not ignite a sensitive flammable-gas mixture. This testing addressed the
frictional spark when the drill bit encounters a metal object that could be in the
waste. Tests were designed to simulate the action of a drill bit striking a hard object
inside a waste tank, such as a piece of structural steel or a rock. Tests were conducted
in a bounding stoichiometric hydrogen oxygen and ammonia nitrous oxide
mixture. The detail of the testing procedures are provided in AppendiX T.

Controls and automatic shut-down features are used to keep the down force and
rotational speed within the limits (750 lbf and 55 rpm) at any time during
operations. As long as these limits are not exceeded, the accident frequency is very
much less than 1.0E-6. In addition, the BOM tests demonstrated no· ignition, as
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discussed in Appendix T and by Witwer (Ref. 10). If the controls are exceeded, it is
assumed that an ignition could occur if there is enough flammable gas. The
frequency of the failures of down force and rotational speed, assuming that the
controls are exceeded, is determined in Appendix E and given in Table 4-10. In
order to initiate a dome bum when the drill bit is penetrating the crust, other
necessary conditions must exist: (a) rocks (or other hard material) must exist at the
surface or in the crust, (b) flammable gas with sufficient concentrations must exist,
and (c) flammable-gas volume must be significantly high to cause propagation into
the waste or the dome (propagation to the dome requires flammable gas be in the
dome). Because failure frequencies are already small, the consideration of additional
probabilities to cause a dome bum makes this scenario incredible. However, the
same initiator when the drill bit is in the waste will be considered in Section 4.4 to
address the flammable-gas ignition in the waste.

TABLE 4-10
DOME FIRE ACCIDENTS CAUSED BY DRILL BIT FRICTIONAL SPARKS

Frequency of Controls Credited in
Failure Dominant Calculating UAF and

Accident lIyr Failures MAFValues
Excessive drilling rpm MAF = 1.4E-5 The rpm setting is too Control over speed setting
leads to ignition of high. is used.
flammable gas UAF = 2.2£-2
resulting in dome Drill string fails to trip on Drill string auto trips on
collapse. With high rpm. excessive rpm.

qualification of
drill bit, per test
specified in
Appendix T,
UAF«l.OE-6

Excessive down force MAF=9.4E-5 Excessive down force is Control over down force is
on drill leads to used. used.
ignition of flammable UAF =1.2
gas resulting in dome Drill sPing is on excessive Auto trip drill string on
collapse. With force with either force excessive force is needed:

qualification of detector or walkdown force detector and
drill bits, per detector. walkdown detector
test specified in function for all samples
Appendix T, except last; force detector
UAF «1.0£-6 and bottom detector for

last sample are needed.
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4.2.7. Ignition of Flammable Gas in the Dome (Operation)

This event considers the possibility of an ignition caused by the existence of
energized equipment in the dome or domes of connected tanks or connecting
ventilation systems. Any activity in the connecting tanks may initiate a fire that
may propagate into the tank being sampled. Appendix B requires that all equipment
in the dome be rated for operations in a Class-I, Div.-l, Group-B environment or a
Class-I, Div.-2, Group-B environment with automatic shutdown. Any equipment
that does not meet this requirement must be deenergized during FG/RMCS waste
intrusive operations. No other activities in the connecting tanks or on the same
tank are allowed during FG/RMCS waste-intrusive operations. These controls
reduce the likelihood of ignition caused by existing equipment in the tank dome
and the domes of connecting tanks. Violation of this control may result in an
unanalyzed initiator.

4.2.8. Ignition Of Dust and Flammable Gas in the Dome (Operation and
Removal) (Static Electrical Charges and Other Causes)

In this accident scenario, the ignition of aerosols generated in the dome is analyzed.
In AppendiX H, a bounding analysis is performed to show that the energy
contribution of combustible dust is negligible and that the addition of dust in a
hydrogen-air mixture would not result in explosion.

4.2.9. Summary of the Dome Fire Accident

The drill string break resulting in a dome fire is the dominant fire initiator in the
dome space. The principal contributor to the accident sequence is exceeding the
operating limits. The resulting dome fire MAF is 4.8E-IO/yr. The UAF is 2.8E-7 and
is low. The consequence of this accident is the dome collapse analyzed in Section 5
of this SA.

4.3. DRILL STRING FIRE ACCIDENTS

Drill string fire accidents consider all possible fire initiators inside the drill string.
Each ignition initiator determined for this category is discussed separately. The
ignition source may exist as a result of normal as well as abnormal operations.

The consequences of a drill string fire vary and may end up with small amounts of
waste release as well as a dome collapse. Examples of how a drill string fire may
propagate to other accidents are discussed in Appendix A. It is assumed that the fire
in the drill string (if it occurs) propagates to the tank and results in dome collapse.
As explained in the introduction, this assumption is conservative, and there is only
one consequence, dome collapse, if a drill-string fire occurs. The conditional
frequency of each accident scenario, however, is discussed and the adequacy of
preventive features is demonstrated.
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4.3.1. Flammable-Gas Penetration int~ the Drill String (Operation)

Section 3 identified the fact that there may be several reasons for hydrogen
penetration into the drill string:

• Failure of the chevron sampler seal between the drill bit and the drill
string,

• Hydrogen diffusion,

• Waste in the drill string,

• Failure of the core sample ball valve on the core sampler,

• Depressurization of waste in the drill string,

• Loss of hydrostatic pressure,

• Incompatible material, and

• Failure to latch the sampler.

The hydrogen can be generated in the drill string if there is waste penetration into
the drill string. A leaky chevron seal may allow waste penetration into the drill
string. If the sampler encounters large gas pockets in the waste (although credible
evidence for this mechanism is not provided), the sampler could be filled with
flammable gas. Failure of the core sampler valve in the drill string could release
hydrogen into the drill string. Failure to latch the sampler to the core barrel can
cause flooding and gas generation in the drill string. However, as long as
hydrostatic pressure during sampler retrieval and nitrogen purge during drilling are
available, the hydrogen release into the drill string from the sampler or waste is not
of concern because there is enough flow rate to purge or prevent diffusion up the
drill string. Appendix J concludes that the minimum flow rate at which hydrogen
could diffuse against the flow is 5E-4 scfm/ which is lower than a minimum flow
rate of 0.3 scfm provided by the purge system.

One other mechanism that can produce flammable gas is the use of incompatible
material in the drill string design. The drill string is made of steel, and steel is
known to be compatible with the waste in terms of violent chemical reactions that
would result in gas releases or other undesirable consequences. WHC recently
reviewed the sampler to ensure that there were no incompatible materials used in
the construction; in particular, they examined the design for the presence of
aluminum. Also, the drill bit and seals used in the design have been used in actual
waste and found to be compatible (Ref. 15).
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There are three major causes for hydroger: accumulation in the drill string:

1. Failure of nitrogen flow during drilling,

2. Failure of hydrostatic flow during retrieval, and

3. Failure of the chevron seal before the change-out assembly is installed.

The sampler is designed to prevent waste and flammable-gas penetration- into the
drill string through a chevron seal located at the end of the core sampler. It is a one
way seal and allows nitrogen flow from the drill string into the tank waste. When
the drill string is rotated, the core barrel rotates around the core sampler while the
seal is slightly compressed to allow nitrogen flow. When the sampling is finished
and the purge flow stopped, the seal provides a barrier between the tank waste and
the drill string. Flammable gas may penetrate into the drill string if the seal does
not provide an adequate barrier. It is reasonable to assume that the seal may fail
partially if not completely before the retrieval of the sampler (as change-out
assembly is installed). Calculations (Appendix J) show that hydrogen can diffuse in
nitrogen relatively fast.

It is required that the drill string be purged to evacuate flammable-gas accumulation
following a procedure developed by WHC for the following conditions:

• The sampler is left in the DS without nitrogen flow or hydrostatic pressure
for ~ 60 minutes, or

• DS hydrostatic head is lost with no sampler in place.

If these conditions occur, the grapple or remote latch unit should not be operated
unless the nitrogen purge criteria are met. The hydrostatic head pressures for each
sampler need to be calculated before operation.

4.3.2. Ignition of Flammable Gas in the Drill String Caused by Drops (Operation)

The remote latch unit and the grapple are lowered and raised during the insertion
and removal of the sampler. Each unit is driven by an electrical motor through a
gear box. Each is mechanically attached to a driving system through a cable. The
insertion and removal rates of the remote latch unit and grapple are specified as less
than 1 ft/s.

In this section, accidents resulting from frictional sparks in the drill string as a result
of dropping the grapple, remote latch unit, and core sampler are considered. In the
case that the hoist systems for the grapple and remote latch unit or electrical motors
used to raise or lower these units fail, the grapple and remote latch unit may be
dropped on the core sampler. The keys or pins connecting the shaft to the drum can
be broken as a result of a stuck core sampler, grapple, or remote latch unit. The
following are assumed to cause frictional sparks:
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• Multiple drive train failures,

• Failure of keys or pins connecting the sf1aft to the drum, and

• RLU failure.

Studies have been performed to examine the characteristics of mechanically
produced sparks that could lead to ignition of hydrogen-nitrous oxid~mixtures.
Drop velocity could be as high as 19.8 mls and is well above the range given by Krok
and Shephard's work.9 Therefore, if the remote latch unit or sampler is dropped in
the drill string, it is assumed that an ignition source can be created.

The remote latch unit and grapple are driven with ]X pulse-width modulated
electric motors. Their principal operating parameters are given in Section 2.
. ecause of the worm-gear reduction boxes, failure of these motors would not result
in a drop. However, a drop accident may occur as a result of the failure of the metal
key or pins that are used to attach the shaft to the cable drum. These pins are the
weakest points of the system and may fail if the grapple or the RLU is stuck or
overweighted because of some unknown reason.

The operation of the RLU is entirely mechanical and is discussed in Section 2.
When the RLU is lowered and the sampler comes to rest at the bottom of the drill
string, the cable stops when the load cell detects the cable going slack. As the
tungsten weights cause the dashpot piston in the RLU to descend, the load cell again
engages the downward motion of the hoist.

When the sampler is being raised or lowered in the drill string, the hydrostatic head
must be in operation. There are two independent sources of hydrostatic head, one
through the shielded receiver and one through the change-out assembly.

Drops caused by failure of the remote latch unit were concluded in section 4.1.2.2 to
be not credible. However, the grapple can be dropped in the drill string if the shear
pin on the drum fails. The load on the grapple is measured. The load cell
automatically trips the electrical motor when the reading is out of tolerance. A
control is established to not exceed a maximum load of 250 lb. For an ignition to
occur, flammable gas must be present, which means that the hydrostatic head purges
and chevron seal must have failed. Before the pintle rod is removed, the
hydrostatic head must be established. This requirement is established as a control.
The probability of a drop is estimated as 1.4E-7, based on the controls established for
load measurements. The MAF of this accident is calculated as 6.0E-ll/yr in
Appendix E and is given in Table 4-11. The UAF is 1.3E-3/yr. Because the MAF
frequency is so small, no special ignition testing is required for the grapple drop
caused by ignition accidents. However, the established control becomes important.

The frequency for dropping the core sampler has been estimated as 1.9E-6/yr in
Section 4.1.4. The estimated frequency is not «1.0E-6/yr. Therefore, drop tests
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simulating the drop of the core sampler on the drill bit were performed by the BOM
(test description and requirements are given in Appendix T). A prototypical core
sampler was dropped from a height of 60 feet through the drill string with the drill
bit attached to the lower end of the drill string. The test chamber and the drill string
were filled with a stoichiometric hydrogen-air mixture. The tests were repeated ten
times. Ignition did not occur as reported by Witwer (Ref. 10). Therefore, this
accident is not considered further.

4.3.3. Ignition of Flammable Gas in the Drill String C~sed by
AssemblylDisassembly of Drill Rods or Drill Rod-Quill Rod Adapter
Impact

Ignition of the flammable gas in the drill may be caused by impacts that could be
created during drill-string or drill-string-to-quill-rod assembly or disassembly. The
postulated accident can occur when the drill string is in· the waste or dome.
Accident frequency is different for these two cases because of the assumption
regarding to the flammable gas. Flammable gas exists in the dome only if a GRE
occurs while it is assumed to exist in the waste.

A spark during the disconnecting of the quill rod from the drill string has been
observed.16 The quill rod adapter and drill string were made of carbon steel. Any
misalignment between the drill string and quill rod caused by undesired platform
movement or operator errors could create a relatively fast impact between the quill
rod and drill string when the drill string is disconnected. There is no instrument to
detect the misalignment or any stress level on the drill string or quill rod adapter.
Therefore, it is very difficult to evaluate the condition of the drill string to quill rod
adapter before disconnecting the drill string. Because a spark is observed in the
operation, one must assume that the likelihood of this event is high.16

The drill string is assembled by adding drill rods. The operator picks the drill rod
from the storage location and lifts and screws it onto the drill string by hand. Then
the lifting bail is attached to the drill string.

During insertion, drill-rod-to-drill-string impact is very possible. Impact can be
caused by dropping the drill string or operator error. Drop height is limited with the
drill rod length. However, the operator can also cause a lateral impact. It is
determined that a realistic impact velocity is around 10 ft/s. It is not clear that the
impact with this velocity would not cause a spark that is capable of igniting the
flammable-gas mixtures of concern. A spark is possible because the drill rods are
made of carbon steel and assembling/disassembling is performed for each sample.

The cable spray washer is installed after the drill string is disconnected from the
quill rod adapter. Dropping the cable spray washer may produce a spark. Next, the
change-out assembly is installed on the cable spray washer. Dropping the change
out assembly on the cable spray washer may produce a spark. In order to have an
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ignition in the drill string, the flammable gas must exist in the drill string. The drill
string must be sniffed before it is disconnected fro:, the quill rod adapter.

A drill string fire initiated by a spar caused by the drill-rod-drill-string or the drill
c:ring-quill-rod adapter impact is dis'..:ussed in this section. Event and fault trees for
this scenario are given in Appendix E. Sniffing the drill string before the drill string
is disconnected from the quill rod adapter through a port on the quill rod is
required. The reliability of the inspection is limited with the reliabil!ty of the
sniffing equipment, which is on the order of 1.0E-3. If the change-out assembly is
installed immediately (within half an hour), no other sniffing is required. If,
however, the drill string is capped and the change-out assembly is installed later,
there is a need for a second sniffing from a port on the cap sealing the drill string
while the drill string is closed. This is because of the possibility of hydrogen
diffusion through the chevron seal (Appendix J).

TABLE 4-11

DRILL STRING FIRE ACCIDENTS-DRILL STRING IMPACT, GRAPPLE, AND
CORE SAMPLER DROP

Frequency of Controls Credited in
Failure Dominant Calculating UAF and

Accident l/yr Failures MAFValues
Drop of grapple in the Nitrogen hydrostatic Controls are applicable to
drill string MAF = 6.0E-ll head system fails. nitrogt;!n hydrostatic head

system.
UAF = 1.3E-3 Load cell fails to trip

electrical motors. Electrical motor
automatically trips when

Cable inspection fails. the load is ~ or equal 250
lb.

Chevron seal fails.
Inspect the cable for
possible damage every 6
months.

Drop of core samplers Without BOM Nitrogen hydrostatic Controls are applicable to
in the drill string test results head system fails. nitrogen hydrostatic head

system.
MAF = 1.9E-6 RLD drops the sampler.

UAF =2.8E-3

With BOM test
results

MAF and UAF
« l.OE-6
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TABLE 4-11 (cant)

DRILL STRING FIRE ACCIDENTS-DRILL STRING IMPACT, GRAPPLE, AND
CORE SAMPLER DROP

Frequency of Controls Credited in
Failure Dominant Calculating UAF and

Accident l/vr Failures MAFValu~

Spark from Without BOM Sniff for flammable gas is Sniff enclosed volume for
assembly/ disassembly test results not performed in the drill hydrogen in drill string.
of drill string sections MAF = 7.6E-5 string.
or drill string to quill Presence of sampler with
rod impact when the UAF = 1.6E-2 Sampler chevron seal chevron seal in drill
drill string is in the fails. string prevents hydrogen
waste With BOM test movement into drill

results string.
(does not contribute to
the total frequency of MAFand UAF
dome collapse) « 1.0E-6

Spark from Without BOM Sniff for flammable gas is Sniff enclosed volume for
assembly/ disassembly test results not performed in the drill hydrogen in drill string.
of drill string sections string
or drill string-quill rod MAF= l.1E-9 Presence of sampler with
impact when the drill Sampler chevron seal chevron seal in drill
string is in the dome UAF = 2.3E-7 fails. string prevents hydrogen

movement into drill
(does not contribute to With BOM test string.
the total frequency of results
dome collapse)

MAF and UAF
« 1.0E-6

The chevron seal failure probability is estimated as 3.3E-2. The frequency of operator
error causing drill-rod-to-drill-string impact is O.S/activity. Considering the
reliability of sniffing, an accident frequency of 7.6E-5 / activity is calculated if the drill
string is left in the waste (note that the probability of hydrogen in the waste is
assumed to be 1.0). This frequency is valid for a fire accident caused by drill-string
quill-rod impact. The drill string could be in the dome. In this case, hydrogen must
exist in the dome in order to penetrate into the drill string. Thus, a GRE is required.

Considering the GRE probability, the accident frequency becomes low, on the order
of 1.1E-9/yr. These frequencies are summarized in Table 4-11. The accident
frequency when the drill string is in the waste is high; therefore, laboratory ignition
testing is designed to demonstrate that ignition is not possible.
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The following design changes were made to manage the above-mentioned
mechanical sparks. First, the quill rod adapter material was changed from carbon
steel to stainless steel. Second, all pipe compounds and lubricants used in
FG/RMCS operations were reevalua :ed. 16 It was found that one of the pipe joint
compounds, Bostik Never-Seez Anti-Sieze and Lubricating Compound, showed
evidence of enhanced sparking. Necessary procedural changes were made to use
only acceptable joint thread compounds listed in Ref. 16. In addition, a series of
ignition tests were performed as described in Appendix T. These tests ~ddress the
drill-rod-to-drill-string impact, drill-string-to-quill-rod-adapter impact, the change
out assembly-to-cable spray washer impact, and cable-spray-washer-to-drill-string
impact.

The fir~~ series of tests simulated the carbon-steel drill strings impact by dropping a
protot}e 19-in. drill string on another vertically oriented prototype drill string from
a height of 3 feet. The height of 3 feet corresponds to the impact velocity of 14 his,
and impact masses are conserved. Tests are performed 30 times. These tests also
address the ignition caused by the drop of the change-out assembly. Witwer (Ref. 10)
reported that no ignition was observed in the above-mentioned ignition tests.
Therefore, they are considered to be incredible as indicated in Table 4-11.

The quill rod adapter impacttest (see Appendix T) used a section of the same type
stainless-steel pipe dropped on its end onto the end of a section of carbon drill string.
A maximum kinetic energy during drill stringI quill rod misalignment is estimated
as 115 in. x lb. A safety factor of two was employed, raising the value to 230 in. x lb.
A 5.22-lb piece was dropped 44 in. onto the carbon-steel pipe. The gas mixture used
both in the drop tube and the test chamber was stoichiometric hydrogen and oxygen.
The test chamber and drop pipe were both sufficiently purged before the drop. Tests
were repeated ten times. The tests results reported by Witwer (Ref. 10) and showed
no ignition. Therefore, the accident is considered to be incredible as shown in Table
4-11.

4.3.4. Ignition of Flammable Gas in the Drill String Caused by Unqualified
Electrical Equipment in the Drill Head or Shielded Receiver (Operation)

This accident is concerned with the ignition of the flammable gas by electrical
sparks. The SR and grapple box have load cells. These load cells are used to
measure the tension on the cable that is attached to the remote latch unit or grapple.
The load cells are protected by intrinsic safety barriers. \\THC quality assurance
requirements ensure that these barriers are certified. Thus, the load cells are not
electrical spark sources. The electrical motors are located outside of the grapple box
and the SR, which are sealed containers. There is no other equipment in the SR and
the drill unit that can cause electrical sparks.
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4.3.5. Ignition of Flammable Gas In the Drill String Caused by Drill-String
Failure (Operation)

This scenario is very similar to the event discussed in the dome fire (drill string
break). The difference is this scenario assumes that the fire starts in the drill string
(flammable gas is in the drill string, not in the dome). The initiating event is the
drill string failure, causing a hot spot in the vicinity of the failure location. This hot
spot ignites the hydrogen in the drill string. The propagation of the fire in the drill
string into the waste is considered to be possible. Therefore, this postulated: accident
may result in dome collapse.

Two failures must occur for this scenario to occur; hydrogen in the drill string and
failure of the drill string. Hydrogen is not expected to be in the drill string during
drilling because it requires a failure of the nitrogen flow and the chevron seal. The
conditional mitigated frequency of this accident (lo3E-8/yr) is the frequency of the
undetected nitrogen purge failure (lo9E-OS), the failure of the chevron seal (3.3E-2),
and the frequency of the drill-string breakage (1.0E-2).

4.3.6. Ignition of Flammable Gas in the Drill String Caused by Frictional Sparks
(Operation)

This accident scenario considers an ignition of hydrogen in the drill string caused by
frictional sparks. Hydrogen can exist in the drill string because of the failure to latch
a sampler, a leaking chevron seal, etc. The drop cases were treated in Section 4.4.2.
The possible sources for mechanical sparks are

• Failure of bearings,

• Frictional sparks caused by operation of the remote latch unit, and

• Frictional sparks resulting from the operation of the grapple,

Acceptance testing has verified the operability of bearings. The sampler and these
bearings are used only once. The only time the bearing sees relative motion is
during rotary sampling at which the time nitrogen purge is present. Waste
penetration into the bearings is minimized because they are out of the waste path
entering the sampler. Therefore, the failure of bearings resulting in sparks is not
credible.

Metal-to-metal sparks are managed by limiting the velocity of movement of the
remote latch unit and grapple to no more than -0.3 m/s (1 fi/s). This velocity is
adopted from previous studies17 concerning a similar hazard of lowering or raising a
metal pipe through a riser. It has been shown that mechanically produced sparks
that could lead to ignition of tank-like gases is not likely when the frictional impact
velocity is less than 2.5 m/s (8.2 ft/s) (Ref. 9).
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A gear reducer and electric motor are used to limit the grapple and remote latch unit
motion to 1 ft/s and 0.4 fi/s, respectively. -Therefore, frictional sparks are not likely.
The frictional sparks caused by a drop accident are discussed in Section 4.3.2.

A credited design feature controls the insertion or removal speed of the grapple and
the remote latch unit to no more than 0.3 m/s (1 ft/ s). In addition, a purge pressure
equal to hydrostatic head pressure before insertion or removal of the grapple or
remote latch unit is established. Sniffing the drill string each time the 4!:.ill string is
disconnected from the quill rod adapter reduces the possibility of hydrogen
accumulation.

4.3.7. Ignition of the Flammable Gas in the Drill String Caused by Frictional
Sparks from the Shear Pin Break (Operation)

This accident has been identified during the hazard identification process that
considered a design involving a copper pin used to attach the piston to the pintle
rod. The pintle rod release mechanism was redesigned to rely on a mechanical
release instead of the copper wire shearing, and it is a metal clip. The use of a metal
clip is not expected to produce a spark. Thus, this event is not considered to be
credible. During the pintle rod removal operation, the hydrostatic head purge is
established, and this provides additional protection.

4.3.8. Detonation in the Drill String and Drill-String Ejection (Operation)

Appendix Jdiscusses the possibility of detonation in the drill string. It assumes that
there is hydrogen in the drill string and that it can be ignited. Theoretical
detonation pressure for hydrogen-air mixtures in a pipe can be calculated by using a
numerical method to solve the differential equation for isentropic compression in
the bum gas. From the analysis given in Appendix J, the overpressure and the rate
of pressure rise during a bum in the drill string are 630 kPa and 2279.5 barfs,
respectively. During a detonation in the drill string, the overpressure and the rate
of pressure rise are 15 bars (1.5 x 106 Pa) and 3 x 106 baris, respectively. As explained
in Appendix J, the induction distance for the H2-N20 mixture is short relative to the
maximum drill string length. Therefore, a deflagration-to-detonation transition
(DDT) may occur in the drill string. The rate of pressure rise is so high (3 x 106 bar/s)
during the detonation, that the structure of the drill string is expected to fail.

This conclusion is important from the consequence point of view. If the detonation
in the drill string causes ignition in the waste with propagation, then a dome·
collapse would be expected. However, the consequence of dome collapse is not
increased by this initiator because the dome collapse accident considered in
Appendix I is already conservative and includes bounding waste release amounts.
However, detonation may only fail the drill string and result in ejection of the core
sampler. In this case, the consequences of this accident may be a release of the waste
in the sampler. In Section 5, a waste release of 0.39 kg is considered.
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4.3.9. Ignition in the Drill String Caused by Lightning

The lightning strike is discussed in Section 4.1.1. The controls developed to prevent
ignition caused by lightning in Section 4.1.1 are applicable to this section as well.

4.3.10. Ignition in the Drill String Caused by Static Electricity Between Seals and
Rotating Parts

In this scenario, the concern is the static electric discharge between the sea1s and the
rotating parts in the sampler. The core sampler motion is in the closed space. The
rotational or penetration speed is slow, and there is always direct contact with
metals.

4.3.11. Summary of Drill-String Fires

All of the initiators previously identified in Section 3 were found not to cause fire in
the drill string because of safety design features and experimental results obtained
from ignition testing. The accident frequencies of hydrogen penetrations into the.
drill string are developed in Appendix E and summarized for this category in Table
4-12. The drill string fire accident frequency is 1.3E-8/yr.

4.4. WASTE FIRE ACCIDENTS

Accident sequences considered in the waste fire category include waste ignition as
well as flammable-gas ignition in the waste. The waste in single-shell flammable
gas tanks includes organics. Below, the initiators that could result in waste fire
accidents are discussed.

4.4.1. Waste Fire Caused by Drill Bit Over-Temperature (Operation)

Wastes including mixtures of sodium nitrate and sodium nitrite with organic
compounds can produce violent exothermic reactions (Appendix G). Increasing the
temperature of the waste in the vicinity of the drill bit can cause a thermal runaway.
There are several hazards that are associated with a local thermal runaway, and they
are discussed in Appendix G. Two major important hazards are the ignition of the
flammable gas and the initiation of a self-propagating exothermic reaction in the
waste. Reactions in mixtures containing relatively small amounts of organic
compounds can result in temperatures greater than the autoignition temperature of
hydrogen mixtures, so the ignition of flammable gases is the more limiting
condition. However, a self-propagating reaction would produce very high
temperatures, which would cause structural damage to the tank. The consequences
of a self-propagating reaction could be severe.

Because the possibility of a flammable-gas mixture cannot be eliminated, the
approach used in this Safety Assessment is to take all practical measures to
eliminate ignition sources. A local runaway reaction is a potential ignition source,
so the requirement that there be no local runaway reaction is consistent with the
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philosophy used in this SA. Preventing a local thermal runaway is also protection
again~t a propagating exothermic reaction, and it eliminates the possibility of
genera:ing additional flammable gas as a result of elevated temperatures. Appendix
G discusses runaway reactions and waste ignition in great detail.

TABLE 4-12
DRILL STRING FIRE ACCIDENTS-CONDITIONAL FREQUENCIES OF

HYDROGEN PENETRATION INTO THE DRILL STRING '"

Frequency of Controls Credited in
Failure Dominant Calculating UAF and MAF

Accident l/yr Failures Values
Drill string break leads MAP = 1.3£-8 Drill String fails to shut Drill string automatically
to a fire in the drill down on loss of nitrogen trips when the nitrogen
string. UAF = 6.6£-4 purge. purge to the OS is lost.

Drill string breaks by
jamming in the waste
causing overtorque or
buckling.

H2 in drill Without BOM N2 hydrostatic systems to Leak test of N2
string/shielded tests results both drill string and to hydrostatic systems for
receiver during sampler shielded receiver fails. both drill string and for
handling leading to MAP = 1.9£-6 shielded receiver are done.
waste fire. RLU drops sampler.

UAF = 2.8£-3 Unique connections for N2
(does not contribute to hydrostatic systems for
the total frequency of With BOM test both drill-string and

: dome collapse) shielded receiver are used.
results

MAFand UAF
Verification of N2
hydrostatic supply to both

«1.0E-6
drill-string and shielded
receiver during activation
of hydrostatic mode of N2
supply is made.

Controls over operation of
RLU are used.

Basic conclusions of Appendix G are that local runaway reactions can be prevented
by establishing waste temperature limits. The following temperature limits are
established:

• The temperature of small waste fragments produced at the drill tip must
not exceed 180°C.
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• The temperature of the drill bit and the average temperature of the waste
affected by drilling must not exceed 160°C for more than 10 minutes.

Because the consequences of a propagating exothermic reaction are severe,
FG /RMCS should not be performed in tanks in which a propagating exothermic
reaction may occur.

New envelope testing has been performed by WHC to determine the operating
parameters, rotational speed, down force, and nitrogen purge flow to comply with
the safety criteria given above. Witwer18 discusses the details of testing and the
results obtained. Tests and results are also summurized in Appendix F.

As a summary, results of envelope testing (Witwer, Ref. 18) and their analysis
(Appendix F) showed that the drill bit surface temperature correspondingly the
waste substrate temperature can be kept below 160°C, including an uncertainty of
lOoC, if the following limits are applied: a down force .$.750 lbf, a rotational speed .$.55
rpm, a minimum nitrogen flow ~30 sefm, and a penetration rate ~0.75 in./min. The

chip temperatures under these conditions are also limited to I800 C as required. If a
trip is initiated when one of the s~t points for these four parameters is exceeded,
drilling must be stopped. After a shutdown there must be a waiting period of 10
minutes before drilling can continue. The waiting period of 10 min is based on the
experimentally determined cooling time. The testing and the analysis included
plugged holes on the drill bit.

The minimum purge flow must be greater than 30 sefm; however, it is possible that
necessary cooling to the drill bit would not be provided if there were a leak from the
nitrogen purge system between the flow measurement location and the drill bit. As
indicated in Table 4.13, the leak rate from the nitrogen system must be checked once
every 6 months. This control requires that the leak rate must be within the
uncertainty range of instrumentation or less than 2% of the nominal flow.

Drill rods are threaded to each other. An 0 ring is used to provide a seal. The leaks
are possible if the 0 rings are left out. WHC19 determined the possible leak rates
could not be higher than 0.3 scfm when the 0 rings are not used. This is less than
1% of a nominal flow of 30 scfm and negligible. With the use of 0 rings, the leak
rate also was measured and was shown to be negligible. Therefore, 0 rings on the
drill rod are not required, and the nitrogen purge flow for drill bit cooling is
sufficient when set to a minimum of 30 scfm.

There is one event that would include an unknown leak path as a result of failure
of the drill string during drilling. If the drill bit or string becomes embedded in the
waste momentarily because of debris in the waste, torque could continue to be
applied to the drill string at a constant rate. If such a condition occurs, there is a
possibility that the drill string could partially fail. Continuing to operate with a
partially failed drill string could result in a nitrogen flow bypass through the failed
area. This concern is assessed below.
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Appendix N examines the possibility of .over-torquing the drill string. The drill
string is considered as having torque applied from the upper end, but the rotation of
the lower end is not allowed. Appendix N presents tvvo methods to determine the
time necessary to break the drill string. Linear elastic methods are applied as a first
approximation to obtain the lower bound failure estimate. Second, strain-energy
methods are used to determine an upper bound by assuming that the ultimate shear
strain in the drill rod is proportional to the shear modules. It is estimated that
failure would occur in less than 15 seconds for all rotational speed~Note that
Appendix N did not take any credit for the threaded drill rods. Experience shows
that the drill string always fails at the threaded sections. The real failure time is
expected to be in a few seconds because of the stress concentration factor for threaded
sections. Therefore, it is concluded that a drill string tear without a break is very
unlikely.

Envelope testing measured the rate of increase in the drill-bit surface temperature
when nitrogen flow is terminated at steady-state operating conditions. The test
results are summarized in AppendiX F and by Witwer (Ref. 18). Results showed that
an average heat-up rate of 2°C/s is observed in the time period of 0 to 20 seconds
after the nitrogen flow is shutdown. This rate corresponds to a temperature
increase of 30°C in 15 seconds in which the drill string would be broken when
overtorqued. Envelope testing established the operating parameters so that the drill
bit and waste temperature is less than 150a C. Considering a 30°C heat-up of the drill
bit for this accident, the drill bit/waste temperature would be 180°C. AppendiX G
shows that the waste temperature would be allowed to be at the minimum
exothermic-reaction temperature of 180°C for a short period of time because the
induction time of reaction is expected to be much larger than 10 to 20 seconds.
Therefore, it is concluded that if the drill fails because it is over-torqued it would fail
in a time period in which the waste in the vicinity of the drill bit would not
experience runaway reactions.

4.4.1.1. Summary of Controls for Drilling Operation.

Envelope testing shows that a maximum drill-bit temperature corresponding to the
maximum waste substrate temperature increase is limited to llT =60°C when the
rotational speed, down force, and nitrogen purge flow are 750 lbf, 55 rpm, and 30
scim, and there is good penetration (penetration rate is higher than 0.75 in.lmin).
These parameters consider a partially plugged drill bit and ensure that waste chip
temperatures are bounded by the safety limit of 180°C. In order to meet the safety
criteria established in this SA, the down force and the rotational speed must not
exceed 750 lbf and 55 rpm. The minimum nitrogen flow rate must not be lower
than 30 scim. The penetration rate must not be less than 0.75 in. I min. The
probability of having a hard layer in the waste is 0.1. This is obtained with the
assumption that 20% chance for a need for rotary drilling in an activity and 50%
chance of hard layer in rotary mode drilling.
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When a trip value is reached in one of the three parameters, down force, rotational
speed, and nitrogen purge flow, the drilling must be stopped within the time period
that data acquisition activates the. shut-down signal. The alarm set point may be
chosen lower than the trip values. If the alarm set points are set to trip values,
750 lbf, 55 rpm, and 30 scfm, the programmable logic controller (PLC) sends a
shutdown signal to the drill engine upon receipt of a valid shutdown signal with no
additional programmed-delay. It is understood that the determination of a valid
alarm signal requires approximately 2 seconds. The penetration rate is alarmed at
0.75 in./min and shut down occurs with a 60-s cumulative time in ~y 3-min
period. This gives a chance for the operator to penetrate a thin, hard layer (if
encountered), provided that the force, rotational speed, and nitrogen purge controls
are not violated. There must be at least a 10-min waiting period following the trip
before the continuation of drilling.

The nitrogen inlet temperature to the drill string must be maintained between lOOF
to 140°F.

4.4.1.2. Accident Frequency of Waste Ignition

Failure to shut down the drilling when limiting operating parameters are exceeded
is assumed to cause runaway reactions in SSTs. The reliability of the nitrogen purge
system and control system for the rotational speed and down force are examined in
Appendix D. In Table 4-13, conditional accident frequencies are given. The accident
frequencies caused by loss of cooling, excessive rotational speed, down force, and low
penetration rate are estimated as 3.8E-5, 1.4E-5, 9.4E-5, and 7.4E-5/yr. These numbers
consider the use of a bottom detector or walkdown option to shutdown. These
frequencies are added to obtain the conditional frequency of a waste fire accident
caused by drilling operations. The combined frequency is 2.3E-4/yr.

4.4.2. Waste Fire as a Result of Exothermic Reaction Caused by Incompatible
Materials (Installation, Operation, and Removal)

Aluminum is known to be incompatible with tank waste. The existence of an
exothermic chemical reaction between aluminum material and the waste has been
observed. The reactions can produce large quantities of flammable and toxic gas,
and heat. This material must not be used inside the waste tank. Inadvertent
placement of this material in the waste tank environment presents itself as one of
the more logical sources of an accident initiator. Use of this material in the drill
string column could lead to a rapid chemical reaction.

All that is required for this accident to occur during the core-sampling phase is for
the sampler seal to leak waste into the drill string. Personnel exposure to this
hazard occurs when the drill string is opened to add a section. At this point, the
pressure balance across the seal provided by the nitrogen gas has been removed, and
the string is at atmospheric pressure. This allows the waste to rise up into the
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column. When the waste encounters incompatible aluminum material, an
exothermic reaction occurs.

TABLE 4-13
WASTE FIRE CAUSED BY FRICTIONAL HEATING FROM THE DRILL BIT

Frequency of Controls Credited in
Failure Dominant Calculating UAF and

Accident lIyr Failures MAFVa1Ues
Loss of d:;.ll-bit Without N2 cooling holes in the Auto trip of the drill
cooling leads to waste probability of drill bit are partially string occurs on low N2
fire. reactive waste blocked, there is no trip of purge gas flow.

MAF::::3.8E-S
the drill stringon low N2
flow, and there is Annunciation of high N2

UAF::::2.0
localized overheating of purge gas temperature is
sections of drill bit. required.

With N2 purge system is tested
consideration of
probability of for bypass leakage.

reactive waste
Test results show that N2for selected

tanks (Appendix leakage from drill string

G) with section 0 rings not
installed is acceptable.

MAF <l.OE-6
Analysis shows that a
drill string tear without a
break is very unlikely.

Excessive drilling rpm Without The rpm setting is too Conrrol over speed setting
leads to waste fire. probability of high. is used.

reactive waste
Drill string fails to trip on Drill string auto trips on

MAF:::: l.4E-S high rpm. excessive rpm.

UAF:::: 2.2E-2

With
consideration of
probability of
reactive waste
for selected
tanks (Appendix
G)

MAF <l.OE-6
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TABLE 4-13 (cont)
WASTE FIRE CAUSED BY FRICTIONAL HEATING FROM THE DRILL BIT

Frequency of Controls Credited in
Failure Dominant Calculating UAF and

Accident lIvr Failures MAFValues
Excessive down force Without Excessive down force is Control over down force is
on drill leads to waste probability of used. used.
fire. reactive waste -......

Drill string on excessive Auto trip drill string on
MAF =9.4E-5 force with either force excessive down force: force

detector or walkdown detector and walkdown
UAF =1.2 detector. detector function for all

samples except last; force
With detector and bottom
consideration of detector for last sample.
probability of
reactive waste The drill bit type tested
for selected by BOM is used.
tanks (Appendix
G)

MAF <1.0E-6

Slow penetration rate Without Operator fails to act. Provide a 1 of 1 system for
probability of detection of penetration

results in waste fire. reactive waste rate. Auto trip on slow
penetration rate.

MAF =7.4E-5
One minute is available

UAF= 0.2 for operator to recognize
slow penetration

With conditions and stop
consideration of drilling.
probability of
reactive waste
for selected
tanks (Appendix
G)

MAF <1.0E-6

To mitigate this hazard, the materials used in the FG/RMCS and drill string were
chosen to be compatible with the contents of the tank so that neither chemical
action nor materials failure is expected as a result of expected or accidental contact
with the waste. WHC performed a compatibility study on seal components as well
as for the drill bit using an ammonia-saturated environment. Additionally, these
materials have been used in actual waste. No significant degradation was observed.
Study results summarized in Ref. 15 confirm these observations.
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Using aluminum tools around the open risers could have a potential for a drop
~ident. Administrative controls and work plans must be enforced to ensure that
'sonnel near an open riser do not use waste incompatible tools.

o minimize the potential for exothermic chemical reactions, aluminum pans and
ntainers must not be used in contact with significant quantities of tank waste.

'"T'he drilling truck has some aluminum parts around the rotatin~ platform.
lowever, the tank waste is not normally handled above these parts.

A review of the compatibility of aluminum with the tank gases has been conducted
and determined to be without detrimental effect and is therefore not considered
further. 20

Based on References 15 and 16, pipe compounds, lubricants, seals and tapes in
contact with the DS or tank waste that contain spark-inducing or waste-incompatible
materials must not be used.

4.4.3. Crust Bum Caused by Drop Impact (Installation, Operation, and Removal)

In this section, the drop of the drill string or tools on the crust or waste surface is
analyzed. The frictional spark aspect of this accident has already been discussed. In
this section, crust reaction and the possibility of waste ignition are discussed. The
drill string impact is a bounding impact accident.

Appendix G assesses the possibility of c;rust ignition and propagation following a
drop of the drill string. Based on the analysis summarized in AppendiX G, the
maximum crust temperature produced by impact is 126°C, which is much less than
the limit of 160°C given in Section 4.4.1.1 for preventing local exothermic reactions.
Therefore, no local exothermic reactions are expected.

It is concluded that with the limited energy input possible and with the crust
bUrning characteristics, propagation is impossible.

4.4.4. Flammable-Gas Ignition under the Waste Surface Caused by Friction
From the Rotation or Penetration of the Drill Bit (Operation)

One of the safety concerns of sampling with the rotary-mode drill in flammable gas
tanks is the ignition of the flammable gas in the waste by the frictional sparks
created by the drill bit. The condition of waste in terms of hardness is not known
before the operation. A possibility of penetrating a very hard waste layer in a tank
exists. In addition, there may be some metal debris lost or dropped from the riser in
the past. Hard materials such as rocks or metals can also exist in the waste. Thus, it
is likely that the drill bit may strike against metal and other hard objects during
drilling.
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Ignition caused by frictional sparks is evaluated by performing ignition testing in
bounding conditions. Appendix T discusses the ignition testing requirements and
acceptance criteria. The objective of the tests is to demonstrate that the operation of
rotary-core drilling in a bounding frictional environment with bounding gas
composition does not cause an ignition. Testing was performed by the Witwer lO and
BOM personnel and showed no ignition.

The conditional frequencies of a fire accident resulting from exceeding the rotational
speed and down force are estimated as 1.4E-5 and 9.4E-5/yr as indicated in Table 4.13.
Controls are established to trip the drilling operation when the rotational speed and
down force exceed 55 rpm and 750 lbf. There is no delay time for the trip except the
delay time from the data acquisition system. If needed, the alarm points will be set
at lower values. However, drilling must stop when the trip value is reached. The
FG/RMCS operations must use only the drill bit type meeting the requirements
listed in Appendix T.

Some of the early tests performed at the BOM showed some interesting results. The
first series of tests were conducted at a down force of 1360 lbf and rotational speed of
65 rpm. Frictional tests performed with metal objects did not ignite the hydrogen
oxygen mixture. Ignition was observed while testing an experimental bit that had
carbon-steel pins embedded in the tooth region against rocks. No ignition was
Observed using a bit where the carbon-steel pins were not in the tooth region. The
tooth region is defined as the material beneath the carbon steel blank. Therefore,
this SA requires that no spark-inducing materials be located in the tooth region.
Because the drill bit base also is made of carbon steel, an additional control requires
that the drill bit must be replaced if drilling is shut down four times consecutively
as a result of a low penetration rate, and if the cumulative penetration is <0.3 in. for
the last three attempts. This conclusion was confirmed by Witwer (Ref. 10).

During frictional ignition tests using the current bit with assorted rocks and with a
test period of 3 min, no ignition was observed. The last test was run to failure.
Ignition occurred in the hydrogen-oxygen mixture within the sixth minute. It was
postulated that the ignition occurred because the autoignition temperature at the
teeth surface was reached. The test was repeated and ignition was observed at
almost the same time. The bit teeth were not worn significantly to cause the carbon
steel blank to be exposed to the rock. Additional tests without flammable gas were
performed to determine the interface temperature. In one of the tests, a
thermocouple was placed 1/8 in. beneath the assorted rock. The rock was not worn
significantly; therefore, the temperature just beneath the rock could be measured.
The rock temperature 1/8 in. beneath the surface was 236°C 6 minutes after testing
has started. An infrared temperature probe was also used to determine the teeth
surface temperature. Four minutes into the test, temperatures up to 400°C were
observed. These tests indicate that the autoignition· temperature would be reached
between 4 and 6 minutes.
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The analytical and experimental program described in Appendix T provided the
data to verify that the ignition observed in these tests was indeed caused by the
interface temperature reaching the autoignition temperature (see Witwer10

).

A penetration control is established in order not to operate in the frictional mode of
cutting that results from worn teeth. However, this control is established to set the
substrate temperature within the limits. In order to cause a hot spot on a substrate,
the penetration rate control must be violated. Appendix P shows that with
reasonable penetration, the substrate temperature is less than 160°C. App'endix F also
concludes that as long as a nitrogen purge flow of 30 scfm is provided, down force is
less than 750 lbf, or rotational speed is less than 55 rpm, the substrate temperature
does not increase above 150°C. Therefore, to reach an autoignition temperature of
hydrogen nitrous oxide ammonia mixtures, a triple failure needs to be obtained;
penetration rate and purge flow; penetration rate and force; or penetration rate and
rotational speed (see Table 4-14). These results were verified by using rocks in the
envelope testing discussed in Appendix F (Witwer18

•
10

).

TABLE 4-14
FLAMMABLE-GAS IGNITION UNDER THE WASTE SURFACE CAUSED BY

FRICTION FROM THE ROTATION OF THE DRILL BIT

Frequency of Controls Credited in
Failure Dominant Calculating UAF and

Accident I/vr Failures MAFValues
Drill bit hits a rock Without BOM Rocks are contacted in the Auto trip occurs on slow
and spark leads to data: waste. penetration rate and a
ignition of flammable loss of or low N2 drill
gas and consequently MAF=6.6E-7 Penetration rate detector string purge gas flow
waste fire. fails. results.

UAF=O.2

With BOM
Data

MAFandUAF
<1.0E-6

4.4.5. Summary of Waste Fire Accidents

The waste fire accidents considered various initiators. The overheating of waste or
the drill bit and the ignition of flammable gas by friction that could be created by
drilling are the dominant initiators. Experiments have been conducted to define
safe operating parameters at which these two initiators could not cause ignition.
The critical operating parameters are down force, rotational speed, nitrogen purge
flow, and penetration rate. Failure to control these parameters could result in dome
collapse. The total accident frequency is found to be 2.3E-4/yr.
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The analysis of the waste ignition did not account for the probability of
encountering a waste layer where the burn propagation is expected. The proportion
of the reactive waste in each SST is considered in Appendix G. As shown in
Appendix G, only some tanks satisfy the low fraction of reactive waste criterion.
The accident frequency for these tanks becomes less than loGE-6/yr.

4.5. CHEMICAL REACTIONS AND CRITICALITY ACCIDENTS

4.5.1. Criticality Caused by Drilling (Operation and Removal)

The criticality issues associated with the FG IRMCS operations are addressed in
Appendix R. The analysis given in Appendix R concludes that nuclear criticality
within the single-shell flammable-gas tanks could not occur as a result of FG/RMCS.

4.5.2. Water Addition and Temperature Limits (Operation and Removal)

These accidents address the possibility of excessive water additions to the tank that
would cause the level to rise above what is allowed by safety controls. It also
addresses the effect of the water addition on the waste temperature and gas releases.
In the limit, flooding could result from the release of tank materials into the
environment caused by hydrostatic failure of the tank. Flooding from natural
events is considered in Section 4.9.

Also, water addition can have several effects: (1) changes of the waste temperature,
(2) release of gases, (3) changes in pH level, and (4) an increase in radiolysis activity.
Appendix a discusses the effect of water additions. It is concluded that, if done
within the specified limits, water addition does not cause a safety concern.

4.5.3. Waste Ignition and Melting (Operation)

Waste ignition as a result of exothermic chemical reactions is discussed in the waste
fire accident category. In this section, the waste melting hazard is addressed. The
estimation of the melting temperature of waste depends upon the waste
composition. A mixture of sodium nitrate, sodium nitrite, and sodium acetate
melts at 175°C (Ref. 21). In addition to these components, the waste contains
sodium hydroxide, sodium aluminate, sodium carbonate, sodium sulfate, sodium
phosphate, and a host of minor components. Adding additional salts lowers the
melting point. Therefore, the melting point of waste is expected to be much lower
than the 175°C observed for mixtures of sodium nitrate, sodium nitrite, and sodium
acetate. The maximum allowable drill-bit temperature is 160°C, which is probably
above the melting point of the waste. Thus, waste melting may occur during
drilling.

One consequence of melting could be a gas release, but it is not expected that the gas
release will be significant. At worst, the FG/RMCS perturbs the temperature in the
neighborhood of the drill bit. Thus, the affected volume is small. Much larger gas
releases are considered in the consequence analysis.
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Melting has been proposed as a necessary precursor to runaway exothermic
reactions. Melting would cause different chemical components to be brought into
contact with each other. Although melting may be necessary for a runaway reaction,
it is not the only consideration. Appendix G discusses the temperature limit to
prevent runaway exothermic reactions based on experiments conducted on
simulants, real wastes, and waste surrogates. These experiments already include the
melting phenomenon. Therefore, melting as an initiator of runaway reactions is
not considered as a separate hazard. '-..

The drill bit holes can become totally or partially plugged during drilling. Such a
scenario could cause overheating of the drill bit, resulting in waste ignition.
Envelope testing discussed in Appendix F includes testing with plugged holes. It is
demonstrated that the plugging would not cause overheating within the bounds of
the operating parameters controlled in Section 6 of this SA.

4.5.4. Energy Addition to the Tank (Operation)

As discussed in Appendix 0, energy additions or nitrogen cooling during FG/RMCS
operations do not cause a safety concern, provided the operations are performed
within the specified limits.

4.5.5. Impact-Sensitive Compounds

The presence of impact-sensitive explosive materials was evaluated by Martin22 and
Beite1.23 It was concluded that impact-sensitive compounds are not considered ~o be
credible initiators for chemical reactions.

4.6. CONTAINMENT BREACH ACCIDENTS

A loss of confinement of the toxic and radioactive waste from a structural failure of
the tank liner is an important safety issue. Installation, removal, and/or
decontamination operations potentially constitute hazards to the structural integrity
of the tank. The following subsections discuss the assessment made of these
situations.

4.6.1. Excessive Static and Dynamic Tank Dome Loading (Installation, Operation
and Removal)

Appendix N examines static and dynamic dome loading and its consequences. The
static load capacity of the tank dome is monitored carefully, and an overload state
that could precipitate a structural failure must be avoided. The equipment required
on the surface of the tank to support FG/RMCS sampling operations qualifies as a
live load (see Appendix N). The tank loads study permits a 50-ton live load on the
tank dome. Even though the weight of all FG/RMCSequipment exceeds 50 tons,
administrative procedures will limit the tank loading to less than 50 tons.
Therefore, the dome loading must be controlled by the dome loading limits for SSTs
as specified in OSD-T-151-00013 (Ref. 24).
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The dome would be subjected to dynamic dome loads if a truck were to fall from the
hydraulic jack or from a platform. Appendix N considers this scenario and analyzes
the consequences of the dynamic loading caused by dropping the truck. It is
concluded that the dome could withstand the impact force of the 30,OOO-lb truck
dropping on it from the 3-ft-high platform.

Excessive vacuum in the dome is another accident identified as a result of exhauster
operations. The exhauster design prevents the occurrence of excessive,vacuum
because the shutoff head is 14 in. w.g. A dome collapse would not occur until -15 in.
w.g. Also, the inlet HEPA filter has a vacuum breaker to prevent excessive negative
tank pressure. The vacuum breaker is set at about -4 in. w.g.

4.6.2. Penetration of Tank Bottom, Drill String Drop, and Drilling against the
Liner (Installation, Operation and Removal)

The drill string is restrained from falling and impacting the tank bottom by the
pneumatic foot clamp. After numerous sections of the drill string have been added,
the suspended weight could cause the drill string to fall if the clamp is released
because the force of gravity exceeds the frictional forces of the frisbee. Initially, the
frictional force developed at the riser seal interface exceeds the string weight. The
frictional force is produced by the rubber frisbee that girths the outside diameter of
the drill string. This constant force eventually is overcome by the column weight as
the drill rods are added. The drill string extending nominally halfway into the tank
poses the largest hazard to the integrity of the tank bottom from an impact. The
impact force that would occur if the drill string were released was evaluated.25

Appendix N includes a ballistic impact analysis for different drop heights. The
resulting stress level is expected to challenge the ultimate strength of the liner
material despite the inherent ability of the carbon-steel liner to withstand higher
stresses under high strain rate conditions. Because this accident can lead to a breach
of the waste confinement, it is a major· concern and must be avoided through the
application of administrative controls. The very low expected accident frequency
associated with this drop significantly ameliorates the risk. This mitigating
consideration is discussed next.

The pneumatic foot clamp provides a positive grip around the string due to gravity
and interference fit. Even when deenergized, the clamp provides positive restraint·
to prevent the string from falling. Although gravity and the interference fit prevent
the string from falling under gravity, it does not preclude upward motion. Several
events must occur for the drill string to fall and impact the tank bottom. Appendix
E determines that the frequency of a OS drop impacting the tank bottom is 3.0E-5/yr.
The consequence of this drop of the drill string is damage to the bottom liner
resulting in a radioactive liquid release into the ground.

Sampling near the bottom of the tank introduces the possibility of contacting the
tank bottom. Precautions are taken in setting up the drill string simply by recording
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the string depth during installation. Nonetheless, in the rotary-mode sampling
method, the drill string can produce an axial force of 750 lb. The force produced on
the drill string by hydraulic action neither causes the drill string to penetrate the
tank liner nor threatens the tank's structural integrity in any way. The drill string is
a very long, slender column when fully extended to the tank bottom. This column
buckles at a load less than the ram capacity force of 5370 lb. As an added protective
feature, the FG/RMCS incorporates a bottom-contact sensor that reverses the
hydraulic ram pressure used in the drill string operation. The pressure reversal
causes the sampling operation to cease and pulls the drill bit away from the tank
bottom.

Because the axial forces that can be produced by the FG/RMCS during sampling are
significant, contacting the tank liner may pose an unacceptable risk to the tank's
structural integrity. Therefore, a control is established not to drill closer than 3 in.
from the tank bottom (see Appendix N for the basis of this control). Note that the
failure probability of the walkdown and force plus the hydraulic bottom detector
protection systems to detect the bottom are low and are estimated as 3.0E-5/yr.

4.6.3. Failure of the Drill String (Installation, Operation, and Removal)

The failure of the drill string during drilling is evaluated as a fire hazard. A torque
and axial load are applied to the drill string during drilling. Buckling of the drill
string from the application of axial force and torque as well as excitation of the drill
string with natural frequency could yield drill string failure. The down force is
limited to prevent drill bit overheating. The other limit on the down force should
be based on the buckling limit. Appendix N discusses the structural buckling limit
under various boundary conditions. The buckling limits as a function of the drill
string length are given in Fig. N-1 of Appendix N.

Appendix N concludes that the drill string could not be excited with natural
frequency as a result of torque only. Figure N-4 of Appendix N plots the first and
second mode-resonance rotational speed as a function of the drill string length. The
suggested range of rotational speeds is tabulated in Table N-2.

When the drill string length is less than 45 ft, down force must be limited to 750 lbf,
and rotational speed is limited to 55 rpm. When the drill strength length is > 45 ft,
administrative controls must be established to limit the speed to 40 rpm and down
force to a maximum of 650 lbf.

Buckling loads and rotational speed to prevent resonance are established as required
controls in Section 6. The frequency of the exceeding force limits is 9.4E-5/yr
(Appendix E). The consequences of drill string breakage are several. The major
concern is to cause a hot spot resulting in a fire in the dome (assumes that a failure
occurs in the dome space and coincides with the existence of flammable gases). In
Section 4.2.1, the fire accident caused by the drill string breakage was discussed. The
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other concern is the operational difficulty of removing the broken drill string. This
SA does not address the removal of damaged drill strings.

4.6.4. Riser Damage (Installation, Operation, and Removal)

The risers in the SSTs, although differing in diameter and overall length, share
common support features. Each riser is anchored into the concrete tank dome with
horizontal studs. The risers are not welded to the primary tank liner because the
primary liner does not cover the tank dome. Failure of these studs cOhceivably
would result in the riser being driven into the tank space. This prospect is an
unlikely event for small-diameter risers.

Riser loads have been investigated by Miller.26 The stress produced in the riser from
this impact is directly proportional to the square root of the falling body's kinetic
energy and the material modules of elasticity, and is inversely proportional to the
riser volume. Thus, stress buildup in the riser pipe is not only influenced by the
riser cross-sectional area but also by pipe length.

The drill string is to be placed on and removed from the riser during installation,
operation, and removal activities. The new drill rods are lifted manually and
threaded to the drill string. Even if they are dropped, their weight is only about 7 lb.
An analysis of the drop height performed by Miller shows that a maximum height
exists that depends upon the mass of the object to be dropped. The analysis further
indicates that the scaling of the mass is a linear function of the ratio of the masses.
Miller calculated a 1.7-in drop height for the studs to fail if an object with 363 kg (800
lb) is dropped. Using this information and the weight of a drill string, the scaling
ratio is 800/7, or 114.3. The maximum lift height associated with a drill rod is 5.0 m
(16.4 ft). This height is larger than the distance between the rotary platform and the
riser. Considering all of the arguments above, riser damage from a drill-rod drop is
not expected.

During operation, the drill string rotates in the conductive sleeve installed in the
riser. Because the riser would be subjected to lateral loading, excessive stresses could
be introduced on the riser's lower lip, upper flange, the drill string, or to the
conductive sleeve, causing either or both to fail. Lateral loads can result from many
factors, including misalignment or excessive lateral movement of the drill string,
wasteberg impact on the submerged portion of the drill string, or attempts to
remove a bent drill string. The failure of the riser lower lip has no consequence
other than a possible sparking source as it plastically deforms from the load
application; however, failure of the upper flange results in a breach of confinement
from an inability to properly close the riser. The failure of the drill string has other
consequences, including portions of the unit falling into the tank or deformation of
the drill string so that it cannot easily be removed from the riser. Removal of a
stuck drill string is not in the scope of this SA. Dropping of a broken drill string
could only occur when the drill string is submerged into the waste. There are
controls on the downward load requiring it to be less than the buckling limit. If the
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control is violated and this results in a failure, the drill string would not sink
because the high load would not cause peOnetrationo Therefore, the only consequence
from this type of event is that the riser could become unusable and need to be
sealed.

During operation, the hydraulic capacity of the drill head and shielded receiver can
also apply a vertical load to the foot clamp and the riser when the foot clamp is
closed. This sequence can result in· riser damage, so that the riser ~y become
unusable and need to be sealed.

Riser damage is a more likely event in the preinstallation phase. In this phase, the
vehicles are positioned on the tank top and could inadvertently run into the riser,
resulting in damage to the riser. This type of accident is considered an industrial
accident, and standard WHC controls prevent this from occurring.

Riser damage resulting in the ignition of flammable gas is prevented by cessation of
all activities upon receipt of a flammable-gas alarm.

Heavy equipment, such as casks and exhauster skids, are positioned on the tank top
using cranes. Failure of the cranes during the positioning would cause riser
damage. WHC safe practice standards provide the necessary protection for the
proper handling of components.

4.6.5. Tank Wall Penetration (Operation)

A tank-wall penetration accident addresses the cases in which the drill string could
damage the vertical section of the tank liner. This accident is considered to be
incredible. Appendix N presents a calculation to estimate the bounding horizontal
load to break the drill string at the riser. ~t was found that the drill string could be
broken if a 610 lbf is applied. The deflection of the drill string is estimated as 5.7 in.
Thus, before the drill string reaches the tank. wall it should be broken already.
When the drill string is broken, the debris would not cause a threat to the side wall
because the waste in single-shell, flammable-gas tanks is very viscous. Both the
consequences and the frequency of this accident are bounded by the bottom
penetration accidents.

4.7. GAS RELEASES WITHOUT BURN

4.7.1. Toxic-Gas Releases (Installation, Operation, and Removal)

The toxic gases of interest are ammonia and nitrous oxide. The consequences of
toxic-gas releases are divided into anticipated, unlikely, and very unlikely bins and
are discussed in Section 5 of this SA.
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4.7.2. Unfiltered Releases

The consequences of unfiltered waste releases associated with the gas-release events
also are discussed in Section 5 of this SA. The consequences are analyzed in
anticipated, unlikely, and very unlikely accident bins, consistent with the toxic-gas
release accidents.

4.7.3. Steam Release and Moisture Removal from Tank (Operation)

Mass removal by evaporation caused by drill bit heating and by ventilation
operations are discussed in Appendix O. Water can also be evaporated as a result of
an energy release by local exothermic reactions. However, operating parameters
prevent the drill bit temperature being close to the critical reaction temperature.
The analysis shows that water removal during FG/RMCS operations is not a safety
concern.

4.7.4. Undetected Gas Release (Operation)

In this accident, the concern is an undetected release path at the top of the tank. The
consequences of this accident may be a fire as considered in the above tank fire
accident category. Toxic-gas releases are bounded by the releases from the riser.

4.7.5. Nitrogen Additions (Installation, Operation, and Removal)

Nitrogen gas is added to the tank during the normal FG/RMCS operation. Nitrogen
is added to waste at the rate of 0.3 to 100 scfm. Nitrogen addition to the waste is
discussed in Appendix M. Although very unlikely, a nitrogen addition may cause a
gas-release event. The exhauster must be operable during drilling.

4.8. SPILLS, RELEASES, AND HAZARDOUS MATERIAL AND RADIATION
EXPOSURES

Because the tank waste contains toxic, radioactive, and hazardous materials, it is
possible that workers or the environment could be exposed to harmful levels of
hazardous materials.

It is possible that personnel could be exposed to toxic or hazardous materials in
activities that require handling potentially contaminated components. This
accident scenario does not consider exposures associated with a GRE or with fires,
both of which have been discussed. The subject of this section is the potential for
exposure associated with contaminated components and equipment and aerosol
releases from spills.
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4.8.1. HEPA Releases as a Result of Excessive Loading and HEPA Failures
(Operation and Removal) .

Appendix R evaluates the HEPA particulate loading based on results reported by
Francis. 27 The total mass from out of the riser and to the HEPA filter is reported as
901 E' a value based on continuous operation of the exhauster, a total drilling depth
of 266 in., and a schedule of 40 min of drilling (19 in.) followed by a 60-min delay
before starting the next drilling period. The results take into account sett!ing of the
aerosol created.

If the HEPA filters fail, a 1% release is assumed as given by Voice28 who gave some
expe:-imental values for the release fractions of blowout incidents. The
experimental estimated values are smaller than 1%. The release from HEPA would
be less than 9 gr.

Differential pressures across the HEPA filters are measured. Failure to detect high
HEPA loading and failure to shut down the exhauster may result in HEPA failure.
The frequency of this accident is estimated as 1.6E-5/yr. (Appendix E, Table 4-15).

4.8.2. Exhauster Continuous Release after Filter Failure (Operatio and Removal)

This accident is considered in the unfiltered release accidents in Section 4.7.2.
addresses the failure of HEPA filters following a continuous release with a flow rate
of 250 scfm.

4.8.3. Inlet Duct Failure (Operation and Removal)

This accident addresses the release of aerosol from the riser where the breathing
HEPA filter is installed. It is assumed that a HEPA filter fails, and a GRE occurs. The
consequence of this accident is bounded by the gas releases from an open riser as
discussed in Section 4.7.1.

4.8.4. Releases from Core Sampler Drops (Operation)

This accident addresses the releases to the atmosphere if the failed sampler (ball
valve is open) is dropped from the shielded receiver. The maximum amount of
waste in one sampler is 0.39 kg. A conservative airborne release fraction of 2E-4 is
used (Appendix S). The aerosol release is 0.08 g for this accident. A control is
established to inspect the sampler during sampler retrieval. The ball valve cannot
be closed if the sampler is not inserted completely in the shielded receiver when
held by the RLU.

The frequency of an accident depends upon the failure rate of the rotary ball valve
and the probability of a drop or inadvertent opening of the ball valve. The frequency
of this accident is determined as 8.6E-9/yr (Appendix E) as shown in Table 4.15.
There are two administrative controls that are credited in obtaining this frequency.
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TABLE 4-15
SPILL ACCIDENTS CONTROLS

Frequency of Controls Credited in
Failure Dominant Calculating UAF and

Accident lIyr Failures MAFValues
Radioactive aerosols MAF = 1.6E-S Excessive differential No controls are credited.
are released from the (not a dome fire) pressure occurs.
HEPA filter blowout. '""-

UAF = 1.6£-5

Spill results from MAF= 8.6E-9 RLU drops sampler. Controls over operation of
dropped sampler in (not a dome fire) RLU are used.
shielded receiver. Sampler rotary valve

UAF= 0.02 fails, given drop of Control to close ball valve
(Similar accidents are sampler. when shielded receiver is
spills from drops of used.
sampler in x-ray Ball valve in shielded
machine or in cask but receiver is inadvertently
they are of lower left open.
frequency.)

Waste from MAF= 6.2E-7 NZ hydrostatic systems Leak test N2 hydrostatic
contaminated drill (not a dome fire) fail to both drill string systems for both drill
string interior is and shielded receiver. string and for shielded
released above ground. UAF=2 receiver are used.

Contamination is not
detected during removal Unique connections for N2
of drill string sections. hydrostatic systems for

both drill string and
shielded receiver are
used.

Verification is made of
the N2 hydrostatic supply
to both drill string and
shielded receiver during
activation of hydrostatic
mode of N2supply.

Monitoring for
radioactive
contamination during
removal of drill string
sections is done. .
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TABLE 4-15 (cont)
SPILL ACCIDENTs CONTROLS

Frequency of Controls Credited in
Failure Dominant Calculating UAF and

Accident lIyr Failures MAFValues
Waste from MAF =4.4E-6 Wash of drill string A water wash of the drill
contaminated drill (not a dome fire) exterior surface is string exterior surface is
string exterior is ineffective before done before rembval of
released above ground. UAF=2.0 removal of drill string. drill string.

Contamination is not Monitoring is done for
detected during removal radioactive
of drill string sections. contamination during

removal of drill string
sections.

4.8.5. Open Sampler Spills (Operation)

The concern is the spill of 0.39 kg of waste from the core sampler. For this to occur,
the rotary ball valve needs to fail with the inadvertent opening of the shielded
receiver valve. The release fraction is estimated as 2.0E-4 (Appendix S), and the
release to the atmosphere would be 0.08 gr. The frequency of this accident is the
same as for the previous accident and is estimated as 8.6E-9/yr (Appendix E).

4.8.6. Spill from Accumulated Waste in Core Barrel

If waste collects inside the core barrel or drill rods, handling could cause a release.
Even though accumulated waste may be discovered by radiological monitoring, this
would only aid workers in preparing to catch the spill that could follow removal.
This release would be a spill. Considering that the length of the core barrel is 1.1 m
(40 in.), and the diameter is 5.08 cm (2 in. Ld.), there could be 3.3 kg (7.3 Ibm) of
waste. The release fraction is recommended as 2.0E-4 (Appendix S). Thus, the
material release would be 0.66 gr.

The frequency of this accident is dominated by failure of the nitrogen hydrostatic
system and failure to detect contamination as indicated in Table 4.15. The frequency
of spills is estimated as 6.2E-7/yr.

4.8.7. Ineffective Decontamination and Drop of Drill String

If decontamination is not effective and cannot be made effective, some spilling of
contamination from the drill rod could be expected. The quantity of material on the
exterior of the drill string can be no more than 0.37 kg assuming a 3-mm waste film
on a drill rod. The frequency of spill is calculated by considering a failure to detect
the contamination and an ineffective wash as indicated in Table 4.15. A spill of the
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maximum quantity of material assumes no provisions to catch and contain the spill
once the failed decontamination system is discovered. For conservatism, the spill
quantity is assumed to be the maximum possible, however. The frequency of the
ineffective decontamination and drop is estimated as 4.4E-6/yr. A release fraction of
2.0E-4 (Appendix S) gives 0.75 gm ofwaste to be released.

4.8.8. Radiation Exposures (Installation, Operation, and Removal)

It is possible for personnel to be exposed to excessive levels of radiation in
association with proposed operations for the FG/RMCS. Several accidents are posed
and discussed below. It is important to remember, however, that the exposure
calculations are performed using the bounding nuclide inventory for all the SSTs
(see Appendix R). Thus, such high exposure levels are not expected in any given
SST.

4.8.8.1. Exposures from HEPA filters
Appendix R represents a calculation for possible radiation doses from HEPA filters.
Using the code MicroShield (Appendix R), a filter geometry of 24 in. x 24 in. x 11.5
in. containing Si02 at a density of 0.1 g/crn3, it is found that the exposure at 1 cm
from the surface is 317 mrem/h at the end of 100 minutes of operation. This
exposure may be scaled with units of 100 minutes of time because it is based on an
average mass flow rate. Controls are established to survey the radiation level from
HEPA filter housing each shift during waste-intrusive operations.

4.8.8.2. Radiation Doses from the Shielded Receiver
Appendix R represents the radiation calculation from a full sample when it is in the
SR. The bounding value of exposure calculated is 211 mrem/h at 1 em from the
surface of the receiver. It would be expected that there would be no samples that
would actually produce this value because the samples would contain liquid that
has a lower source strength. In addition, the source strength used here is the
maximum found in any waste sample.

Administrative controls are established to survey radiation levels from the SR per
WHC procedures.

4.8.8.3. Radiation from the X-ray Machine.
The requirements for operating the x-ray machine are explained in the document
entitled "Requirements for Mobile Core Sample X-Ray Systems Number 2,3, and 4"
that the WHC provided.29 Some of the safety requirements for shielding are listed
below (taken from the reference). Radiation Shielding and Safety Requirements
satisfy all the safety requirements dictated in American National Standards Institute
(ANSI) N43.3, 21, CFR Section 1020, Chapter 246-243 WAC.30

The maximum allowable dose rate at any accessible area 5 cm from the outside
surface of the enclosure must not exceed 0.5 mrem/h. This is demonstrated or
measured using calibrated equipment before final acceptance of the system.
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Particular attention is placed on the dose rate at the Kamlock® adapter coupling.
The rest of the safety requirements are available in the above-mentioned document.

4.8.8.4. Excessive Radiation Exposure as a Result of Personnel Being in a Direct
Line of Sight to the Tank Waste (Installation and Removal)

lor mg radiation from inside the tank caused by radioactive waste produces a
nearly constant radiation field when viewed from an open riser. The maximum
radiation field at the throat of an open 4-in. riser has been determined to ~e in excess
of WHC limits for areas not considered to be high in radiation. Controls are
required to ensure that workers do not receive excessive exposure during
installation and removal, during which a direct line of sight to the tank wa,stes is
possible. Because the FG/RMCS essentially fills the riser, there is little chance for
workers to be exposed to a direct line of sight during operation. Only through the
failure of workers to follow procedures limiting the exposure or through improper
development of work plans can workers be exposed to excessive levels of waste on
the FG/RMCS if the decontamination system is not effective. This issue is discussed
in the next section.

4.8.8.5.Excessive Personnel Radiation Exposure during FGIRMCS Decontamination
The FG/RMCS may be contaminated by tank waste during removal or operation
phases. The amount of waste on the FG /RMCS can increase the radiation caused by
tank shine. Workers are required to aid in the assessment of decontamination
effectiveness during removal actions. Therefore, workers could be exposed to the
combined fields of tank waste on the drill string and tank shine.

A hand-held radiation monitor is used by radiological health technicians to ensure
that radiation levels are acceptable for unrestricted work. Protective equipment and
other work limitations (such as work duration) are specified by tank radiological and
industrial health authorities, according to established procedures. All open-riser
work requires respiratory protection, as indicated in Section 6 of this SA.

The likelihood that workers could be exposed to this high level of radiation depends
on whether the decontamination system and handling procedures are effective.
WHC has experience with other similar activities,31,32 and what can be expected for
the FG/RMCS should not result in increased personnel risk. In general, the water
decontamination method is successful in removing hazardous levels of waste from
the exterior surfaces of components, particularly if the components are designed to
facilitate decontamination, as in the FG/RMCS.

In summary, workers could be exposed to high levels of radiation; however, this is a
very unlikely occurrence because the controls are strictly enforced and monitored,
and workers are highly trained in both radiation protection techniques and the types
of exposure possible at the tank farm.
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4.9. EXTERNAL EVENTS

In this section, the accidents associated with external events are evaluated. It is
concluded that the risk associated with lightning, wind, fire, earthquake, tornado,
flood, volcanoes, and dust devils· are acceptable as long as the activities are
performed in accordance with the available administrative controls. Before and
periodically during FG/RMCS operations, at the discretion of the person in charge
(PIC), external event status must be verified with meteorological stations or
appropriate authorities. WHC is required to identify an acceptable metearological
station and acceptable verification authority.

4.9.1. Lightning

The Hanford Site is not a major thunderstorm area. On average, only
-10 thunderstorm days per year are recorded at the Hanford Site, although this
number has varied from a low of 3 to a high of 23 thunderstorm days per year.
Thunderstorms theoretically can occur during any month of the year; however, they
occur most frequently from April through September. The largest number of
thunderstorm days recorded in a single month is eight, a number of days that has
occurred in both June and August. Large differences in electric potential can occur
during thunderstorms, which in tum can lead to lightning strikes. In general, -20%
of lightning strikes are cloud-to-ground/ground-to-cloud discharges. Lightning
strikes in the summer occasionally have ignited range fires in the Hanford Site
region.

A lightning strike could initiate a hydrogen bum during FG/RMCS operations.
Lightning is a generic source for all the fire accident categories analyzed in this
section. Lightning strikes are discussed in this section only, and this section will be
referred to when discussing the same issue in other parts of Section 4.

Lightning hazards have been extensively treated by Cowley.33 For background and
detailed treatment, the reader is referred to this reference. Relevant features of that
analysis that are pertinent to the FG/RMCS operations are discussed below.

• Lightning strikes at Hanford have a frequency of 1 per km2/yr.

• A rough rule of thumb is that a grounded vertical rod attracts any
lightning that would have struck the ground in a circle around the rod
with a radius equal to the height of the rod.

Conclusions from the analysis are

• Where the object struck is not directly attached to a tank riser, the
lightning could not be an ignition source for flammable-gas mixtures in
the tank.
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• Strikes to control panels/enclosures, power lines, backup supplies,
structures, and ventilation systems result in accident situations that are
insignificant, covered by interim operational safety requirements, or
analyzed in the interim safety basis (ISB).

Dmman says that the structure of an SST, the large quantity of rebar in the concrete,
and the fact that the tank is buried gives an SST some of the properties of a Faraday
cage. However, the lack of a complete steel inner liner makes the SST l~s effective
than a double-shell tank (DST) as a Faraday cage. Construction drawings. do not
indicate that any effort was made during construction to make electrical connections
between the risers on the SSTs and the rebar in the concrete. Therefore, there are
electrically noncontinuous paths through the tank that can result in arcing. The
paths are as follows:

•

•

•

•

Arcing between inadequately bonded equipment extending through risers
and the risers.

Arcing between the riser or equipment and the rebar in the concrete
dome.

Arcing between an equipment item and the waste surface.

Arcing at bolted flanges.

• Ohmic heating of the waste by conduction of a current into the waste by
an equipment item such as a thermocouple (TC) tree.

In his report, Cowley assumes that any lightning strike on a riser or riser-mounted
equipment will have enough energy to ignite a flammable mixture. To minimize
the probability of a lightning strike, all FG/RMCS equipment (including the drill
string) must be bonded to the riser or inserted into the tank, and must be grounded,
using existing or an alternate grounding methods consistent with the principals
outlined in Cowley's report (Ref. 33). WHC has developed and implemented
appropriate grounding/bonding procedures. Equipment not attached to the riser or
inserted into the tank must be grounded following adequate WHC grounding and
bonding controls consistent with the NFPA requirements.

Lightning could strike the exhauster or any other auxiliary system or drill truck
during a thunderstorm. This cannot be prevented. Therefore, no FG/RMCS waste
intrusive activities can proceed during thunderstorms, or when thunderstorm
activity or lightning strikes are reported or predicted within a 50-mile radius. This
reduces the likelihood that drilling would cause flammable-gas conditions in the
dome when there is a high probability of a lightning strike. The drill string could be
left in the riser for different reasons. When it needs to be left in the riser, and the
truck is not manned, the drill string needs to comply with the grounding
requirements developed by WHC.
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Grounding systems and bonding need to be verified as being adequate before
initiation of operations. If the strike occurs, a fire is assumed to result.
Assumptions and event trees in estimating the frequency of fire accidents caused by
lightning are given in Appendix E.

The low probability of a lightning strike during a GRE and during FG/RMCS
operations combine to make a lightning-induced burn frequency beyond extremely
unlikely.

4.9.2. Wind

At the Hanford Site, the severe-weather phenomenon that occurs most frequently
and has the greatest impact is dust storms (Ref. 34). The maximum recorded peak
gust at 15.24 m (50 ft) above the ground was 35.8 m/s (80 mi/h), which occurred in
January 1972. A 100-yr return period peak gust of 38.4 m/s (86 mi/h) has been
calculated at the 15.24-m (50-ft) elevation.

Procedures governing FG/RMCS operations constrain operations to be performed
only when the sustained wind velocity is less than 11.1 m/s (25 mi/h). This limit
reduces the risk of wind-caused accidents.

4.9.3. Fire

The tank farm area has been subject to range fires in the past. Procedures governing
FG/RMCS operations involving installation, operation, and removal prevents
operations if a range fire is within 8.0 km (5 mi) of the tank being sampled. The
FG/RMCS operation may be terminated very quickly once a fire is detected within
an 8-km (5-mi) radius. In addition, procedures require limitations on flammable
material in the vicinity of the tank, and fire extinguishers need be on hand before
beginning installation or removal operations.

4.9.4. Earthquake

An earthquake occurring during FG/RMCS installation and removal operations
does not change the risk assessed in this SA significantly because the operation
period of FG/RMCS is short. The low probability of a large earthquake occurring
during FG/RMCS installation, operation, and removal operations is acceptable risk,
and accidents that could result as a consequence of this initiator are not considered
in this report.

The design-basis earthquake has a return period of 7500 yr (frequency> 1 x l(}"4/yr).
SSTs are designed to withstand a O.2-g zero-period acceleration (ZPA), but there is a
high probability that a stronger earthquake with a magnitude exceeding 0.2 g may
produce structural failure of the dome.
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4.9.5. Tornado

Tornadoes are very rare in the vicinity of the Pasco Basin and, on average, the state
of Washington experiences just over one tornado each year. Reference 35, "Design
and Evaluation Guidelines for Department of Energy Facilities Subjected to Natural
Phenomena Hazards"36 are used for natural phenomena loadings for nonreactor
facilities. This document states that tornadoes are not considered a viable threat or
hazard at the Hanford Site and are eliminated as an external initi~ng even'...
Nevertheless, in Section 6 of the SA, a control restricts FG/RMCS activities when
tornado activity has been predicted within the next 8 hours within a 50 mile radius.

4.9.6. Flood and High Rainfall

Reference 36 describes probable maximum flooding of the 200-West Area-streams,
ri'~rs, surge and seiche flooding, flooding from ice dams, tsunamis, and flooding
from dam failures. The worst-case flood was found to be caused by a hypothetical
catastrophic failure of the Grand Coulee Dam. In this case, it was concluded that the
floodwaters (elevation -140.2 m (460 ft) would be well below the elevation of the
200-West Area [elevation -213.4 m (700 ft)]. Thus, flooding was eliminated as an
external initiating event. In the case of excessive rainfall, the operations are
required to be stopped. Necessary controls are established in Section 6.

4.9.7. Volcanism

Volcanic hazards of the 200-West Area were examined in Ref. 36. In this report, it is
stated that there is no evidence of lava flows, ash flows, or mudflows from Cascade
Range volcanoes haVing reached the Pasco Basin during the Quaternary period.
The nearest Cascade Range volcano is more than 96.5 km (60 mi) from the Hanford
Site. With the exception of mudflows and airborne ejecta, most eruption products
remain within 48.3 km (30 mi) of Cascade volcanoes. At increasing distances from
the eruptive vent, flows of lava, debris, and mud tend to become more confined to
existing drainage channels. Because no streams flow directly from the Cascade
Range volcanoes to the Hanford Site, this type of volcanic product is not considered
likely at Hanford.

A volcanic ashfall event is considered to be a potential natural phenomenon
occurrence at the Hanford Site. The design criterion for ashfall loading on Hanford
Safety Class I (SC I) structures, systems, and components is an uncompacted ashfall
of 11.4 em (4.5 in.). This ashfall should cause no undue additional loadings on
critical structures.

The low probability of a volcanic event, combined with the minor consequences of
an ashfall, are not considered to pose a significant hazard to the proposed
operations. The installation and removal procedures contains a requirement to
suspend operations in the event of volcanic activity that could lead to an ashfall.
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4.9.8. Dust Devils

A dust devil is a localized wind pattern that moves in a circular motion which
spawns and decays quickly and travels at relatively low velocities. Dust devils occur
frequently in the Hanford Site areas during the daytime in the summer months.
Wind speeds are believed to be in the low tens of miles per hour. The major
concerns related to dust devils entering the site are (1) the effects on lifting the
equipment, (2) the control of contaminants during installation and removal, and (3)
the effect on personnel around an open riser from contaminant dispe~al. It is
difficult to predict the effect of a dust devil moving over the open riser because the
dust devil wind speeds are unknown and because of the variety of operations being
performed. To prevent adverse effects from dust devils, FG/RMCS activities must
be suspended at the discretion of the PIC when there is observable dust devil
activity.
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remain within 48.3 km (30 mi) of Cascade volcanoes. At increasing distances from
the eruptive vent, flows of lava, debris, and mud tend to become more confined to
existing drainage channels. Because no streams flow directly from the Cascade
Range volcanoes to the Hanford Site, this type of volcanic product is not considered
likely at Hanford.

A volcanic ashfall event is considered to be a potential natural phenomenon
occurrence at the Hanford Site. The design criterion for ashfall loading on Hanford
Safety Class I (SC I) structures, systems, and components is an uncompact~ ashfall
of 11.4 cm (4.5 in.). This ashfall should cause no undue additional loadings on
critical structures.

The low probability of a volcanic event, combined with the minor consequences of
an ashfall, are not considered to pose a significant hazard to the proposed
operations. The installation and removal procedures contains a requirement to
suspend operations in the event of volcanic activity that could lead to an ashfall.

4.9.8. Dust Devils

A dust devil is a localized wind pattern that moves in a circular motion which
spawns and decays quickly and travels at relatively low velocities. Dust devils occur
frequently in the Hanford Site areas during the daytime in the summer months.
Wind speeds are believed to be in the low tens of miles per hour. The major
concerns related to dust devils entering the site are (1) the effects on lifting the
equipment, (2) the control of contaminants during installation and removal, and (3)
the effect on personnel around an open riser from contaminant dispersal. It is
difficult to predict the effect of a dust devil moving over the open riser because the
dust devil wind speeds are unknown and because of the variety of operations being
performed. To prevent adverse effects from dust devils, FG/RMCS activities must
be suspended at the discretion of the PIC when there is observable dust devil
activity.
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5.0. CONSEQUENCES OF ACCIDENTS

In this section, the consequences of accidents are discussed for the installation,
operation, and removal of rotary-mode core sampling (RMCS) equipment in single
shell tanks (SSTs) on the Flammable Gas Tanks (FG tanks) or those tanks
recommended by the contractor to be included on the FG tanks, hence referred to as
FG/RMCS operations. Section 5.1 presents the Risk Guidelines (RGs). Section 5.2
contains a summary of bounding accidents identified in Section 4. In Sections 5.3
through 5.5 the bounding consequences of different accidents are quantified. The
consequences are then compared with the RGs in Section 5.6.

Long-term radiological and toxicological consequences of material releases into the
soil are not quantified in this safety assessment (SA). Accidents that may lead to a
containment breach and to a release of material into the soil are identified and
discussed in Section 4. The mitigative features of such accidents also are included in
the discussion provided in Section 4. Environmental risk associated with the rotary
mode core sampling operations in flammable tanks (FG/RMCS) is not further
discussed in this section.

5.1. RISK GUIDEUNES

This section defines the RGs used for comparing the consequences of the accidents
analyzed in this SA. These criteria are divided into two major areas: radiological
committed effective dose equivalent (CEDE) and toxic material exposure.

5.1.1. Radiological Risk Criteria

The RGs used in this SA for radiological consequences are obtained from Ref. 1.
Reference 1 requires that the radiological RGs contained in Revision 3 of Ref. 2 be
used. Revision 4 of Ref. 2 recommends a less conservative set of radiological RGs.
The more conservative set proposed in Ref. 1 and in Revision 3 of Ref. 2 were used.

To use the RGs, a frequency and consequence for the particular accident must be
analyzed. The best estimates of the frequencies are given in Section 4, and the basis
of the frequencies is discussed in Appendixes D, E and L. The present analysis was
performed using conservative modeling assumptions, and the conservative
consequences have been judged using best estimates for the frequencies. Ref. 1
provides the frequency-dependent, radiological dose limits shown in Table 5-1a.
Also, Ref. 1 specifies that if a specific single-point frequency is used, the guidelines
are to be applied as curves. However, if a qualitative frequency ranking is used, the
corresponding consequence limit (in rem) must be used equal to the lowest value
for that frequency range.

The less restrictive alternative guidelines contained in Ref. 2 are shown in
Table 5-1b for comparison purposes. Note that the guidelines in Ref. 2 are to be
applied as a step-function.
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5.1.2. Toxicological Risk Guidelines

Toxicological acceptance criteria have been developed from the guidelines presented
in Ref. 2. In the referenced material, the onsite and offsite concentration limits are
given in terms of Emergency Response Planning Guidelines (ERPGs) and
Permissible Exposure Limit-Time-Weighted Average (PEL-TWA). The
toxicological RGs are summarized in Table 5-2.

ERPG-1 is the maximum airborne concentration below which it is believed that
nearly all individuals could be exposed for up to 1 h without experiencing anything
other than mild transient adverse health effects or perceiving a clearly defined
objectionable odor.

ERPG-2 is the maximum airborne concentration below which it is believed that
nearly all individuals could be exposed for up to 1 h without experiencing or
developing irreversible or other serious health effects or symptoms that could
impair an individual's ability to take protective action.

TABLE 5-1A
RADIOLOGICAL RISK GUIDELINES (REF. 1, WHC-CM-4-46, REV. 3)

Frequency Frequency Range On-siteCEDE Off-site CEDE

Category (yr1) (rerns) (rems)

Anticipated 10-1 to 10-2 1 t05 NA

Anticipated 1 to 10-2 NA 0.01 to 0.5

Unlikely 10-2 to 10-4 5 to 25 0.5 t04

Extremely Unlikely 10-4 to 10-6 25 to 100 4 to 25
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TABLE 5-1B
RADIOLOGICAL RISK GUIDELINES (REF. 2, WHC-CM-4-46, REV. 4)

Frequency Frequency Range On-site EDE It Off-siteEDE

Category (yl"'l) (rerns) (rerns)

Anticipateda 1.0 to 10-2. 5 0.5
"-

Unlikely 10-2 to 10-4 25 5

Extremely Unlikely 10-4 to 10-6 100 25

* EDE: effective dose equIvalent

TABLE 5-2
TOXICOLOGICAL RISK GUIDELINES

Frequency Frequency Range On-site Off-site

Category (yl"'l) Limit Limit

Anticipated 1 to 10-2 S ERPG-1 PEL-TWA

Unlikely 10-2 to 10-4 S ERPG-2 S ERPG-l

Extremely Unlikely 10-4 to 10-6 S ERPG-3 S ERPG-2

ERPG-3 is the maximum airborne concentration below which it is believed that
nearly all individuals could be exposed for up to 1 h without experiencing or
developing life-threatening effects.

When specific values for PEL-TWA and ERPGs are not available, alternative
concentration guidelines also are included in Ref. 2.

Based on Ref. 2, these guidelines are applied using a step-function within the
specified frequency range. In this SA, the following RGs are used:

Ammonia:

Nitrous Oxide:

Ammonia (NH3) is a corrosive or irritant and it is known to
exist in large quantities in the waste gas.

Nitrous oxide (N20) is a central nervous system depressant, and
it is known to exist in large quantities in the waste gas.
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Waste Material: The human reception of solid/liquid waste material results. n
systemic toxicity and corrosive effects. Various accidents
analyzed in this SA (unfilr':"ed releases, burns, spills, etc.) result
in a wide range of waste dease quantities. Note that all the
releases that· result in r ..diological consequences also yield
toxicological consequences as a result of an exposure to the same
material.

The results of the vapor space sampling program were reviewed.3 Majcn:- toxic ga~ ,
that are found in the dome space of the presently defined flammable-gas tanks c..
ammonia and nitrous oxide. Other gases are found in trace quantities and do not
pose a concern. However, it was recognized that the data contained in Ref. 3 are
1jmited, and all tanks of interest are not covered. Consequently, the toxic gas
evaluation was made a checklist item (Section 7). Thus, it is required that the
potential for toxic gases other than ammonia and nitrous oxide must be 1:'

,,~valuated before FG/RMCS operations may be initiated in a specific tank.

Also, combustion products were not considered in this SA. Major combustion
products that must be considered for their toxic effects are nitrogen oxides (NOx). As
discussed in Ref. 4, large quantities of NOx may be produced if a large volume of
waste gases is burned. However, such a large burn in the single-shell tanks (SSTs)
also result in releases of large quantities of waste material (see the dome collapse
accidents). Under these circumstances, the contribution of the NOx releases to the
total toxic consequences of a burn is very small and well within the uncertainties of
the toxicological consequence calculations.

Table 5-3 provides the PEL and ERPG values for the toxic gases considered in this
SA. To determine the acceptance limits for liquid/solid waste material,
Westinghouse Hanford Comp~ny (WHC) uses different types of composite waste for
different tank grouping.s The risk associated with waste releases is divided into
three categories: particulate, toxic effects and corrosive effects. The chemical species
in the composite waste is divided into toxic and corrosive bins. Within each bin,
the allowable releases are computed using the "sum of the fractions" methodology.
The minimum among the three categories (particulate, toxic, corrosive) is chosen in
each frequency range. For further details of the methodology used in determining
the maximum acceptable waste releases, the readers are referred to Ref. 5. The
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TABLE 5-3
ESTABLISHED RISK GUIDELINES FOR SPECIFIC GASES

Species PEL·TWA ERPG·1 ERPG·2 ERPG·3

N H 3 17 mg/m3 17 mg/m3 140 mg/rn3 680 mg/m3

(25 ppm) (25 ppm) (200 ppm) (1000 ppm)
"-

N20 90 mg/m3 270 mg/m3 18,000 mglm3 36,000 mg/m3

(50 ppm) (150 ppm) (10,000 ppm) (20,000 ppm)

TABLE 5-4
MAXIMUM ACCEPTABLE WASTE MATERIAL RELEASES5

SST LIQUID RELEASES

ONSlTE OFFSITE

Freq. Puff Continuous Puff Continuous
(LIs) (LIs)

(yr·1) (L) (L)

10-2 -1 3.57 x 10-4 1.04 x 10-4 7.69 x 10+1 1.85 x 10-1

10-2 ·10-4 4.55 x 10-3 1.33 x 10-3 7.69 x 10+1 1.85 x 10-1

10-4 ·10-6 1.75 x 10-2 5.00 x 10-3 1.01 x 10+3 2.38 x 10+0

SST SOLID RELEASES

10-2 -1 9.09 x 10-5 2.56 x 10-5 6.67 x 10+0 1.59 x 10-2

10-2 -10-4 1.67 x 10-4 5.00 x 10-5 1.92 x 10+1 4.55 x 10-2

10-4 -10-6 3.45 x 10-3 1.02 x 10-3 3.70 x 10+1 9;09 x 10-2
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resulting maximum acceptable releases for SST liquid and solid releases are shown
in Table 5-4. Note that the values reported in Table 5-4 represent the release
quantities at the source because the atmospheric dispersion coefficients already ilre
accounted for in deriving these magnitudes.

5.2. ACCIDENT CONSEQUENCES

The accidents for the FG/RM:CS operations identified in Section 3 are analyzed In
Section 4. The radiological and toxicological consequences of these accidents are
analyzed in this section. Not all the accidents have unique consequences; the
bounding consequences for all the burn accidents are analyzed as a dome collapse.
Section 4.4 discusses that the waste burn resulting in a dome collapse is highlv
unlikely given the controls introduced by this SA. Consequences of a local waste
burn are not currently analyzed and assumed to be bounded by a dome collapse.
Table 5-5 summarizes how the accidents analyzed in Section 4 are mapped into the
consequence analysis contained in this section.

Accidents resulting in environmental contamination are identified in Section 4.
However, long-term radiological and toxicological consequences of environmental
contamination are not analyzed in this SA.

In Section 5.6. all the consequences are summarized and graphically compared with
the RGs.

5.3. CONSEQUENCES OF DOME COLLAPSE ACCDENTS

In SSTs, burn accidents result in unacceptable consequences because even a small
pressurization in the dome may result in dome failure potentially followed by a
catastrophic collapse. Because of large radiological and toxicological consequences
(especially onsite) of a dome collapse accident, one must demonstrate that such
accidents have a frequency of less than lO-6/yr. However, burn accidents are not the
only accidents that may result in dome failure.

The design basis earthquake (DBE) has a return period of 7500 yr (frequency >
1 x 10-4/yr). SSTs are designed to withstand a 0.20-g zero-period acceleration (ZPA).
Because they are independent of the RM:CS activities, structural consequences of
seismic events are not analyzed in this SA.

The frequency of the dome collapse as a result of dome space deflagration is obtained
by summing the frequency of the first 3 accident categories shown in Table 5-5. Thus,
the unmitigated accident frequency for the dome collapse during FG/RM:CS
operations is> 1.0E-4/yr/tank.

Taking credit of the controls discussed in Section 4 and listed in Section 6, the
frequency of the dome collapse accident (denoted as mitigated frequency) is lowered
to less than 2.5 E-7I yrI tank.
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TABLE 5-5
SUMMARY OF CONSEQUENCE ANALYSIS

Accident Bounding Radiological Toxicological
Consequences Consequences

Category Consequence Frequency

Above Grourd Dome Collapse MAF == 2.4E-{)7 Sec. 5.3.1 Sec. 5.3.2
Fires (Sec. 4.1)

(Sec. 5.3) UAF = 1.8E-04

Dome Fires Dome Collapse MAF == 4.8E-1O Sec. 5.3.1 Sec. 5.3.2

(Sec. 4.2) (Sec. 5.3) UAF = 2.8E-07

Drill String Fires Dome Collapse MAF == 1.3E-8 Sec. 5.3.1 Sec. 5.3.2

(Sec. 4.3) (Sec. 5.3) UAF = 6.6E-4

Waste Fires Dome Collapse MAF < 1.0E-06 Sec. 5.3.1 Sec. 5.3.2

(Sec. 4.4) (Sec. 5.3) UAF -3.7

Chemical Environmental NA NA NA
Reactions Contamination

(Sec. 4.5)

Containment Environmental NA NA NA
Breach Contamination

(Sec. 4.6)

GRE(nobum) Toxic Gas Release Qualitative Sec. 5.4.1.2 Sec. 5.4.1.1

(Sec. 4.7) (Sec. 5.4.1)

Unfiltered Qualitative Sec. 5.4.2.1 Sec. 5.4.3
Material Release

(Sec. 5.4.2)

Spills, etc HEPA MAF= 1.6E-5 Sec. 5.5.1 Sec. 5.5.2

(Sec. 4.8). Blowout (Sec. 55) UAF = 1.6E-5

Sampler MAF= 8.6E-9 Sec. 5.5.1 Sec. 5.5.2

Drop (Sec. 55) UAF= 2.9E-6
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TABLE 5-5 (cont)
SUMMARY OF CONSEQUENCE ANALYSIS

MAF =Mitigated accident frequency

UAF = Unmitigated accident frequency
HEPA= High-efficiency particulate air (filter)

Core barrel drop MAF =6.2E-7 Sec. 5.5.1 Sec. 5.5.2

(Sec. 5.5) UAF = 2.0

Drill String Drop MAF =4.4E-6 Sec. 5.5.1 sec. 5.5.2

(Sec. 5.5) UAF = 2.0

External Events Seismic Induced 1.0E-04 Sec. 5.3.1 Sec. 5.3.2
Dome Collapse

(sec. 4.9)
(Sec. 5.3)

..

The material releases as a result of dome collapse are discussed in Appendix I. Based
on the calculations provided in Appendix I, the conservative amount of prompt
respirable material release during a dome collapse in an SST is obtained as 62.5 L.
The long-term respirable release from the crater left after the dome collapse is
obtained as 12.5 L/wk.

5.3.1. Radiological Consequences

Appendix R provides the on-site and off-site receptor doses for a 1 L release for solid
and liquid waste. Because the surface of the SST waste may be quite dry and the
solid waste may result in larger doses than the liquid waste, it is assumed that all the
short-term and long-term releases correspond to solid waste. Using the unit doses
provided in Appendix R, the on-site and off-site radiological doses are obtained as
shown in Table 5-6. As shown in Table 5-6, the long term doses are much lower
than the prompt doses and are well within the uncertainty of the prompt doses.
Also shown in Table 5-6 are the doses corresponding to RGs. Note that assuming
that a fraction of the release is liquid lowers the doses.

5.3.2. Toxicological Consequences

The toxicological consequences of waste and toxic gas releases are discussed below.

5.3.2.1. Waste Material
For waste material, the release volume of 62.5 L must be compared with the puff
release limits given in Table 5-4. The long term release of 12.5 L/wk (2 x 10-5 Lis)
may be compared to continuous release limits given in Table 5-4. The prompt
release volume (if assumed to be solid waste) exceeds the offsite RGs even for a very
unlikely accident.
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TABLE 5-6
BOUNDING RADIOLOGICAL CONSEQUENCES OF

DOME COLLAPSE ACCIDENT

Receptor Dose (rem)

ONSITE Prompt 17250

Long-Term 1 wk 193 ""-

OFFSITE Prompt 9.3

Long-Term 1 wk 0.1

5.3.2.2. Toxic Gases
The toxic gases of interest (ammonia and nitrous oxide) are flammable. Thus, they
will be totally or partially consumed during the burn event and the consequences of
toxic gas releases during a burn are bounded by the consequences of a gas-release
event (GRE) without a burn (Section 5.4.1.). As discussed previously, the
combustion products are not considered.

5.4. GRE WITHOUT A BURN

A large gas release event that pressurizes the dome space is of concern because of the
potential toxic gas and unfiltered material releases.

5.4.1. Toxic-Gas Releases.

This section considers the release of toxic gases (ammonia and nitrous oxide)
through the open risers, frisbee, and the exhaust and inlet stacks.
As bounding magnitudes, the maximum ammonia fraction in the waste gas is set to
60%, and the maximum nitrous oxide fraction in the waste gas is set to 75%
(Appendix C). Only the toxicological consequences of ammonia are discussed in this
section because if ammonia releases meet the RGs, the nitrous oxide releases also
will meet the RGs. While the maximum nitrous oxide fraction is 125% of the
ammonia fraction, the guidelines for nitrous oxide are always more than twice the
ammonia guidelines for all the accident frequencies (see Table 5-3).

The peak ammonia concentrations in the dome are provided in frequency bins in
Appendix L. In this section, the peak concentration as well as the release rate are
needed. For the purpose of this consequence assessment, the total release volume of
waste gas is obtained by multiplying the peak concentration by the dome volume at
a given frequency bin. The results are shown in Table 5-7. The toxicological
guidelines are given in terms of 1-h average values (Section 5.1.2.). For added
conservatism, the total release is postulated to occur in less than 15 minutes, and the
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average release rate is obtained by dividing the volumes shown in Table 5-7 by 15
minutes. The release to the atmosphere is assumed to occur at this release rate with
the peak ammonia concentration. This simplification is conservative because the
expected gas-release rates are much lower than the magnitudes obtained by this
simple approach (see Appendix L). If the actual release is faster than 15 min. (which
is very unlikely based on the discussion in Appendix L), the proposed approach still
yields the correct time-averaged release rate over a IS-min. period.

The dome peak ammonia and nitrous oxide concentrations then become 1.2%, 6%,
and 12% for the anticipated, very unlikely, and extremely unlikely gas-release
events defined based on frequency ranges and expected gas release amounts and
marked as GRE-l, GRE-2 and GRE-3 in Table 5-7. These three GREs categories will
be used in tables given in the rest of this section. The releases are not expected
during installation because the installation is not a waste-intrusive activity.
However, gas releases could be induced during the operation or removal phase.
Postulated gas releases are listed in Table 5-8. Note that release rates given in
Table 5-8 is based on IS-minute average releases.

The first three accidents may occur during removal when the riser is open for a
period of much less than 8 hours. The conservative 8-hour open riser period
relative to mission time is considered in the frequency determination, resulting in a
gas-release probability of 8/144 = 5.6E-2. The third accident will not be considered
further because the frequency is low. Accidents 4-6 consider gas releases from the
frisbee. The riser sleeve is protected with nitrogen purge. This system prevents any
gas penetration between the riser sleeve and the DS. Thus, the gas release from the
frisbee could occur only if the nitrogen purge fails. Accidents 5 and 6 are beyond
extremely unlikely. Accident scenarios 7 to 9 are gas releases through the drill
string. This accident can occur when the drill string is disconnected from the drill
unit if the seal between the sampler and drill bit fails or if the sampler fails to latch
before drilling. Accidents 8 and 9 are beyond extremely unlikely. The last 6
accidents considered only the GRE from the exhauster and inlet stack during
operations.

TABLE 5-7
ANTIOPATED AND UNLIKELY GAS-RELEASE EVENTS

Event Probability Event Category Q-Prompt Release, Peak NH3 Cone. (%)

(ft3)

~1.0 E-2 GRE-l S1000 1.2

~1.0E-4 GRE-2 ::; 5000 6

~1.0E-6 GRE-3 S 10,000 12
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TABLE 5-8
SUMMARY OF GAS-RELEASE ACCIDENTS

Accident Condition Frequency Gas Concentration & Release

(yr) Rate

I-GRE-I and open riser (removal) UE-3 1.2% NH3 in the dome,

(0.01xS.6E-2x2) 66scfm"

2-GRE-2 and open riser (removal) UE-S 6% NH3 in the dOl{le,

(lE-4xS.6E-2x2) 333 sefm"

3-GRE-3 and open riser (removal) l.1E-7 12% NH3 in the dome,

(lE-6xS.6E-2x2) 666sefm"
Beyond extremely
unlikely

4-GRE-1 and open frisbee (operation) (nitrogen 3.2E-6 1.2% NH3 in the dome,
purge to riser sleeve fails) (2xO.01 x1.6E-4) 66scfm"

5-GRE-2 and open frisbee (operation) (nitrogen 3.2E-& 6% NH3 in the dome,
purge to riser sleeve fails) (2xl.OE-4x1.6E-4) 333 sefm"

beyond extremely
unlikely event

6-GRE-3 and open frisbee (operation) (nitrogen 3.2E-1O 12% NH3 in the dome,
purge to riser sleeve fails) (2xl.OE-6x1.6E-4) 666sefm"

beyond extremely
unlikely event

7-GRE-1 and drill string open at the top with 2.6E-5 1.2% NH3 in the dome,
sampler in the drill string (2xO.01x1.3E-3) 66scfm"

8-GRE-2 and drill string open at the top with 2.0E-7 6% NH3 in the dome,
sampler in the drill string (2x1.0E-4x1.3E-3) 333sefm"

beyond extremely
unlikely event

9-GRE-2 and drill string open at the top with 2.0E-9 12% NH3 in the dome,
sampler in the drill string (2x1.0E-6x1.3E-3) 666sefm"

beyond extremely
unlikely event

IO-GRE-1 from exhaust and inlet stack 0.02 1.2% NH3 in the dome,
(operation) (2xO.01) 66scfm"
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TABLE 5-8 (cont)
GAS-RELEASE ACCIDENTS

Accident Condition Frequency Gas Concentration &c Release

(yr) Rate

ll-GRE-2 from exhaust and inlet stack 2.0E-4 6% NH) in the dome,
(operation) (2xl.OE-4) 333 scfrn" '"
12-GRE-3 from exhaust and inlet stack 2.0E-6 12% NH) in the dome,
(operation) (2x1.0E-6) 666 scfrn"

13-Continuous releases from exhauster after an 0.02 1.2% NH) in the dome,
GRE-l (2xO.01) 250 sefm-

14-Continuous releases from exhauster after an 2.0E-4 6% NH) in the dome,
GRE-2 (2xl.OE-4) 250 sefm-

IS-eontinuous releases from exhauster after an 2.0£-6 12% NH) in the dome,
GRE-3 (2xl.0E-6) 250 sefm-

.. Averaged over IS-nunute pertod

... Maximum exhauster flow rate

5.4.1.1. Toxicological Consequences
The toxic-gas concentrations at the on-site and off-site receptor locations are
calculated using Eq. (K-2) given in Appendix K. Atmospheric dispersion factors k
ground and stack releases are summarized in Table K-3 of Appendix K. Table 5-9
gives the calculated on-site and off-site ammonia concentrations for ground and
stack releases. Numbers given in parentheses are acceptable concentrations for
ammonia.

In the first nine accidents given in Table 5.8, the GREs are treated as ground releases
because they involve an opening at the top of the tank. Note that there are still inlet
and exhaust stacks where approximately 2/3 of the release occurs. It is clear from
Table 5-9 that the on-site RGs are not exceeded (accidents 1, 2, 4, 7 in Table 5.9) for
accidents involving ground releases.

Accidents 10 to 15 do not involve ground releases. For these accidents, the results of
both ground or stack releases are given in Table 5.9. Accidents 11, 12, 13, and 14
result in exceeding RGs if they were considered as ground releases. However, the
exhauster has a 15-ft height stack with a 4-in. internal diameter. This SA requires
the use of an inlet stack with the same exit diameter and height as the exhaust stack.
For gas releases of 66, 330, and 250 scfm, the velocity of released gas in these stacks
become 3.8 mIs, 19.2 mIs, and 7.3 mIs, respectively. With these velocities and the
consideration of the height of the stacks, the plume effective emission height
increases as a result of momentum effects. Dispersion coefficients for these
conditions are smaller than those given for ground releases, as shown in Appendix
K. Consideration of the stack height reduces the on-site concentrations 6 to 7 times.
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TABLE 5-9
AMMONIA CONCENTRAnONS AT ON-SITE AND OFF-SITE RECEPTORS FOR

GROUND AND STACK RELEASES FOR ALL GAS RELEASE ACCIDENTS

Ground Release Stack Release

Accident Freq. Onsite Offsite Onsite Offsite

(l/yr) (ppm) (ppm) (ppm) ,",ppm)

I-GRE-l and open riser (removal), 1.2% l.1E-3 13 0.01 NA NA
NH],66 sdm

(200) (25)

2-GRE-2 and open riser (removal), 6% l.1E-5 324 0.18 NA NA
NH], 633 sefm

(1000) (200)

4-GRE-l and open frisbee (operation) 3.2E-6 13 0.01 NA NA
(nitrogen purge to riser sleeve fails), 1.2%
NH],66 sefm (1000) (200)

7-GRE-l and drill string open at the top 2.6E-5 13 0.01 NA NA
with sampler in the drill string, 1.2%
NH],66 sefm (1000) (200)

lO-GRE-l from exhaust and inlet stack 0.02 13 0.01 2 0.01
(operation),1.2% NH] , 66 sefm

(25) (25) (25) (25)

ll-GRE-2 from exhaust and inlet stack 2.0E-4 324 0.18 48 0.18
(operation), 6% NH], 333 sefm (200) (25)

(200) (25)

12-GRE-3 from exhaust and inlet stack 2.0E-6 1297 0.72 193 0.72
(operation), 12% NH], 666 sefm (1000) (200)

(1000) (200)

13-Continuous releases from exhauster 0.02 49 0.03 7 0.03
after a GRE-l, 1.2% NHJ , 250 sefm

(25) (25) (25) (25)

14-<:Ontinuous releases from exhauster 2.0E-4 244 0.13 36 0.13

after an GRE-2, 6% NHJ , 250 sefm
(200) (25) (200) (25)

15-eontinuous releases from exhauster 2.0E-6 487 0.27 72 0.27

after an GRE-3, 12% NH], 250 sefm
(1000) (200) (1000) (200)
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To be conservative, credit is taken only for the height of the stack. A point source at
a IS-ft height is considered. With this assumption, the ammonia concentrations at
the on-site and off-site receptor locations meet the RGs as shown in Table 5-9. The
consideration of the velocity and diameter of the stack further decreases ammonia
concentrations. Furthermore, the flammable-gas monitors will alarm at
(,')ncentrations much lower than those postulated in these conservative estimates,

'providing adequate time for workers and nearby individuals to take protective
measures. Response procedures for a GRE must be developed, assuming that the
release contains a large fraction of ammonia (flammable-gas monilors cannot
differentiate between hydrogen and ammonia).

5.4.1.2. Radiological Consequences
The radiological consequences of gas release is a concern when the riser is open. If

release is through HEPA filters, there is no particulate release. Open riser
particulate releases are discussed in the next section.

5,4.2. Unfiltered Material Releases

This section discusses the unfiltered waste releases associated with the GREs.
Releases from spill accidents are considered in the next section. Unfiltered releases
can occur during operation and removal. During installation, a GRE is not expected;
thus, only the operation and removal phases involve unfiltered material releases.
Accidents for unfiltered releases are listed in Table 5-10. Release amounts are
determined in Appendix M.

Appendix M gives the release amounts for unfiltered releases through an open
riser. The waste releases from the open riser become 12 g, 60 g, and 120 g for gas
release amounts of 1000, 5000, and 10,000 ff, respectively. Accidents 1 and 2 in Table
5-8 are considered for unfiltered releases through the open riser. The third accident
given in Table 5.8 is beyond extremely unlikely. In the fourth scenario, it is
conservatively assumed that waste material is released from an opening between
the frisbee and the drill string if the nitrogen purge fails, the frisbee fails and a GRE
occurs. Credit was not taken for the failure of the frisbee. The frequency includes
the failure probability of a nitrogen purge while drilling. Accidents 5 and 6 are not
considered for unfiltered releases because they are beyond extremely unlikely
events. The seventh scenario addresses a release through· the drill string with a
failed chevron seal. It is assumed that the internal surfaces of the drill string are
contaminated. If there is a O.5-mm layer inside the surface of the drill string with a
maximum length of 395 in., the total waste could be estimated as 1280 g. Assuming
a 10% release fraction (because velocities could be high in the drill string), a release
amount of 128 g for both anticipated and unlikely GREs can be estimated. Accidents
8 and 9 (Table 5.8) are not considered for unfiltered releases because they are beyond
extremely unlikely events. Accidents 10 to 12 given in Table 5.8 do not involve
t1filtered releases because they are through HEPA filters. The last scenario
itivolves releases through the exhauster if the HEPA filters fail. The frequency of
this accident is 1.6E-5/yr and it is same for anticipated or unlikely GREs. The
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TABLE 5-10
UNFILTERED WASTE RELEASE ACCIDENTS

Accident Freq. Release Type

(l/yr)

GRE-l and open riser (removal) (1). 1.1E-3 12 g material release

'--

GRE-2 and open riser (removal) (2) 1.1E-5 60 g material release

GRE-l and open frisbee (operation) (nitrogen 3.2E-6 12 g material release
purge to riser sleeve fails) (4)

GRE-l and drill string open at the top wit h 2.6E-5 128 g material release
sampler in the drill string (7)

CiJntinuous releases from exhauster after a 1.6E-5 O.08g/s
HEPA filter fails (NA)

.. Numbers m parentheses correspond to accident numbers In Table 5-8.

maximum flow rate is 250 sdm. Based on a dome loading of 950 g, the solid flow
rate is 0.08 g/s. These accidents cover the cases 13 to 15 of Table 5.8 with the
assumption that the HEPA filter fails.

There is another case in which a GRE during removal with a contaminated drill
string occurs. Failure of the decontamination procedures and the seal or the
sampler latching is assumed. The frequency of this accident is very small because a
contaminated drill string must occur during removal and coincide with a GRE.

A non-GRE unfiltered release occurs if the riser is open and the tank-dome pressure
becomes positive. Ventilation system failure combined with open-tank conditions
has been identified as one of these conditions. Controls are established to help
ensure that this kind of release is minimized. No waste-intrusive activities can be
started if the ventilation system is not working properly. However, the ventilation
system can fail during the periods when the riser is open. In comparison to other
releases driven by GREs, this release is small, and the frequency of this accident is
also small.

The controls derived from these analyses are as follows:

• Existence of a decontamination system operation and the
decontamination of the sleeve and drill string are required when the
radiation level exceeds the allowable limits.

• RMCS operations must be shut down if the dome flammable gas
concentration is above 5000 ppm hydrogen equivalent. Based on currently
available calibration data, this set point gives protection for ammonia
concentrations of -10,000 ppm if the gas is purely ammonia.
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• Risers shall not be opened within four hours after drilling.

• The riser shall be open no more than eight hours.

• Evacuation is necessary if a gas release occurs.

5.4.2.1. Radiological Consequences
Radiological doses at the onsite and offsite receptor locations are sum'marized in
Table 5-11. All the accidents listed in Table 5.11 meet the radiological on-site and off
site RGs.

5.4.3. Toxicological Consequences

The off-site and on-site consequences are measured at the release source. For a GRE
and open riser or a GRE and open frisbee the volume release rates are 8.3E-6 Lis for
an anticipated GRE and 4.2E-5 Lis for a very unlikely GRE. For an unfiltered release
and failed chevron seal, the volume released is 9.0E-5 Lis. HEPA filter failure can
cause a release of 0.08 gls (5E-5 Lis). The waste-release rates are compared with the
RGs in Table 5-12.

Toxic waste release rates are based on 15 minute continuous releases. Acceptable
release rates at the source are obtained from Table 5-1 and are shown in parentheses
in Table 5-12. The consequences meet the on-site and off-site RGs.

TABLE 5-11
RADIAnON DOSES AT ON-SITE AND OFF-SITE RECEPTORS FOR GRE

ACODENTS

Frequency Onsite Offsite

Accident Condition (yr) (rem) (rem)

GRE-1 and open riser (removal), 1.1E-3 2.04 0.001

12 g. (W (10) (2)

GRE-2 and open riser (removal), 60 g. (2) 1.lE-5 10.2 0.006
(49) (10)

GRE-1 and open frisbee (operation) (nitrogen 3.2E-6 2.04 0.001
purge to riser sleeve fails), 12 g. (4) (70) (15)

GRE-1 and drill string open at the top with 2.6E-5 21.8 0.012
sampler in the drill string, 128 g. (7) (38) (10)

Continuous releases from exhauster after a 1.6E-5 12.4 0.007
HEPA filter fails, 0.08 g/s. (NA) (40) (10)

~ Numbers in parentheses correspond to accident numbers m Table 5-8.
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5.5. SPILL ACCIDENTS

Spill accidents are summarized in Table 5-13. The frequencies of the second and
third accidents in Table 5-13 are small, and these accidents are beyond extremely
unlikely events.

5.5.1. Radiological Consequences

The calculated on-site and off-site radiation doses for HEPA filter blowout and waste
spill from drill string accidents are given in Table 5-14 with the acceptable dose
amounts given in parentheses. HEPA filter blowout does not result in exceeding on
site and off-site RGs. On-site and off-site radiological consequences of spill meet the
radiological RGs.

TABLE 5-12
ONSITE AND OFFSITE TOXIC SOLID WASTE RELEASES

Accident Freq. Onsite Offsite

(t/yr)

GRE-I and open riser (removal), 1.1£-3 8.3E~ Lis 8.3E~Lis
12 g. (1)"'

(5E-4 Lis) (4.55E-2 Lis)

GRE-2 and open riser (removal), l.lE·S 4.2E-S Lis 4.2E-S Lis
60 g. (2)

(1.02E-3 Lis) (9.09E-2 Lis)

GRE-I and open frisbee 3.2E-6 8.3E~ Lis 8.3E~Lis
(operation) (nitrogen' purge to
riser sleeve fails), 12 g. (4) (1.02E-3 Lis) (9.09E-2 Lis)

GRE-I and drill string open at 2.6E-S 9E-S Lis 9E-5 Lis
the top with sampler in the
drill string, 128 g. (7) (1.02E-3 Lis) (9.09E-2 Lis)

Continuous releases from 1.6E-5 5E-S Lis 5E-SL/s
exhauster after a HErA filter
fails, 0.08 g/s. (NA) (1.02E-3 Lis) (9.09£-2 Lis)

• Numbers in parentheses correspond to accident numbers In Table 5-8.
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TABLE 5-13
SUMMARY OF SPILL ACCIDENTS

Accident Frequency Release
(l/yr) (g)

Radioactive aerosols are released from 1.6E-5 9
HEPA filter blowout. ""-

Spill results from dropped sampler in 8.6E-9 0.08
shielded receiver. beyond extremely unlikely

Waste from contaminated drill string 6.2E-7 0.66
interior is released above ground. beyond extremely unlikely

Waste from contaminated drill string 4.4E-6 0.75
exterior is released above ground.

5.5.2. Toxicological Consequences

The off-site and on-site consequences are measured at the release source. For the
short term release for HEPA failure the volume released is 5.63E-3 L. A spill from
drill string yields 4.7E-4 L of material. Release amounts and acceptable release
amounts to meet the ERPG values are given in Tables 5.14a. Spill releases meet the
off-site RGs. The on-site RGs are exceeded for HEPA filter blowout accidents.
However, in deriving allowable limits, the atmospheric dispersion coefficients for
ground releases were used.s .

TABLE 5-14
ONSITE AND OFFSITE RADIOLOGICAL DOSES FORSPILLS

Freq. On-site Dose Off-site Dose

Accident (l/yr) (rem) (rem)

Radioactive aerosols are 1.6E-5 1.53 8.3E-4
released from HEPA filter
blowout. (43.4) (2)

Waste from a contaminated 4.4E-6 0.13 7.0E-5
drill string exterior is
released aboveground. (64) (4)
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TABLE 5.14A
ONSITE AND OFFSITE TOXIC SOLID WASTE RELEASES FOR SPILLS

Freq. On-site Off-site

Accident (l/yr)

Radioactive aerosols are released from 1.6E-5 5.63E-3 L 5.63E-3 L
HEPA filter blowout.

(3.45E-3 L) (37 L)

Waste from contaminated drill string 4.4E-6 4.7E-4 L 4.7E-4 L
exterior is released aboveground.

(3.45E-3 L) . (37 L)

HEPA filter blowout would be an elevated release with a factor of 6 reduction in the
dispersion coefficient. Thus, the receptor doses will be 1 x 10-3 L and within the
allowable limits.

5.6. COMPARISON OF THE ACOOENT CONSEQUENCES WITH THE RGS

Section 5.6 presents the comparison of the consequence calculated in Section 5.5 to
the RGs presented in Section 5.1. The comparison is broken into the following
sections,

• Section 5.6.1 - Comparison to on-site and off-site radiological dose.

• Section 5.6.2 - Comparison to on-site and off-site toxic gas releases.

• Section 5.6.3 - Comparison to on-site and off-site toxic waste release.

In order to perform the comparison, the frequency of the accidents on a per-year
basis must be computed. It is assumed in Section 4 that there will be two FG/RMCS
activities per year per tank. The accident frequencies are calculated based on this
assumption. The risk computed is on a per-tank basis and is not a site-wide risk,
where the site-wide risk is defined as the cumulative risk of FG/RMCS operations
over multiple tanks in a given year. The information contained in this SA cannot
be easily converted to a site-wide risk because of the following:

• The SA uses bounding tank parameters for a hypothetical worse-case tank;

• The SA uses 95% meteorology data to compute the consequences;
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Appendix Q discusses this issue in detail. The discussion in Appendix Q
demonstrates that the use of the bounding tank consequences computed in this SA
is not adequate to obtain site-wide risk. This approach is expected to grossly
overestimate the risk.

On the other hand, this SA should not be interpreted as only being applicable to a
single tank in a given year. This SA does not place any restrictions on-.-!he number
of tanks that can be sampled in a given year, and multiple tanks can be sampled
under the present safety basis.

This interpretation is in agreement with the general concept of RGs and the Safety
Assessment approach and does not contradict the guidance provided in Ref. 2.
However, the guidance provided by Ref. 2 on how to combine the risk from
different activities and from different tanks is not very explicit and is subject to
interpretation.

5.6.1. Accidents with Radiological Consequences

All accidents (except the dome collapse accidents and other accidents which are
beyond extremely unlikely events) resulting in radiological consequences are
summarized in Table 5-15. Comparison with the on-site and off-site RGs is shown
in Figs. 5-1 and 5-2. The numbers next to the data points correspond to the accident
numbers given in Table 5.15. As shown in Fig. 5-1 and 5-2, all the conservative doses
fall below the RG using best-estimate frequencies.

5.6.2. Toxic-Gas Releases

All gas-release accidents (except the accidents which are beyond extremely unlikely
events) with toxicological consequences are summarized in Table 5.16. The
computed ammonia concentrations shown in Table 5.16 are plotted in Figs. 5.3 and
5.4 in comparison with the RGs. As shown in these figures, all conservatively
calculated ammonia concentrations at the on-site and off-site rece,ptor locations fall
below the RGs using best-estimate frequencies. This conclusion is valid also for
nitrous oxide releases because the calculated bounding nitrous oxide concentrations
are slightly higher than the ammonia concentrations shown in these figures, but the
RGs for nitrous oxide are much larger.

5.6.3. Toxic Liquid/Solid Releases

All of the accidents (except the dome collapse accidents and other accidents which
are beyond extremely unlikely events) resulting in material release are listed in
Table 5-17. Release rates are given over a 15-minute release period. The first five
accidents are continuous releases, and the last two are puff releases. Table 5-17 lists
the frequency each of accident and the release rates at the release point.
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TABLE 5-15
SUMMARY OF ALL ACCIDENTS RESULTING IN RADIOLOGICAL RELEASES

Frequency Onsite Offsite

Accident Condition (yr) (rem) (rem)

1-GRE-1 and open riser (removal), 12 g. l.1E-3 2.04 O.OCH

"---

2-GRE-2 and open riser (removal), 60 g. l.1E-5 10.2 OJXl6

3-GRE-l and open frisbee (operation) (nitrogen 3.2E-6 2.04 O.OCH
purge to riser sleeve fails), 12 g.

4-GRE-l and drill string open at the top with 2.6E-5 21.8 0.012
sampler in the drill string, 128 g.

5-Continuous releases from exhauster after a 1.6E-5 12.4 0.007
HEPA filter fails, 0.08 g/s.

6-Radioactive aerosols are released from 1.6E-5 1.53 8.3E-4
HEPA filter blowout.

7-Waste from the contaminated drill string 4.4E-6 0.13 7.0E-5
exterior is released aboveground.
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Fig. 5-2. Comparison of calculated radiological doses with the off-site RGs.
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TABLE 5-16
SUMMARY OF GAS-RELEASE ACCIDENTS

Freq. Onsite Offsite

Accident (l/yr) (ppm) (ppm)

I-GRE-land open riser (removal), 1.2% NHJ ,66 1.1E-3 13 0.01

scfm ""-

2-GRE-2 and open riser (removal), 6% NH3 , 633 1.1E-5 324 0.18

scfm

3-GRE-1 and open frisbee (operation) (nitrogen 3.2E-6 13 0.01
purge to riser sleeve fails), 1.2% NH3 , 66 scfm

4-GRE-1 and drill string open at the top with 2.6E-5 13 0.D1
sampler in the drill string, 1.2% NH3 , 66 scfm

5-GRE-1 from exhaust and inlet stack 0.02 2 0.01
(operation),1.2% NH3 , 66 sefm

6-GRE-2 from exhaust and inlet stack 2.0E-4 48 0.18
(operation), 6% NH3 , 333 scfm

7-GRE-3 from exhaust and inlet stack 2.0E-6 193 0.72
(operation), 12% NH3 , 666 sefm

8-Continuous releases from exhauster after a 0.02 7 0.03
GRE-1, 1.2% NHJ, 250 sefm

9-<:Ontinuous releases from exhauster after an 2.0E-4 36 0.13
GRE-2, 6% NH3, 250 sefm

1Q-Continuous releases from exhauster after an 2.0E-6 72 0.27
GRE-3, 12% NHJ, 250 sefm
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Fig. 5-4. Off-site ammonia concentrations for the GRE accidents
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TABLE 5-17
SUMMARY OF TOXIC SOLID WASTE RELEASES

Freq.

Accident <l/yr) On-site Off-site

1-GRE-l and open riser (removal), 12 g. 1.1E-3 8.3E-6 Lis 8.3E-6 Lis

2-GRE-2 and open riser (removal), 60 g. 1.1E-S 4.2E-S Lis 4.2E-S Lis
-

3-GRE-l and open frisbee (operation) (nitrogen 3.2E-6 8.3E-6 Lis 8.3E-6 Lis
purge to riser sleeve fails), 12 g.

4-GRE-1 and drill string open at the top with 2.6E-S 9E-S Lis 9E-S LIs
sampler in the drill string, 128 g.

~ntinuous releases from exhauster after a 1.6E-S SE-S Lis SE-S Lis
HEPA filter fails, 0.08 g/s.

6-Radioactive aerosols are released from HEPA 1.6E-S 5.63E-3 L 5.63E-3 L
filter blowout.

7-Waste from contaminated drill string exterior is 4.4E-6 4.7E-4 L 4.1£-4 L
released aboveground.
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The computed waste-release rates at the source of releases shown in Table
5-17 are plotted in Figs. 5-5 and 5-6 in comparison with the RGs. The RGs in
these figures are given in terms of the release amount or release rate at the
release point. As shown in these figures, all the conservative waste release
rates at the on-site and off-site receptor locations fall below RGs using best
estimate frequencies, except for Accident 6. Accident 6 is the HEPA failure
accident. Total release is estimated as 9 g. The onsite acceptable ~lease

amount is 5.5 g. To minimize a significant particulate accumulation at the
HEPA filters, a radiation survey control is established. The radiation rate is
limited with 100 mrem/h. This rate corresponds to waste amounts much less
than 900 g that is assumed to accumulate in the HEPA filters. This control
was not credited in obtaining the frequency of 1.6E-5. Furthermore, in
deriving allowable limits, the atmospheric dispersion coefficients for ground
releases were used.s A HEPA filter blowout would be an elevated release with
a factor of 6 reduction in the dispersion coefficient. Thus, the receptor doses
will be within the allowable limits.
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Fig. 5-5. Consequence of toxic waste releases at the on-site receptor location.
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6.0. CONTROLS

In this section, the comprehensive list of all credited design features, and procedural
and administrative controls imposed on the installation, operation, and removal of
rotary-mode core sampling (RMCS) equipment in single-shell tanks (SSTs) on the
Flammable Gas Watch List (FGWL) or those tanks recommended by the contractor to be
included on the FGWL, hence referred to as FG/RMCS operations, are described.

6.1. ADMINISTRATIVE CONTROLS

This section provides the controls to be used for all phases of FG/RMCS activities in:
(1) pre-installation and installation activities; (2) drilling and sample retrieval; and (3)
removal and decontamination. The controls have been grouped for each phase of the
FG/RMCS activities for clearer and easier procedures development, and have been
developed based on the results, assumptions, and initial conditions of this SA, in
conjunction with existing WHC controls. Those WHC standard controls important to
the activities have been repeated in this SA for clarity; however, the set of controls listed
in this SA is intended only to supplement the WHC standard controls, not replace them.

Westinghouse Hanford Company (WHC) standard controls include a series of WHC
documents that define the safety envelope for the tank farm, waste transfer activities,
and waste storage activities. The primary document is the WHC Health and Safety
Plan\ although other documents include the Safety Assessment for Push- and Rotary
Mode Core Sampling in Ferrocyanide Tank,2. Safety Analysis for the Push Mode and
Rotary Mode Core Sampling,3 and the Interim Operational Safety Requirements for
Rotary Mode Core Sampling in Flammable Gas Single Shell Tanks.4 During the
development of the procedures for each of the activities, the current operational safety
requirements (OSRs), interim operational Safety requirements (IOSRs), and operational
safety documents (OSDs) must be considered (refer IOSR4 for restart requirement). The
safety envelope established by the analyses shall not be changed unless approved by
the Department of Energy (DOE). The controls provided in this section can be modified
if the appropriate organization grants approval.

Most of the controls presented in this section are based qn the analyses conducted for
this safety assessment (SA). These controls have been designed to ensure that the
analysis assumptions and initial conditions are maintained throughout each phase of
the activities. In several cases, the controls have been developed to add an additional
safety margin, consistent with a philosophy of defense-in-depth. Therefore, the controls
should be an integral part of the procedure development process to maintain the level
of safety demonstrated in this SA.

Administrative controls are the requirements that shall be followed to ensure that the
activity stays within the bounds of the SA. As such, this set of administrative controls
shall be used during the development of the procedures for each activity.
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Sections 6.5 through 6.9 provide the specific controls in tabular fqrmat to be used for the
activities covered by this SA. Of these activities, FG/RMCS operations are the most
complex. Therefore, more controls have been instituted for the operational phase than
for other processes. Because of the complexity of the FG/RMCS operation, these
controls have been divided into three levels. Each control level requires a different level
of approval for modification and for restarting operations after abnormal shut downs.

FG/RMCS operation controls are designated as either Levell, Level 2, or Level 3. This
graded approach reflects the importance of a particular control, the level of approval
required for modification, and the level of approval required to restart operation if a
particular limit is exceeded.

Levell controlS are the most important, they are under the most stringent management
supervision and are equivalent to OSRs (see Section 6.2.). Levell controls ensure that
the most important bounds, established in the SA, are maintained at all times, as
demonstrated by the appropriate analyses f~r both potential prompt effects and post
operation effects. Changes to the Level 1 controls, if required, will be developed by
Characterization/RMCS support personnel, and approved by the Plant Review
Committee (PRC), WHC management, and DOE/RL. The WHC Design Authority is
responsible for approval of all aspects of equipment design.

Level 2 controls are the next level in importance. The PRC must approve modifications
to Level 2 control parameters and notify WHC Management and OOE/RL of th,_
modifications and the technical bases for the modifications. Changes to those Level 2
controls that are included in the IOSR's require DOE approval.

Level 3 controls are the lowest level in importance. Changes to the Level 3 controls will
be approved by the PRe. WHC Management and DOE/RL will be notified of the
changes and their technical bases.

The PRC may charter a separate technical review group to perform the review and
approval responsibilities of the PRe.

All changes to any of the controls or equipment credited in this safety assessment, and
any special tests, must be screened for unreviewed safety questions, in accordance with
DOE Order 5480.21, and in accordance with WHC policies and procedures.

An automatic shutdown as defined in the following administrative control tables is not
considered a violation of the control. Restart of any FG/RMCS activity shall be
commensurate with its designated level, and with DOE and contractor procedures.

6.2. LEVEL DESIGNAnON PROCESS

The designation of the control levels was performed using the following methodolog)
Mitigated and unmitigated accident frequencies and consequences were estimated fo:
each individual accident scenario discussed in Section 4 by considering the application
of the controls (mitigated) or without the controls (unmitigated).
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In general, controls were designated Levell when the control prevented the
mitigated consequence of an accident scenario from exceeding the offsite Risk
Guidelines.

Level 2 was assigned to controls when the accident was considered to result in
consequences that exceed the onsite Risk Guidelines, based on unmitig~ed

accident frequencies.

A control was designated Level 3 if the unmitigated accident frequency was
lower than 1.0E-6, or if it enhanced the defense-in-depth arguments even when
the accident consequences are within the Risk Guidelines.

Certain controls appeared in multiple accident scenarios. In these cases, the
most conservative level was designated for that control.

6.3 FG/RMCS SAFETY DESIGN FEATURES

Principal safety criteria have been established to ensure safe operations
during rotary-mode core sampling activities. Design features within the
FG/RMCS equipment and procedures have been established to comply with these
safety criteria.

The safety equipment list with design criteria classifications, as approved by
the WHC Design Authority and plant management, is provided in Reference 5.
Reference 6 lists the qualitative safety design features to prevent the
identified hazards. Table 6-1, which identifies those credited design
features used in this SA, is based on new design features added to the FG/RMCS
trucks, and Ref. 5 and 6.

Table 6-1 identifies design features with significance to safety credited for
mitigation of "offsite" or "onsite" consequences. Combinations of design
features with significance to safety and administrative controls were used to
meet "offsite" and "onsite" Risk Guidelines (RG). Appendix E describes how
the design features and administrative controls are combined to meet the
guidelines. No modifications to the design features identified in Section 6
are required to meet the RGs. Therefore, classification of a design feature
as "offsite" would not require the modification of a design feature to
increase its reliability beyond that credited in Appendix E. For example,
redundant sensors, beyond that specified in Section 6, would not be necessary
for a detector system identified as "offsite".

6.3.1 Worker Health and Safety Requirements

This safety assessment addresses the risks to onsite individuals at 100 m and
to the offsite public, and provides for safety equipment and administrative
controls to reduce such risks to within risk guidelines. Included are the
risks from radioactive materials, toxic gases, and toxic chemicals, as
described in Section 5. The RGs are defined for individuals to 100 m from the
source of releases. This SA does not specify any new controls necessary to
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protect workers who are located closer than 100 m the RMCS activity. The
current controls, that protect workers within 100 ~" are defined in the
contractors Hanford Radiological Control Manual and the Tank Farm Health and
Safety Plan (HASP). Those current controls which were credited in this SA are
listed in Section 6.

There is a potential for worker exposure to high concentrations of lQxic gases
during tank intrusive work around open tank risers or from emissions from the
ventilation exhauster, including ammonia, nitrous oxide, and various organic
species. Concentrations of these gases may be in excess of OSHA-allowed
values in the tank vapor space during the rotary sampling work. Because the
tank vapor space will be exhausted into the ambient air above the tank a
pathway for worker exposure is recognized to exist. Assessment of the hazards
from these materials, and protection of the workers is provided by the
contractors HASP (Reference 1). Significant elements of this plan include
monitoring of the work area for organic vapors, ammonia and other chemical
species whenever there is a potential for elevated employee exposure levels.
In addition, personnel monitoring is performed on those tasks which are judged
to have the highest potential for exposure. Finally administrative barricades
have been erected around areas with known vapor releases, and monitoring or
protective equipment is required whenever employees work within these areas.

Tank Farms are considered to be a RCRA Treatment, Store and Disposal (TSO)
facility, and all work in Tank Farms must comply with the HASP. The
contractors Industrial Hygiene staff has responsibility for implementation of
the HASP, including monitoring and personnel sampling. Trained industrial
hygiene technicians perform monitoring of each task. If any tank vapor levels
are detected that present a possibility of employee over exposure, the IH
technicians will take appropriate actions, including the use of personal
protective equipment or suspending the activity. to ensure that no employee
overexposures occur.
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TABLE 6-1
FG/RMCS CREDITED DESIGN SAFEIT FEATURES

Material compatibility

(Onsite)

Significant to Safety

Spark-resistant tools

(NA)

Grounding and bonding

(NA)

Radiological controls

(NA)

Riser sleeve

(Offsite)

Significant to Safety

Drill string spray washer

(NA)

Frisbee/OS interface
lubricant

(NA)

Pneumatic foot clamp

(Offsite)

Significant to Safety

Locking wrench

(Offsite)

Significant to Safety

Drill bit configuration
and material

(Offsite)

Significant to Safety

Drill centering spike

(NA)

Materials used in FG/RMCS activities and the drill string components
are compatible with the waste stored in single-shell tanks to prevent
chemical action or material failures resulting from expected or accidental
contact with the wastes." 8 '-

Spark-resistant tools are used at all times around open risers or the
sampled riser to mitigate mechanical sparking.

The FG/RMCS equipment is grounded and bonded to mitigate electrical
sparking and mitigate the buildup of static electricity.

The area around the riser is radiologically monitored, and the exhauster
HEPA filter housing is monitored to prevent exposure of personnel to
hazardous radiological conditions as set by WHC ALARA controls.

A conductive sleeve is inserted into the riser to be sampled to mitigate
frictional sparking. In addition, the sleeve is provided with a manually
controlled nitrogen purge system to prevent flammable gas accumulation
in the riser sleeve.

A hot-water spray washer is provided on the riser adapter to reduce the
contamination of drill rods as they are removed from the tank. Check
valves and a positive displacement pump are provided on the system to
restrict back flow.

The frisbee/OS interface is lubricated with a non-spark inducing, waste
compatible material to decrease the friction between the rubber seal and
the drill string, and thereby mitigate damage to the seal.

The pneumatic foot clamp is designed to fail closed to prevent the drill
string from falling into the tank when the drill truck or platform hoist are
not connected.

The locking wrench is a mechanism used concurrently with the foot
clamp to ensure the support of the drill string during installation,
sampling operations, and removal.

The drill bit is made of a waste-compatible material, and must be
qualified commensurate with the requirements provided in Appendices F,
G and T of this SA.

The first rotary-core sampler shall be equipped with a centering spike on
initial use to prevent random bit motion when first entering the waste.
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Chevron seal between
drill bit and sampler

(NA)

Core sampler and drill
string components

(Offsite)

Significant to Safety

Sniffing ports

(NA)

Change-out assembly

(NA)

Cable spray washer

(NA)

WHC-SD-WM-SAD-035, Rev. O-a

The chevron seal between the drill bit and sampler provides a barrier
between tank waste and the drill string. This seal allows one-way flow of
nitrogen purge from the drill string into the tank, but does not allow
waste or waste gas to flow back into the drill string.

The core sampler and drill string components must meet the requirements
specified in Appendix T to prevent sparking. TIle section of the core barrel
having the serrated edges (grooves) and the quadralatch fingers and body
must be made of stainless steel to reduce the likelihood Of spark (see
Appendix T).

Sniffing ports are provided to allow measurement of flammable gas from
a contained environment.

The change-out assembly is provided with a ball valve to isolate and
maintain pressure within the drill string during sampler exchange.

The hot-water cable spray washer connects to the drill string to wash
cables and samplers that are contaminated.

Purge flow limitation

(Offsite)

Significant to Safety

Rotational speed
limitation

(Offsite)

Significant to Safety

Down force limitation

(Offsite)

Significant to Safety

Drill string penetration
rate

(Offsite)

Significant to Safety

Hydraulic bottom
detector

(Offsite)

Significant to Safety

In FG/RMCS operations, the drill string is purged with a minimum of 30
sefm of nitrogen to prevent drill bit overheating and to remove cutting
products from the drill bit. Purge flow is initiated just before drilling
begins.

With a loss of nitrogen purge, drilling is automatically terminated with no
delay to maintain drill bit temperature within the defined limits.

In FG /RMCS operations, the maximum rotational speed. of the drill string
is 55 rpm to maintain the drill bit temperature within the defined range.

Drilling is automatically terminated with no delay if the speed exceeds 55
rpm.

In FG/RMCS operations, a maximum down force of 750 Ibf shall be
imposed on the drill string to maintain drill bit temperature within the
defined range.

When the rotational speed is greater than 2 rpm, the set point is selected
at 750 Ibf upon which shutdown will be initiated.

Drilling is automatically terminated with no delay if the down force
exceeds 750 lb.

In FG/RMCS operations, a minimum penetration rate of 0.75 in./min is
limited to < 60 seconds to maintain drill bit temperature within the
defined range.

Drilling automatically terminates when the penetration rate is <0.75
in./min. for a cumulative time of 60 seconds in any 3 min. period.

The hydraulic bottom detector detects the increased resistance during the
last sample to prevent increasing the downward force and penetrating the
tank bottom by reversing ram motion upward. Two operators are needed
to enable the hydraulic interlock system to enSure activation redundancy.
The hydraulic interlock system has a pressure-relief valve to control
overpressure and check valves to prevent inappropriate flow reversal.
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Walk Down Function

(Offsite)

Significant to Safety
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The walk down function automatically limits down force by controlling
lower ram pressure..

Hydrostatic head Hydrostatic head pressure is maintained and monitored during sample
(NA) retrieval to prevent drill string flooding. .-- , _......,.....,..
Truck position All truck ignition sources are greater than 3-ft. from the frisbee or
(Offsite) protected with a barrier to separate potential sources and flam'mabie gases

leaking from the frisbee.
Significant to Safety

Stabilizing jacks

(NA)

Quill rod adapter

(Offsite)

Significant to Safety

The sampling truck is provided with stabilizing jack locking collars to
prevent truck movement in case of hydraulic failure.

The quill rod adapter shaH be fabricated of a waste,ompatible, spark
resistant material.

·'·:::.:.·:::'::i:,:::i·!:,::.::::.::·::·.•.•:::•.::::j':!:::!!:::':':::".:.':::;;:.::.:::: .• ::.•,::•• :.~;~ppt~ ••·§q.~$t ••~~~~mj)~*.,F~~tpr~~: •• ·,·:::: :.::.. :,:.".:..:.••..".,::.•:J:::.:::::: •.•:••:.:••:::.,..••::.::::::::.:.!:.::::::::::.:,:::.:::::

Grapple hoist assembly The grapple hoist assembly is designed to meet NEC requirements, as
(Offsite) defined in this SA to aHow operation in a flammable gas environment.

Significant to Safety

Grapple (sample
actuator)

(Offsite)

Significant to Safety

Grapple insertion

(NA)

Grapple hoist cable
tension (Offsite)

Significant to Safety

The mechanical design of the grapple (sample actuator) mitigates
electrical and mechanical sparking.

The design of the grapple hoist assembly limits grapple insertion and
removal rates to.:;; 1 ftls to minimize frictional sparking.

The grapple hoist assembly measures cable tension during sampling to
prevent grapple hoist damage. The electrical motor automatically shuts
down when the load is >250 lb.

:::.:::.:'.:::,:::::'::::;::.::,:::'::' •• ::'::::'.:::.·::::::'··:·':::::'·:·:·::··:·:.·:::::,,:.~m~tq~~·;R~F~!¥~!1::II~m9ty:,~~~~9t~.:::··.,::· ... ···::::·.,:·:·::,::'::::::::::::::'::'::::::';:::::;:::':.:.::,:.::::::1;1;:::::::::::

Shielded receiver The shielded receiver assembly is designed to meet NEC as defined in this
assembly (Offsite) SA to allow operation in a flammable gas environment.

Significant to Safety

SR tube (NA)

SR view port (NA)

SR hoist cable tension
(Offsite)

Significant to Safety

SR hoist motor

(NA)

Shielding materials are used in the SR to protect against sampler
radiation.

The SR view port provides a means to inspect the sampler during
retrieval to control the spread of contamination.

The SR hoist assembly measures cable tension during sample retrieval to
prevent damage to the SR hoist assembly. The cable has a structural
capacity of 2000 lbf in tension.

The SR hoist motor
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X-ray containment The mobile X-ray system has a sealed, conductive-tube enclosure and

(NA) redundant sleeve to separate waste and waste-generated flammable gases
from the electrical components of the system.

Nitrogen System Safety Features

OS nitrogen purge The OS nitrogen purge supply is provided to prevent drill bit overheating.
supply Automatic termination of drilling operations on low purge flow is

(Offsite) provided to prevent drill bit overheating.

Significant to Safety ""-

Nitrogen hydrostatic Maintaining the hydrostatic equilibrium in the drill column with
head supply hydrostatic head nitrogen is controlled by a flow controller to ensure that

(NA) excessive amounts of nitrogen are not injected into the waste.

Riser sleeve nitrogen The riser sleeve nitrogen purge flow is provided to prevent flammable gas
purge supply accumulation in the annulus between the riser sleeve and drill string.

(NA) Automatic termination of drilling operations occurs on loss of flow.

Unique cormections Unique connections are provided for both the DS and riser/sleeve

(NA) annulus nitrogen purge systems, as well as the hydrostatic head systems
for the OS and SR, to prevent incorrect cormections.

Instrumentation,Control, and InterlockFeatures
TruckPLC The truck programmable logic controller processes out-of-tolerance alarm

(Offsite) signals to activate the alarm strobe, horn, and indicator lights and to send

Significant to Safety
a signal to the shut-down logic to initiate drill engine shutdown for all
operating parameters listed in the administrative control table.

Audible and visual Audible and visual annunciation is provided to alert the operator to out-
annunciation (NA) of-tolerance alarm conditions as listed in the administrative control table.

Shut-down interlock The shut-down interlock accepts signals from the PLC to shut down the

(Offsite) drill rig engine ignition.

Significant to Safety

6.4. FGIRMCS CONTROLS

The control tables in this section are discussed in terms of the applicable phases, the
descriptions of the columns and several definitions that are pertinent to
accurately interpreting the controls.

6.4.1. FGIRMCS Controls Phases

All of the controls developed for FG/RMCS activities have been categorized into one of
the following 5 phases:

• All Phases-these controls will apply to all phases of FG /RMCS operations.
See Section 6.6, Table 2.
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• Pre-installation Phase-controls in this phase are focused at the activities
necessary to prepare the site, acquire and set up equipment, and perform
grounding and bonding activities. See Section 6.7, Table 3.

• Installation Phase-these controls are directly related to all activities
associated with opening and preparing the riser, and inserting the drill string.
See Section 6.8, Table 4. '-.

• Operations Phase-this phase contains all of the controls related to sampling
operations and sampler handling. See Section 6.9, Table 5.

• Removal Phase-this final phase includes the decontamination of the drill
string, breaKing down the equipment and restoring the site. See Section 6.10,
Table 6.

6.4.2. Control Table Columns

Each of the tables has the following columns:

• System or condition-defines the situation or equipment for which the
control is being developed.

• Safe operating condition-defines the levels or conditions under which safe
operation occurs.

• Surveillance or monitoring method-defines the surveillance or monitoring
method used to check the operation condition.

• Administrative controls-defines the controls for the given system or
equipment in terms of operation or performance.

• Level-defines the Levell, 2 or 3, as described in Sections 6.1 and 6.2.

• Basis for Control-defines the reason behind or necessity for the control.

• Safe Shutdown Definition-defines the conditions and actions necessary if
the control requirements are not met.
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System or Condition 1SCQ i Surveillancel i Administrative ContrQls ! Level I B~i$ for Control i Safe Shut Down
~ l Monitoring 1 l 1 1Condition

•••••••••••••••••••••••••••••••••••••••• , •••••••••••• 1'0 ••••••••••••• , •••••• " ••••••••••••••••••••••••••••, , 1 ..

6.5.ALL PHASES I

:::~;~:~;~:~:~:i.~:~?!.~~~~:~?~~~?~:~::::::::::::::::::: :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::1:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::r:::::::::::::::r:::::::::::::::::::::::::::::::::::::::::::r::::::::::::::::~::::::::::::::::::::::::::
6.5.1.1; Co.n.trol ~ Approved checklist l Checkli~t 1This Safety Assessme~t and its ! 1 j SA assumptions in ! No FG/RMCS
Apphcablhty ~ ~ evaluation ~ controls shall be ap'phcable to ; ! regard to tank ! operatlons can

i ! i single-shell tanks (SSTs) on the! ! specific parameters i proceed without
! ~ ! Flammable Gas Watch List ! ! such as gas and I checklist approval.
! ! 1 (FGWL) or those tanks ! I waste composition, I If FG/RMCS
! ! ! reco~mended by the contractor i i gas reh;a.se ! operations are
~ ~ ~ to ~e Included on the FGWL. ! ! probablhtyetc. 1 initiated without
! ! ! This S~ do~s not coyer th~ RMCS ! ! may beco~e non- ! checklist approval.

! ! oper~tlOns In t.anks Involvmg .! ! conservatlv~ by a i immediately
~ ~ floating organic layers or organic i 1 new analySIS or. i terminate activities
! ! remnantlaye~~ an~ ferrocya,,!lde! i data for a.speclfic ! and notify plant
! ! tanks as speCified 10 AppendiX G. ! ! tank conSidered to ! management.
i ~ Each tank shall be evaluated i ! be sampl~d by ~
! I against the checklist in Section 7,! I RMCS.pnor i
! ! and the evaluation results shall be i ! operations. 1
i 1reviewed an.d .app.roved by the j l !
! ! PRC before mltlat~ng any ! ! See section 7 and !

l l 1FG/RMCS operations. ! 1AppendiX G. I
......................................................0'··················································2··.ao C" H '1 ..

6.5.1.2. Existing i Use controls i Procedural i The PRC shall verify that all ! 3 i SA analyses i NA
procedures and i identified in this ! evaluation i FG/RMCS controls specified in i ! requires changes in 1
conlrob i document for! i this SA are implemented in the .! ! current proceaures. !

! sp~cified phases of ! ! operating procedures. I! New procedures !
; FG/R~CS: : Non-RMC5-related activities on 1 1 are ,,!ee~ed to i
operahons.! 1the flammable gas tank being ! ! maXimize safety to !

: : I d h II 1.: f d : : personnel, ;
! ; samp e s a ue per orme ; ; 'pment and the :. . d .. Ct' : equi :
! i un er eXlstmg ontrac or ! 1 environment. 1
! ; controls and procedures, unless; i !
! ! superseded by FG/RMCS I ! Provides defense in i
; ~ controls. . ;! depth to all aspects ;
! i ! ! of safety. ~

, i (. .; ••...•.....•...••1' ••..···········00·..···························..· ··
6.5.2.FIammable Gas Detection System iii i

•••••••••••••••••• T (0 4 .

6.5.2.1. Flammable gas i Use of calibrated ! Periodic i New SMC sensors shaH be! 1 ! The use of a i No.F~/RMCS
detection system ! detection system i calibration ! initially calibrated in a laboratory! redundant and i activIties s~all
calibration ~ i ! environment using hydrogen and i adequate i proceed Without

1 i i ammonia. i flammable gas 1 the use of a
Iii. .. i detector is a key 1 calibrated
i ! ! J: functional SMC c~hbratl<~n test ! assumption to i flammable gas
~ ~ ! ~h.a~1 be performed 10 the field at 1 provide safe i detection system.
i ! ! mltlal setup and then every ~ay i shutdown of 1
! ! ! the flammable gas detectlon ! FG/RMCS !
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, I A functional SMC calibration test Taetector'!s a'key f caI shall be performed in the field at Iassumption to flammable gas
! I initial setup and then every day provide safe detection system.
i I the flammable gas detection shutdown of
I i system is used. I FC/RMCS
! I . ' operations during a! I Th~ WhIttaker sensor shall be eRE. This reduces
! . cahbrated every three months. the likelihood of
! I The functional calibration test spark in flammable
i " shall consist of setting the zero gas atmosphere
! with pure air or nitrogen and and also provides
I I calibration with nominal 6000 protection for toxic
! ppm hydrogen for both sensors. gas exposures.
i I The functional calibration test This mitigates
I procedure at a nominal 6000 ppm unacceptable
! I hydrogen shall test the shutoff ofEsite
! I electronics as well as the sensor consequences
j I reading for both sensors. resulting from a
j dome cOllapse.
i :

~f.~;!~~~~:~;g;;·h~~::.:.:r.;~;;;·_··_+~=~~J~·_·I·~~.:.=~~=::=··· ..-.JiE~~-·~S:~~--.;;;;-
operation i detection system at < i connected shall be operational before accumulation continue to

! ~5% LFL. - I between riser and FG/RMCS waste intrusive sufficient for operate. If drilling,
! I exhauster housing operations begin. and operate deflagration or tile drill rig engine
! ! with system consistent with exhauster detonation in tank. will automatically
i I readout and. operation defined in Section 4.1.3. Detects GRE and trip.
I alarmed setpomts I The flammable gas detection I provides protection All personnel
i One out of two system shall be trip setpoint for fire and toxic witllin a lOO-m
i redundant logic hmited at: hazards. radius from the
I Red th edge of the tank
I • > 5000 ppm hydrogen . ';lces e will evacuate and
I concentration equivalent; and ~Ikehhoodof spark don rotective
I, In flammable gas .1'ment hefoIi·> 100 ppm/s rate o~ eq~ivalent I atmosphere. ~1:ting for re
! ! hydrogen conc~ntration Increase IProvides protection further eqUipment
I I over a 10-s period. for exposure to stabilizatIOn.
I I Send a shutdown signal to the . toxic gas releases. FG/RMCS
I I truck PLe. ~e out of two I This mitigates activities can
I I redundant logIC. unacceptable resume in
! I SMC sensors shall be replaced at ofEsite compliance with
i I least once each month with new consequences appropriate
I sensors. I resulting from a controls in Section
i. I dome cOllapse. 4.1.1.
! I I Section 4 and
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; I chemical reactions Implemented.
! I - pipe compounds, lubricants, Ithat could produce
I , seals and taJ>eS that do not large quantities of
i I contain spark-inducing or waste- I flammable gas and
I I incompatible materials. I heat and cause a
I I waste fire ift. •

j i , propagates. • .
I I Prevents
I: equipment
I I I i da~age. _
i ! I I Sections 4.3.1 and I
I I , I 4.4.2.

t~~!;:F~·~~~:·:T§§~:T~~~:iEil·~~~~~~·r--W~~fif.~:"- ~'7:"-
I or waste-intrusive I concentrations in the~/RMCS I igniting ~mmable immediately
I activities I tank during open riser conditions I gas concentrations. tenninated and not
j I or waste-intrusive activities See Section 41 7 resumed until
I before any vehicle operations. I . . . flammable gas

....................................................1..·..·..······ 1 ~ 1 ~.~~~.~.~!!:._ .
6.5.6.2 Simultaneous I Limits on IProcedural An administrative control shall be 1 ! Tank dome is No non-FG/RMCS
activities on I simultaneous non- evaluation developed and implemented that , considered to be activities can
FG/RMCS tank I FC/RMCS activities , prevents non-FG/RMCS activities " Class I, Div. 1, proceed during

i on sampled tank i on the tank during waste- , Croup B period defined by
I i I intrusive operations. I environment contl'?l, or until
I j I Simultaneous dome-intrusive I~ecause RMCS can any slm!Jl~neou5
: : I activ'fes can be performed IOduce ~ CRE. tank aChV!tles, I I !ded' ISparks 10 the dome comply With the
I prov) . or volumes having control.I I I- the equipment is qualified for I a connecting path
i I operation in a Class1, Division 1, I to the tank dome
I Croup Benvironment, and • I must be controlled.
I I I IControl prevents
I , _ operation is based on its own ignition of

I I safety assessment. I flammable gas by
t I '. . I non-FG/RMCS-
! I 'I - operation does not phYSically . related ignitionI i interact with the drill string, and I sources.
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~t~or~~ill~9;r~;0m0il~ll~ •

_··"· ..·..·T-·~"·_·_" ..·"---"I··"···"....""..".._..··r---.."·_·---·r-lE~~.:--I-·--
: . I I: I: ! I !

··6:S:9i··Ti;·~·~d;·;~~i·~~···t··N~··th~·~d;·~;t~·~~············I···p;~;j~·~~·i..·..·..·..··..·.."tAt·th;..di~·;;i~;;-~Tth;·Pic:·;:;~··"··"i··3 ..··..·....·t··P~;~;~·t·P;·;~;;;j'· ..·t··A·~·~;q;;ed-by''''''''''''
& lightning, high i activity or Iightnin~ ! evaluation I FG/RMCS activities shall be I ! injury, equipment II General External
winds, dust devils and I strikes within 50 mile i I perlorJned when: j: damage, anCi Event control.
tornadoes I radius ! ! . . I I reduce potential for

IN' . I I • thunderstorm activity or I I electrostatic
! 0 s,"!s.tamed wmd ! lli&htning strikes are reported I I s arking.I velocIties> 25 mph ! Within a 50 mile radius. liP.
! I I I See Sechon 4.1.2
! ! • Sustained wind velocities are> . I and 4.9.
t '. t •I I i 25 mph. I I
! I I •Dust devil activity that can i i
! ! I disrupt operations I I. . I II I • tornado activity has been i
I I I predicted within the nextS hours I I _
I I ! within a 50 mile radius. . i I

"~flt:~~~:lg~'::':f~~~i"""r~~~~;~~:~~~':~~''''r~i~~~~~~i""""""""'"r~:::~=~t~~t\~~I~~~~:~;~~Tj''''''''''''' "~~~~lij;~;;;'j'""r~:~~~ii~:~:;""''''
act!v!ty, and volcanic ! equipment damage. I Iassesses the Ji~i.t~ of s~fe I equipment ! Event control.
actlVlty/ashfaJl i· ! FG/RMCS activIties With: I damage. I

i ! I I See ,,-- . 4 9 4 I! ! I • excessive rain fall I """tlon .. ,
'I I 4.9.6. and 4.9.7 II I j • extreme temperature conditions I
! j! II II I • seismic activity!. .

! I I .volcanic activity or ashfaU I
I ! I accumulation I
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!:,:.:;.;lQl\I!:01~rrillll·II.'~f~
i , known and
I I I controned., I ,

! i I This mitigates
I I. I Wlacceptable
i I I offsite
! i I consequences
j I resulting from a
I I, dome cOllapse. _

I i I See Section 4.1.2.1 II
i! and AppendiX B.

"~~f~~;'~j;~~~;;';"""""i"~a~~:~:~r:~~~~ith"""f"~~~~~~~i':::""'''''''' "'~~j~~;~~;~~~;;~~~~::"""I"i"'"'''''''' '~~~~~"ig~ik,-;;""ll"~i'~~:~~s"''''''''''
I diameters around I verification for an exclusion zone with a proximity with I proceed until
I open risers during • radius of 36-riser-cliameters nammable gas. , procedural controls
I waste-intrusive! aroWld any open riser during M'n'm' es gas 'I are implemented.
I .. . I . . FG/RMCS ' I IZI activities I wa~t~-:mtruslve leakage in !
i activities. proximity with I

I I Ignition sources or I
" Wlq.ualified I

equipment. 1
1 I This mitigates I
i I Wl~~ta~ I
i ! i offsite I
iii consequences I
i ! I I resulting from a Ii . I! dome collapse. !

! I' i 1 jSee Section 4:1.2.1 I
I " and AppendiX B, ,

;;~~fHeM2~illl:JTh~:~~~jg!\:~jj~]t~~1]ililli:;ill:I:;1jillilli811:H~iill;&llj~;~l~;;ltljt:~::;:;::::::::::::::~::::::::::::::::::::::::::::::::::::::::::::::t:::::::::::::::' ::::::::::::::::::::::::::::::::==[:::~:::~~:==::=::~:::::::~:::
6.6.3.1. Equipment ! Ensure equipment ' Resistance " An administrative.control shall 13 , Prev~! static i No,~/RMCS
attached to tank I grounding measurement be developed and Implemented electrICity I activItIes can

I P ced I ! for grounding and bOnding an, I discharge and I proceed Wltil
i ro l;lra i FG/RMCS equipment attaChed I lightning strike I groWlding and
i I eva.lfia~~n and i to the riser or inserted into the I initiated sparks. i bonding activities
'I Iven ca Ion " tank, including the drill string ISee Sections 4.1.1.1, I are .completed and

I such that: 4.2.5,4.3.10,4.91. venfied.

i •Electrical power groWlding
, shall comply with theIrequirements of NFPA 70,
I Article 250.

! •Lightning protection shan be
consistent WIth the principles
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.:=::,:.::~Z'!!12~~)f;j~li'11~'

~:fI~~:T.~i~::·lT~~~~~iP;;~·····I·~I:~~:-·_····li~~~~it,f.te~"·-11·H~[:;~r~;ti;-"""'H1H~f:~~~~s'''---
! I Procedural I shall be ground~ I ~isch~rge an.d proe~ until
I I ~.Iu.ti"".... Irommen,,,,...wu"C""~._ I I~"'::f ,Ink. f:'W>d.ng.nd

·H.f.~~f~lff:~~~~J~~~~~~l::::=E~~l~~:
6.6.4.1. Enerflized I All energized I Procedural i During waste-intrusive " 1 I, Prevents ignition INo FG/RMCS
equipment m the : equipment exposed I evaluation of I operations, all energized sources in activities can
dome I to the tank dome (as ! verification and I equipment exposed to the tank I proximity with proceed until

I,' defined in approved ! certification I dome vapor space (as defined in I Inammable gases. equipment in the
contractor s~fety I I approved C(~ntractorsafety • This mitigates tank domt; or dome

"

documentahon) or I documentation) or dome vapor I una table of connectmg tanks
dome of connecting ,I space of connecting tanks shall I offs~C:P complies with
tanks shal~ be ~ated . bt: r~t.ed for operatIOns ~ Class I, consequences control.
for o~rahons m DIVISion 1, Group B envIronment resultin from a

IClass I, Divis.ion 1, I or ~Iass I, Divis.ion 2, Group B dome cJ\lapse,
I Croup B environment I envIronment WIth automatIc .
I or Class I, Division 2, , shut down for flammable gas See Sechon 4.0,
i Croup Benvironment concentrations >25%LFL. 14.1.1.3,4.3.4 and
! with automatic shut .. - .. Appendix B.I down for flammable All eXlstl!'g energized equIpment I
: gas concentrations I not meetmg the a.bove control
I >250/0LFL. I shall be de-energlzed.

..................................................i••::: "' &0 _ , .

6.6.4.2. Ener~ized II Qualifications of ' Procedural IDurinl5 waste-intrusive 1 Prevents ignition No FG/RMCS
equipment m open energized eqUipment evaluation of operations, all energized sources in activities can
riser exdusion zones I in open riser verification and Iequipment in open riser proximity with proceed until

I exclusion zones. certification exclusion zones as defined in llammable gases. equipment in the
! I secti0l'! 6.6.~.2 shall be r~t~ for This mitigates riser exclusi~
Ii.operations I~Class I, DIVISIon 1, Iunacceptable ~nes complies
! I IGroup Benvl.r~n.ment, or rated offsite WIth control.
! for ~Iass I, Dlvl.slon 2, Grol;'p B consequences
I envIronment WIth automatic resulting from a

I I • shut down. for flammable gas dome collapse.
II ! concentrations >25%LFL.

i . - .. See Section 4.1.2.1.
! I All energIzed equipment m nser II I exclusion zones not meeting the 'I
I I above control shall be de-
I ! ! energized.
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I I top ,I . II offsite II verified.
i; const.>quences I

...-....-...l-----.._._._._ .J_ __._. J.__._. . L ..~~J.-.---- -
6.6.5.1 Vehicle I Prevent vehicle I Procedural I An administrative control shall I 3 II Prevent ignition i With procedural
0p"ralions on lank I impacts. I evaluation ',' be developed and implemented ; sources caused by 'noncompliance,
iiifor controlling the safe operation vehicle impacts. i corree:tive actions
I I of v~hicles on .top of. the ta~~ . See Section 4.1.7. '!T'ust be .
I I I durmg waste-mtruslVe activIties. I Implemented.
; I Ibefore resummg
I I" an~ ~C:;/RMCS; I activIties.

~:d~~:t;;;;k;;;;;-p····l~;?i:i:~i:tP;-;~;i"[I:-~~~·-·--··-·-~i~E?fE~E:~?n~-···3-·-· -~~';;-T~]§;r-
; supporting the samphn~ truck I must beI I ani:! the truck's hydraulIC jacks. I implemented.
i " I before resummg
I I I I' any' ~C:;/RMCS
i I I .,activities.

•••••••••••••••••••• .: oaaa••.....................................;. :. : , .

6.6.5.4. Truck I No truck-induced Procedural I An administrative control shall I 1 ITruck when parked I No.F~/RMCS
posilion j ignition sources near evaluation I be developed and implemented I over an unuSed Iactivities can

I. potential gas leak I that, prior to waste-intrusive I riser must be I proceed until
; source operations: !I protected from procedural controls
I ,.. . flammable $as , are implemented.
Ii·prevents posltlomng the i releases. ThiS j
! i sampling truck over an open Irequires to control i
i , riser, ana the distance I
i I' Ibetween the leak II • seals any risers under the source and truck. I
l truck, and i IReduces above I
! I • raises the truck a minimum of , tank fire. I
j 36 inches between any potential fr~ue~clesby
i I ignition source on the truck and I mltigatang human i
j !I the top of any riser or pit over I Iel'!0~ a~~ I
i which the truck is positioned., !J1~ti~lZang I
; . • Ilml on sources •
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!. M ma~

1 II sunoundmglmk
i sources.

! I I This mitigates I
i I I unacceptable "I i I offsite
i I I consequences !
i .! resulting from a I! ,! dome cOllapse. I

'~--------I~;-----t~~--~~'l'~-~'~~~~
I equipment lifting I I that, during waste-intrusive tank fires caused i equipment, during
! over the tank. 'I' activities: ! by frictional spark I waste-intrusive
I . " induced by load activities, over the
I . I • controls safe hfting operations impacts on tank I tank can proceed
~ I lover the tank, and and exhauster. i without the

i I I· restricts lift operations over the See Section 4.1.1.4 Ipr~edure.
• exhauster during installation, and 4.1.2. With proc~ural

sampling or restart activities. Inonc0J'!lphan~e,
corrective actions
must be

• I implemented
i I before proceeding
'I I with any

FC/RMCSi ! , activities.

'·::f~f~~.~~:~~~~!:~¥.~MR:;)::;;1;]:];]:;;;]:]];;)l;l1l]];l]::];;:ili]l]1ili]:];ili::ili:i:ll],;ll::~ll1],]l;::l][;,],lll::l]1~:;'l[]l;::1l[;;1[{:::::::::::::::::::::::::::::::::::::::::=::::::::::::::::::::::::::r:::::::::::::::,'::::::::::::::::::::::::::::::::::::::::[:::::~::::=::::::::~~::::::::::::
6..6.6..1. Exhauster ! Prior to waste- i Procedural i An administrative control shall • 3 Optimum i No waste-intrusive
installation ! intrusive activities, i evaluation I be dev,:loped and iJ'!lple~ented eXhauster IFC!I,{~CS

i ensure accurate I I that, prIor to waste-mtruslve performance actiVItIeS can
i exhauster I IactiVities, controls the mitigates unfiltered ! proceed without
i positionmg, set-up positioning, setu and releases. procedure.
i and maintenance per I I mamtenance of ~e exhauster I See Section 5.4.2. IWith procedural
I procedures! ! system. i noncompliance,
! i I I I i corrective actions
I I I i must be
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.::::~".13~MI~l8~}'J!I!"1· •
I I II II • The exhauster duct shall be I , elt!Ctricityl' compliance.
, ted' I' .... I I 'I . I moun ill comp lance Whu , lightning, etc. i
I 'I IContractor procedures. I ' P II. I revents e sure I
I I • The exhauster duct shall be I I of fJamma~gas to ,
I I . ',inspt!Cted for leaks after the I I non-qualified i
I I , exnauster is installed, with I ! equipment aroWld !i ! , independent verification. I I flexible hose. !
j I . I , ISee Section 4.1.1, ,

"i6:6:i"'D'~;;t"'''''''''''''''''''+N;;-'~'~q~~i'ifi~''''''''''''''''t"p;~~~;~i"""""""""'l'A;:;'~'d';;;'i~'i;t';~'ii'~;'~;~i"~h~'ir'''''h''''''''''''1''~;;~;;t''~d;t;;t;;i''l''N;;-'Fc/'RMCS''''''' .
exclusion zone Iequipment < 18 in. I evaluation and I be developed and implemented I I hose leak in contact ! activities can

I from exhauster duct I! verification I that locates unqualified I I with unqualified , proceed until
! I I equipment greater than 18 in. I I equipment ' exhauster duct
j I Iaway from exhauster duct, or,' II resulting in fire. I exclusion zone is
! ! pro~ides deflectors f~r . .' See Section 4.1.2. i established.
! I equIpment located wlthm 18m., I
I ! ! using independent verification.' I I

•• u "1 r ..! .,•••••••••••••••••••••••••••••••••••••••••••••

6.6.6.4. Exhauster fan ! Prevent ignition IProcedural The exhauster fan shall meet the 3 Prevent a fan- I No FG/RMCS
, source from evaluation I requirements of this SA for induced ignition I activities can
! exhauster fan.. I operation in flammable gas source in a ! proceed until
I I i environment commensurate potentially 'I Ignition sources are
I ! Iwith Std 99-0401-86, Air ! flammable , eliminated from theI I Movement and Control Ienvironment. ! exhau~ter's
i I I Association, and NFPA 91. I' I potentially
! " ! . 1 flammable
! I! "See Section 4.1.1.4. I . mentI . I . environ .

'f~frj~!!~;~i~LiL~~~~:~~w..l'!;=='''ml~j~~~~~:::~:fl:~·-I! ..i......·......·I!..~:=li;r~~:: ..·......·..·..r~i~i~~~~·t;~;i;; ..·
! GRE I verification I that, prior to waste-intrusive • HEPA effluent 15 ft , activities can
! i ! activities, ensures that inlet I ! vertically: Iproceed until in!et
Ii!breatherfilter effluent(in the', I HEPA effluent IS
I ! event of tank pressurization) is . • allows . dirt!Cted 15 ft
i , directed vertically to a height of 1 a~mosp~enc ! vertically.
! 'I' at least 15 ft above groWldlevel. ' dls~rslon I
I I I I, coefficients to I
I 'I decrease so that !
I ! toxicological I
! 1 " acceptance ,
j I guidelines at the
I i II i onsile boWldary !
I 1 1 can be met. I
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:=I:.::.~~::~~.:~-../"::_.:"._""_.,,,_._j,,g~~j[~~~~~~~.l:::·t~IJi~;jTI¥i~j
! I Ielectrically! / i wUl,ualified.
! i IequI(,ment In Ij j proxImity with
I I ftammable gas. •

i I I IThis mitigates I
j i Iuna((eptable i
;! offsite I• I II; con~uences
j II I resulting from a
! I Idome cOllapse. I
I I. See Section 4.1.2.1.
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6.7.1.1. Gas. . I Detect flammable gas i Flammable and ,,,,,1 An administrative control'shali 13 """"", I'kteCls fl'~~mabl; I No FC/RMCS
concen!rdhons while ! concentrations i toxic gas I be developed and implemented , gas concentrations I activities can
brea<:!lIng tank I , monitoring , for monitoring the riser for , sufficient for I proceed without
contamment! , procedures I flammable and toxic gas I , deflagration before 'procedural

I I I concentrations every time before I 'I installing riser ! compliance.iii"I'M;".' ri~, I' I equipm:nt. I

.........-.....L ..__ - -1... .._._ ..-l_ _. _ _.. _._J~l;l.i~2J __.__ __
6.7.1.2 Riser I Limit personnel ! Radiation I Direct exposure to 0IJen riser 13 IMinimize I No FC/RMCS
exposure I exposure ! monitoring , shall be hmited to values . personnel direct I activities can

! i procedures ! specified by approved Tank I I exposure from j proceed until
I I Farm Operating Procedures. open riser I personnel
! , Iconditions. I protecti<?n is
! ! See Section 4.8.8.4. I appropnately
I . I ! ensured.................................................._ ···············..······· ····T······..····..····..··..· .

6.7.1.3. Riser j Prevent tool drops to I Procedural ! Activities and use of tools 3 i Limited open riser II No FC/RMCS
equipment i waste through open : evaluation ! around open risers shall be I time reduces the . activities can

! riser. ! I strictly controlled, especially potential for I proceed until
I I I during installation and removal, Iaerosol, particulate ,procedural
I : I of the riser adapter, frisbee and and gas releases. i corrective actions
! ! I washer ';lnd .fOOt clao:-p . II I Frequency of gas I are implemented.
! I I assembhes, m comphance WI.th I : release accidents ,
iii~provedTank Farm Operatmg I Iconsiders a 8-hour !
I I I Procedures. open riser period. I: .: I I •I 'I,' I See Section 4.2.3 I
! !. I and 5.4.1. I········..·····..···················..···········4·..•···· · t c. , - ., _•••••••••••••••••••a ••

6.7.1.4. Sleeve I Minimize ignition ! Procedural I An administrative control shall I 3 i Equipment drops I No FC/RMCS
insertion I sources from sleeve ! evaluation ! be developed and implemented! I are potentially I activities can

'I insertion" I for instalhng the riser conductive ! I spark inducing. I proceed until
i sleeve. 'I Control further ! proced~ral .

I !..! . reduces the , corrective actions
! i • The sleeve msertion and I I I'k ..hood f k i are implemented.
i I I removal rate shall be limited to < I I" I esedl b dO spar .i I 11 foot/sec. - I cau.y rops.· ". I ISee Sections 4.2.3,I i I . 4.2.4, and 4.4.3.
I I I ! I• •• I
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inslallalion I g~s leakage from evaluation be ~evelo~ a~d impleme~ted frictiOJ'!al sparking ~P.':rations can be
I fnsbee I Visual inspection for mspecting friSbee to venfy p'otential between uutJa!ed unl!5s .
j / I that: nser and sleeve, ~ctional frisbee 15iI' See Sect' 4 1 21 m place.; I • the frisbee inner diameter is Ion , . . .
iiismaller than the drill rod outer

! I i diameter, and
I ! , th f' bee" oodph , II I I. e ns 15 Ul go YSlca
i i condition before OS insertion.

"~?i~I::itf~;r~~~~~~'~"'Tt~ii:::~~f~:~~""'r~~~f~~~~i'~:~""·"""·I··ti;~~~~ZRffSiri~·;h::;ii·i;···..j·..·'"·..···II..~~~%I:~~!esriS
i OS I verification compatible, spark-resistant gas leak potential
I Mitigate frisbee I lubncant befOre OS insertion. auring operations.

i damage. I', I' Lubricant eases
i drill rod insertion
I I and removal, and
i mitigates seal
I I damage, therefore
! . gas/particulate
i releases.
I See Section 4.2.5.
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~~~i1fi~j~:il IWGi~~csl~~ bit If~%u~~tion. II ~JY~~~::~t~~~~~'bY'OOM-'--I-'i""""""""~~Z~~~-""---"l"~Z;~~~:~~~;:-'
j I specified in Appendix T, shall be parameters, can proceed only
j i I used for Fe/RMCS sampling I mduding ! with a qualified
i ! J operations. downforce, RPM, f drill bit.
I i I purge flow rate
j, and penetration
i! rate were derived
j I and verified using
! i the drill bit
i I specified in
1 I Appendix T.
i I I Fnctional spark -
i I' I issues were verified II
! I for the specified bit
! I based on 80M test
:, results. .

:~~~ic~~'s~mpi;;""""ili;"""""~::;"~::::~:':~r:mm';"'::m;::::m::r:;;lli:m"';;:;:'i;:;"':~":::m:":';H';;;~;m~;:;:;::[:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::~::I:::::::::::::~:' ::::~:::~::::::::::::::::~:::~=:::::::1:::::::::::::::::::::::::::::::::::~:::::::
6.8.2.1. Core sampler ! Use of qualified core I Procedural I Only core samplers qualified by 1 OS fire and I FC/RMCS
qualification ! sampler I implementation. I80M and envelope testing. as frictional spark I sampling activities

I - I specified in Appendix T, Shall be potential fOr the I can proceed only
j I I used for Fe/RMCS sampling, core sampler I with a qualified
! j I operations. specified in Icore sampler.
I I I Appendix Tare
1 'i negated by 80M

.................................................j l ··..···..··..·..·· ··..t·..·· · ·· · ·..···.............................................. ·..~~~·~~~·~~·:._ ..·..·..···.._·i··_·.._· ···..· · ..
6.8.22 Leakage I Reduce I Procedural i An administrative control shall I' 3 leaking samplers INo FC/RMCS

i contamination from I evaluation I be developed and implemented result in equIpment activities can
I sampler leakage i Visual inspect'on I for: contamina.tion, and proceed.until
i I Ii... I the potential for leaka6e IS
i I I - VIsually mSJ'l?:'bng ~e sampler gas generation and I contamed.
i I I' for leakage durlllg retneval, and I i accumulation in I

'I I .. i uncontrolled

I-properly handlmg a leakmg I spaces.
sampler.

:~l'1:tl~1~:~1~;:;~;;:1:;:;:1:1::1:mr;l~:~;~1:;:;~;~1::::~:~1~1~1~lII:1:1;L:::::::::::::::::::::::::::::::::::::::::~::~::::::::::::::~::::Jr·::::::[::~jl(==::::~:_:~:=~:.::~:~:~~::::::J
6.8.3.1. Drill bit, core Baselined '1 Procedural "I The FC/RMCS drill bit, core 1 Results from I No waste-intrusive
barrel and drill rods performance of rotary evaluation barrel and drill rods shall be of envelope testing IFC/RMCS

drilling equipment . QA/QI::. over the configuration and material. I and ignition testing activities can
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Sysl~UI or Condition IseQ '. .'. .:..."-;:.:...!.:r~i!;~Rf~.:::\:;:i;:::ij:;!;:i::i:::!:~;t:~:ililt~I~:l:;I~I;!~]i~!:i;jll~ ;~lt!:I;.i:.:~m:;:~tf~lil~::'l;j;li~I::·s..il:~;~l:~li:;;::

, offsite performam:e.
I i con5e9uences ,I
i I resulting from a
i I dome collapse. I

.................................................J 1 _.i•••~~~~~.:~:.. i _ .._ .
6.8.3.2 OS open to I Detect flammable gas Aammable gas An administrative control shall 3 Sniffing detects gas No sample retrieval
almosphere I accumulation. meter be developed and implemented accumulation in the operations can

I Procedural for: OSa~ reduces. Qroc~ ~ithout
'1 evaluation I" potential lora fire. OS smfflng

• smffing the contamed OS . I commensurate
. I I before the quill rod is Immediate change- ! with control.

I disconnected, and ~ut asse~bly
Installation

• isolating the OS immediately mitigates
'I (maximum of 60 minutes) after ~amma~le gas

the drill string is disconnected Interactions.
I from the quiIJ rod. See Section 4.1.2.2 _

. I • Sniffing the OS before breaking and 4.3.3. I
.................................................1; 1. ~~~~~~;~~..~~.~~~:.~~:.~~.~~.= : __ ..1 .
6.8.3.3. Gas i Purge drill string I P~ocedural . An administrative control shall 3 Purging eliminates No FGjRMCS
accumulalion, I evaluation be developed and implemented ~as accumulation waste-intrusive

. I i for sniffing and purgmg the OS In the OS and activities can
I I I sufficiently to evacuate reduces potential proceed untilI flammable as accumulations for a fire. requisite urging
i I I before FcjiMCS activities if: See Section 4.3.1. activities tave been
I I completed.
I I • sampler is left in OS without
I . nitrogen flow or hydrostaticI I Ipressure for ~ 60 minutes; or

I 'I I· OS hydrostatic head is lostI with no sampler in place.
..6:83:4:..·w~·~·i;···· ..··..······ l··M·i~·i;i·~;·fj~;d ·· ·r..sR·;i·~·~·i ..·..·· ··· jh;..i5S·;h~il~..fl~';h;;:;~d· ..·-- 3 ]..W;;;t;fj;;di.~g..i-;;:- ..N~·;;;;;-h;";;j;;·
flooding ! waste in OS. inspection of purged with indications of waste the OS can result Ul FGjRMCS

! I sampler or loss of flooding in the OS, based on gas generation and a&:tivities canI Ihyd.rostatic head ~proved Tank Fann Plant accumulation. proceed. until
i dU~1I~8 change-out uperating p.rocedures, to the See Section 4.1.4. ~ntrolls
I , activIties extent practICable. I Implemented, and, I ~~~I , . flooding is verified.
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6.8.5.1Grapple Load j CrappIe load ~ 250 Ib Sampling truck IThe electrical motor driving the 1 rControlled loads INo FG/RMCS

j instrumentation grapple hoist shall automatically Iprevent grapple activities can
j I Load Cell shutClown when the load reading chop consequences proceed until
I I ! I is >250 lb. and potential for . procedure isii,The grapple hoist cable shall be fire. I Implemented.
j I inspected once every 6 months. f See Sections 4.3.2 i
\ I I The g~apple hoist load cell shall I and 4.3.6. I'
! ! I be calIbrated once every 6 I, I i

. ! ! ! months. . I I
"··6:S:~X~;~Y~~··~·~'~~~!'··!~·~·~·~·~·~!~·~·~·~'~'~·!·~,!?,~~.!.!,~,!,~,~,~.~,!?~.!~!,!,~!,~!!',!,'.~,~!,!,'.•.~.~:.~!.~!.~,!,!,!:~,!,~,!.!.~!!~!!;~.~.!.!.::!!.!.~·!:!':!,!·!·!·!,r!:!,!·!?:!·:.!!·!:!:!2'r:?T······ ..•..••..••• •..••..••••• •••• •..• ••..• '·· T·· 1'- _ _- ,. _.__ ..
··f~~£·~~;;i·;;· ..·....·....·..r~~~~~:·;~~;i~·~:·"'· ..r~;:~~:f'ti~~ ......·~I··E~~~~J~~~~~~~::~ ···..3..·A •..:I..~~tii:~~~::·;.-_ ..1"~~!~~·~s ..· ·..·..

j ray I evaluation preventmg a known leakmg accumulation. I proceed until

..... .....J....__.....__..__.__.J._.__._._... J~i~Ji;;~~~ ._J:=-=-l!~:~_
6.8-6.2. X-ray sample II Minimize waste or IProcedural i A redundant barrier shall 3 Prevents I No FC/RMCS
liner flammable gas evaluation I protect the X-ray system from flammable gas in I activities can

entering X-ray I flammable gas penetrating into proximity with X- I proceed until
II the system, and from sampler ray ignition source. I procedural

; , contamination. See Section 4.1.3. I cor~tive actions

::~f:§1M~~~;.::';::::;:::l:::'::~;;;:'\;:\~;;\;:;\::t;;::\~\:;\[1;;:;;\[;it;;;::\t;\i,\,;!t;;;~;:;t;;;;~~;;;1;~;f;;~;;l;l~;~l~l;;;~:l;;;;~;t::::::::::::::~::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::[::::1::::::::::::::::::::::::::::::::::::::::1::~::::::==:==::=~::~::::::
6.8-7.1. Dod ! Prevent duct leaks j Procedural The exhauster duct shall be 3 Inspecting verities 1 No FC/RMCS
inspectiun.:. i and static-induced I: evaluation visually inspected for leaks and hose functional I activities cani sparking. Visual inspection adl:!9uately supported for capabilities, I proceed l!ntil duct

! envlronmentalloa.ds before Reduces likelihood I has been Inspected.I FC/~MC~ operations, and after of above ground
I I an};' situation the operators fire that could
I I believe the duct may have been propagate into theI I ,damaged. aome. .
! . See Section 4.1.2. _

··6:a7:i···OP;;~l·i~·~;·""·"·r~:~l~~;~~~~=t;·;"i"·""I·~~---_·-rt:~S;;;~~=-II··l······""··· "~~~~~i~~::~:""'4"~~~;~~:~::''''''
I establisheCl, Quring that mandates that the exhauster mixed, dispersed mtrusive activities
'1' rotary drillin~, and 16 be fully operational: and reduced with can proceed unless

hours followm6 I . exhauster the exhauster is
. purge termination. • 1 hour before the nitrogen preparation. operational.
I purge flow to the OS is Accumulation of W.thI I established at 30 scfm, and the aerosols I.
: flammable gas concentration < ti' I't d noncompliance to
I I par cu a es an procedures noI I 1000 ppm . flammable gases • FG/RMCS'
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iii-cumulative 16 hours following , mmlmlZed. I corrective actions
! ! I termination of nitrogen purge This mitigates 1are implemented.Ii'flow to the OS. unacceptable I
! j When rotary drilling operations I offsite I
I ! I are resumed within any 16 hour con5e9uences I
I i I waiting period, a new 16 hour resultmg from a
I I , period will be initiated following dome collapse. I
i termination of OS nitrogen purge See Sections 4.1.1 I
i flow of 30 schn. and 5.4.2. I
I IThe PIC shall be authorized to
! I 1 prematurely terminate exhauster II I , operation for external events that I
I ! tIlreaten personnelor, I
I ! , equipment. !

...................................................., " :- ! .

6.8.7.3. Riser i Miti~ale aerosol, I Radiation I An administrative control shall 2 Limited open riser I For periods greater
aerosols i particulates and gas I' monitoring be developed and implemented time reduces the I than 8 hours, no

1 releases procedures that: potential for IFC/RMCS
. . " aerosol, particulate activities can, I -prevents op~nmg a ~ser.wlthUl and gas releases. proceed until

, 4 hour fo!l,?wmg termmatlon of See Sec' 54 1 procedural
! ! rotary dnillng, and tion . .. ! corrective actions
! I .... I are implemented.

"i I ' -limits the nser open penodto. I! ! less than 8 hours per activity. :
.............................oa.. • ..•••••••.. •• ..4············.., e- , 1 .
6.8.7.4. Ellhauster- ! Tank pressure I' Procedural i Exhauster operation shall not 1 I Mitigate excessive I' No FG/RMCS
induced ldnk I . evaluation I draw a tank pressure less than tank negative activities can
pressure i - <atmosphenc I I value specified in approved pressure, potential proceed until tank

I pressure, and I I IOSR. for dome collapse. I' pressures are in the, I I 'fled I' .I _ > -3 in. w.g. i This mitigates Ispec! Imlts.
I - I II I una~ceptable
i offsite i
I I , i consequences I

---..--------------_l.__. .. . l~~.~.__. .l_._._.~__~~. ._.~ .l~._~~.~
6.8.7.5. t-1EPA i HEPA filter housing i Radiol~ical I An administrative control shall I"3 i Control prevents i If the radiological
radiological ! loading < 100 I monitorUlg I be developed and implemented , accumulation of I levels are exceeded,
monitoring ! mrem/hr contact I procedures I for manually monitoring the II radioactive waste I !hen no waste-

i dose rate on filter I I HEPA filter housin610ading I particulate on I mtrusive
i housing , " daily during operations for HEPA filters I FC/RMCS
I 1 radIoactivity, 1reduces the I activities can
I I likelihood of I proceed until the
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! - >150 sdm I I.... i " exhauster i 250 sefm. If
I ! ! - Jmmedl~tely WI~ > 5.9 Inches f performance and i drimn~ the drill
I I Iof water dlfferentl~1pressure I could result in rig engme will
I ! across the HEPA fdter bank, or I Iunf!ltert;e! automatically trip.

! I ,- after 5 minutes for ,::250 sefm :~~:stl;:x~ags~~ No.F~/RMCS
! : high flow or I I I' f activIties canI I ' re e!Sse, ~xposure a proceed until the
; I I _ immediately with <150 sefm radioactive waste I cause of shut down
! I low flow. - to workers. I is'identified and
!I I A ... I To prevent tank I corrected.
I I n admlnlStratlve.contro shall overpressurization
I be d~velopedand Implemented due to pu gil' gas.I for timely exhauster restart: r" I following an operational shut To prevent

down. unacceptable
I, vacuum in the

! f ~~

liT 'dI i oprovi e
I I ~~~
I I emission of
; I radioactive waste
I I ' lparticulates. .,

6..8.8.1. Bypass I Ensure sufficient ! Procedural i The nitrogen purge system for 1 IBypass leakage No nitrogen purge
leakage verification I nitrogen purge flow I evaluation and i the OS shall be tested for bypass testing ensures that flow activities can

I during rotary drilling ! verification I leakage every 6 months, with the purge flow is proceed unless
I I I independent verification and I adequately testing has beeni I 'I indication of failures. I provid~ to dri~l bit completed, and

"
I System leak rates must be within I Jo~ ~hng during ~ow levels

the uncertainty range of the dnillng. I mcrea~ as
I I instrumentation system, or less IThis mitigates Iappropnate.
I I than 2% of the required flow. I una~ceptable
! I I offSite
I . Icon~uences II . I resulting from a
I I I dome ~lIapse. I
I. I See Section 4.4.1.
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6.8.9.1. Bypass i Ensure adequate I Procedural The nitrogen purge system for 3 Bypass leakage • No nitrogen purge
lea kage verification ! purge in sleeve to OS I evaluation ! the sleeve to OS alUlulus shall be testing ascertains I flow activities can

! annulus I tested for bypass leakage every 6 nitrogen flow in . proceed unless
I ! months, with independent annulus. Itesting has been
I ! vt;rification and ini:lication of See section 4.2.4. completed, and
; I failures. flow levels
I !'I ~~~~: ! .

•
,~

t~t~~'e ~~~fi:ation I~~9~;waste t ~~~:~~~iand 11··t~e~tts~~~~~:~~·~f:~S··"····· ·j···....······II··~j~~~~~~:tic:1 ~~~~~~M~~ccan
i i verification tested for bypass leakage every 6 before sample " proceed unlessi i months, wilti independent I' retrieval. testing has been
I I Ivt;rification and indication of Prevents I completed.
! ! failures. I inadvertent waste I
! i I System leak rates must be withinI and flammable gas ii the uncertainty range of the accumulation in the i

_~ -J~ L I.~::~~==:::_.. ~~~L . .
...~.~II:!.~~.~.!r:J.mf;~~!!.~~.~2;52~,tfu.!#.;;;1;ml;;1;;;;;;;l;E;~l;;;;;@l;;;lll;l;;;l;ll;;;;m;;l;;l;;l;.~ t __ ..1. .
6.B.l1.1.Truck I&C I Ensure accurate I&C i Procooural IAll truck shutdown indication 1 IPeriodic calibration i With .

I measurements I eva.ll;Iati?n and sys.tem elements shall be . ensures accuracy. i noncomphance, no
i i venflcahon ~ahbrated every ~ .mo!'ths With Control provides i FC!~~CS
I I I andeflen~en.t vt;nfi~atlon and I ~surances for i actlvlhes ca,:,
i • ! te~te(j With ~ndlcatlon of all I critical I proceed until
! i I ~allures. ThiS contr?l does not measurements, Iproced!Jral .· . Ianclude the sensors I". the roving protections cor~tlve actionsi I Iflammable gas detection system. ~rwaste, dome Iare Implemented.
! ,drill string fires, to •
I II I be ad~uate during II· RMCS operations. I
i I This mitigates II unacceptable
· ~~ ii consequences l
i resulting from a I
i I dome ~Ilapse. I
! l See Section 4.0. ;

..f:~1":i"E~·h:;~·~i;; ··..·..l~~~~~~:f:;·I&C"· ..l:~~:!j~~i·~:~ ..· ·T·~~~~~;:;~·:~~t~~:~:·:~:~;......3"........·T::~~:~i~~~~ ..r~~:~~~·:::::·~: ..·
' A ..
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activities can
proceed until
procedural
corrective actions
are implemented.

SySlrnt or CO~~.iI16n)tS¢dF:r:.,::.. :.:::·i::::[;;-·-q-::I!ri!~'~:l:::.j;.!;'!!\;:\I::~::l.j.:~~:'::·'::

..................................................( 11..v~rrficatio~ ; fl;·~:~J:~d:7v:~i~~~n ;~~~f:;;:~es

j i a~d tested ~ith indication of aU critical
1 / ! I~allures. thIS con~1 does not measurements,
i II IOdude the sensors I~ the proving protections
i I flammable gas detectIon system. for waste, dome
I I I ,drill string fires, to
i i ., be ad~uatedUring
i I I RMCS operations.
I "I I This mitigates
j I i una~ceptable
i i ' oflsIIe
I I ~~

·~1£..;;;~.yWiijiriil:l~i.!l>'8""""ili'0r%;'1"m0:£w1B'm:4_L-------~-T~~;~-~_._--
'tt~p;~;~.~t~~~; ..T~El~;:,~.;~jlfl-t~~f,Z".r~iP\~·~=

I
environment. achvi

.. ::::~-'11~6.8.12.1. Last I Terminate drill 3 in. Procedural Based on evaluation of the depth 3 Reduces the With
sampler i From bottom , evaluation I, to the tank bottom, dri1l string likelihood of the noncompliance, no

i length shall be calculated to bottom liner FC/RMCS
I . terminate drilling ~ 3 inches penetration. activities ca~

i I above the tank bottom. See Section 4.6.2. proceed unhl
i I I Iprocedural',' Appendix N co~tive actions
. are Implemented.

~:~~~~~~~~~·:~~!:~~~:~:~!;i¥!~j:f:~~!~!~!:::r~:..:·::;~1:T·~:::~::·;;·:::·~:~·7~;·:7:~::t:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: :::::::::::::::I::::::::~:::::~:::::~::::~::::::::t::===.~~~:::::=::=:::::::
6.B.D.}. Down for(;1! i OS down force < 750 Force detector and i The drill string shall not be 1 Drill bit With

! Ibf - walkdown function operated with a down force> overheatins and noncompliance, the
, used for all 750 lbf. waste ignition is OS wi1l shut down.
I samples except the .., prevented, while Nitrogen purge
i last • The d~1I og engme shall . factoring the and exhauster
I Th f d automatically shut down WIth potential effects of systems will
I de th°rche detecl~or I down force> 750 Ibf. OS failure. remain operational
, . an e y rau IC I ·th· 'fied
1 Ibottom detector • Automatic shutdown signal is Control prevents a r'1 .:;' SpeclI used for the last assumed to occur within 2 local exothermic I Iml .
i sample seconds forout-of-tolerance. chemical reactions I No FG/RMCS
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:=!::[~f:i~~i~1it~Yilfll·f!~~I~
j / i verification • The force detector shal.1 be used I ~mmable gas in ! procedural
j j for aU samples, automatically' • the waste, I corrective actions
j i armed. The walkdown function Iconsequently a I are implemented.
i I I used for all samples exc~pt the. possible dome I
j i I !ast, shall be ena~led ';Ismg i ! collapse due to i
! ! I mdependent verification. The I ! frictional sparks. i
! ! Ihydraulic bottom detector used. !.. . .
! ! fur the last sample, shall be I I ThiS mitigates I
iiienabled using independent I ! una~ceptable I
i ! ,. verification. i offsite !
: I I consequences i
I I , I resulting from a I
i !. 'I dome collapse. I: :: I
i I I I See Sections 4.4.1, I
! I I i 4.4.4, and 4.6.3. I

~~;t:&~~~~;!l~~;;.~··r:~F~~·i~;;;;6501~~~7=:-T~{ff.~~~~;~;:l\-·-li' ..3......···..··lr:~~~i:~~i~.·II··~~~~~i~:~·;::··:~·:··
j i the last down force < 650 Ibf with OS . . . manually shut
I I Th h d I' length >45 ft. down. Nitrogen
, ley rau IC I I I purge andI I bottom detector i I exhauster systems
i i used for the last ! I, I will remain
i I sample' I I i operational within
I I Procedural Iiispecified limits.
I I eva~~ati!?n and I I I I No FG/RMCS
i I verification I I i I activities can
j I I I I, I proceed until
I 'I i 1 proceduralI j • I I corrective actions
I I I I 1 I are implemented.

................... .; ~ !' , •..••••••••• • ···1·..•·• •·•··•·..•·..• ···..··· ·
6.8.13.3. RPM I OS rotational speed < I RPM detection 1 The drill string shall not be ill Drill bit . With _

I 55 rpm - I system I operated with rotational speed > I I overh~ati':lg an~ nonCt?mflbance, the
I i I 55 rpm. I I waste Igmtion IS OS Will shut down.
! I Proced,:,ral I ! I prevented, while Nitrogen purge'I' evalualJon i •The dr!1I rig engine shall . I I factoring the and eXhau~ter

II One out of two I automa~cally shut down With I Ipoten~ial effects of syste!I's Will .
. , redundant logic I OS rotational speed> 55 rpm. OS fatlure. remam operational
i I I . . II I within specified
I I I • Automatic shutdown slralls • Control preve~ts 'limits
i , assumed to occur within ,. I local exothemllc I .
iiiseconds for out-of-tolerance 'I chemical reactions i No FG/RMCS
I i I conditions. as well as an I activities can
I I I I ignition of I proceed until
I I I : I fTammable 2as in I procedural
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I Iii·.. 11. :~;~~tly a I~~~r:m':::.
i. possible dome
! / i collapse due to
~ I frictional sparks.

i ',i I IThis mitigates I
i unacceptable ;Ii' offsite i.I I. consequences I
i ; I resulting flOm a I
! I I dome collapse. I
i I I See Sections 4.4.1., I

· 1 L L L ~:~:.~~.~.??.~.:~:~ j ..
6..8.13.4. RPM with ! OS rotational speed < i RPM detection i An administrative control shall 13 IPrevent drill string i With
DS length> 45 ft i 40 rpm - I system I be developed and implemented failure. I noncompliance, the

! . Procedural I that ~anuallymaintains the. ! See Section. 4.2.1. I OS will be
i ! evaluation i rotational speed < 40 rpm With I I i manually. shut
I I i OS length >45 ft. ! down. Nitrogen
i I ! purge and
i I exhauster systems
i . will remain
'I I operational within

I specified limits.
i I ,. No FC/RMCS
i . I activities can

.. .. -.-- -.L -_ .l.._ _.._ -.-- -L._._._.__.__. .~~~;, .
6..8.13.5. Nitrogen I OS nitrogen purge> i Purge flow i The OS shall be purged with 1 Drill bit With
purge flow i 30 sefm - i detection system i nitrogen at> 30 sefm. overheatins and noncompliance, the

I I) I - waste ignition is OS will shut down.
I I rledtiral I•The dr!1I rig engine shall . prevented. Nitrogen purge
i eva ua on , a~tomatically shut down With Co trol prevents a and exhau~ter
I i I m~rogen flow less than 30 sefm, loc~1 exothermic syste!Jls Will .
I I I US1~g two out of three redundant chemical reactions re~~1n ope~ational
i I logic. as well as an ~1t!'1n specified

I I . .. f bmlls.
• Automatic shutdown signal is Ignition 0 .

i assumed to occur within 2 flammable sas In No.~/RMCS
I Iseconds for out-of-tolerance the waste, activitieS ca~
i conditions. consequently a proceed until
i possible dome procedural
i I • Nitrogen purge ~as collapse due to corrective actions
I I temperatureoentenng the tank frictional sparks. Iare implemented.
I ! shan be > 10 F and < 14O"F. This miti ates___--l _
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1 1', Iconsequences
1 / I. I resulting from a I
1 iiidome collapse. i
Iii ISee Sections 4.4.1 I

! ! I I and 4.4.4. •••..•.•.....•••••••••••••.•.•••••••••••••••••••••.) c. c. && 1" 1 01 _ .

6.8.13.6. Riser/sleeve 1SIet!ve to OS annulus 1Designated i The sleeve to OS annulus shaH i 3 i Prevents I No FC/RMCS
purge operations ! purge ~ 2 scfm ! measurement i be purged with nitrogen at ~ 2 ! accumulation o.f i activities ca~

1 I system I scfm d.uring rotary drilling flam!llable gas m I p~eed until
i i Procedural 1operations. the riser ana I mtrogen purge
I I evaluation and I.. consequently a I flows are
! I .fi t' ! • Nitrogen flow m the sleeve to dome fire caused I adequately
1 , veri ca Ion I OS annulus shaH be verified I by the frictional I esta&lished.
i I ! before rotary drilling o~rations, ! spark between the
Iiiusing independent verification. I rotating drill string !

! I I . . I and sleeve. I
i ! I •Nitrogen purge < 40 pSld shaH I . !
i I I be alarmed and will i See SectIOn 4.2.4. I
i , i au.to~atic~Hy shut down the", I
i , I driH ng With one out of two , I
! i I redundant logic. I I

··~~~~i~~·;~~~~·~;~·-·····-···r~:~:~:~~~;;~~"""u··r~:~~~~~s~·~:::········r~~~~~~~~~::~~~~;~re;~;j~··..······ri··············I·..~~~~~i~·:;=:·······T~i~=:~;~·~~~::·:= ...
i ignition i p oced I ! in./min for> 60 seconds. I penetration is I FC/RMCS
i I r ';Ira I - negated. i activities can

evaluation ! • The OS shall automatically trip ! proceed until
I 1 o~t o~ 1 control I when .the p,:netration rate is. I ~~t~~tth~~~ a I proced~ral .
I logiC With operator I 1>.75 m./mm. for ~ cumulat1~e I I chemical reactions i cor~tive actions
I backup. I t1m~ of 60 seconds In any 3 mm. I I as well as an I are Iffiplemented.
1 1period. I~'ition of I, . I
I,' I The drill bit shall be replaced if I ammable gas in i

I
, drilling is shutdown four times Ithe waste, !

I consecutively as a result of low consequently a I
! I penetration rate, and if the I possible dome •
! ! cumulative penetration is <0.3 'I collapse due to I
I i in. for the last three attempts. ! frictional sparks. I
I I I Control also I,I I prevents drilling ,
1 I I i against materials I
! i I Inot covered by i!! envelope testing. i
I 1 Prevents the !
I' I i ignition of i
I ii'flammable gas due I
!. . to hot sPOts ,
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! I ~~~
i temperature).
i I I Provides protection
! II a~ainst severe drill
I bit tooth wear and
! ~~~~
! I Steel Blank from
! I I exposure to metals.iii This mitigatesi I Wlacceptable
I I Ioffsite
I ! I ~~~~
!! I I resulting from aI i I . dome c~llapse: i

I I I I jSee SectIOns 4.4.1 I
! ,. and 4.4.4.

.::~~~f~~~:!:~8~~·:~~~;.~~t~E:£~R~Ht~~liilitj;;i:iilit·ili:ill'jQM:ili:j~:i:::Q:[:~jili:~;l['i~j[:~~::::~::::~~~::~:::=::~:::::::::::::::::::::::::::::::::r:::::::[::::::.1::::::::::~::::::::::::::::::::::~:::::::t:::::~:::~:::=:::~:::::::::::~::::::::
6.8.14.1. Drill Rig i Prevent drill bit ',' Alanned setpoints The drill rig shall automatically 1 . Wait period allows No FC/RMCS
shut down I overheating shut down with out-of-tolerance cool down of drill activities can" I values for down force, RPM, bit and localized proceed until wait

I
nitrogen purge or f>enetration waste temperatures period is satisfied.

I rate, operational eXhauster due to out-of- I
I, shutdown, or upon detection of a tolerance down I
I I CRE. force, RPM or I
I A minimum 10-minute wait purge flow values.
I I period shall be imposed Control ensures
! I following automatic drill rig shut that the initial local
! I down before any waste-intrusive waste temperature
I activities can be resumed. . is in thermal
I ~~~~
• the tank waste and
I provides
I I assurances for drill
I bit/waste
I temperature not to

I · be exceed aboveI allowable limits.
I I This mitigates
I I I Wlacceptable
I ! I IoffsiteI I I consequences
I I j resulting from a
I !! ! dome cOllapse.
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System or Condition ~ SeQ § Surveillilncel 1Admil\~striltive Conttols 1Lever jBasisfor Control ~S"f~ S1l1!t DQlni
~ § Monitoring j .. ..• ·1 ~ . . .\ Condition.

··················································f····..·························· ··..·········r ·· oi u·· ·..r·······~···,;····'·~ ·..····•·····..·· · ~ ·•···..· · ·t ~ ·..·r·~".;~· ····: ~ ! ~ ~ ..

··6:8:14:i···G·RE·~h;;-t···········i··pt;·t~~t·p~~~~·~~~i ········L.\i~~~d··~~tp~·i;:;t~·····t ..A·GRE·i·;·d·;fi~~d··t~·~~~;·;;h;~;····h··· ..······J.·~t~~t;.~·~:r· ··I··Aiip;~~;i' ..
down 1 1 i l down during GRE 1within a llJO-m

1 1 1• > 5000 Pl?m hyd~ogen 1 prevents exposure j radius from the
1 l ~ concentrahon eqUivalent, or l to flamma~le gas 1~ge of the tank
; ; ; .; concentratIOns! Will evacuate and
1 . 1 • > 100 ppm/s rate o~ eq~lIvalent ! sufficient for \ don protective
i 1hydrogen conc~ntratlonIncrease i ignition. ! equipment before
i i over a ID-s penod, or i! i returning for
: . : : Reduces the : furth .
~ ~ • ~ 2 in. w.~. increase in a 5 ~ i possible spark \ . ~r eqUIpment
~ ! nunute penod above the tank i ~ sources in the i stabilization.
i i background pressure. i i dome, waste and l
1 ~ Upon detection of a GRE, the j around drill string. j
j i j eXhauster will continue to 1 Provides protection \
1 i 1 o~erate, and. drill rig operation 1 for toxic gas i
1 1 1wdl be ternunated i exposures. i
1 i 1 1This mitigates 1
1 ! i 1unacceptable l
; ! l : offsite :
i ill consequences !
1 j 1 1resulting from a l
! ~! i dome collapse. i
: :: ::
1 1 l • 1See Appendix B. i

···6.i14:i···G"RE··;~~t~;t·· ..··rMi;:;i~;~~ ·..·· rp·;~~~d~;~i · r~·~·d~·i;:;i~t·;~·ti~~·~~~t·;~i'~h~·ii······r3 · ·rFi;;;;~bi~··g~:;:..··· rFG'i~CS ·· .
i unanhClpated ! evaluation and i be developed and Implemented! : removal followmg ! activIties cannot
1ignition sources l verification ! for restart following GRE. i ! a GRE is enhanced l resume until restart
i following GRE. i! i i by exhauster ~ requirements are
1 1 1 . 1operation and the i implemented and
: : 1 ~ use of pressure l flammable. gas

i i measurement : concentration
! ! systems qualified l limits are met.
i j to operate in a 1
l ! Class I, Division 1, l
1 i Group B i

. i ~ environment. i
i 1 . 1Appendix B. I···················································2·· .0. "' i- ! ; ..

6.8.14.4. Power loss 1Prevent 1Procedural 1An administrative control shall 3 l Loss of hydrostatic 1FG/RMCS
restart 1unanticipated j evaluation l be developed and implemented ! flow from a power 1activities ca~ot

l ignition sources 1 1for restart following power loss j loss can all~w l proceed untIl
i following power loss. ~ i to include: i waste floodmg and i restart
1 ! 1 . 1gas release into DS 1~equicements are
l 1 1• The DS shall.be smffed and j and SR. l Implemented.
l : i purged follOWing shut down i Se Se tj' 414 :
iiicaused by power loss, i e c on . .. i
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,.":!.::"::~,;j!,:D&'~II~"\\I·ll11
I I reestablished.

I I ·The exhauster shall be
! restarted foUowing a power loss .

Iaddition evaluation be limited to < 250 gallons in See Section 452 activities can
I I compliance ~ith approved Tank and Appendix '0. pnxeed until
! I Farm Operating Procedures. pnxedural
I I Increased water addition I corrective actionsI I I~~~~:ai~ shall require PRe I are implemented.

"~~~~~'~~':~~"""""""""'r~~'a~~~:;~~~:""'"·····..····r~;e~i:::~~~~········· ..·..·[ :EF':i:i:.;;.:!t~:~ie7T'-···==~-~-~~CS-·-
I temperature-induced, compliance ~ith approved Tank I and Appendix·O. pnxeed unti~waterI waste-related Farm Operating Procedures. temperature IS
i chemical reactions wiiliin specified
! .! I limits.
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7.0. CHECKLIST ITEMS

This safety assessment (SA) asses?ed safety aspects of the installation, operation, and
removal of rotary-mode core sampling (RMCS) equipment in single-shell tanks
(SSTs) on the Flammable Gas Watch List (FGWL) or those tanks recommended by
the contractor to be included on the FGWL, hence referred to as FG/RMCS
operations.

'"'-
This SA was developed using bounding assumptions. However, these assumptions
are not verified against each one of the existing or potential flammable gas tanks
(see Section 1 of this SA). The following assumptions must be verified before this
SA can be used for RMCS operations in any FGT.

CHECKLIST ITEMS

: .'...::' ",., ....:.. -TANKSPECIFIC HA.ZARDSlOTHER WATCHLISillS·.... ,.. , ."'.' .. :..,..... ,
',;' :':,:::,':"'::::",;:,::';::,::~:",::~;:,j;;;:;',:;i;,,:,ii,:,:'::,;;,::;;,:'i,\,:,"::\,:.,,;:::':','::i;:::: i,:,:.::.:::.}:::·:\:'\:·: '·",:.:".<:{:::::::::::\:,:::,:,/':;::\"·)j;·i:,,:i:';'::';::::':,:::::':;;;';':i::;:i:::'i::::~::::;::::':j:i
If a given tank has a specific hazard or accident initiator that is not analyzed in
Sections 3 and 4 of this SA, the analysis must be supplemented to cover the tank
specific conditions. For instance, this SA does not address ferrocyniade issues even
though some of the FGTs may also be on the ferrocyianite watchlist. This checklist
item is especially important for tanks that are on multiple watchlists (in addition to
flammable gas watchlist).

This SA assumes that 25% of the LFL is greater than 5000 ppm hydrogen based on
the analysis provided in Appendix C. The only flammable gas species considered
are hydrogen and ammonia with small amounts of methane. If new information
(information that is not cited in Appendix C) reveals that, for a given tank, there are
other flammable gas species and/or the assumed value of the LFL is not
conservative, the analysis in Appendix C must be revised to incorporate the new
data.
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CHECKLIST ITEMS (cant)

For toxic effects, the gas composition in a given GRE is assumed to be 60% ammonia
or 75% nitrous oxide. If any evidence before the FG/RMCS operation exists to
indicate that these values (especially the ammonia fraction) may be exceeded in one
of the SSTs as a result of new analysis or data, or if they are not conse~ative, the
consequence analysis must be re-evaluated. This can be achieved by simply scaling
the new data with the 60% fraction used in the consequence analysis. The
consequence an.alysis is the linear function of gas composition; thus, simple
multiplication would be used to consider different gas concentration..c;..

Also, the results of vapor space sampling program were reviewed. Major toxic gases
that are found in the dome space of the presently defined flammable-gas tanks are
ammonia and nitrous oxide. Other gases are found in trace quantities and do not
pose a concern. However, it was recognized that the existing data are limited and all
tanks of interest are not covered. Thus, if new data reveal that toxic gases in excess
of the hazardous limits are detected in a given tank, the consequence analysis must
be reevaluated. The reevaluation may be done by simply scaling the toxic gas
fraction and the guidelines against the ammonia fraction and the associated RGs.

The best available tank temperature data must show that the peak waste
temperature (considering uncertainties) must be less than 90°C. If the peak waste
temperature is ~ 90° C, the envelope testing results discussed in Appendix F must be
re-evaluated.

Table G-3 of Appendix G lists the frequency of waste fire accidents for the lOO-series
SSTs. The analysis given in Appendix G is based on waste composition data
through December 1995. New data taken after December 1995 or revisions to the old
database may alter the results of the analysis given in Appendix G. Therefore, in
using new or revised data, it first must be verified that the conclusions of the
analysis in Appendix G are not changed.
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CHECKLIST ITEMS (cont)

The GRE probability includes statistical distributions for gas-release amounts and
rates that are based on limited data and expert judgment. If additional data or
analyses exist for a specific tank to indicate that the GRE probabilities used in this SA
are not conservative, the accident frequencies need to be re-evaluated for that tank.

In general, before the FG/RMCS operation starts on a given tank, the best available
tank specific data for gas inventory and gas release evidence must be evaluated to
confirm that the statistical model for gas-release amounts and rates used in the SA
are still conservative. In general, if one or more of the following conditions are
observed for a given tank, the GRE probability model given in Appendix L must be
re-evaluated.

• Periodic level drops and level swells in excess of ± 3 in.

• Level drop ~ 3 in. during or after an intrusive event

• Dome concentration measurements ~ 25% of the LFL before, during or after a
waste intrusive event.

• A well defined nonconvective layer (parabolic temperature profile) below a
supernate or convective layer (flat temperature profile) that would be indicative
of potential rollovers.

• Retained gas inventory estimates (via level swell, fill history, etc) is greater than
20% of the available dome space volume.

If the reevaluation indicates that the existing GRE model given in Appendix L is not
conservative for a given tank, a revision to the SA will be necessary.
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APPENDIX A

HAZARD IDENTIFICATION

This appendix describes the process used to identify and qualitatively assess the
potential operational events, external events, and natural phenomena that can
cause the release of hazardous material during the installation, operation, and
removal of rotary-mode core sampling (RMCS) equipment in single-shell tanks
(SSTs) on the Flammable Gas Watch List (FGWL) or those tanks recomm"ended bv
the contractor to be included on the FGWL, hence referred to as FG /RMCS
operations. This process, called hazard identification, is equivalent to the hazard
analysis (HA) or hazard evaluation process in a safety analysis (SA) report. The final
product of this hazard identification process is a list of Design Basis Accidents that
will be examined in more detail in the Accident Analysis section of the SA.

The guidance used to perform the hazard identification (or HA) is DOE-STD-3009).1
DOE-STD-3009 provides the following guidance on the requirements for a complete
hazards analysis.

A complete hazards analysis should include the following requirements (STD-3009,
pg.31);

1. Consider the complete spectrum of accidents that may occur as a result of
facility operations;

2. Analyze potential consequences to the public and worker;

3. Estimate the likelihood of occurrence;

4. Identify and assess associated preventive and mitigative features;

5. Identify safety-significant structures, systems, and components; and

6. Identify a select subset of accidents to be formally defined in accident
analysis.

In the hazard identification (hazard analysis) performed for FG/RMCS drilling, four
of the six requirements above were met in full, namely, (1) a complete consideration
of the spectrum of accidents; (2) analysis of the potential consequences; (3)
estimation of likelihood; and (6) identification of a select subset of accidents for
accident analysis (the end product for this hazard identification).

However, two of the requirements; (4) the identification of preventive and
mitigative features; and (5) identification of safety-significant structures, systems and
components, were only partially met. For the FG/RMCS activity, hardware design
and procedures were being developed during the hazard identification (hazard
analysis) process. Therefore, at that time, preventive and mitigative procedures
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were not fully identified. By not identifying the preventive and mitigative features,
the identification of safety-significant stru"ctures, systems, and components could not
be performed. However, identification of preventive and mitigative systems is
periormed in the design change/control implementation section of the SA (Section
6).

A safety equipment list will be developed prior to the beginning of FG /RMCS
operations.

The hazard identification performed for rotary-core mode drilling is presented in
Sections A.I through AA. Section A.I describes the role of hazard identification in
the SA process and the methods chosen to perform hazard identification. Section
A.2 briefly describes the FG/RMCS activity and presents the organization of the
process for analysis. Section A.3 presents the results of the hazard identification and
the list of design basis accidents (DBAs). Finally, SectionAA presents accident
progression results that were derived as an extension of the hazard identification
process.

A.l. ROLE OF HAZARD IDENTIFICAnON AND METHODS

The hazard identification process is one step in the overall safety analysis for rotary
core drilling. The role that hazard identification plays in safety analysis is discussed
in Section A.I.I. The methods chosen to perform hazard identification are briefly
described in Section A.I.2.

A.l.l. Role Of Hazard Identification In Safety Analysis Process

Hazard identification is the first step in the SA process. The goals of hazard
identification for this SA are a subset of the HA requirements presented earlier,
namely:

• Consideration of the complete spectrum of potential accidents;

• Qualitatively assess the consequences to the worker and the public;

• Qualitatively estimate the frequency (or likelihood) of occurrence;

• Identification of a select set of representative and unique accidents (DBAs)
for further evaluation.

The main focus of the hazard identification process is on the completeness of the
spectrum of accidents, and assigning a qualitative measure of consequence and
frequency. An attempt is made to be exhaustive in identifying all possible initiators
that can lead to adverse consequences in the process. By attempting to assess all
initiators, a basis for examining some select accidents in more detail can be made
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(i.e., justification is provided for why some accidents are looked at and others are
not).

The representative and unique accidents (or DBAs) identified in the hazard
identification process will be examined in more detail in the Accident Analysis
portion of the SA. A part of this analysis is a more in-depth examination of the
preventive and mitigative features. The final product of the SA will be a validation
of the controls/design used in rotary-core drilling (presented in Chapter 6).

""-
The hazard identification process is not an attempt to define what is acceptable risk
or provide a quantified assessment of consequence or frequency. For this reason, the
measure of risk used in the hazard identification process is a "relative" measure of
risk used only for accident selection.

A.l.2. The Hazard-Identification Methodology

The FG/RMCS hazard identification process was performed by a multi-disciplinary
team consisting of Los Alamos and Westinghouse personnel, using a combination
of two standard techniques, the hazards and operability (HAZOP) technique and
"what if" / checklist techniques. We will not elaborate on details of these techniques;
they are described in detail in Hazard Evaluation Procedures. published by the
American Institute of Chemical Engineers (AIChE).2 These techniques produce
tabulated data that identify the following for each accident.

• Hazard - "A source of danger (Le., material, energy source, or operation)
with the potential to cause illness, injury, or death to personnel or damage
to an operation or to the environment." (Ref. 1) A hazard is not the
accident initiator, cause or deviation. Rather, it is a property, typically
radiological or toxicological, inherent to the danger.

• Cause/Deviation-A description of the initiating event and accident
progression.

• Preventive/Mitigative Features-A description of the controls or
components that could either prevent the accident or mitigate its
consequences.

• Frequency Estimate-Accident frequency assignment to a bin (frequency
range). Other than for seismic accidents, each frequency assignment is for
a single tank assuming 2 drilling activities per year for a complete core
sample.

• Consequence Estimate-An assignment to an accident consequence bin.

• Measure of relative risk-A risk index used for accident selection.
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• RecommendatDns-Generic information that indicates what further
analysis is needed.

Stc:, d occupational hazards covered by Occupational Safety and Health
Aanunistration (OSHA) regulations are not included in this HA.

Th' \1CS system is an operation utilizing mobile equipment. The guidelines and
cri defined in DOE Std. 3009 were used in this hazards assessment, but are

"consIdered conservative because FG/RMCS operations are not considered a
"facility" as defined in the standard, and do not have the operational lifetime of a
facility.

Following accident frequency and consequence assignment, each value is assigned to
bins as defined in Tables A-I and A-2, respectively.

TABLE A-I
LIKELIHOOD CLASSIFICATION TABLE

Relative
Classification Likelihood Description

I Anticipated Incidents that may occur several times during the lifetime

(> 1O-2/yr)
of the facility, e.g., incidents that commonly occur.

II Unlikely Accidents that are not anticipated to occur during the

(10.2 to 10-4/yr)
lifetime of the facility, frequency between once in 100 years
and once in 10,000 operating years.

III Extremely Accidents that will probably not occur during the life cycle

(10-4 to 10-6/yr) Unlikely of the facility. Frequency between once in 10,000 years and
once in a million years.

IV Beyond All other accidents. Frequency of less than once in a million

« 1O-.6/yr) Extremely years.

Unlikely
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TABLE A-2
CONSEQUENCE SEVERITY TABLE

On-Site Facility
Public Worker Worker Environment

High Off-site EGsa Prompt fatality Significant off-site
(A) exceeded • > 100 rem • 250 rem contamination

• > 25 rem off-site • > ERPGb- • > ERPG-

• > ERPG-2/h 3/h 3/h
"'-

Mod Challenge to Off- Serious injury Significant on-site
(B) site EGs • 10-100 rem • 100-250 contamination

• 1- 25 rem • > ERPG- rem
• > ERPG- 2/lh • >ERPG-
l/h 2/h

Low Minor challenge to Minor injury Significant facility
(C) off-site EGs • 1-10 rem • 1-100 rem contamination

• 0.1-1.0 rem • > ERPG-l/h • > ERPG-
• < ERPG-1/h l/h

No Less than low Less than low Less than low Less than low
Impact
(D)
NOTE: ERPG values are defined over a one hour penod

a EG =Evaluation Guideline

b ERPG = Emergency Response Planning Guidelines

After frequency and consequence bins are assigned, a relative measure of risk is
determined for each accident scenario. This measure of risk is based on the risk
ranking table presented in TABLE A-3. This table, used for accident selection only, is
not used to identify high or unacceptable levels of risk.

TABLEA-3
RISK-RANKING MATRIX

Likelihood

Consequence I II III IV

A 1 1 2 3

B 1 2 3 4

C 2 3 4 4

D 3 4 4 4

Rank Accident Disposition

1 Major candidate for selection

2 Serious candidate for selection

3 Marginal candidate for selection

4 Not a candidate for selection
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A.2. PROCESS FLOW SHEETS

The GF/RMCS is described in detail in Section 2 of the main report. During the
hazard identification process the following activities were examined

• Startup of operations,

• Rotary-core drilling mode,

• Bump-drilling mode,

• Change of mode between push and rotary mode, and

• Shutdown of operations.

A simplified flow sheet showing an understanding of the tasks involved in the
FG/RMCS activities at the time the hazards identification was initiated is presented
in Fig. A-I. Subsequent changes in the FG/RMCS process were evaluated and
included in the accident analysis, but are not reflected in Fig A-I. For example,
evaluation of hazards determined that the consequences of bump drilling mode
were unacceptable. Therefore, bump drilling mode was eliminated from the
operation. All changes were evaluated in the accident analyses, consequently, it was
unnecessary to redo the hazards identification.

.3ach activity was broken into numbered study nodes that represent the smallest
individual task examined in the hazard identification process. In the results section,
accidents can be traced to the study node from which they were initiated by means of
the number scheme assigned to each study node.
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A.3. RESULTS

The hazard identification process produced a database of approximately 180 accident
scenario". These accidents were sorted to obtain design-basis accidents that are
examinE. in more detail in the Accident Analysis section of the SA (see Section 4.0
of the SA). A summary of the DBAs is presented in Section A.3.l-r The complete
accident database is presented in Section A.3.2.

A.3.t. Summary of Results (Identification of DBAs)

The types of accidents selected for additional analysis can be grouped into two broad
categories: representative accidents and unique accidents. Representative accidents
are those of a similar type, often having the same initiators or similar accident
progression. Seismic events, explosions, or tank dome fires are all examples of
representative accidents. Unique accidents are typically low-frequency, high
consequence accidents or those not defined as representative accidents. An example
of a unique accident is an explosion resulting from the mixing of incompatible
materials.

The process of selecting FG/RMCS DBAs involved sorting the database of accidents
by accident keyword (this was done to examine groups of similar accidents by
consequence, frequency, and relative measure of risk). These sorted results were
reviewed, and engineering judgment was used to select representative accidents and
to identify any unique accidents.

For the FG/RMCS activity a list of ten representative accidents were identified. No
unique accidents were identified that were not already covered in the list of
representative accidents. The list of DBAs is presented in TABLE A-4.

A.3.2. Accident Database

The accident database was produced during team meetings held at the Hanford Site.
The team consisted of safety personnel, FG/RMCS design engineers, and drilling
operators. The team approach and methodology are presented in more detail in
Hazard Evaluation PrQcedures.2 A condensed version of the accident database is
presented in TABLE A-5. Columns only include data relevant to the accident
analysis.
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TABLE A-4
DESIGN-BASIS ACCIDENTS

# Name Description

I. Aboveground Fire Aboveground fires include all fires initiated by a flammable
gas mixture above the tank, ignited by either (a) vehicle
impact, (b) undetected ignition sO"urce (e.g.; electrical, static),
(c) truck fire, or (d) random spark.

II. Dome-space fire Dome fires include all fires in which the dome gas space is
ignited directly by either (a) vehicle impact, (b) drill-string
breakage exposing electrical equipment, or (c) mechanical
spark generation from objects (e.g., drill string) impacting
metal.

III. Drill-string fire Drill-string fires include all fires started inside the drill
string. TItis accident typically involves either a human error
or mechanical failure that allows waste inside the drill string,
creating flammable-gas concentrations above the lower
flammability limit (LFL). The fire is then started by an
electrical equipment or a mechanically generated spark.

IV. Waste fire Waste fires include all fires that start in the portions of the
tank waste that are combustible, including fires caused by a
tank-dome collapse. These fires are primarily caused by drill
bit over-temperature. The most likely initiators include
excessive drill string rpm, wrong drill bit, loss of nitrogen purge,
excessive downward drilling force, and intentional or
unanticipated drilling outside the bit parameter envelope.

V. Gas release This accident type includes all gas releases, either filtered or
unfiltered, in which the containment is breached or gas is
vented through the exhauster. These gas releases are not
accompanied by fire.

VI. Chemical reactions in the This accident category includes chemical reactions caused by
waste incompatible material additions, energy addition/subtraction

or water additions to the tank waste.

VII. Containment breach This group of accidents includes all mechanisms (other than
fire) that result in containment breaches such as dome collapse
or breach, tank-bottom penetration, or riser penetration. This
group includes (a) seismic events, (b) static overload of the
dome, and (c) impact to the dome (e.g., dropping a heavy
object).

VIII Spills, releases and radiation Spills aboveground are caused mainly by human error and have
exposure low impact to the public and on-site workers. These spills are

an as low as reasonably achievable (ALARA) ooncem for the
workers in the vicinity. Spills as a result of ejection or
detonation are also considered in this section. High-efficiency
particulate air (HEPA) filter failure releases and aerosol
releases are included bounded and by this accident.

IX. External event Accidents due to range fire, seismic, flooding, tornadoes and
high winds, lightening, and volcanoes are included in this
category.
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TABLE A-5. Rotary Mode Core Drilling HA Accident Database
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A.4. ACCIDENT PROGRESSION OF REPRESENTATIVE ACCIDENTS

Even though each accident postulated during the hazard identification process was
described as having a unique progression and therefore as§igned a single
consequence, the actual progression could take several paths and result in different
consequences. For example, the HA team postulated that if a fire were to start above
a tank at ground level, several accident end-states could be possible. The fire could
be confined to the aboveground area and do no damage, could be confined to
aboveground but damage HEPA filters containing hazardous material (the HA
database consequence assignment), could spread to the tank waste, or could spread to
the tank dome space causing a dome fire that may have several possible
consequences. In order to show actual accident progression for a limited number of
DBAs, event trees were constructed. These trees are presented in Section 4.1.

Even though each event-tree accident end-state can be assigned to a consequence
bin, each tree (and therefore each representative accident) was assigned to a
representative accident consequence bin. The consequence bin assignment
justification is included in Section 4.2. As mentioned earlier, when the HA database
was constructed, it was not feasible to include all possible consequences for each
accident initiator. Therefore, the team assigned each accident (or initiator) a
"representative" consequence corresponding to the outcome considered most likely.

A.4.1. Event Trees

Six of the nine DBAs selected for accident analysis required the construction of
event trees. These six are

1. Aboveground fire

2. Dome-space fire

3. Drill-string fire

4. Waste fire

5. Gas release

6. Containment breach (tank loading)

The event trees for each DBA are presented below, along with descriptions of the top
events and end-states.
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Aboveground Fire

The e\1t tree for an aboveground fire is shown in Fig. A-2. A description of the
top eVt .tS and end-states is presented in TABLE A - 6.

TABLEA·6
ABOVEGROUND FIRE EVENT TREE DESC-RIPTIONS

Top Event Description

Aboveground fire occurs. Fire is either initiated at or spreads to an above-tank
area.

Flammable-gas concentrates in dome space. Fuel, oxidizers, and inerting agents exist in sufficient
proportions to allow deflagration in the tank dome
space.

Fire propagates to tank dome space. The fire spreads from the above-tank area into the
tank dome space volume.

Tank dome space fire occurs. A fire (deflagration reaction) is initiated in the dome
space volume.

Fire propagates to waste. The (dome space) fire results in waste combustion.

Deflagration to detonation oa:uIS in dome Proper confinement conditions and ratios of fuel,
space. oxidizers, and inerting agents exist to allow a

deflagration-to-detonation transition in the dome
space.

HEPAs are burned. Exhauster HEPA filters are ignited by the
aboveground fire.

Dome collapses. A significant portion of the tank dome fails
structurally.

End-State Description
No release (Aboveground) Fire does not cause any radioactive or

toxic material release.

HEPA release Burning results in release of the exhauster HEPA
material burden.

Pressure-induced filter blowout Exhauster HEPA hold-up material is released.

Fire-induced dome collapse Tank dome deflagration-induced collapse results in an
aerosol and toxic gas release.

Detonation-induced dome collapse Tank dome detonation-induced collapse results in a
pressurized aerosol and toxic gas release.

Waste-fire-induced filter blowout Initial exhauster HEPA burden release followed by
release of waste radioactive and toxic combustion
products.

Fire-induced dome collapse with waste fire Initial tank-dome, deflagration-induced-collapse
aerosol release is followed by waste radioactive and
toxic combustion products release.

Detonation-induced dome collapse with waste Initial tank-dome, detonation-induced-collapse
fire pressurized aerosol is released followed by waste

radioactive and toxic combustion products release.
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Dome Space Fire

The event tree for a dome-space fire is shown in Fig. A-3. A description of the top
events and end-states is presented in TABLE A - 7.

TABLE A-7
DOME·FIRE EVENT TREE DESCRIPTIONS

Top Event Description

Tank dome-space fire occurs. A fire (deflagration reaction) is initiated in the dome-
space volume.

Fire propagates to waste. The (dome-space) fire results in waste combustion.

Deflagration to detonation OCCUIS in dome Proper confinement conditions and ratios of fuel,
space. oxidizers, and inerting agents exist to allow a

deflagration-to-detonation . transition in the dome
space.

Dome collapses. A significant portion of the tank dome fails
structurally.

End-State Description

Pressure-induced filter blowout Exhauster HEPA hold-up material released.

Fire-induced dome collapse Tank-dome, deflagration-induced collapse results in
an aerosol and toxic-gas release.

Detonation-induced dome collapse Tank-dome, detonation-induced collapse results in a
pressurized aerosol and toxic-gas release.

Waste-fire-induced filter blowout Initial exhauster HEPA burden release followed by
release of waste combustion products.

Fire-induced dome collapse with waste fire Initial tank-dome, deflagration-induced collapse
aerosol release followed by waste radioactive and
toxic combustion products release.

Detonation-induced dome collapse with waste Initial tank-dome detonation-induced collapse
fire pressurized-aerosol release is followed by waste

radioactive and toxic combustion products release.
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The event tree for a drill string fire is shown in Fig. A-4. A description of the top
events and end-states is presented in TABLE A - 8.

TABLEA-8
DRILL-STRING FIRE EVENT TREE DESCRIPTIONS

Top Event Description

Drill string fire occurs. A fire (deflagration reaction) is initiated in the drill
string volume.

Detonation in drill string occurs. Proper confinement conditions and ratios of fuel,
oxidizers, and inerting agents exist to allow a
deflagration-to-detonation transition in the drill
string.

Fire propagates to waste-gas phase. The drill string fire propagates to a gaseous waste
volume.

Waste fire occurs. The waste-gas phase fire spreads to result in waste
combustion.

Combustibles in dome space occur. Materials (fuel and oxidizers) that may become
involved in a deflagration or detonation reaction
materials are present in the dome space.

Deflagration to detonation in dome space Proper confinement conditions and ratios of fuel,
0CCUl'S. oxidizers, and inerting agents exist to allow a

defiagration-to-detonation transition in the dome
space.

Tank dome space fire occurs. A fire (deflagration reaction) is initiated in the dome-
space volume.

Dome collapse occurs. A significant portion of the tank dome fails
structurally.

End-State Description

Minimal radioactive release (small Release of radioactive material is present in sampler
containment breach) and drill-string volume.

Gas release Waste toxic gas is released.

Waste-fire-induced filter blowout Initial exhauster HEPA burden is released followed
by release of waste combustion products.

Pressure-induced filter blowout Exhauster HEPA hold-up material is released.

Fire-induced dome collapse Tank-dome, deflagration-induced collapse results in
an aerosol, and toxic gas is released.

Detonation-induced dome collapse Tank-dome, detonation-induced collapse results in a
pressurized aerosol and toxic gas release.

Waste-fire-induced filter blowout Initial exhauster HEPA burden release is followed by
release of waste combustion products.
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The event tree for a tank waste fire is shown in Fig. A-5. A description of the top
events and end-states is presented in TABLE A - 9.

TABLE A - 9
WASTE FIRE EVENT TREE DESCRIPTIONS

Top Event Description

Waste fire occurs. Fire is initiated in the tank waste, portions of which
may be combustible.

Combustibles in dome space occur. Materials (fuel and oxidizers) that may become
involved in a deflagration or detonation reaction are
present in the dome space.

Deflagration to detonation occurs in dome Proper confinement conditions and ratios of fuel,
space. oxidizers, and inerting agents exist to allow a

deflagration-to-detonation transition in the dome
space.

Tank-dome space fire occurs. A fire (deflagration reaction) is initiated in the dome
space volume.

Dome collapse occurs. A significant portion of the tank dome fails
structurally.

End-State Description

Waste-fire-induced filter blowout Initial exhauster HEPA bwden release is followed by
release of waste combustion products.

Pressure-induced filter blowout Exhauster HEPA hold-up material is released.

Fire-induced dome collapse Tank-dome deflagration-induced collapse results in an
aerosol and toxic-gas release.

Detonation-induced dome collapse Tank-dome, detonation-induced collapse results in a
pressurized aerosol and toxic-gas release.
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The event tree for a gas release is shown inFig. A-6. A description of the top events
and end-states is presented in TABLE A - 10.

TABLE A -10
GAS RELEASE EVENT TREE DESCRIPHONS

Top Event Description

Gas release from waste occurs. Random release of gases normally bound in the waste
volume

Significant dome pressure occurs. Dome pressurization is sufficient to result in large
volume bypass of HEPA-filtered release path.

Significant unfiltered paths occur. Large unfiltered leakage paths exist.

Personnel are in tank vicinity. Personnel (workers) at risk from gas exposure.

Personnel are in breathing suits. Personnel (workers) in self-contained breathing
apparatuses.

Rapid area evacuation is carried out. Personnel (workers) leave quickly and therefore limit
their exposure.

End-State Description

No exposure Personnel (workers) do not receive toxic gas exposure.

Short, small-volume, low<oncentration toxic Personnel are exposed to short-term, low<oncentration
gas release toxic gases.

Extended, small-volume, low<oncentration Personnel are exposed to long-term, low-eoncentration
toxic-gas release toxic gases.

Short, large-volume, low-eoncentration toxic- Personnel are exposed to short-term, low-eoncentration
gas release toxic gases.

Extended, large-volume, low<oncentration Personnel are exposed to long-term, low-eoneentration
toxic-gas release toxic gases.

Short, small-volume, low-eoneentration toxic- Personnel are exposed to short-term, low-eoncentration
gas and solids release toxic gas and solids.

Extended, small-volume, low-eoncentration Personnel are exposed to long-term, low-eoneentration
toxic-gas and solids release toxic gas and solids.

Short, large-volume, low-eoncentration toxic- Personnel are exposed to short-term, low-eoncentration
gas and solids release toxic gas and solids.

Extended, large-volume, low-eoncentration Personnel are exposed to long-term, low-eoncentration
toxic-gas and solids release toxic gas and solids.
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Containment Breach (Tank Loading)

The event tree for tank loading (containment breach) is shown in Fig. A-7. A
description of the top events and end-states is presented in TABLE A-II.

TABLE A-11
TANK LOADING (CONTAINMENT BREACH) EVENT TREE DE~CRIPTIONS

Top Event Description

Extemalload on tank dome Equipment load placed over tank dome.

Load < design load limit Load placed atop tank dome exceeds tank-dome
structural design limits.

General dome collapse A significant portion of the tank dome fails
structurally.

Localized dome collapse The portion of the tank dome below the load fails
structurally.

Tank-dome space vented General or localized tank-dome structural failure
results in a venting of the tank-dome gases.

Flammable-gas concentration in dome space Fuel, oxidizers, andinerting agents exist in sufficient
proportions to allow deflagration in the tank-dome
space.

Tank-dome-space fire occurs A fire (deflagration reaction) is initiated in the dome-
space volume.

Deflagration to detonation in dome space Proper confinement conditions and ratios of fuel,
oxidizers, and inerting agents exist· to allow a
deflagration-to-detonation transition in the dome
space.

Waste fire The tank load or a dome space fire initiates waste
combustion.

Dome collapse A significant portion of the tank dome fails
structurally.
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TABLE A - 11 (cont.)
TANK LOADING (CONTAINMENT BREACH) EVENT TREE DESCRIPTIONS

End-State Description

No release No radioactive or toxic material exposure.

Dome breach, extended, large-volume, low- Personnel are exposed te-Iong-teIlIl, low-concentration
concentration, toxic-gas release toxic gases.

Dome breach, extended, small-volume, low- Personnel are exposed to long-term, low-concentration
concentration, toxic-gas release toxic gases.

Dome breach with waste fire A waste fire is initiated following a dome breach;
waste combustion products are released.

Dome breach with dome fire A dome-space fire is initiated following a dome
breach.

Fire-induced dome collapse Tank-dome, deflagration-induced collapse results in
an aerosol and toxic gas release.

Dome breach with dome and waste fire A dome-space fire and a waste fire are initiated
following a dome breach.

Fire-induced dome collapse with waste fire Tank-dome, deflagration-induced collapse results in
aerosol, toxic-gas, and waste-combustion product
releases.

Detonation-induced dome collapse Tank-dome, detonation-induced collapse results in a
pressurized-aerosol and toxic-gas release.

Detonation-induced dome collapse with waste Tank-dome, detonation-induced collapse results in a
fire pressurized-aerosol and toxic-gas as well as a waste-

combustion products release.

Dome collapse Tank-dome collapse results in an aerosol and toxic-gas
release.

Dome collapse with waste fire A waste fire is initiated following a dome collapse;
waste-combustion products are released.

Dome collapse with dome fire A dome-space fire is initiated following a dome
collapse.

Dome collapse with dome and waste fire A dome-space fire and a waste fire are initiated
following a dome breach.

Dome collapse with detonation Pressurized aerosol and toxic gas are released.

Dome collapse with detonation and waste fire Pressurized aerosol, toxic gas, and waste-combustion
products are released.
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Justification of Consequence Assignments

The consequence assignments in the hazard identification process were made using
the following steps:

1. For each accident in the database, the end-state was either postulated or
assigned to the appropriate accident-progression event tree...-

2. As was noted earlier for each accident-progression event tree, a
representative accident end-state was selected for each event tree.
Engineering judgment was used to pick the appropriate end-state, and it is
noted that for each event tree, the range of end-state consequences varies
greatly. However, an attempt was made to find the most likely end-state,
given that no calculation of frequency was attempted.

3. A few members of the Hazards Identification team met and examined
previous consequence analysis for the Hanford waste tanks. The team
used engineering judgment to assign consequence bin assignments to each
accident end-state.

A.4.9.

4. A table of accident end-states (which is also the same as the keywords
assigned to each accident) was constructed. The table relates the accident
end-state to the appropriate letter identifier for each accident-consequence
bin as applied to each accident receptor.

Assignment of Accident End-States to Consequence Bins

The accident end-states (which also correspond to accident keywords) are assigned to
consequence bins using the previously discussed data and assumptions. TABLE A 
12 shows the accident consequence assignments used in the HA database; TABLE A
2 provides the quantitative doses associated with the consequence bin letter
identifiers.
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Tl.BLE A -12
CONSEQUENCE ASS~ ':;NMENTS FGR HAZARD IDENTIFICATION DATABAS;..

On-site Facility

Accident End-State Public Worker Worker 'Environment

Dome collapse B A A B

Dome collapse wi B A A B
fire

Dome collapse wi A A A A
waste fire

Filter blowout (SST 0 C C C
passive ventilation)

Abovegrou~d fire 0 C C C

Drill-string fire 0 0 C 0

Waste fire 0 C C C

Subterranean spill 0 0 0 C

Gas release (filtered) 0 0 C 0

Aboveground spill 0 0 0 0

Auxiliary equipment 0 0 0 0
fire
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"Figure A.3 Dome Space Fire Event Tree
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"Figure A.5 Waste Fire Event Tree
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"Figure A.S Gas Relea58 Event Tree

Pas Release from Significant dome Significant Personnel in tank Personnel In Rapid area Path Outcome Description
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'Flgure A.1 Tank loading Event Tree
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'Figure A.7 Tank Loading Event Tree
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APPENDIXB

EQUIPMENT RATING AND AUTOMATIC SHUT-DOWN REQUIREMENTS

B.l. OBJECTIVE

This appendix provides the basis for the requirements imposed on equipment
capable of generating sparks in a flammable-gas (FG) environment. Also included
in this appendix are the trip set points necessary to shut down the equipment that is
not designed to operate in an FG environment.

B.2. BACKGROUND

The gas-retention and release mechanisms in the waste tanks are not fully
understood. The understanding is even poorer for the single-shell tanks (SSTs).
Although semi-quantitative estimates are available for SST gas-release
mechanisms/ in the absence of detailed data, it is difficult to argue that such
analyses provide bounding estimates. The gas composition and maximurn
allowable gas-release estimates provided in Appendix C show that, in some of the
SSTs, small releases may result in a flammability hazard. Our current
understanding of the gas-release phenomena in the SSTs is limited and does not
allow us to develop reliable administrative controls to limit or control the gas
releases during the proposed intrusive activities. Consequently, the major
emphasis in this safety assessment (SA) is on managing the spark sources when
flammable gases (FGs) are present. Furthermore, a bum even with a small amount
of FGs in the tank dome space is likely to result in dome failure (Appendix C),
which may result in unacceptable radiological and toxicological consequences (see
Section 5 of this SA) if the failure is catastrophic.

As with gas releases, gas-storage mechanisms are poorly understood. Waste gases
may be stored in the waste in the form of elongated/dentritic bubbles that may be
connected through the pores. Demonstrating that an ignition in the waste will not
propagate also is difficult without a detailed knowledge of pore sizes, heat
dissipation mechanisms, and the moisture content in the pores. The pressure
resulting from a bum in the waste, the subsequent damage to the tank, and the
amount of material release is difficult to bound. Consequently, this SA is aimed at
preventing ignition inside the waste as opposed to demonstrating that propagation
is impossible.

Under these conditions, as a general rule, design restrictions are imposed so that no
single failure should lead to sparking conditions. A minimum of double
engineering protection against a sparking condition is required. These requirements
are developed assuming that the likelihood of FG presence during the activity is
high.
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B.3. SAFETY RATING REQUIREMENTS

During the proposed intrusive activities, the following regions must be carefully
protected from possible spark sources:

• Tank dome space,

• Regions below the waste surface (waste volume),

• Confined regions with possible flow paths to waste or waste gas in-leakage
and accumulation,

• Pump pits (if not sealed from the dome),

• A specified region outside an open riser or a leak path,

• Tanks adjacent and connected to the subject tank, and

• Other equipment connected to the dome space.

B.3.1. Electrical Equipment

Before beginning the discussion of safety requirements for the electric equipment, it
is important to note that the intent of this section is not to develop a National Fire
Protection Association (NFPA) classification for the tank farms. NFPA classification
requirements are used merely as guidance in achieving the desired very low
frequencies for the bum accidents.

During FG/RMCS operations, all electrical equipment located in these regions must
be rated to operate in a Class-I, Division-l (Div.-l) Group-B environment according
to NFPA classification. Recognizing the fact that the FGs will not continuously exist
in these regions, Class-I, Div.-2, Group-B-rated equipment also may be operated in
these regions, provided that they are equipped with a reliable automatic shut-down
system. It requires an unlikely sequence of multiple failures and malfunctions for
Class-I, Div.-l, Group-B-rated equipment to cause a spark.

Class-I, Div.-2, Group-B equipment is capable of sparking upon single failure.
Consequently, such equipment must be protected by a reliable shut-down circuit.
Furthermore, the background concentrations of FGs must be measured and shown
to be less than 25% of the lower flammability limit (LFL) before energizing this.
equipment. In order to cause a spark, a sequence of double independent failures are
necessary (the shut-down circuit must fail, and the Class-I, Div.-2, Group-B
equipment must also fail simultaneously). If Class-I, Div.-2, Group-B equipment is
used in the above regions, the reliability of the shut-down circuit must be evaluatec
and must be shown that it will perform with a desired reliability.
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All equipment that must continue to operate upon detection of FGs must be
designed to Class-I, Div.-l, Group-B requirements. Examples of such equipment are
the ventilation fan needed to discharge theFGs and FG monitoring equipment.

Regions immediately adjacent to the Class-I, Div.-l, Group-B regions discussed
above are automatically classified as Class-I, Div.-2, Group-B spaces, and the
equipment must meet the requirements of this classification:-

B.3.2. Mechanical Systems

All moving mechanical systems capable of generating frictional forces must be
assumed to be sparking, unless bounding analyses or experiments show otherwise.
Without specific experiments, it is very difficult to demonstrate that such
mechanical systems will not generate sparks capable of igniting the flammable
mixtures of interest. Consequently, such mechanical systems also must have double
protection against either sparking or being exposed to a flammable atmosphere. The
necessary protective measures could be a combination of the following systems:

• Spark-resistant and electrically conductive material(s) (to protect against
static electricity buildup) must be used in the regions specified above.

• Mechanical devices must be protected by a seal that prevents waste or FG
in-leakage.

• The region around the mechanical device must be protected by an
adequate purge. The adequacy of the purge system must be demonstrated
by analysis.

• Upon loss of purge flow, the system must be quickly deenergized.

• Upon detection of FGs, the system must be quickly deenergized before the
gas mixture reaches the LFL.

As a minimum, two of the above methods must be used to protect the mechanical
systems capable of sparking. Depending on the reliability required by accident
analysis, more than two systems may be necessary.

B.3.3. Equipment over the Tank Dome

Using an algebraic momentum jet model/ FG concentration as a fraction of the
source concentration may be obtained from the following equation:2

.3

0.25

(5- S )
1.414a 0 + 0.5

D

B-3
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where C c is the centerline concentration, Co is the source concentration, So is the jet
length in the establishment zone (so =6.2 x D), s is the distance to the source, D is the

source diameter, f... is the spreading parameter (f... = 1.16 taken from Ref. 2) and a is
the t. .npirical entrainment parameter.

Setting the source concentration to 8% and t,!Sing ~ entrainment
parameter a = 0.057, the jet centerline concentration drops to 2.4% at a distance of
18 diameters. Using a Gaussian concentration profile,z the concentration at the axial
distance of 18 D drops to <0.6% at a radial distance of 2.2 x D from the jet centerline.3

The centerline concentration drops to 1.2% at a distance of 36 x D away from the
source.3

As discussed in Appendix C, 2.4% Hz corresponds to the LFL of gas mixtures that are
very rich (70%) in ammonia and <30% in hydrogen. For these gas mixtures, prompt
gas releases >283 m3 (10,000 fi3) are required to exceed the 8% Hz concentration at the

source. If we postulate pure hydrogen releases, only 113 m 3 (4000 fi3) of prompt
release may result in 8% Hz in the source. However, the LFL of hydrogen is 4%. A
hydrogen concentration of 4% at 18 diameters away from the source corresponds to
13.3% Hz at the source, which requires a prompt release >190 m3 (6700 fi3). These

calculations are based on a minimum dome volume of 1400 m3 (50,000 ft3).
Therefore, it is believed that an 8% Hz concentration at the source combined with
2.4% Hz because the LFL provides a conservative bound. Based on the model
discussed in Appendix L, the frequency of exceeding 8% Hzin the dome would be

-10-3 per intrusion.

Entrainment Parameter. The use of ex = 0.057 is conservative because this
value is the lowest magnitude given in Ref. 2. Using the linear mixing law model
and the momentum jet solution provided in Schlichting,· a. is obtained as 0.087. As
shown in Eq. (B-1), larger ex results in enhanced dilution within a given distance.
Furthermore, this analysis does not account for atmospheric turbulence that would
further enhance the entrainment.

Probability of Exceeding 2.4% H2• If we assume a random spark source in the
hemispherical region around an open riser, the probability of exceeding 2.4% Hzat
the spark location is computed in Ref. 3 and shown in Fig. B-l. As shown in this
figure, the probability of exceeding 2.4% Hz drops below 10-3 at distances 2:16 x D.

B-4 August 8, 1996



WHC-SD-WM-SAD-035, Rev. O-a

p(s)

0.01 ~~~~~~~~~~~~~~~~~~~~~~

2015sID105

o~~~~~
1·10-5L..- --L. ..l..- -.L. ---J

o

Fig. B-1. Probability of exceeding 2.4% H2.

The jet direction is determined by the direction of the open area, initial
momentum, buoyancy, and wind direction. In general, the open riser will
result in a vertical jet unless the direction is affected by the wind. Thus, the
above probabilities may be reduced further by not placing the equipment
directly above an open riser and in the prevailing wind direction. The jet
coming out of an opening typically is buoyant because

• The dome space is warmer than the ambient, and

• The waste gases are lighter than air if they are predominantly
flammable (hydrogen, ammonia, and methane).

Thus, to reduce the probability of the equipment being exposed to a flammable
atmosphere, the equipment should be placed near ground level and in the opposite
direction to the prevailing wind direction. Furthermore, any opening directly
aimed at the equipment location must be sealed, or the equipment must be
protected from direct jet impingement.

Based on these conservative calculations, up to a distance of 18 diameters away from
the source, the equipment must be rated for operation in a Class-I, Div.-l, Group-B
environment. Equipment rated for Class-I, Div.-2, Group-B may also be used,
provided it is automatically deenergized upon detection of FGs in the riser.

At distances from 18 x D to 36 x D, the equipment must be rated for operations in
Class-I, Div.-2, Group-B environments and must be deenergized manually upon
detection of FGs in the dome space.
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If the above classification conditions cannot be met, the open riser must be equipped
with a flame arrester to prevent flame propagation into the dome, provided that the
consequences of an external fire are shown to be accptable.

B.4. AUTOMATIC SHUT-DOWN REQUIREMENTS

If an automatic shutdown of equipment upon detection of FGs is relied upon, the
shut-down system

• must be reliable,

• must respond to rapid transient surges, and

• must be located near the equipment that will be shut down.

The reliability of the protective systems (shut-down systems) is discussed in
Appendix D of this SA.

To protect against spatial maldistribution of gases in the dome space, the gas samples
must be taken from the region where the target equipment is located. During
operations with an active ventilation system, the sampling in the vent lines is
adequate, provided that the trip points are conservatively set.

The FG concentrations in the tank dome space are typically very low during the
steady-state periods. Only during a gas-release event (GRE) does the FG
concentration start to increase. If the gas release rates are high, the FG
concentrations may increase very rapidly. Slow detectors may not be able to perform
their shut-down function adequately during fast GREs. In this SA, two detection
mechanisms are considered,

• Trip on high hydrogen concentration or on a high rate of hydrogen
increase, and

B.4.1.

• Trip on high dome pressure.

Hydrogen Trip

The adequacy of a hydrogen detector time constant is assessed using the Whittaker
cell analysis. The standard hydrogen monitoring systems (SHMS) that are used in
the tank farms contain Whittaker hydrogen detection cells. These cells measure
90% of a step change in <2 min.s If we assume a first-order relaxation model that is
adequate for diffusion-based devices, the time constant of the cell is obtained as 52 s
(Ref. 6). Also using a first-order relaxation model and a constant rate of increase in
hydrogen concentration expressed as
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(X -X )
X (t) = SOt + X (B-2)

a TO'

where Xa is the actual hydrogen concentration, Xc is the background (initial)
concentration, Xs is the target concentration, T is the time necessary for the actual
concentration to reach the target concentration, and t is the time. For a linear
increase in the actual hydrogen concentration, the -measyred hydrogen
concentration (X) may be obtained ass

{

(X -x )'::'(e-(t-tdl/'t+(t-td)_l)+X t~td
X(t) = sOT 't 0

Xo t < td

where td is the delay time (time that it takes to transport the dome gases to the
instrument). Figure B-2 shows the necessary trip set points to deenergize the
equipment before the dome concentration reaches 2.4% H2. The following
assumptions are used in obtaining the results shown in Fig. B-2:

• Initial background concentration (Xo) is 1000 ppm,

• After the trip is initiated, it takes 10 s to deenergize the circuits of interest
totally,

• The monitor provides one data point per -5 s, and a minimum of 10 s
worth of data is needed for a rate trip,

• Xs is set to 2.4%,

• Dome volume is equal to 1416 m3 (50,000 ft3), and

• 90% of the waste gas is hydrogen.

Based on Fig. B-2, by setting the trip point at 5000 ppm H2, the equipment can be

deenergized on time if the release rate into the dome is $0.47 m3Is (1000 ft3/min).

If a rate trip set at 100 ppmls is used, such a trip will provide protection for release
rates between 0.14 and 1 m3Is (300 and 2200 ft3/min). Thus, in the range between
0.14 and 0.71 m3/s (300 and 1500 ft3/min), both the concentration trip and the rate
trip will deenergize the equipment before reaching the target concentrations. A rate
trip of 100/s corresponds to a concentration increase of 1000 ppm over the 10 s
averaging time. Setting the rate trip to lower values may result in premature and
unnecessary shutdown when there are small fluctuations in the instrument
readings.

B-7 August 8, 1996



WHC-SD-WM-SAD-035, Rev. O-a

200

180

160

140

120

100

80

60

40

20 s Rise Time

Pressure TripI· Rate I

~Trip:1\1I I
I I
I II 1
I I
1 r
I
I

10 3

Gas Release Rate (dm)

Conservative
101-SY Gas
Release Rate

Concentration
Trip

..
t:
'0
C.

I

Qj
Vl
c

.E
'E lot
C
QI
u
C
ou
e:-
fll
If.>
If.>
QI
U
QI

Z

Fig. B-2. Necessary bip points to shut down the equipment before the
concentration reaches 2.4% H2 during constant rate of concentration
increase.

A trip based on hydrogen concentration is not adequate in protecting against gas
release rates ::::1 m3/s (2200 ft3/min). Note that 1 m3/s (2200 ft3/min) is the
conservative gas-release rate obtained for 100-SY releases during the first 200 s of a
rollover. Based on the analysis provided in Ref. I, the best-estimate release rates for
the most likely fast-release scenario in SSTs is 0.006 m3Is (12 ft3/min).

B.4.2. Pressure Trip

No specific analysis is performed for the pressure traces during a large gas release.
The experience in 101-SY demonstrated that for release rates as low as 0.19 m 3/s(400
ft3/ min), the dome space experiences pressure pulse of 50.8 mm (2 in.) w.g. or
greater. The pressure pulse is a function of the dome volume, relief area, and the
pressure drop through the relief area. The relief area for Tank 100-SY is 0.145 m 2

(226 ft2).

A pressure pulse of 50.8 mm (2 in.) w.g. would correspond to a 0.5% increase in the
dome pressure. H we use a dome volume of 1416 m3 (50,000 ft3), which is the ideal
gas law and adiabatic compression, a 5.1-m3 (180-ft3) sudden release into the dome is
sufficient to generate a 2-in. w.g. pressure pulse. Thus, large release rates ~.47 m3/s
(1000 ft3/min), a pressure switch set at 50.8 mm (2 in. w.g.) above the background
pressure will detect the gas release and deenergize the equipment.
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BA.3. Automatic Shut-Down Trips

For deenergizing the equipment that does not meet Class-I, Div.-l, Group-B
requirements, the automatic shut-down trip may be set by using the hydrogen
detectors and a dome pressure gauge. The hydrogen detector switch must be set to
$5000 ppm, and the pressure gauge trip must be set to 50.8 mm (2 in. w.g.) w.g. above
the background pressure. The trip for the rate of increase must beset to 100 ppm/s
(averaged over 10 s).

If FGMs are used instead of a hydrogen detector, upon availability of the calibration
curves, the FGM should be set to provide an equivalent trip to 5000 ppm H2 and a
100 ppm/s rate of increase in the hydrogen. Also, it must be confirmed that the
response time of the FGM is bounded by the assumptions listed above.
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APPENDIXC

BOUNDING GAS COMPOSITION, LEAN FLAMMABILIIT LIMIT, AND
.ALLOWABLE GAS RELEASE AND BURN VOLUMES

Cl. OBJECTIVE

This appendix provides a bounding estimate for the gas composition of the waste
gas that might be released during intrusive operations in single-shell tanks (SSTs)
that are on the Flammable Gas Watch List (FGWL). This appendix also evaluates
the bounding value for the lower flammability limit (LFL) for the estimated gas
compositions. A brief summary of the maximum allowable gas-release volumes
into the dome space and the maximum allowable burn volume in the waste are
discussed in this appendix. Finally, the current estimates for the gas inventory in
the tanks are summarized and compared to the maximum allowable releases.

C2. SST DOME VOLUMES

The SST types typically are characterized by their waste storage capacity. The three
types of interest and the associated tanks are summarized in Table C-l.

Figure C-1 shows a schematic of the different types of SSTs in which the
characteristic dimensions taken from Ref. 1 are given in Table C-l. The dome vapor
space volumes are obtained assuming an ellipsoidal dome, as shown in
Fig. C-1, where H is the dome apex height, W is the height of the cylindrical tank, R
is the tank radius, and L is the waste level. Using the approximate waste levels
obtained from Refs. 2 and 3, the dome volumes (V) are cakulated4 and reported in
Table C-2. Also, the maximum drop height (2) used during a dome collapse
accident and the waste volume (Vw ) are shown in Table C-2

C3. GAS COMPOSmON

There is no direct measurement for the waste gas composition for any of the tanks.
The waste gas composition must be inferred from dome space concentration data.
Unfortunately, there are very limited data regarding concentration in the dome
space of the SSTs. The SSTs that are on the FGWL currently are being instrumented
with a standard hydrogen monitoring system (SHMS) for continuous hydrogen
measurements. As a means of baselining the SHMS, vapor grab samples from the
FGWL SSTs were taken during the summer of 1995, and the samples were analyzed
using mass spectroscopy. The resulting data are reported in Ref. 5. Only the
noncondensable gases are identified in the grab samples.
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TABLE C-l
CAPACITI AND CHARACTERISTIC DIMENSIONS OF THE SSTS OF INTEREST

TI'PE CAPACITY (gal.) TANKS R (ft) W (ft) H (ft)

I 1,000,000 A-lOI, AX-lOl, AX-l03, SX- 37.5 _ 32.~ 12.0
101, SX-l02, SX-l03,

SX-l04, SX-105, SX-106, and
SX·l09

2 758,000 5-102, 5-111, and 5-112 37.5 22.5 14.0

3 530,000 T-110, V-103, V-lOS, 37.5 19.2 9.5

V-107, V-lOS, and V-109

w

Fig. C-l. Schematic of an SST. (Dish bottom is not represented in this figure.)
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TABLE C-2
DOME VOLUMES AND IMPORTANT DIMENSIONS

TANK L (in.) V (ft3) V w (fP) Z (ft)

A-101 345 51,910 127,010 15.8

AX-WI 278 76,570 102,350 - 2J..3

AX-I03 42 163,460 15,640 41.0

5X·I0l 172 115,600 63,320 30.2

5X·I02 205 103,450 75,470 27.4

5X·I03 245 88,720 90,200 24.1

5X-104 237 91,570 87,250 24.8

5X-105 257 84,310 94,620 23.1

5X-106 207 102,710 76,210 27.3

5X-109 95 143,950 34,980 36.6

5-102 205 65,160 75,470 19.4

5-111 205 65,160 75,470 19.4

5-112 197 68,110 72,530 20.1

T-ll0 148 57,600 54,490 16.3

U-103 167 50,600 61,480 14.8

U-105 150 56,860 55,220 16.2

U-107 168 50,240 61,850 14.7

U-108 165 51,340 60,750 14.9

U-109 145 58,700 53,380 16.6

C.3.1. Noncondensable Gas Composition

The sample analysis provided dome concentrations for hydrogen, methane, and
nitrous oxide. The available data are converted to waste-gas composition, assuming
that these three species make up the noncondensable portion of the waste gas. The
following model is used in converting the measured concentrations into a waste-gas
composition estimate:6

Xnc,hydrogen + Xnc,methane + Xnc,nitrous =1 , (C-l)

Xnc,hydrogen t t and
-~::.-~-=cons an

Xnc,nitrous

Xnc,methane =cons tan t or
Xnc,hydrogen

C-3

X
nc,methane =constan t .

Xnc,nitrous

(C-2)

August 8, 1996



WHC-SD-WM-SAD-035, Rev. O-a

This model is based on the assumption that the species ratios obtained from the
dome space measurements are 'he same 'for the gas bubbles that exist in the waste.
Thus, it is assumed that

• The mass transfer (including the molecular diffusion out of the waste)
from the waste surface is negligible, and

• The species ratios are established by equilibrium in the waste prior to
initiation of GRE.

The noncondensable species of interest are not very soluble in the waste.
Consequently, the mass-transfer effects are expected to be negligible. Likewise,
provided that all the species are generated at constant proportions independent of
the location, the surface diffusion effects also are expected to be small. As discussed
later the amount of methane in all the tanks analyzed is small. Thus, the
uncertainties associated with the above assumptions for methane releases are not
expected to influence the final conclusions. Continuous monitoring data for
nitrous oxide and hydrogen concentrations during and between large gas-release
events are available for Tank 1Ol-SY. The data show that during steady-state
releases, the nitrous oxide concentration is slightly above the hydrogen
concentration (nitrous-oxide-to-hydrogen ratio is >1). During gas-release events
(GREs), the hydrogen-to-nitrous-oxide ratio is slightly less than 1 (see Ref. 7).
Moderate solubility of nitrous oxide, the response time, the accuracy of different
instruments used for monitoring hydrogen and nitrous oxide, and variations in the
waste temperature near the surface may be responsible for small differences. As
long as the results of the present model are interpreted conservatively, such small
differences are not expected to influence the conclusions.

In determining the bounding gas composition in which the fuel is maximized,
Xnc,hydrogen/Xnc..nitrous and Xnc,methane/Xnc,hydrogen ratios are used. In cases where
the nitrous oxide is maximized for toxicological release analysis,
Xnc,hydrogen/Xnc..nitrous and Xnc,methane/Xnc..nitrous ratios are used.

In summary, for each grab sample obtained from a given tank, the ratios shown in
Eq. (C-2) are computed. The mean values and the standard deviations for these
ratios are obtained using all the grab samples' data from a given tank. To obtain the
bounding gas composition with the maximum fuel content, Xnc,hydrogen/Xnc,nitrous

and Xnc,methane/Xnc,hydrogen ratios are obtained as the mean plus 2 standard
deviations (for tanks where there are greater than two samples). For tanks with
only two samples, the maximum computed ratio is used.

The same methodology is followed in obtaining the gas composition with
maximum nitrous oxide content. For this case, mean plus 2 standard deviations are
used for Xnc,rutrous/Xnc,hydrogen and Xnc..nitrous/Xnc,methane ratios for tanks with more
than two grab samples. The maximum of the two samples is used for tanks with
only two grab samples.
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In the grab samples, the minimum detection limit appears to be 1 to 2 ppm. Thus,
analyzing samples with very low waste gas concentrations results in a bias toward
the minor species. Consequently, only those samples that contain hydrogen
concentrations that are ;;::30 ppm are analyzed. The results are shown in Table C-3.

As shown in Table C-3, in general, the tanks in the A, AXI'S and SX Farms appear to
be rich in fuel (hydrogen and methane), with the exceptions- ofAXr103 and 5-102,
which show -40% N20 in the release gas. The maximum hydrogen concentration is
estimated as 89.2% for Tank SX-106. The maximum methane concentration is
estimated for Tank AX-103 as 7.2%. However, the grab sample data for this tank
yielded low concentrations in the dome space and are believed to be biased toward
minor species (methane). The maximum methane concentration measured in the
dome of AX-103 is 3%. Furthermore, the waste level in this tank is only 1.07 m, and
the flammable-gas (FG) release in this tank with a large dome volume is not
expected to be a major problem.

The tanks in the U Farm appear to be richer in nitrous oxide. The upper-bound
estimate for the nitrous oxide is obtained as 75.4% in Tank V-lOS. This value will be
used to compute the toxicological consequences of nitrous oxide releases.

Justifying the use of tank-specific gas compositions based on these analyses is
difficult. The difficulty is primarily in extrapolating steady-state gas concentration
measurements to predict the gas concentration during a prompt release event and
stems from the modeling assumption discussed above. Conservatively, the gas
ratios used in obtaining the values in Table C-3 are evaluated at _2 standard
deviations in which either fuel or nitrous oxide is maximized and the existence of
nitrogen (that is known to be generated in the waste) is ignored. However, the
concentrations shown in Table C-3 are obtained using a very limited database.
Furthermore, the SSTs within a given farm are connected through overflow lines,
and most SSTs are passively ventilated. Consequently, it is possible that the dome
gases in connected tanks intermix, and the grab sample data may not necessarily
represent the waste gas that is released from a specific waste tank. Thus, we must be
cautious in using the computed gas compositions on a tank-by-tank basis.

To determine the bounding case, the concept of equivalent fuel6 is used for the
compositions shown in Table C-3. Table C-3 lists the equivalent fuel in terms of
hydrogen concentration in the noncondensable waste gas. The equivalent fuel6 is
obtained as

EF = Rm x X mtIIIane + XhYlbuIC:D • (C-3)

where Rm is the ratio of combustion energy of methane (798 kJ/mole) to the
combustion energy of hydrogen (241 kJ Imole). Thus, Rm is obtained as 3.32.
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TABLEC-3
HYDROGEN, NITROUS OXIDE, AND METHANE FRACTION IN THE

NONCONDENSABLE RELEASE GAS

TANK

A-I0l

AX-101

AX-l 03

5X-I0l

5X-I02

5X-I03

5X-I04

5X-I05

5X-I06

5X-I09

5-102

5-111

5-112

T-110

V-I03

U-105

U-107

V-108

V-109

MAXIMUM FUEL

Xhydrogen Xmethane

(%) (%)

86.7 1.3

88.1 4.5

55.1 7.2

51.9 1.5

40.9 1.6

53.3 2.1

59.2 2.1

55.0 1.4

Xnitrous

(%)

12.0

7.4

37.7

46.6

57.5

44.6

38.7

43.6

90.9

103.0

79.1

57.0

46.2

60.4

66.2

59.7

Xnitrous

(%)

15.4

11.3

49.6

61.2

75.4

62.6

57.2

-58.7

The data from these samples are not used because the concentrations are either too
low or are reported as less-than values.

Based on this analysis, the composition obtained for Tank AX-101 results in the
maximum equivalent fuel being 103% H2 and appears to be the limiting
composition for the flammability analysis at the conditions prior to GRE.
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Condensable Gases

The gas monitoring done in the tank farms in general sho\·v that almost all tanks
contain and release ammonia. Unfortunately, there are limited ammonia data
available to quantify the amount of ammonia in the tanks of interest. Because the
waste in SSTs is typically older than the waste in the double,..shell tanks (DSTs) for
which ammonia content estimates are available, the amount-of dissolved ammonia
in the SST waste is expected to be higher than the amount of ammonia in the DST
waste. There are two DSTs for which there are sufficient data to estimate the
ammonia content in the waste gas during a release event. For Tank 101-SY, the
maximum ammonia fraction in the release gas, including the mass transfer from a
freshly exposed surface during a rollover, is obtained as 15%.7 For Tank 103-SY, the
bounding ammonia fraction in the release gas is given as 17%.8

For Tank A-10l, the amount of dissolved ammonia is estimated by comparing the
total organic carbon, radiolytic loads, sodium nitrite inventory, and the age of the
waste to Tank 101-SY waste using bounding assumptions.9 Based on these
calculations, the mean plus 2 standard deviations ammonia fraction in the release
gas is estimated as -40%.9 Currently, similar analyses are not available for other
tanks.

There are limited amounts of ammonia data available in Ref. 10. Typically, one
value for a few of the tanks on the FGWL is reported, along with the corresponding
value of nitrous oxide and hydrogen. Nitrous oxide and hydrogen values are
within the range reported in Ref. 1. The gas concentration measurements reported
in Ref. 10 are given in Table C-4 for those tanks that are on the FGWL. Data for each
tank on Table C-3 are not available.

TABLE C-4
GAS CONCENTRATION DATA REPORTED IN REF.lO

TANK NH3 (ppm) H2 (ppm) N20 (ppm) Xammonia ('Yo)

A·101 754 758 218 46.5

5·102 412 669 509 26.8

5-111 122 391 48 20.5

TABLEC-5
GAS CONCENTRATION DATA REPORTED IN REF.lO

TANK NH3 (ppm) H2 (ppm) N20(ppm) Xammonia ('Yo)

5X·103 77 <23 <23 72.8

5X-106 179 98 14 62.0

U-103 730 555 878 40.7

U-10S 325 <49 154 61.4

U-107 453 500 701 32.5
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One can obtain a conservative estimate of ammonia fraction in the release gas
through

Xamrnonia = Xnc i Xammonia (C-4)
1- Xammonia ' Xi

where Xnc,i is the hydrogen or nitrous oxide fraction in the nonconaensable gas that
may be obtained from Table C-3 and Xammonia/Xj is the ratio obtained from data
shown in Table C-4. The resulting ammonia fraction (Xammonia) is shown in the last
column in Table C-4.

In obtaining the results for Xammonia, either the hydrogen or the nitrous oxide data
from Tables C-3 and C-4 are used. In general, the hydrogen data are used, except for
Tank U-10S, for which the nitrous oxide data are used because the hydrogen data are
given as "less-than" value. For Tank 5-103, both the hydrogen and nitrous oxide
numbers are given as less-than value, and the hydrogen data are used for this tank
neglecting the < sign. The results for Tank 5-103 have the highest uncertainty.
First, the analysis reported in Table C-3 is based on two data points only. Secondly,
the low concentrations in ammonia and hydrogen result in a large uncertainty in
the ratio. Especially, the low ammonia concentration measured suggests that the
mass-transfer contribution to the total ammonia release is probably very large (see
discussion for Tank 101-SY below).

It is evident that there is much uncertainty in the ammonia results reported in
Table C-4, primarily because the analysis is based on a single data point. However,
the application of these results in consequence analysis for prompt and large gas
releases is conservative because of the follOWing:

• Nitrogen in the gas composition is neglected. Nitrogen is known to exist
in the waste gas. Especially, nitrogen fraction is expected to be high in
waste gas that is rich in ammonia and nitrous oxide.

• Undoubtedly, some water vapor also will exist in the form of condensable
gas. The water vapor content of the waste gas is conservatively set at zero.

• Extensive data from Tank 101-SY indicate that a large fraction of ammonia
during the steady-state periods is released by mass transfer of the surface.
During steady-state periods, dome space ammonia-to-hydrogen ratio
typically ranges between 2 and 3 in Tank 101-SY.' During the steady-state
period, the background hydrogen concentration typically would be
-20 ppm, but the ammonia concentration would be between 50 and
60 ppm. In this respect, the data for Tank 5-103 appear similar to the Tank
101-SY data. However, during episodic large GREs, the ammonia-to
hydrogen ratio drops to 0.3 to 0.5 (Ref. 7). This behavior is explained by the
high solubility of ammonia in the waste. During steady-state releases, the
mass transfer of the surface significantly contributes to ammonia releases.
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Also, slowly released bubbles are expected to come to thermodynamic
equilibrium at the waste surface, where the pressure is atmospheric.
During large episodic releases, mass-transfer contribution is small, and the
bubbles are rapidly released from the lower layers where the ammonia
fraction is small because of high hydrostatic pressure. Thus, applying the
ammonia-to-hydrogen ratios obtained from background data is believed to
be very conservative in predicting the large prompf releases that may be
triggered from the deep layers during an intrusion.

Considering all these conservative assumptions, it is expected that the ammonia
fraction during a prompt release to be much less than the 60% computed for Tanks
SX-106 and V-lOS. For instance, Ref. 9 uses a simple model based on the energy of
formation of nitrogen and other species to obtain the best-estimate ammonia
fraction in the release gas as 20% for Tank A-lOl, but the above methodology yields
-47%. However, given the other uncertainties, the ammonia fraction is set
conservatively to 60% the for bounding analysis. Once the ammonia concentration
is known, the overall waste-gas composition is estimated as

Xi = (1- Xammonia )Xnc,i , (C-S)

where Xi(i is hydrogen, nitrous oxide, or methane) is the species fraction in the
release gas and Xi,nc is the species fraction in the noncondensable portion of the
release obtained from Table C-3.

The ammonia fraction in the release gas is important in determining the safety
envelope for the proposed activities. The presence and amount of ammonia affects
the safety analyses in the following major areas:

• Ammonia is a more energetic fuel than hydrogen. Thus, the existence of
ammonia increases the fuel energy of the waste gas. The effect of
ammonia on the equivalent fuel is discussed in Section 3.2.1 of this
appendix.

• Ammonia affects the LFL of the mixture. When expressed in terms of
hydrogen concentration, the LFL decreases with increasing ammonia
content. The effect of ammonia on the LFL is discussed in Section 3.3 of
this appendix.

• Ammonia appears to combust very energetically in a pure nitrous oxide
environment.ll•

12

• Ammonia is corrosive, and the consequences of the ammonia releases
must be kept below the acceptance guidelines (see Section 5 of this SA).
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C.3.2.1. Effect of Ammonia on the Equivalent Fuel. Including ammonia, the
equivalentfuel is obtained as

EF(Xhydrogen) = Rm x Xmethane + Ra x Xammonia + Xhydrogen , (C-6)

where Rm is 3.32 (discussed above) and Ra is the ratio of combustion energy of
ammonia (317 kJ /mole) to the combustion energy of hydrogen (241jJ /mole). Thus,
Ra is obtained as 1.32.

Using 60% NH3 and the noncondensable gas compositiml given in Table C-3 for
Tank AX-101, the equivalent fuel becomes equal to 120% H2,compared to 103% H2
obtained without any ammonia.

C.3.3. Lower Flammability Limits

The LFL of hydrogen, ammonia, methane, and nitrous oxide mixtures is discussed
in Refs. 13 and 14. Based on Refs. 13 and 14, Le Chatelier's linear mixing law15

appears to be adequate, and the effect of nitrous oxide on the LFL is minimal for the
mixtures of interest. The linear mixing law can be expressed in terms of hydrogen
concentration as follows:

LFL( 1 + Xammonia / Xhydrogen + Xmethane / Xhydrogen J= 1 (C-7)

LFLo,hydrogen LFLo,ammonia LFLo,methane

where the LFL of the hydrogen, methane, and ammonia (LFLo,i) are bounded by 4, 5,
and 15%, respectively·13.14 The LFL for each gas composition shown in Table C-3 is
computed as a function of the ammonia fraction in Ref. 6. If we add 60% NH3 to the
AX-101 composition shown in Table C-3, the LFL is obtained as 2.7%H2•

C.4. MAXIMUM ALLOWABLE RELEASES INTO THE DOME

In this section, the maximum allowable gas releases into the dome space
considering the flammability issues and toxicological consequences are discussed
first. Also, the maximum allowable bum volume in the waste is quantified.
Finally, current estimates for the retained-gas inventory in the tanks of interest are
summarized at the end of this section.

Using the LFL values computed for each tank, the maximum allowable release
based on the flammability hazard is defined as the gas-release volume necessary to
reach 25% of the LFL when the waste gas is homogeneously mixed in the dome
space.

For the bounding tank with a 1415.8-m3 (50,OOQ-ft3) dome volume, the maximum
allowable release corresponding to 6000 ppm H 2in the dome space would be 8.5 m 3
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(300 ft3) H2. Currentl)', all intrusive activities are stopped when 6000 ppm H2 is
detected in the dome space (see Appendix B). Using the gas composition obtained
for 101-AX (with 60% NH3), the release volume corresponding to 6000 ppm

H2becomes 24 m3 (850 ft3).

Using an adiabatic burn model, we can show that, if burned, a.-gas-rel~se volume of
96 m3 (3400 ft3) corresponding to 2.4% H2 in the dome space would result in a peak
pressure >240 kPa (35 psia). The maximum peak pressure that could be experienced
by SSTs without dome failure is <82 kPa «12 psig).16 Thus, even small volumes of
gas burned in the dome space may result in catastrophic dome failure. Note that the
gas release volume of 96 m3 is not 100% hydrogen. It was assumed that there is 60%
ammonia in the released gas. Remaining 40% includes 88.1% hydrogen
(Tank AX-101) as indicated in Table C-3. Thus, the hydrogen concentration becomes
35% in the released gas. This results in 2.4% hydrogen concentration in the dome.

The above values for the maximum allowable limit are obtained considering
flammability issues only. Ammonia and nitrous oxide also must be considered for
toxicological consequences. The Emergency Response Planning Guideline-l
(ERPG-l) values for ammonia and nitrous oxide are 25 and 150 ppm, respectively.
ERPG-l values are used to determine the dose limit for an on-site receptor located
100 m (328 ft) from the tank for likely releases (see Section 5 of this SA for the Risk
Acceptance Guidelines). The maximum allowable release then is determined as the
maximum waste-gas volume that results in ~RPG-l when discharged out of the
dome and received 100 m (328 ft) from the source.

The atmospheric dispersion factor using 95% weather conditions at the Hanford Site
for a 100-m receptor is -3.44 x 10-2 51m3, which is obtained from Ref. 17. For a
0.12-m3/s (250-ft3/min) discharge rate, the maximum source concentration may be
obtained as 6000 ppm NH3 and 36,000 ppm N20. If we assume 60% NH3 in the

waste gas and a dome volume of 1415.8 m 3 (50,000 ft3), the maximum allowable
release may be obtained as 14.2 m3 (500 ft3) to meet the ammonia guidelines. Waste
gas releases of up to 68 m 3 (2400 ft3) will meet the nitrous oxide guidelines,
assuming a maximum of 75% N20 in the waste gas and a 0.12-m3/s (250-ft3/min)
discharge rate. These numbers are directly proportional to the discharge rates.

C.S. MAXIMUM ALLOWABLE BURN VOLUME IN THE WASTE

In this safety assessment (SA), it is assumed that if the gases are ignited in the waste,
the combustion will propagate through the gas phase. If a large enough gas volume
is burned, the resulting pressure may be high enough to cause structural damage to
the tank and/or dome.

In the previous sections, the concern was the release of flammable and toxic gases
into the dome space. For dome burn accidents, the gas composition with the
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maximum fuel is used as the bO:lnding composition because the dome contains
sufficient oxidizer. Likewise, for bounding toxicological analysis, the maxim urn
toxic gas fraction is used. For a bum inside the waste, the worst-case composition
would be a stoichiometric mixture of fuel and nitrous oxide. For gases to burn
inside the waste, there must be sufficient oxidizer. The only known oxidizer in the
waste gas is nitrous oxide. Although the results in Table C-3 have uncertainties
associated with them, they show that most of the tanks may be-t>xidizer limited.
Among the tanks for which the gas composition data are analyzed, the nitrous oxide
concentration is <20% except for the tanks in the U Farm, Tanks AX-103, SX-106, and
5-102. Within the uncertainty of the data, the tanks in the U Farm could certainly
have a stoichiometric composition of fuel and oxidizer. In the subsequent analysis,
a stoichiometric mixture of hydrogen and nitrous oxide is used. Adding methane
and ammonia into the mixture would increase the energy per mole. However,
theoretically, complete combustion of 1 mole CH4 requires 4 moles N20, and 1 mole
NH3 requires 1.5 moles N20. Thus, methane and ammonia, while more energetic,
require more oxidizer than the hydrogen. Thus, for a constant gas volume, addinC"
ammonia and methane to the stoichiometric mixture of hydrogen and nitrOl
oxide has a small impact on the total combustion energy.

Starting at atmospheric pressure, the adiabatic constant-volume combustion of
1 mole H2 with 1 mole N 20 results in a peak pressure of 11.2 atm. If the combustion
products are allowed to expand isentropically while compressing the dome gases,
the equilibrium pressure may be obtained by solving the following simultaneous
equations:

(C-8)

(C-9)

(C-10)

and

Pc = (Vd)kC

Pf Vc .

where Pa is the initial dome pressure (1 atm), Pc is the waste gas bum
pressure (11.2 atm), Pf is the final equilibrium pressure, V is the initial dome
volume, Vc is the volume of the waste gas (combustion products), V f is the final
dome volume after compression, Vcf is the final waste gas (combustion products)
volume after expansion, and k is the specific heat ratio. For both the dome gases
and the combustion products, ka =kc =1.4 is used in these calculations. If we set the
structural limit to 1.8 atm (Ref. 16), the maximum allowable gas volume may be
obtained as 184 m3 (6500 ft3) for V =1416 m3 (50,000 ft3).
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This approach is conservative because it assumes that there is no pressure relief (no
outflow from the dome) during the pressurization phase. Furthermore, it is very
tmlikely that the bum will easily propagate in the waste. The total energy generated
by the combustion of 283 m 3 (10,000 ft3) stoichiometric waste gas is 4.1 x 106 kJ
(4.1 x 106 Btu). The latent heat of 1.8 m 3 (64 ft3) of water will be sufficient to absorb
all of this energy. Thus, if the water volume in the waste ~ only 0.3% of the gas
volume and if the gas and water are homogeneously distributed,"1he combustion
cannot propagate. If a large gas volume exists, a 184-m3 (6S00-ft3) gas volume would
correspond to a spherical bubble 7.1 m (23 ft) in diameter. Alternatively, a dendritic
bubble 2.54 cm (1 in.) in average diameter would have to be 3.6 x UP m (1.2 x 106 ft)
long.

Based on these arguments, a gas bum in the waste that could result in dome failure
is very unlikely. However, it should not be dismissed completely because of the
various tmknowns in the gas-retention mechanisms and the waste properties in the
SSTs.

e.6. Estimates of Tank Gas Inventory

As part of the screening program for potential FG retaining tanks, Westinghouse
Hanford Company (WHC) has a continuing effort to estimate the tank gas inventory
using the barometric pressure and level variation data.Is The results for all the tanks
of interest are not currently available. The gas inventories of some of the tanks that
are not currently on the FGWL are given in Ref. 18.

e.7. CONCLUSIONS

In this appendix, the available gas-composition data obtained from the grab samples
are analyzed. However, the grab samples only provide limited data. Conservatively
assuming that the waste gas does not contain any nitrogen, the grab sample data are
converted to noncondensable waste gas composition. The upper-bound values for
the composition with maximum fuel and maximum nitrous oxide are obtained. In
terms of fuel, the bounding tank is shown to be AX-lOl. Tank V-lOS appears to
show the highest nitrous oxide content. Tanks A-lOl, AX-lOl, SX-102, SX-lOS, SX
106, and 5-111 indicate >80% H2 in the waste gas. The highest hydrogen content is
estimated for SX-l06 as nearly 90%.

Even though the available data are analyzed conservatively, we must exercise
caution in using the current findings. The concentrations are obtained using a very
limited database. Furthermore, the SSTs within a given farm are connected
through overflow lines, and most SSTs are passively ventilated. Consequently, it is
possible that the dome gases in connected tanks intermix, and the grab sample data
may not necessarily represent the waste gas that is released from a specific waste
tank. Furthermore, data for all the tanks of interest are not available.
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Using a conservative interpretation of the limited ammonia data provided in
Ref. 10, the LFL is set equal to 2.4% H2, cor:-esponding to an ammonia-to-hydrogen
ratio of 2.5. For toxicological consequence analysis, the bounding ammonia fraction
in th~ release gas is set conservatively equal to 60%.

Based on these findings, it is concluded that

• The potential gas releases during the proposed intrusive activities are
poorly understood and cannot be controlled to meet these limits.

• Continuous hydrogen or FG monitoring is necessary as part of the spark
management strategy.

• Continuous or frequent ammonia monitoring also is necessary, both for
flammability and toxicological consequence considerations.

• A deflagration in the dome space is a more likely dome collapse
mechanism than a deflagration of the gas trapped in the waste.

• Ammonia concentrations must be monitored, and operations must be
stopped when the ammonia concentration in the dome exceeds 5000 ppm.
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APPENDIXD

RELIABIUTY OF SYSTEMS

0.1. INTRODUCTION

This appendix documents the results of an assessment of the reliability of various
systems that support the installation, operation, and removal of rotary-mode core
sampling (RMCS) equipment in single-shell tanks (SSTs) on the Flammable Gas
Watch List (FGWL) or those tanks recommended by the contractor to be included on
the FGWL, hence referred to as FG/RMCS operations. The systems that were
evaluated are those considered in the accident sequences discussed in Section 4 and
documented in Appendix E of this safety assessment.

The reliability of the systems were estimated using fault tree analysis, and event tree
analysis in a few cases. The system fault trees are not detailed fault trees; however,
they do provide a reasonable model for estimating system reliabilities. The level of
detail included in the fault trees was limited by the availability of detailed up-to-date
system design and operating information.

The system models were developed using the following sources of information:

1. Existing Westinghouse Hanford Company (WHC) safety studies/'-4

2. System schematics arid operating procedures provided by WHC,

3. Verbal information from WHC cognizant engineers and technicians,

4. Published sources of data for component reliabilities, and

5. Engineering judgment.

It should be noted that automatic trip of drill string is defined as automatic trip of
the drill rig engine. The following systems were modeled:

• Nitrogen purge gas cooling for drill bit and associated automatic trip of
drill string on low nitrogen flow;

• Nitrogen hydrostatic supply to drill string;

• Nitrogen hydrostatic supply to shielded receiver;

• Automatic trip of drill string on excessive force;

• Automatic trip of walkdown function;

• Automatic trip of hydraulic bottom detector;
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• Automatic trip of drill string on high rpm;

• Pneumatic footclamp for holding drill string;

• Automatic trip of drill string on:

Flammable-gas concentration,

Flammable-gas concentration rate of rise, and

Dome pressure;

• Sampler rotary valve operation;

• Sampler chevron seal function; and

• Manual sniff of drill string for flammable gas.

To estimate component failure exposure times, the following time periods were
used:

• Two drilling activities on a tank per year;

• 144 hours for an activity from arrival at tank for core sampling until
leaving tank after core sampling complete;

• 40 hours to take all samples; 2 samples taken per 8-hour shift;

• 20 minutes drilling time required for each of 11 samples; and

• 6 months between calibration check of instrumentation.

0.2. SUMMARY AND RESULTS

The details of the systems reliability analysis are provided in Refs. "S and 6. The
results are summarized in Table D-l.

Based on these results, human error is concluded to be an important contributor to
system failure.

During the development of the system models it was noted that the follOWing
qualitative aspects of hardware faidlures. The reliability of the PLC is important
because it is a single failure element for both

• automatically tripping the drill, and

• providing annunciation to the operators for manual response to stop
drilling or to trip the drill.
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The reliability of the rpm-detection system is important because it must

• Trip the drill on high RPM,

• Detect drill string rotation above 2 rpm to enable the automatic trip on low
nitrogen purge gas flow, high down force, low penetration rate, and high
RPM.

Both the PLe and the rpm detection systems are sufficiently reliable so that failures
in these systems do not excessively contribute to the quantified system failure
values.

TABLED-1
RESULTS OF SYSTEM RELIABILITY QUANTIFICATION

Contributing Failures
Initiating Event Probability of Overall Frequency (Failure of Following Events

Frequency Subsequent Failures (l/activity) Dominates Probability of
(lIactivity) Subsequent Failures)

Excessive force used Failure to detect 4.3E-5 Comma:1 mode calibration
while taking any excessive force and error/pressure transmitters,
sample except last stop drill operator ann walkdown
sample, function, solenoid-operated

7.9E-5 (Event: force) valve (SOV) 12
0.05 per sample,

0.55 total for 11
samples

Excessive force used Failure to detect 4.0E-6 Commoo mode calibration
while taking last excessive force and error,
sample stop drill

Pressure transmitters,
0.05 7.9E-5 operator ann, bottom

detector, SOV 11

4.1£-5 total for
eXl;essive force with
failure to stop drill

(sum of two previous
values)
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TABLE 0-1 (cant)
RESULTS OF SYSTEM RELIABILITY QUANTIFICATION

Initiating Event
Frequency

(lIactivitV)
High H2 level
exhauster

1.0

Probability of
SubsequentFail~

in Failure to detect
hydrogen

7.6E-4

Failure to detect
hydrogen and trip the
drill string

1.3E-3 + 3.0E-4*

Overall Frequency
(11 activi ty)

7.6E-4

1.6E-3

Contributing Failures
(Failure of Following Events

Dominates Probability of
_ Subseguent Failures)
2 exhauster programmable
logic controllers (PLCs)
(common mode),

instrumentation .and control
(I&C) calibration

2 exhauster PLCs (common
mode),

truckPLC,

I&C calibration

High H2 rate of rise
in exhauster

1.0

Failure to
hydrogen

7.6E-4

detect 7.6E-4 2 exhauster PLCs (common
mode),

I&C calibration

Failure to detect
hydrogen and trip the
drill string

1.3E-3 + 3.0E-4*

High dome pressure Failure to detect
caused by H2 release hydrogen.

1.6E-3

7,7E-4

2 exhauster PLCs (common
mode),

truckPLC,

I&C calibration

2 exhauster PLCs (common
mode),

1.0 7.7E-4

Failure to detect
hydrogen and trip the
drill string.

1.4E-4 + 3.0E-4*

(Event: hydrl)

1.7E-3
I&C calibration

2 exhauster PLCs (common
mode),

truckPLC,

I&C calibration
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TABLE D-l (cant)
RESULTS OF SYSTEM RELIABILITY QUANTIFICATION

Initiating Event
Frequency

Cl/activity)
H2 from waste

1.0

Probability of
SubsequentFaillln$

Failure of drill string
N2 hydrostatic
system. 6.4E-3

Overall Frequency
(llactivity)

6.4E-3

Contributing Failures
(Failure of Following Events

Dominates Probability of
Subsequent Failures)

Operatorconnect drill string
hydro, operator arm drill
string hydrostatic system

H2 from waste Failure of shielded 6.4E-3 Operator connect shielded
receiver Nz receiver hydrostatic system,

1.0 hydrostatic system. operator arm shielded
receiver hydrostatic system

6.4E-3
(NOTE: The contributing failure
associated with connecting the SR
hlldrostatic system is overly
conservative because the system IS
hard-piped.)

H2 from waste Failure of both drill 6.9E-4 Operator connect drill string
string N1 hydrostatic hydrostatic system and

1.0 system and shielded connect shielded receiver
receiver Nz hydrostatic system (common
hydrostatic systems. mode),

6.9E-4 operator arm drill string
hydrostatic system and

(Event: hydro) shielded receiver hydrostatic
sysrem(common mode)

(NOTE: The contributing failure
associated with connecting the SR
hydrostatic Ststem is overly
conservative ecause the system is
hard-piped,)

Hold drill string Footclamp drops drill 3.0E-5 Operator opens foot clamp.
above waste with string onto waste
footclamp surface. Lock wrench left out.

1.0 3.0E-5

(Event: foot)
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TABLE D-l (cont)
RESULTS OF SYSTEM RELIABILITY QUANTIFICATION

Initiating Event
Frequency

(llactivity)
Excessive rpm during
drilling

0.011

Probability of
SubsequentFail~

Failure to trip drill
string en excessive
rpm.

6.2E-4

(Event: rpm)

Overall Frequency
(llactivity)

6.8E-6

Contributing Failures
(Failure of Following Events

Dominates Probability of
_ Subsequent Failures)
truckPLC,

I&C calibration

Perform
operation

1.0

drilling Total loss of N 2

cooling and failure to
stop drill.

3.3E-6

3.3E-6 N2 cooling holes in drill bit
plug,

truckPLC

Perform
operation

1.0

drilling Partial blockage of Operating envelope No blockage of some, but not
N2 cooling holes in controls will prevent all, of the N2 cooling holes in
drill bit does not lead this. the drill bit,
to totaIlow N2 flow

Perform
operation

1.0

5E-4 original
calculation; operating
envelope will ensure
no overheating can
occur unless N2 1ow
flow trip also
challenged and fails

drilling Loss of drill bit N 2

cooling from N 2

bypass leakage

1.6E-5

D-6

1.6E-5

no low N2 flow as a result of
partial blockage,

no local overheating of
portions of drill bit

NoN2 bypass

flow,

no high N2 flow as result of
bypass,

operator detects N2 bypass
flow
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TABLE 0·1 (cant)
RESULTS OF SYSTEM RELIABILITY QUANTIFICATION

Initiating Event
Frequency

Cl/activity)
Perform drilling
operation

1.0

Take a sample

11.0

Probability of
SubsequentFail~

High N2 temperature
results in loss of drill
bit cooling,

Low likelihood based
m WHC information
that N2 reaches
ambient waste
temperature

Failure of rotary
valve in sampler to
completely close.

0.1

(Event: rot)

Overall Frequency
(l/activity)

very small

1.9E-S total for
overheating drill bit
caused by inadequate
N2 cooling (sum of four
previous values)

(Event: cool)

1.1

Contributing Failures
(Failure of Following Events

Dominates Probability of
Subsequent Failures)

No high N2 temperature,

no overheating of drill bit
from high N2 temperature,

operator trips drill en
annunciation of high N 2

temperature, temperature
transducer

No waste blockage during
valve closure

Perform
operation

1.0

drilling Failure of sampler
chevron seal.

(Event: seal)

3.3E-2 Installation of chevron seal

H2 from Waste 1.0 Failure of H2 sniff in
drill string.

4.6E-3

(3.0E-3 operator,
1.6E-3 hardware)

(Event: sniff)

4.6E-3

0.7

Operator fails to perform
sniff, sniff sensor fails low
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TABLE D-1 (cant)
RESULTS OF SYSTEM RELIABILIIT Qr :.NTIFICATION

Contributing Failures

Initiating Event
Frequency

(llactivity)

Probability of
SubsequentFail~

Overall Frequency (Failure of Following Events
I-- Dominates Probability of

<l/activity) Suosequent Failures)

Excessive filter ~p

1.0

Fail to trip exhauster
on filter ~P.

2.6E-3

(Event: gate 32)

2.6E-3 Failure to sense high ~p

across filter, calibration I&C
error

Contact rock in waste Failure of penetration
rate and failure of N 2

0.1 cooling to drill bit
systems.

3.3E-6

(Event: prrate)

3.3E-7 N2 cooling holes to drill bit
plug/PLC

... 3.0E-4 accounts for requirement to enable the exhauster interlock.
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APPENDIXE

ACCIDENT SEQUENCES

E.1. INTRODUCTION

Quantification results from event trees are discussed in this appendix for the
installation, operation, and removal of rotary-mode core sampling (RMCS)
equipment in single-shell tanks (SSTs) on the Flammable Gas Watch List
(FGWL) or those tanks recommended by the contractor to be included on the
FG"VL, hence referred to as FG/RMCS operations. These event trees,
developed using the SANET (Ref. 1) code, document the accident sequences
discussed in Section 4 of this report. Reference 2 includes the event trees, the
detailed accident discussions, and quantification details.

E.2. BACKGROUND INFORMAnON
..

This section discusses the bases for the human-error rate assignments used
throughout the accident quantification as well as mission time values used to
quantify failure rates and frequencies.

,
E.2.1. Assumptions Underlying .003 Human Error Probability as Given in

NUREG-CR-4772 (Ref. 3)

1. Task failure is not immediately annunciated either if a task is not
performed or if an error is made during the task.

2. A post-task test is either not required or it does not immediately
annunciate error.

3. Neither a shift nor a daily check is made to verify the status of the
system associated with a task.

4. Independent task verification is ensured by requiring that either a
second person verify whether a task is performed correctly after a
task is completed or whether the original task performer verifies a
task correctly performed at a different time and location.

5. Verification procedures are written correctly and verification
procedure is followed correctly.

6. Verification fails to discover a task error with a probability of O.l.

In those activities to which we have assigned a .003 human error failure rate,
we implicitly assume that the associated activity is controlled by a correctly
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written procedure and that the activity has independent verification using a
check-off sheet.

If the second-person verification is not performed, this probability increases to
.03. Assignment of this human failure probability still requires the associated
task to be controlled by procedure.

E.2.2. Assignment of the .05 Failure Probability for Judgment-Based Tasks

The Systematic Human Reliability Procedure (SHARP) gives a failure
probability range of .5 to 5E-03 for judgment-based actions (Ref. 4). For actions
considered to be judgment-based (dependent on a mental representation of a
system), we assigned a probability of .05, the mid-point of the SHARP range.

E.2.3. Mission Time Assumptions

An activity is defined as the process of collecting a set of core samples
corresponding to an entire tank depth. One hundred forty-four hours are
reqUired to complete an entire activity. Within this 144-h period, 40 h
(approximately 2 samples collected per shift) are required to retrieve the 11
samples [based on an average single-shell tank (SST) waste depth]. Total
drilling time is approximately 4 h (20 min. per sample). Instrumentation and
controls (I&C) are checked, and if necessary, calibrated every six months.

E.2.4. Dependence of Event-tree Events.

Because of the lack of complexity inheren~ in the rotary-core mode drilling
activities, it was possible for us to construct event trees having independent
top events. Therefore, accident frequencies can be determined by multiplying
path frequencies and probabilities. Important dependencies were handled by
broadening the event definition so that the associated fault tree considers
them.

E.3. ACCIDENT SEQUENCES

Table E.l summarizes the quantification of the accident sequences based on
assigning a high value to all phenomena except for the likelihood of having
flammable gas at a flammable concentration contacting equipment randomly
located near risers. This open-riser probability is documented in Ref. 5. The
Table E.l values in parentheses are the accident frequencies that result if only
passive (non-control) system hardware is available to respond to accident
initiators. These frequencies are called "unmitigated accident frequencies."
Both active control hardware and administrative controls are credited in the
other listed accident frequencies, which are called "mitigated frequencies".
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TABLE E-1
SUMMARY OF ACCIDENT QUANTIFICATION RESULTS

Controls Credited for Mitigative
Accidept frequency (l/Activity) Dominant Failures Frequency Quantification

l~htning strik~ caus~s dare fire. 4.1 E-6 Random lightning strike hits risers or Do not drill during stormy weather.
( ote I) (8.2E-6) other equipment on top of tank that

cOIUleds to tank interior
I lot spots caused \by drill bit 3.3E-7 Hot drill bit contacts rock in waste Trip drill string on slow penetration
contJcting rocks in waste. (Note 2) (0.1) resulting in flammable gas ignition due rate (no time for operator trip if

to a hot spot exceeding autoignition penetration rate trip fails).
temperature of the mixture. Auto trip of drill string on low Nz
Penetration rate and nitrogen pwge purge gas flow.
systems fail.

Spark from failure of exhauster heater 0 None Replace electric heater with hot-water
leads to dome fire. (Note 1) (0) heat exchanger in exhauster to lfirovide

moisture removal for high-e ciency
particulate air (HEPA) filters

Spark fmm Ass~mbly /disassembly of 7.6E-5 total Fails to perform sniff for flammable gas Sniff enclosed volume for flammable
d rin string sections: (l.65E-2) in drill string. . gas in drill string.
drill string in dome (Notes 1 and 2) 3.8E-5 Sampler chevron seal fails. Presence of sampler with chevron seal
drill Siring in waste (Notes 2 and 4) (8.25E-3)

in drill string prevents flammable gas
movement into driD st;Jing.

3.8E-5
(8.25E-3)

Drop of eq~ment from crane onto 3.4E-7 Drops equipment born crane onto Control of equipment lifts over
exh.1Uster lea s to dome fire (Note 1) . (6.8E-6) exhauster. exhauster.

Failure of exhauster fan causes s~ark 2.3E-5 Fan bearings seize, shaft fails, and Fan impeDer and housing are AI,
ICddlng to dome firc. (Note s 1 and ) (2.3E-5) im~lIer impacts fan housing causing which has low potential for sparking.

spark.

LCJkin~ riser penetration releases 6.5E-3 Randomly located, UD3ualified Limit leaka~e hom all unused
n.lnuna Ie ~as to unqualified electrical (1.0) equipment is located too c ose to risers/pits to ess than 1 in. equivalent
cquipmcnt cading to dome fire (Note 1) riser/pit that is not sealed. diameter.
(Notc: For this accident we calculated Platform on truck is present to mitifate
the probability that flanunable gas in release from drill-string rubber sea .
cxcess of 2.4% reaches equirment Following tank walkdown. 50% ofr.\Ildolllly placed on the tank top. risers are assumed to leak.
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TABLE E-l (cont)
SUMMARY OF ACCIDENT QUANTIFICATION RESULTS

Controls Credited for Mitigative
Accident Frequency U/Activity) Dominant Failures frequency Quantification

Truck placed ov~r an unused l.SE-4 Operators fail to seal unused limit leakage from renetration so
~cnctration result:; in an above ground (1.0) penetration flammable gas wil not reach
irc IC<lding a dome fire Failure to locate truck ignition sources unqualified equipment on the drill

aminirnwnof 36" awa~ from risers or truck

\ pit over which the truc is positioned Truck is located greater than 36"
awar from risers or pit over which the
truc is positioned.

Intcntional opening of penetration 1.SE-3 Equipment located too close to open Locate unqualified equipment > 36 0
during drilling results in an above (0.5) penetration from open penetration
ground fire Inlet stack 15 ft tall installed on HEPA

inlet riser.

flammable gas is in drill 9.7E-7 N2 hydrostatic system to both drill Leak test N2 hydrostatic systems for
strin~(shielde receiver during (1.4E-3) string and to shielded receiver fail. both drill string and for shielded
samp er handling leading to di::me fire.

Remote latch unit (RLU) drops receiver.
(Notcs 2 and 4)

sampler. Unique connections for N2
hydrostatic stjlems for both drill
string and shie ded receiver.
Operators verify N2 hydrostatic
sUPl?Iy to both drill string and shielded
receiver during activation of
hydrostatic mode of N2 supply.

Controls over operation of RLU.

Flammable gas in shielded receiver 1.4E-S (not a dome fire accident) Waste prevented previous closure of Controls over the operation of RLU
with shielded receiver isolated from (I.5E-4) sampler rotary valve leading to gas are proVided.
drill string results in aboveground fire. release as sample is retrieved and
(Noles 2 and 6) depressurized.

Sniff for flammable gas fails to detect
flammable gas.

RLU drops sampler.
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TABLE E-l (cont)
SUMMARY OF ACCIDENT QUANTIFICATION RESULTS

Controls Credited for Mitigative
Accide'i't Frequency ll/Activity) Dominant Failures Frequency Quantification

Flammable gas in X-r~ machine leads 8.3E-1O (not a dome fire accident) Waste prevented previous closure of Design includes sealed plastic sampler
to abllveground fire. ( otes 2 and 6) (8.3E-9) sampler rotary valve leading to gas receiver surrounded by isolation

release as ~Ie is retrieved and barrier.

\ depressurized. Controls· over operation of RLU are
Previous sniff for flammable gas in used.
shielded receiver failed to detect
f1anunable gas.

RLU drops sampler.
Plastic receiver breaks.
Isolation barrier volume fails.

Flammable gas .in cask leads to above 1.4E-5 (not a dome fire accident) Waste prevented previous closure of Controls over operation of RLU are
ground fire. (Noles 2 and 6) (1.4E-4) sampler rotary valve leading to gas used.

release as sample is retrieved and
depressurized.
Qperator fails to If:rform sniff for
flanunable gas or sni not successful.

RLU drops sampler.

Flammable ~as in riser/sleeve duriny 1.1 E-5 N2 to riser sleeve fails and with Design includes drill string automatic
drilling lea s to don"W? fire. (Notes (1.0) subsequent failure to shut down drill trip when hi~flammable gas level,
and 2) on loss of NZ (slow release not seen in high rate of ge of flammable gas

dome). level, or high dome pressure.

Drill fails to shut down on detection of Provide for drill string trip on loss of

flammable gas (rapid release seen in N2 to riser sleeve.

don"W?), and failure of riser sleeve NZ Provide for leak check of N2 supply to
sU~ly and shut down of drill on loss riser sleeve.
of 2. Provide for unique cOlUlector for NZ

supply to riser sleeve.
Provide for verification of NZ supply
to sleeve during actuation of system.

Drop of 1001 inlo open riser leads to 5E-5 Drop of 1001 into open riser. Use of spark-resistant tools within 36
dome burn. (Nole I) (10E-4) D of open risers.
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TABLE E-l (cont)
SUMMARY OF ACCIDENT QUANTIFICATION RESULTS

Accident

Drill ~Iring _brea k i" d<n-e leads 10
dome fire. (Noles 1 and 2)

\

Loss of drill bit cooling leads to waste
fire. (Nole 3)

Excessive drilling !pm leads to waste
fire. (Nole 3)

Frequency (l/Activity)

1.7E-5
(l.OE-2)

1.9E-5

(1.0)

6.BE-6

(l.1E-2)

Dominant Failure.

Drill siring fails 10 shut down on
detection of flammable gas.

Drill string break caused by buckling
or overtor~ue from jamming in waste
on obstructIOns.

N2 bypass flow occurs w Isubsequent
failure to stop drilling.
Drill string N2 cooling holes plug
w Isubsequent failure to stop drilling.

The rpm setting is too high.
Trip of drill string on high rpm fails.

E-6

Control. Credited for Mitigative
Frequency Quantification

Design includes drill string automatic
trip, given high flammable gas; auto
trip eXhauster on: high flammable gas
level, high rale of change of flammable
gas level, or high dome pressure.

Deiign includes auto-trip of drill
string on low NZ purge gas flow.

Annunciation of high N2 purge gas
temperature is provided.
Test N2 purge system for bypass
leakage is done.
Test results show that Nzleakage from
drill string with section 0 rings not
installed is acceptable.
Test results show that partial plugging
of some of the drill bit nitrogen cooling
holes leading to localized overheating
without calling for trjp on low
nitrogen flow is not of concern.

Analysis shows that drill string tear
without break is very unlikely.

WHC analysis shows that overheating
of nitrogen source gas is not of concern
because in passage through hoses and
into drill siring, Qle nitrogen will not
exceed waste ambient temperature.

Control over speed setting is provided.

Design includes auto-trip of drill
string on excessive rpm.
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TABLE E-l (cont)
SUMMARY OF ACCIDENT QUANTIFICATION RESULTS

Controls Credited for Mitigative
Accide~t Frequency (I/Activily) Dominant Failures Frequency Quantification

Excessive downward force on drill 4.7E-5 Excessive downward force is wed. Provide control over downward force
leads to waste fire. (Note 3) (0.6) Drill string fails to trip on excessive used.

force. Design includes: auto-trip drill strina
\ Walkdown detector fails to function. on excessive force; force detector an

walkdown detector for all ~Ies

except last; force detector and bottom
detector for last sample. .

Slow drillin~ penetration rate causes 3.7E-5 Penetration rate detection fails and Provide 1 of I system for detection of
waste fire. ( ote 3) (0.1) operator fails to manually stop drill. drilling penetration rate.

Five minutes are available for
operator to rec~e slow
penetration and stop dn ling.

Collision of vehicle with riser leads to 2.5E-7 Vehicle hits riser. Provide controls over operation of
dome fire. (Note 1) (0.01) Riser ruptures fuel tank on vehicle. vehicles on top of tank.

B1owoul of HErA exhaust filter. 7.BE-6 (not a dome fire) Excessive differential pressure occurs The exhauster HEPA is verified to be
(7.BE-6) across HEPA filter. sUfficient~ free from loadin~ the

start of rilling so that su uent
drilling will not result in plugging.
The exhauster is shut down given high
HEPA differential pressure.

Drop of drill siring 3.0E-5 Failure to install lockwrench. Lock wrench is wed.
(1.0) Operator opens foot clamp. Operator training is given.

Drop of drill siring results in breach of I.5E-5 (not a dome fire) Failure to installiockwrench. Lock wrench is wed.
t.lllk bollom liner. (0.5) Operator opens foot clamp. Operator training is given.
Spill from dropped sampler in shielded 4.3E-9 (not a dome fire) RLU drops sampler. Controls over operation of RLU are
reLClver.

(0.11) Sampler rotary valve fails given drop used.
(Similar accidents are spills from of sampler. Use control to close ball valve in
drops of sampler in X-ray machine or

Ball valve in shielded receiver shielded receiver.
in c.lsk, bUI Ihey are of lower

inadvertenlly left open.fn'ljuency)
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TABLE E-l (cont)
SUMMARY OF ACCIDENT QUANTIFICATION RESULTS

Control. Credited for Mitig~tive

Accident Frequency (t/Activity) Dominant Failures Frequency Quantification

Waste from contamin4ted drill string 3.1E-7 (not a dome fire) N2 hydrostatic systems fail to both Use leak test N2 hydrostatic systems
interior is released abovq;round. (1.0) drill string and shielded receiver. for both drill string and for shielded

<;lperators fail to detect contamination receiver.
during removal of drill string sections. Use unique connections for N2

\ hydrostatic s~tems for both drill
string and shie ded receiver.
Verify N2 hydrostatic supply to both
drill string and shielded receiver
during activation of hydrostatic mxIe
of N2 supply.

Monitor for radioactive
contamination during removal of drill-
string sections.

WasJe from contaminated drill string 2.2E-6 (not a dome fire) Ineffective wash of drill-strinn Provide water wash of drill-strinft
exterior is rekased aboveground. (1.0) exterior surface before removal of dri exterior surface before removal of dri

string is ineffective. string.
c?perators fail to detect contamination Monitor for radioactive
during removal of drill string sections. contamination during removal of drill

string sections.

Drill strin~ break causes drill string 6.3E-9 Nz bypass flow occurs with sub. Test N1 Xw-se system for bypass
fire (Note

(3.3E-4) failure to stop drilling. leakage 15 one.
Sampler chevron seal fails. Test results show that Nz leakage from

drill string with section O-rings not
installed is acceptable.
Presence of sampler with chevron seal
in drill string toJ:revent flammable gas
movement into rill string.

Drop Grapple in Drill String 3.0E-11 Sampler seal fails. Sampler seal is used.
(6.6E-4) Nz hydro to OS fails. OS Nz hydro is used.

Grapple is dropped. Load cell and current control for hoist
motor.

Notes:

1. Probability uf GRE to dome space will lower the frequency of this accident sequence.
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2. HOM spark tests may lower the frequency of this accident sequence.

3. Probability of waste bum will lower the frequency of this accident sequence.

4. Probability of gas source to drill string with drill string in waste is estimated as 1.0.
S. Wile documentation on aluminum-an-aluminum spark potential will lower the frequency of this accident sequence.

6. Source of gas is from depressurization of sample.
\
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Some accident frequencies will be lowered as a result of consideration of the
gas-release-event (GRE) frequency, the waste-burn probability, and of the
Bureau of Ml (BOM) testing results. Section E.4.0 discusses the quantitative
effect of thes' equency-reduction phenomena.

E.4. ACCIDENT SEQUENCE QUANTIFICATIBN CONSIDERING
PHENOMENOLOGICAL FACTORS

This section considers the impacts of the phenomena frequencies or
probabilities upon the accident-sequence quantification considered previously
by this appendix.

As shown in Appendix L of this report the probability that tank dome space
lower flammability limit (LFL) is exceeded as a result of a GRE when a
random spark-initiating event occurs is 1.4E-5 based on the mean time that
LFL is exceeded. This value is incorporated into the Table £.2 frequencies for
all accidents in which the spark source is essentially random in time. This
situation is true for all except one accident. For this accident, the "truck over
an unused penetration" accident, we assume the spark source is always
present and use 7.0E-5 as the probability that a burn occurs. As shown in
Appendix L, 7.0E-5 is the probability that LFL is exceeded concurrent with
positive tank pressure.

The waste-burn probability quantification and BOM testing are not completed,
so we are not yet able to use them to lower our previous accident frequencies.

The frequencies presented in Table E-2 are frequencyIyr for rotary-mode
drilling into a single tank, assuming 2 drilling activities per yr. They are not
accident frequencies for an individual tank farm or for the entire Hanford
site. Mitigated frequencies precede the unmitigated frequencies listed in
parentheses.

TABLEE-2
SUMMARY OF ACCIDENT QUANTIFICATION RESULTS INCLUDING

PHENOMENOLOGICAL FACTORS

Accident ! Frequency/yr!

H~~~~t~~~~es ?..?.~-=-fire. (N~te 1) ! l.1E-lO (2.3E-1O)
''"- ..-_.

.~~~~~o~.~.~~~~actingrock in wa:te. (Note 2) ! 6.6E-7 (0.2)-,-
Spark from failure of exhauster heater leads to dome fire. (Note 1) !0 (0)..__.._. ..... i

Spark from assemblyI disassembly of drill string sections: ! 7.6E-S total

Drill string in dome (Notes 1 and 2) I (1.6SE-2 total)

Drill string in waste (Notes 2 and 4) 11.1E-9 (2.3E-7)

I7.6E-S (1.6SE-2)
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TABLE E-2 (cant)

SUMMARY OF ACCIDENT QUANTIFICAnON RESULTS INCLUDING
PHENOMENOLOGICAL FACTORS

Accident f Frequency/yr..........................................................................................................................................................................~ .
Drop of equipment from crane onto exhauster leads to dome fire. (Note! 9.5E-12 (1.9E-10)
1) ~

................n 1 .

Failure of exhauster fan causes spark, leads to dome fire. (Notes 1 and ! 6.4E-10 (6.4E-10)
5) i

......................................................................................................................................................• l.· u .

Tear in exhauster duct releases flammable gas to unqualified j 1.4E-9 (5.6E-8)
electrical equipment leading to dome fire. (Note 1) !.......................................................................................................................................................................... ~ ..
Leaking riser penetration releases flammable gas to unqualified j 1.8E-7 (2.8E-5)
electrical equipment leading to dome fire. ~

(Note1)' !
(Note: For this accident we calculated the probability tha t j .
flammable gas in excess of LFL reaches equipment randomly placed at i
the tank top). l

..Fi"~~bi";···g;··~···~ ..·d;ill..··~t;i;gi·~hi;id;d ....;;~;i~;; ..·d~g ..·;;;pi~~Tl:9E:6··(2:8E:3) ..·....··...····........·..
handling leading to dome fire. (Notes 2 and 4) ~

··Fi·~~bi; ..·g;'·~-;hi~id;d·;;~;i;;; ..;ith-;itieid;d..·;;;i;;;..i;·~i;;dri~8E:s(~; ..;....d~~·fi;~·)··
from drill string results in aboveground fire. (Notes 2 and 6) ! (3.0E-4)

··Fi~bi;··g~··;·X=;~y·..;~~; ..i~aci~···t~-~ov--;;~ fu;-(Nert;;·..2l..i~6E:"9·(~~t-; ..·d;;..fi;;·)··
and 6) i (1.6E-8)

0- _._ _ .._ _ •• _ _ _ __ _............ ----.i.--- -- -.-- --
Flammable gas in cask leads to above ground fire. (Notes 2 and 6) i 2.8E-5 (not a dome fire)

j (2.8E-4)................................................_ _.._ _ __ _.._ ...., _.._._.._ __ .
Flammable gas in riser during drilling leads to dome fire. (Notes 1 and ~ 3.1E-10 (2.8E-5)
2) !............................................................._..__ _--_ _. .._ ,_.._._.._ __.
Drop of tool into open riser leads to dome bum. (Note 1) ! 1.4E-9 (2.8E-9)............._ - _ _---_.._ _---- _----.- _-_ _ _---
Drill string break in dome leads to dome fire. (Note 1) I 4.8E-1O (2.8E-7)

··Driii·;t;;g"'i,-;;;k in'do;e l~~~ to OS fire. (Note 4) - ..--r1.3E:i(6."6E4)...··--..
··L~~-;·~driii ...bit·~-;;~lli"tgle-;d;··to· waste fire. (Note"3)' -1'3:8&5·(·2.0)_...._....---.....
..E;~essi;;drlm;g q;;;leads t;;;; fire. (Note 3) j 1.4E-=5 (2.2£-2) _.---.•
..._._._.__._ _.__._.____ _ ••_ .100- _ •• _

Excessive downward force on clrillieads to waste fire. (Note 3) l 9.4E-5 (1.2)
..._._._._ _. _ .._. _ ••0-••••• _ _ _ _ ••••• ..

..~:.?~!...~~.E.~~~.?~.~~:.s~~t:_~~ ...~~: 3) ..._.L~:~~.:~..~~:J _...__ .
Collision of vehicle with riser leads to dome fire. (Note 1) l 7.0E-12 (7.0E-12)......_"".__ __ _ ---------_.. :---_._---_ .
Blowout of HEPA exhaust filter. l1.6E-5 (not a dome fire)

I (1.6E-5)......._..._------_._---_._--_.._·_-_._--.-'-1---..... .... _
Drop of drill string results in breach of tank bottom liner. l 3.0E-5 (not a dome fire)

i (1.0)___• ..• __ i

Spill from dropped sampler in shielded receiver. !8.6E..9 (not a dome fire)

(Similar accidents are spills from drops of sampler in X-ray machine j (0.22)
or in cask, but they are of lower frequency.) !
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TABLE E-2 (cont)
SUMMARY OF ACCIDENT QUANTIFICATION RESULTS INCLUDING

PHENOMENOLOGICAL FACTORS

Accident ! Frequency/yr
...........................................................................................................................................................•• ·1· •..••• ..•• ••••••••• ..••••..•• ••..••••• .

Waste from contaminated drill string interior is released abovegrOlmd.! 6.2E-7 (not a dome fire)
- i (2.0)-

..............................................................................................................................................................·· ······1·· ·••·..·· · ..
Waste from contaminated drill string exterior is released! 4.4E-6 (not a dome fire)
abovegrol.Uld. ! (2.0)
··T~d·~~;;··~~·~;; ·· ··..··..··..· ·· ·····..·· ······..··· ··..·..·..· ··..··· ···..··..· ·1..'2:1E=8"··(·i:'4E·4)..·..·..· ·..·· ····
...............................................................................................................................................................n.n ~ .

Penetration intentionally open ~ 4.2E-8 (1.4E-5)..............................................................................................................................................................................) .
Drop of drill string [ 6.0E-5 (2.0)......................- _ : .
Drop of Grapple in drill string ~ 6.0E-ll (1.3E-3)

Notes:

1. Frequency lowered using GRE LFL probability.

2. BOM spark tests may lower the frequency of this accident sequence.

3. Probability of waste bum will lower the frequency of this accident sequence.

4. Probability of gas source to drill string with drill string in waste is estimated as 1.0.

5. WHC documentation on aluminum-on-aluminum spark potential will lower the frequency of
this accident sequence.

6. Source of gas is from depressurization of sample.
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Perform Simple N2 HJ:fO '?~ 100 SR Simpler RotIz"VIlYe RLU Drops Sampler Probability Outcome
DriIIlng alled Prior Failed P InSR

~

9.9000EOO
9.00e-G1

1.1000EOO
1.00EOO

event 'rot' App. 0 11.OOEOO
1.00e-G1 Inote f/11 1.4300E-GS Sequence of

1.30E-GS Concern
1.10E01

6.9300E-04
event 'hydrr App 0111 1.00EOO
6.3OE-05 9.0090E-09 Sequenceof

1.30E-GS Concern
-- --- . _._---

~
::r:
n

I
fJl
tJ

I

~
~
I

fJl

>
tJ
I
a
UJ
U1

~
III
~

a
I

III



~
~

C
Il
>

W

j
II
R

""E
I:
:>
~-..;
I:
.2
~
~...
Il
~

§
a:

I
:!
en
j i~
.!!
.Ii: 0

i ~ i i$•:z: l!:l

I ItI

"": ~-
~

WHC-SD~WM-SAD-035, Rev. O-a

m--

E-30 August 8,1996



H2 In x- Ray Machine (Section 4.1.5)
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H2 In ClSk (section 4.1.5)
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DrfII String Break In Dome (Section 4.2.1)

H2InDome flAftllS H2 and_shut DI1!I stnng Break: Spartt and Ignition Probability Outcome
Down Drill Jllmltorque or buckle

1.0000EOO
1.00EOO

1.7000e-Q3
t.OOEOO 1.00EOO

event 'hydrt' App. 0
O.OOOOEOO

- .--

1.70E-G3
estimated I
1.00E-G2 1.7000E-QS sequence of

1.00EOO Concern
--

~
n

I

fJl
C1

I

:E
~
I

V"l»
C1

I
a
w
YJ
:;:;:1
(1)
<:

a
I

III



I
iw

I-
N.,

i
i..
!
I
II)

.~

WHC-SD-WM-SAD-035, Rev. O-a

II
os

! JJ
~ I I ~

i w

I
~ - 0 -
i
I
i ~II)

'---..!125

II
I I~

~1 w_ w -
I
.Si
N

iz

-

E-38 August 8, 1996



WHC-SD-WM-SAD-035, Rev. O-a

'5
CIl

lJ~
~ 8 ~ § ~

i ~
w

~~ ~
~ .. I/) 0 III

~ .. N C'l •III
~

j
j.
!
1 i.....~ ..
!J
fi q q
6~ a az

'" II)

!
! I I q

wa- &tI ..
I
I
N

ix

..

E·39 August 8,1996



WHC-SD-WM-SAD-035, Rev. O-a

I
'5

i~
III

b' § ~ q

I ~ ~ I
0 -

oS - N I'llID
ll.

i
"I
1 I

1.. ..... -

!
! I I ~

w_ w -
~

I
N

I:::t

-

E-40 August 8, 1996



~....

i....
!¥J....
\0
\0
0\

Ignition In DrfR String Riser Sleeve (section 4.2.4)

H2Presen! Detect H2 and N2 Flow to Sleeve Sft':,.,rk (80M Tests) or Probability Outcome-
Shutdown. Drill Fans Spot (analysis)

1.0000EOO
1.00eOO

1.7000e-03
---

1.00EOO 1.00EOO
event 'hydrt' In App. D

O.OOOOEOO
1.70E"()3

6.5OE"()3 1.105OE-os Sequence ii1
1.00eOO Concern

--
~n
ten
t1

I

:E
~
I

fJl

>
9
a
w
.:-n
:A1
~

~

a
I

1IJ



.. '5

! IJ
~ I II 0 -
15 ....

~t!
:E-
Sl

~
-Ul

11
Ul ........ -
!
j
Ul
J2

I ~
,~ s-
l~

II I-
i
I
Q.
N

Ix

-

WHC-SD-WM-SAD-035, Rev. O-a

E-42 August 8, 1996



WHC-SD-WM-SAD-035, Rev. O-a

J
15

JJ
~

I.
N

I.
~c;>

I ~
w

~
II)

Q. - - 0 cD

i
.!!
lQ

~~

8
IS:

......... -
a:

f~
Q

iIt
~I ~. ~

'i ! i ~
cD

la::
.I

j I ~
~

I ~- -
f
i

~Q.

-

E-43 August 8, 1996



i
l
cr

I
w

I
I

WHC-SD-WM-SAD-035, Rev. O-a

I
~

}I

f i i ~
w
§-Q. - 0 -

i
•i

~
:t

--..--
l
cr
•.a
I I i ;w - -

f
I .1Q.

-

E-44 August 8, 1996



~
01

{
....
!YJ....
\0
\0
0\

bwrfIeaI W.I8: Excessive Faroe AI but Last Sanple (sections 4.2.6 8nd 4.4)

Perform Sample MIng Excesslwt Force on All Foree .m Walkdown Waste Burn Probablity Out:ome
but Last s...,ce DeI8clDrS or Trtp Falla

1.0450E01
9.!5OE.C)t

5.~'c)1

1.10E01 1.00E00

O.OOOOEOO
5.00E-02 event 'force' ADo. 0

7.9OE.Q5 4.345OE.(l5 Sequenoeof
1.00E00 Conoem ~

()
I

rJ)

rj
I

~
~
I

rJ)

):
rj
I
o
VJ
Ul

~
rD
~

a,
ll>



WHC-SD-WM-SAD-035, Rev. O-a

"15

J II'"',
15

f i I.
q

I~
~ - 0 lIS

1
i

~it
S---

~

fitJ_
ji q ~• W
11/ CIt ID

If
I
,I 2

0--

E-46 August 8, 1996



WHC-SD-WM-SAD-035, Rev. O-a

I
ts

U
I I ~ I ~

! ~
ell

,.; 0 C"i

c; - N COl ....III
C.

~
!!»

i~

L.. ..... -

<3

jl
j~ q ~

~
w.. 8III .,; w)

i~ Q

t Jlti JII ~ *
I~-

h
iIc. -

E-47 August 8, 1996



WHC-SD-WM-SAD-035, Rev. O-a

I
'!

JJ0

b - i ~q

i w

~~
A. gO Q on

i - N ~

A.

~
S: i

-..- -
c5

II
i~ q ~

I! •w on

If
i IA. -

E-48 August 8,1996



~
\0

{
....
!"
~

\0
\0
0\

Sp.k tom os S«:IonI (Seclan 4.3.3)

Pertaml Drllng OS In W••Of Dame QRE In Dome II' H2 CheYfon Seal 0p8tatJr FlIIIs lD Sniff DS Snlft Falll pS Sec:IoI-. Bang~ ProbabIty OuDme
Opntlonl WelD Fells OS SpIIIk

o.OOOOEOO

5.0000E-01
1.00e00

S.OOE-01 1.6!5OOE-02
1.00E00

t.ooEOO t .32OOE.()!5
1.00E00

lMIl1t 'InItr Arlo. D IS.00E'()1

event 'Ie.AcIP. D 1.60E.()3 InotItv 1.32OOE.Q5 Sequllnce of

3.3OE-4J2 5.00E.()1 Concom

O.ooooeoo
1.00E00 II\MIll 'SnllI'~. D I

3.00E-03 InotItv 2.47SOE.a5 S4quIlnoe 01
5.00E'()1 Concom

O.ooooeoo

0.0000£00

5.00E.()1
1.65OOE-02

1.00E00

1.00E00 1.32OOE-05
1.00E00

15.00E'()1
1.6OE-03 notItv 1.32OOE-05 8eqUenolt 01

3.30E-02 1J.00E.()1 Conoem

1.0000E00
\

3.00E-03 InotItv 2.47!5OE.()5 Bequenoeol
IUIOE.()1 Concern

~
::r:n
I

fJ)

t:l
I

~
I

[J)

>
t:l
I

o
W
U1

~
ro
~

o
I

III



tp
~

f
.?J
.....
~
0\

Spn from OS SedIons (section U.3) UnmIlIgal9d Ew!nt Tree

._" ~-- . ~

Perform Drllng OS In W.1It or Dome GRE In Dome or H2 In Sampler Chevron seal OS 8ec1Ions Bang hl Probal...lty ( me
OpeIaloi. Wallt Falls 5paItI

O.ooooeoo

5.0000E.()1
5.00E-01 1.00E00

O.OOOOEOO
1.00E00 lMlI1t 'lIeaI' App. 0

3.3OE-02 InoIBv 8.25OOE-03 SGqtIl!r1CRof
1.00E00 5.00E-01 COOO8I'n

O.OOOOEOO

O.OOOOEOO
lJ.ooe-o,

1.0000E00
1.00E00 I

3.3llE-02 Inol8V 8.25OOE-03 8equenoeof
5.00E-ot COOOlII'n

:E
::r:
n,
fJl
t:l

I

:E
~,
fJl
;J>
t:l

I
o
UJ
U1

::<:l
(l)

~

o,
til



WHC-SD-WM-SAD-035, Rev. O-a

li

I JJ
f F?

...

I $q

~
w

~~ Nn- on - c cP

..§
~
SP

i
i i

"-... -
Ji t c
]u. J
If I ! ~
u ~~ I c.;

!I 0

~l
J

C? J~its 8 i~N
Z lri

"Ilisn J!
40 8
w~

E-51 August 8, 1996



WHC-SD-WM-SAD-035, Rev. O-a

II
'3

I IJ
b- ~ § ~

I ~ ~ iQ. - 0 CO)

B
it
I
I i

1-_ -

~I 0

!~ J'

U I I~

~
CO)

"jlas

Ii I~

~-

E-52 August 8,1996



.•
i
J

I
!,en

WHC-SD-WM-SAD-035, Rev. O-a

I
'0

}J

f § q

I ~

~
w

~ ~
~ - 0 C'i

I:
!i
III

i
~~

a- .... -
0

JIlZ

21t
iiS
Ij! i =q

I!
.a

!.
il

~
q

J •I a- -

il
J i-

E-53 August 8, 1996



WHC-SD-WM-SAD-035, Rev. O-a

CD
'5

! jJ

f ~ ~ ia - 0 -
i
.!!

~ 8wa
~

- .... -
!.
II

1 q

~ •t W- -,.
i! 'Ia

-

E-54 August 8,1996



WHC-SD-WM-SAD-035, Rev. O-a

ell
~

J JJ
f ~ I ~

i- 0 -
j
i

i==

.... - -
~It Q.sa A. Cl.

ll! !
J ~t.;

~ iNt •z~ -
I
I ~A.

~-

E-55 August 8, 1996



N
Z
~

]

I
J

• ~

J JJ

I I I
0 -

i
I

i~

---
~It

'.'t·i ~Nt
ZLL. -
f
j I-

WHC-SD-WM-SAD-035, Rev. O-a

E-56 August 8, 1996



WHC-SD-WM-SAD-035, Rev. O-a

III
'0

j U0

f § C? I
...q

w w

~ ~ §
COl

Q. - - c C'i

c:

~

~

i ~fI)

~
1.- .... -

I·~
c

f" jII
~I£ ~ ~

s i i- C'i

!..
J
J i .~- I.:

Ii
I! i~

-

E-57

-'

August 8,1996



WHC-SD-WM-SAD-035, Rev. O-a

411
'0

! U
I I I i- 0 -

i
i
t iC/)

JR
.... _-

:
JO

J
.qI i I~-

II
I! i~

-

£-58 August 8, 1996



~

~

~
!!J.....
\D
\0
0\

Dropped Drtn String Penelnlt8s Tank Bottom (5ec:lJon 4.6.2)

Footd8f11) Falls WI. Exceeds Fr1lIbH DrII S~mpacts Tank Bottom Probability Outcome
--

Frldlon Tank om Penetnlted

O.OOOOEOO

note p10 f------..--1.5000E-oS-
3.00E-05 5.OOE-01

O.OOOOEOO
1.00EOO

I
5.OOE-01 1.5000E-OS ~uenceof

1.00eOO Concern
.-

~n
I

(J)

t:I
I

::E
~
I

(J)

;J>
t:I

I
o
V-J
U1

:::t1
rtl
-<
o

t
III



~

{
~
~

'"~

Dropped DriB Strtng Penetrates T8nk Bottom (Sadlon 4.6.2) Unmitigated Event Tree

Drop Drill String 1M.Ex~ FrISbee DrII ~:l:ttnr8ds T8nk Bottom -
Probability Outcome

Frlclion T8nk om Penetrated

O.OOOOEOO

5.0000E..Q1
1.00EOO 5.00E..Q1

O.OOOOEOO
1.00EOO

5.00E..Q1 J 5.0000E..Q1 sequence of
1.00EOO Concem ~

()
I

(J)

t1,
~
~
I

(J)

>
9
o
VJ
YJ
~
ttl
<:

o
I

III



::~
~ ",w
S ~ ~- --

~-

WHC-SD-WM-SAD-035, Rev. O-a

E-61 August 8, 1996



iii
•
j

i
I
Ul

j
!.o

f
.0

III

!

I ~
q
w

8 §
~ -- -

c
S
a::

~!
J
I

t!
0,8

)1 - ~!J Ci'J W
~-

I}
II ~--

WHC-SD-WM-SAD-035, Rev. O-a

E-62 August 8, 1996



~
t.IJ

{
....
!¥J
.....
~

SpIll Waste from COC.......lIll8cl DIll SMog Intortor (SedlortU)

OlsassemtJle DrlI Stfng N2 Purge Hydro Waste SUtlldently Waste Sdcks In OS DeI9ct Contamlnallld Prob8bII1y Oublme
Isyslllinllor OS and SA l..JquId ID Flood OS DUItng OS Removal OSSedions

1.0000EOO
1.00E00

O.OOOOEOO
1.00E00

tMIi1t 1irdrv-~. 0 O.OOOOEOO
UO£-04

6.9OOOE-4)4
1.OOEOO

11.00E<l0
1.00EOO InoI81 3.036OE.Q7 S8qu0nceof

".401:-04 Conoom

~
n
I

(J)

t1
I

~
I

(f)

;I>
t1
I
a
w
VI

:::0
ro
<
o

I
III



WHC-SD-WM-SAD-035, Rev. O-a

III
'Ii

! lJ
f § I ~

~ ~
A. 0 0 -
~iIa:
08

Ii I....._-

18

~I
0B

!! ~-
i
~

I I.-

E-64 August 8,1996



~
01

{-$TJ....
\0
\0
0'\

'spm WII5I8 from ConBnlnaIed DrlII Siring ~19fIor (sectb14.9)

OrtlSIIIng Wash removes WII5I8 VIsual DeI8C1lon or Demct Conl;lmlnalllld Probablity Out:ome
from OS ExterIor WaslB on OS Exterior DS 8ecIIons

1.0000EOO

t.OOEOO
1.0000E-Ql

1.00EOO 1.00E00
edrnat8

5.0000E-03
t.00E'()1 1.00E00

5.00E'()2 lnoles 2..2OOOE .()6 Sequonoeol
4.40E-<M C<Jnoem ~n

I
fJl
lj

I

~
~
I

fJl

>
9
a
VJ
U1

::0
(l)

<:

a
I

OJ



CD
'0

! IJ
f ~g-
~I
i~
~o

J:!
•
'i
I~
jl
~

i
~

j ~
~-

WHC-SD-WM-SAD-035, Rev. O-a

E-66 August 8, 1996



:w
,::I:

WHC-SD-WM-SAD-035, Rev. O-a

CD
'0

~ iJ
I/)

f I
M

~t;l

~ ~~ .. c-,

6 Q

.l~ i
!~

~

i
t~ IJ

;.Sl
'I ~jNII.

~
~

j
I. ~:R

0
W.- c-,

f
I ~~ a..

E-67 August 8, 1996



f
w

.:%:

WHC-SD-WM-SAD-035, Rev. O-a

I
'0

II
f I.

e ~

~ ~Q. - C')

6 Q

"Q. ~J!
I~tl

JIl !j~:!

1
f

i ~
~ a- C')

f
I i-

E-68 August 8,1996



~
\0

{
!¥J
~

\0
\0
0\

Drop Grapple In DrIll String Unmitigated (Section ".3.2.1)

P.1fonn S.mpllnij S.mpler se.I F.II. ~ Hydro to GI'lP~~1n Spar1t In Dome Probability OUtcome
II Stnng

9.6700E-Q1
9.67E-Q1

O.OOOOEOO
..

1.00EOO
.vent ...... App. 0 3.2340E-Q2
3.3OE-Q2 9.80E-Q1

O.OOOOEOO
1.00EOO

note. r
2.00E-Q2 I 6.6000E-G4 Sequence of

1.00EOO Concern

~

~
n

I
U'l
Cl

I

~
I

U'l

>
9
ow
~(JJ

:::0
(1)

-::
o

I
III



~
~

{-S¥J....
~

Drop Grapple In DrtR StrIng Mitigated (Section 4.3.2.1)

Perform Sampling Simpler sell Fills ~2 Hydro to OrIn StrIng '~~n~~1n Splr1lln Dome ProbabHIty Outcome -

9.6700E-Q1
9.81£-01 • ---------3.2802E-Q2

1.00EOO 9.94E-01
event •..ar App. 0 2.1120e-04
3.3OE-02 l.00EOO

o.ooooeoo
8.40E-Q3

notap14 I
1.40e-07 2.9568E-11 Sequence of

1.00EOO Concern

~n
I

(J)

o
I

~
~
I

(J)

»o
I
a
UJ
U1

::0
I1l
~

a
I

III



WHC-SD-WM-SAD-035, Rev. O-a

Notes for Accident Event Trees

Note a.

Note b.

Note c.

Note d.

Note e.

Note f.

Note g.

Note h.

Note i.

Note j.

Note k.

Note 1.

Notem.

Note n.

Note o.

Note p.

Note q.

Note r.

Note s.

Note t.

Noteu.

Note v.

Notew.

6.3E-5/lift [NUREG -0612] x 25 sq m/465 sq m [area exhauster to tank] x 2
lifts/activity [estimate] = 6.8E-6

Big Tear Discovered after Shutdown prior to Restart

Assumes 25 Risers and 10 Pieces of Equipment x v!!We from Mathematica
Calculation [2.6E-5] for total value of 6.5E-3

Assumes 1 Riser and 10 Pieces of Equipment x value from Mathematica
Calculation [5.6E-4]

(superceded by addition of inlet stack to inlet HEPA path: removed from
analysis)

0.02 prob. Hangup per activity [WHC info] x (0.05 + 0.02) [failure detect
hangup in 2 min + fail to recover by change motor direction] =1.4E-3

0.02 prob. Hangup per activity [WHC info] x (0.005 + 0.002) [failure detect
hangup watching through window + fail to recover by change motor
direction] =1.4E-4

Rubber gasket failure 2.9E-7/hr [blue book] x 2196 hours = 6.4E-4

0.001 first time (commission) + 0.D1 second time = 0.011

freq. Lightning strike 5E-4/yr [WHC-SD-SARR-Q27 Rev 0]

144 hrs per act/8766 hrs per yr =1.64E-2 yr/ act

spark modeled as bearing seizure leading to fan impeller break and collision
with fan housing

1.6E-6/hr [NPRD-91 frictional bearings] x 0.10 shaft breaks [estimate] x 144
hrs operation = 2.3E-5

removed from analysis

1.5E-3/tank/yr [LANL 241SY101 PRA Page 0.5] x 144 hr per act/8766 hr per
year =2.5E-5/act

0.1 for fuel fire in non-qualified area [CAl

6.3E-5 drops/lift [NUREG 0612] x 20 lifts/act [estimate] =1.2E-6 (includes
operator error)

prob 1/3 jacks fail + prob mis-set 1 of 3 jacks + prob drive off ramp= 3 (72
hrs~E-6/hr [NPRD-91 shaft locking collar]) + 3(0.001) + 0.001 = 5.9E-3

ash blockage, LANL 241SY101 PRA Page C-46: 3.8E-4/yr/2 act/yr =1.9E-4
(removed from analysis)

LANL 241SY101 PRA Page 0.4: 5.2E-3/tank yr/2 act per yr = 2.6E-3

0.0001 (commission) + 5E-6/hr·1hr [WSRC-TR-93 rad monitor Table 6]
+0.0003 [I&C] + 3E-5/~lhr =4.4E-4

Assuming new NHJ detection system is one-of-two for success with reliability
equivalent to H1 detection system

Assume 1/1 penetration trip design and use value calculated for failure to trip
with the single force detector (7.4E-3) and use 0.05 for operator backup trip
for total of 3.7E-4

Engineering Judgment

0.2 probability for needing rotary core drilling while sampling ·0.5
probability of hitting hard layer = 0.1 total value
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APPENDIXF

THERMAL ANALYSIS OF ROTARY DRILLING

F.l. INTRODUcnON

Figure F-l illustrates the phenomena occurring at a drill bit tooth fOLnormaI cutting
and for the case with a dull drill bit that is not cutting. Also, the figure shows some
of the nomenclature used in this appendix.

v ....

~/;/ ~
Wear flat Waste

Zone of deformation/fracture

(a) Normal cuttin enetration

Fig. F-l. Sketch illustrating the cutting process of the drill bit.

When the bit is cutting well [Fig. F-l(a)] there is a zone in front of the bit tooth
where most of the work is taking place. The material being drilled is compressed
and fractured. The zone in front of the teeth where the compression and fracturing
takes place is at a high pressure compared to the region where the purge gas flows.
This pressure difference causes the chips to be squeezed out along the cutting face of
the bit. The purge gas cools the fracture zone and the chips and then carries the
chips radially outward. The energy that goes into compressing and fracturing the
material is mostly converted to thermal energy. If the drilling is proceeding
efficiently, most of the energy goes into the chips. Frictional energy dissipation
occurs on the wear-flat as it slides over the substrate and on the cutting face where
the chips are squeezed past. Conceptually, the maximum temperature can occur in
the chips because of the mechanical-to-thermal energy conversion as the material is
compressed and fractured, or ~long one of the bit surfaces where frictional heating
occurs.

In inefficient cutting with dull drill bit teeth [Fig. F-l(b)], penetration may be difficult
to achieve. In this scenario, the drill bit and waste in the waste friction zone attain
similar temperatures in a short time. In this case, the maximum waste temperature
would occur at the interface between the bit and the waste.

A hazard associated with high waste temperatures is the exothermic propagating
chemical reaction. Waste ignition could result with unacceptable consequences. In
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Appendix G safe waste temperature limits are established to prevent propagating
exothermic chemical reactions in the tank during rotary core sampling. A limit of
150°C has been set for bulk material in the vicinity of the drill bit. A limit of 180°C
has been set for temperatures that may occur over small regions (a few chips in
diameter) and for short times. These temperature limits are intended to prevent
exothermic chemical reactions from being initiated. Laboratory experiments are
conducted with the prototype drill bit by Westinghouse Hallford Cempany (WHC).!
These tests were designed to provide the data necessary to set operational limits and
to demonstrate that the waste temperature limits will not be exceeded.

The purpose of this appendix is to evaluate the test results and determine an
adequate basis for setting limits for the drilling operation to ensure that temperature
limits will not be exceeded. Other objectives are to discuss how laboratory test
results are applicable to real conditions in tanks.

F.2. BACKGROUND

Some drill bit thermal modeling and experimental work has been done for oil and
geothermal well drilling. In these cases, the interest in thermal modeling was
driven by the need to maximize the life of synthetic diamond cutters. The rate of
degradation of these cutters is a function of temperature. Prakash and Appl2
developed a finite element model of an oil well drilling bit and the rock being cut.
Glowka and StQne3 developed a finite element model for a bit for geothermal
applications that examined only the friction component of energy dissipation in
which the wear-flat slides over the substrate. In both of these papers, the primary
interest was in the temperature of the drill bit. The. temperature of the material
being cut was only considered as it related to the bit temperature.

In addition to the papers on thermal modeling of drill bits, there are papers that
discuss the mechanical energy input per unit volume of material removed. In the
rock drilling literature this concept goes by the term "specific energy." Teale'
discusses this concept and provides numerical values for several materials. Units
are expressed as in. Ibf/in.3 or MJ/m3

• Teale shows that the minimum specific
energy for a rock-drilling operation is equal to the compressive strength (0) of the
material. This is shown by the following equation, where "SE" is the specific energy,
ifF" is force, IIA" is area, "X" is distance, and "length" and "force" are generalized
dimensions:

SE(length. force) = IF dx =IaA dx =a( force )
length3 IA dx IA dx length2

(F-l)

Applying a pressure equal to the compressive strength through some distance gives
a specific energy that is numerically equal to the compressive strength if an
appropriate system of units is used.
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Teale4 shows examples of specific energy for laboratory tests of rotary drilling in
several different sandstones. Specific energies ranged from near the compressive
strength of about 6,000 in. lbf/in.3 to about 20,000 in. lbf/in.3. Rabias showed that
the specific energy in a field drilling operation was often higher than laboratory
drilling operations by a factor of about 2. He shows values of specific energy for
field drilling of different rock types that range from 16,000 in. Ibf/in.3 to 66,000 in.
Ibf/in.3. These values represent the total power input to the-drill bit and include
frictional losses as well as the energy required to fracture the material being cut.

A quantity similar to specific energy has been defined for machining.6
•
7 This quantity

is known as the "unit horsepower," and is defined as the horsepower needed to
remove one cubic inch of material per minute (hp/in.3/min). Operating at less than
optimal conditions increases the energy needed to perform the machining
operation. Handbook values range from 0.25 hp / in.3/ min for soft nonferrous
metals and alloys, including free-machining brass, cast aluminum, and zinc alloy to
1.3 hp / in.3 / min for hard ferrous alloys. The difference between machining a ductile
material and a brittle material is in the nature of the fracturing. To machine a
ductile material, shearing takes place along a plane. To drill a brittle material, the
material is compressed to the compressive strength, causing a number of fractures to
propagate into the material.

The transformation of mechanical to thermal energy takes place along the fracture
surfaces of the material being drilled or machined. The temperature that occurs
along these fracture surfaces may be significantly higher than the average
temperature reached when the thermal energy is distributed over the entire volume
of the material removed. The analyses in this appendix consider only these average
temperatures. Some of this thermal energy may be transferred to the drill bit, some
to the substrate, and some to the coolant, although most of the thermal energy
probably heats the chip. If all the mechanical energy needed to remove a chip is
converted to thermal energy in the chip, the average temperature rise can be
calculated. Table F-1 gives the values for specific energy and unit horsepower
discussed above. The original unit is given in bold face. The temperature rise is
calculated using values for specific heat and density given by WHC for Tank BY-104

. waste simulant.8

F.3. SAFETY ENVELOPE TESTS

The operating safety envelope has been defined by Keller.8 The safety envelope was
obtained by performing experiments with a prototype drill bit and waste simulants.
Thermal properties of these sirnulants were expected to represent typical properties
of salt cake. The rotational speed, downward force, and nitrogen purge flow rate
were varied. The number of data for a given set of parameters was limited. At
maximum operating parameters (55 rpm, 1170 lbf, 20 scfm) the maximum drill bit
temperature rise was observed to be 3SOC. The maximum waste temperature in
single-shell tanks (SSTs) was considered to be 93°C. The critical drill bit temperature
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TABLE F-l
~TERATUREVALUES FOR SPECIFIC ENERGY AND UNIT HORSEPOWER

~ Specific Specific Unit Average Temp.
Energy Energy horsepower Rise

M....erial (in. Ibf/in.3) (MJ/m 3 ) (hp/in.3/min) (OC)

Marble~ 1,200,000 8,274 3.03 6,049

~ \:lle4 70,000 483 0.177 353

~ .nant sandstone" 13,780 95.0 0.035 69.5

D'" ~ley dale sandstone 7,210 49.7 0.0182 36.3

concrete41
'

~

Mankato stone:l 1,581 10.90 0.00399 8.0

Rockville granite:l 22,826 157.38 0.0576 115

Dresser basalf 54,204 373.72 0.37 273

Soft nonferrous 99,000 683 0.25 499
metals6

Hard ferrous alloys!> 514,800 3,549 1.3 2,595

was set to 150°C. Thus, the drill bit temperature increase was limited to 5~C.

Because the maximum experimentally measured drill bit increase was 3SOC, the
rotary-mode core sampling (RMCS) operations were considered to be justified
(Ref. 8).

Testing by Keller8 did not measure the waste chip temperature .but the drill bit
surface temperature. Keller also performed out-of-limit tests. In these tests, the
system is operated with maximum operating conditions and a loss of nitrogen; an
increase in downward force or speed is simulated. These tests are used to establish
the shut-down period after an alarm on operating parameters is received. Our
assessment of the envelope testing indicated that the most important parameter for
keeping the drill bit below the critical temperature at which an exothermic reaction
can occur is the nitrogen purge flow. Loss of nitrogen flow at maximum operating
conditions can heat the drill bit up to 5~C in 5 to 10 seconds. The most important
parameter, applied torque, was not measured by Keller.
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The data from the tests performed by KellerB were found to be insufficient to
determine the safety envelope parameters. Recently, Witwer1 conducted more
bounding tests using dry pumice blocks with new procedures and instrumentation.
These new envelope tests included torque measurements and numerous
temperatures, including purge gas inlet and outlet temperature, bit surface and side
temperatures, drill string temperatures, chip and pumice temperatures, exhaust air
ternperatures, etc.

The new test series included thermocouple temperature measurements on two drill
bit teeth. Additional thermocouples were placed within the pumice in the path of
the drilling and in the purge gas. Some tests used a stainless-steel sheath over some
of the thermocouples within the pumice. The bit depth, rpm, down force, and
torque were also measured. Tests were done with different down forces. Also, in
some of the tests, the purge gas was turned off to simulate a loss of purge gas flow
condition. The pumice blocks used as a test material were very abrasive, and the
drill bits wore quickly. The penetration rate was good at the start of the test and then
decayed to zero as the drill bit teeth wore down. These tests had a period with
reasonably good cutting followed by a transition from good cutting to no cutting,
and finally, a period in which the worn drill bit was spinning without cutting. Test
conditions are summarized in Table F-2. The details of these test results are
discussed by Witwer.'

The first five tests were performed without nitrogen flow to assess the rate of
increase of the bit temperature. The rest of the tests are aimed to determine the
safety limits as well as understand the drilling process. Some tests are performed to
address partial plugging in the drill bit. These tests were performed by plugging four
of the six purge holes.

F.4. ANALYSES METHODOLOGY

The analysis portion of this report is broken down into two major parts. Figure F-2
shows an energy flow diagram. The mechanical-ta-thermal energy conversion
discussion makes up the first of these major parts. This part is the key for
understanding the drilling thermal processes. The second major part deals with the
redistribution of heat. Results in this section tend to clarify and validate the results
of the previous section. These pieces also are necessary to understand the
experi:r.nental results.
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TABLE F-2
ENVELOPE TEST CONDITIONS

Test 10 F Uhf) V (rpm) Q (scfm) Drill Bit I Simulant

RETMP-09 1170 55 0 Sharp Pumice

- -RETMP-10 1170 55 0 Sharp Pumice

RETMP-10A 1170 55 0 Dull Pumice

RETMP-10B 1170 55 0 Dull Pumice

i
RETMP-11 1170 55 0 Sharp Pumice

TORQTST-5 1170 55 0,20,30 Sharp Pumice

TORQTST-6 1170 55 20 Sharp Pumice

TORQTST-7 1170 55 20 Sharp Pumice

TORQTST-9 650 30 30 Sharp Pumice

TORQTST-10 1170 55 21 Sharp Pumice

TORQTST-ll 900 55 30 Sharp Pumice

TORQTST-12 900 55 30 Sharp Pumice

TORQTST-14 750 55 30 Slug thermo

TORQTST-16 750 55 30

TORQTST-17 750 55 30 4 plugged holes

TORQTST-19 750 30 30 4 plugged holes

TORQTST-20 900 55 30 4 plugged holes

TORQTST-21 750 55 30 4 plugged holes

TORQTST-22 650 55 30 4 plugged holes

TORQTST-23 750 55 30 Steel

F.4.1. Derivation of Drilling Energy Conversion Equations

Figure F-3 shows a drawing of the drill bit. This bit is a core drilling bit with 18 teeth
in 3 rings with 6 teeth per ring. The bit is sintered bronze material. The faces of the
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teeth have a negative rake angle of about 30° for the two inner rings. That is, the
cutting face of each tooth is inclined so that the top of the tooth leans toward the
material being cut rather than away. A bit of this type is also referred to as a drag bit.
This bit is a commercially available, proprietary design. The bit material is soft
enough to prevent damage to a steel tank liner should one be encountered. Figure
F-4 shows the free body diagram used in the analysis of this bit.

Summing forces in the X and Y directions gives the following equations:

To purge gas

gof

g

Stays with chips

/~Ob;'
To chips

To chips

To substrate

'" Sensible heatinFrictional dissipation
,.)Mechanical Energy between wear-flat and of substrate

Input substrate (friel). Tobit

To purge gas
To purge gas

Frictional dissipation
between chips and
cutting face (fric2). Sensible Heatin

bit

~TOb;'
To purge gas

To chips

\.......---,v,-----.J \.------~V,.----_.J

Mechanical-to-Thermal Redistribution of Heat
Energy Conversion

Fig. F-2. Drilling energy flow diagram.
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Fig. F-3. Drawing of Drill BiL
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Of

FfB
B

Df is the down force.

Nf is the normal force at the cutting surface.

Vf is the upward force of acting on the wear-flat (surface of length B).

FfB is the frictional force acting on the wear-flat surface.

FfA is the friction force acting on the cutting face.

Vc is the velocity of the chips relative to the face, assumed equal to V.

V is the cutter velocity.

Ft is the force from torque times radius.

A is the area of the face where the cutting takes place.

B is the area of the wear-flat.

Fig. F-4. Free body diagram of drill bit tooth.
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Vf -Df + Nf sin (30°) + FfA cos (30°) =a

FfB + Nf cos (30°) - Tq/ravg - FfA sin (30°) =0

(F-2)

(F-3)

where Tq is the torque and ravg is the average radius.

These equations have four unknowns, so an additional twoequaticms are needed to
achieve closure. Four possible equations were identified:

FfB =CfB Vf

FfA = CfA Nf

Nf =cr A

Vf = cr B

(F-4)

(F-5)

(F-6)

(F-7)

where CfB is the coefficient of friction between the wear-flat and the substrate, CfA is
the coefficient of friction between the cutting face and the chips, and cr is the
compressive strength.

It proved advantageous to use different combinations of Eqs. (F-4) to (F-7) under
different circumstances and to determine different quantities. The coefficient of
friction where the wear-flat slides over the substrate can be found from Eqs. (F-2) to
(F-4) for cases where the bit becomes worn [Fig. F-l (b)] and where Nf and FfA go to
zero. Because the coefficient of friction is independent of the contact area, it should
be reasonable to assume that this value is a constant, or nearly so, over the range of
conditions.

The coefficient of friction on the cutting face (CfA ) cannot be determined directly as is
the case for the coefficient of friction on the wear-flat. However, the coefficient of
friction is generally taken as a property of the contacting materials, and the
contacting materials are the same at the cutting face and the wear-flat. The material
(chips) sliding across the cutting face differs from the substrate in that the chips have
been broken up and are no longer a single mass. However, these chips are still
under high pressure (about 10,000 psi) and may act like a solid body as they are
forced past the cutting face. That is, the chips, which are rough irregular solids,
probably cannot move relative to one another when they are under high pressure.
Thus, they probably act more like a solid than a fluid in the region between the
material being cut and the cutting face. This suggests that CfA should at least be
approximately equal to CfB•

Combining Eqs. (F-2) to (F-5) with the assumption that a =CfA ·=CfB gives the
following equations:
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Tq
-DfCf+- .

rNf = avg

(cos 30° - 2 Cf sin 30° - cf cos 30°)

Uf = Df - Nf sin 30° - Nf Cf cos 30°

(F-8)

(F-9)

As the area of contact between the material being cut and the cutting face (area A)
decreases, Nf, the normal force on the cutting face, decreases. These equations do
not have the correct behavior as the cutting face contact area decreases. Thus, they
will break down as the bit wears and the penetration rate decreases. The initial
attempts to analyze a full data set on a point-by-point basis with a spread sheet used
these equations. As the test progressed and the cutting rate decreased, the lack of
closure got larger. Alternative sets of equations were derived in response to this
problem. Using Eqs. (F-8) and (F-9) with Eqs. (F-6) or (F-7) allows us to back out a
value for a, the compressive strength. These equations have been used for
conditions with good cutting to obtain values for a. The equation set that was
ultimately used for the full test analysis includes a as a parameter.

Combining Eqs. (F-2), (F-3), (F-4), (F-6), and (F-7), gives an alternative set of equations
from which (J may also be found.

where

Cf Of + A Of cos 30° _ Tq

Ff =_D_en_o_m__B__D_en_o~m:----..;ra~Vgii:..-
A Cf cos 30° A (cos 30°)2 .
----+ +sm 30°

Denom B Denom

Denom = 1+ A sin 30°
B

Vf= Df-FfA cos 30°
Denom

(F-IO)

(F-ll)

The value for the wear-flat area (area B) cannot be determined from the data because
it is a function of the wear of the bit teeth. Also, as the bit wears, the assumption
that the force on the wear-flat area is sufficient to match the compressive strength of
the material may break down. Thus, Egs. (F-IO) and (F-ll) have been used to
validate the results of Eqs. (F-8) and (F-9) under conditions with good cutting. To
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use these, a wear-flat dimension was assumed. If results from these two sets of
e~uations are consistent, it is assumed" that this supports the validity of the
conditions for the use of these equations. Equations (F-IO) and (F-ll) also do not
have the correct behavior as cutting face contact area decreases.

A third set of equations was derived using Eqs. (F-2), (F-3), (F-5), and (F-6). Then

Nf = (j A

Vf = Df - Nf sin 30° - FfA cos 30°

FfB = Tq - Nf cos 30° + FfA sin 30°
r avg

(F-12)

(F-13)

(F-14)

(F-15)

These equations have the correct behavior as the cutting face contact area becomes
small but do require that the value of s, the compressive strength, be known.
Value~ for (j were obtained for conditions with good cutting using Eqs. (F-8) to (F-ll)
in analyses that examined only selected times during the tests considered. The
value of (j obtained in this manner was used with Eqs. (F-14) and (F-15) to analyze
one complete data set. It is assumed that (j is a constant. It is possible that as the bit
wears, the size of the chips broken out will decrease, resulting in an increase in s.
That is, more energy per unit volume is required to produce small particles than to
produce large particles. In tests with simulants, a distribution of particle sizes was
measured.9 These are already skewed toward small particle sizes. Over 80% of the
particles by mass were smaller than 40 mm, and 50% were smaller than 20 m m.
Less than 3% were greater than 100 mm. A 1-in./min cutting rate at 55 rpm gives a
tooth penetration depth of 77 rom. If the maximum chip size is limited by the depth
of cut as the bit dulls, there will be fewer large particles and more small particles.
Because most of the particles were small in the samples measured, this suggests that
eliminating the larger particles from the distribution will not make a large change
in the size distribution by mass. Thus, the change in the energy reqUired to remove
a given volume of chips is not expected to change significantly as the penetration
decreases, and the constant 0' assumption should be reasonable. To put this
argument another way, the measured particle distribution suggests that, for the
most part, the material was being crushed to a fine powder rather than broken out as
chips. Decreasing the scale of cutting will still result in the material being crushed to
a fine powder, though the few larger chips that were being produced may no longer
be produced.

The power terms can be derived by multiplying Eg. (F-3) by ravg w. Doing this and
rearranging gives

F-12

(F-16)
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This equation assumes that the velocity in the downward direction is negligible
compared to the velocity from the rotation. This also assumes that the velocity of
the chips is equal to the velocity of the drill bit, which means that the thickness of
the layer of chips passing across the drill bit face is equal to the thickness of the layer
being cut. If a thinner layer passes across the bit face, the velocity would be higher.
If a thicker layer passes over the bit face, the velocity would be lower. The first term
is the power input/ and the second term is the frictional dissipatioo between the
wear-flat and the substrate. The third term is the power required to compress and
fracture the material being cut/ and the fourth term is the frictional dissipation at
the location where the chips are squeezed across the cutting face. The third term
may be readily shown to equal the compressive strength times the volumetric
cutting rate. The difference in sign between the fourth term and the second and
third terms should be noted. This sign difference means that the energy that goes
into the frictional work as the chips are squeezed across the cutter face comes from
the energy that was used to compress and fracture the chips. Further, the fourth
term is a mechanical work term that acts on the bit and helps pull it along. Thus, it
is possible for the third term, which is the energy to compress and fracture the chips,
to be greater than the first term, which is the energy input to the drill string. Thus,
at any moment, previously stored energy is released, and additional energy is stored
as elastic compression.

To calculate the temperature rise of the chips, it has been assumed that the energy
given by the third term minus the fourth term goes to heating the chips. The
temperature rise from this energy should be practically instantaneous. The heat is
generated along the fracture surfaces and is then transferred mostly into the chips,
although some may be transferred to the purge gas and also to the bit. Including all
of this energy is a conservative assumption. There may be additional elastic
compressive energy that is recovered in the velocity of the chips as they decompress
as well. These components, though expected to be small, contribute to the
conservatism of this temperature rise calculation. That is, the calculated
temperature increase will be greater than the actual temperature increase.

To calculate the maximum temperature of the chips, the calculated temperature rise
has been added to the measured bit temperature. That is, the temperature of a given
layer of material immediately before cutting was assumed to be equal to the bit
temperature. This assumes that the temperature measured by the thermocouple on
the bit teeth is indicative of the interface temperature, which is in tum indicative of
the layer average temperature. This is a conservative assumption, at least for
conditions with reasonably good cutting. As a layer of material is removed, a fresh,
cooler layer is exposed. The frictional heating generated on the surface being cut
raises the surface temperature to the interface temperature almost immediately. It
takes a longer time for the rest of the layer to approach the surface temperature.
Thus, the surface temperature should provide a conservative (high) estimate for the
temperature of a layer just before it is cut.
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These equations have been applied in two differ,_ ,t ways. First, in scoping analyses,
portions of tests were analyzed. Average' data points for a period of interest were
picked off the plots. The mechanical-to-thermal-energy conversion equations
derived as shown above were applied. In addition, other calculations that might
clarify any the energy distribution terms were made. These included one
dimensionai ,I-D) slab calculations for cases with no cutting and temperature decay
calculations for the chips produced by the cutting. Secondly-;for one- test, the energy
conversion and distribution terms were calculated on a point-by-point basis. This
served to validate our understanding of the phenomena involved. The details of
the calculations are provided in Ref. 10.

F.4.2. Two-Dimensional (2-D) Transient Heat Transfer Model of Drilling Process

F.4.2.1. Model Description
In order to better understand the thermal energy transfer in the drilling process, a
2-D transient heat transfer model was also developed. The primary function of the
model is to determine the maximum waste temperature as a function of drilling
conditions. The model can then be used to determine the drilling condition limits

to avoid reaching the stated temperature limits: 1S0oC for the substrate and 180°C for
the chips. A parametric study can be done using a 2-D model in order to study the
effect of extrapolated parameters involved in the drilling process. The model is a
conduction/convection solution, where a conduction solution through the solid
materials is coupled with a flow solution of the purge gas.

F.4.2.1.1. Conduction Solution. The general heat transfer equation solved is

aT . a
pC -=-V·q+- .P at v (F-17)

The equation is solved numerically. The coordinate system is fixed to the drill bit;
therefore, the drilled material is moving (in effect flowing) with respect to the grid.
Therefore, as the bit penetrates, an additional term is added to the drilled material
heat transfer solution. In effect, this is a steady state, constant property,
incompressible flow solution. The material that "flows" through the upper
boundary of the drilled material is added to the gas flow.

F.4.2.1.2. Flow Solution. The flow solution is solved separately from the
conduction solution. The time frame of the flow solution is much shorter than for
the conduction solution. The gas transit time through the system is much less than
one second, and the transit time around the bit is on the order of milliseconds.
Therefore, a steady-state solution can be used to approximate the flow at each
conduction time step.

The flow solution is obtained by setting up a nodal 1-0 flow path based. on a path
through system. Specified at each node are the node length, flow area, hydraulic
diameter, the heat transfer area, and the surface temperature of the conduction
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nodes that surround the flow node. The heat transfer between the flow and
conduction nodes is then given by the standard internal flow relations (h is
interpolated between Re of 2000 and 3000 to provide a transition between the
laminar and the turbulent flow):

hI = 4.364k
DH

h =hI if Re<2000

h = h2 if Re>3000

h =hI + (h2-hl)(Re-IOOO)/2000

(F-18)

(F-19)

Qw is used both in the conduction solution and to calculate the gas temperature as

Tgk = rll~ (rllk_1CP._
t
Tgk_1 + mChiP • Cp_ Tlub + Qw. + Qsas. )

P.

(F-20)

Qgas is the energy deposition directly into the gas from the chips and Tsub is the
temperature of the substrate at the location where the chips are being generated.
Also, as chips are added to the flow caused by drilling, the specific heat and other
properties of the flow are adjusted. It is assumed that the gas and chips mix
uniformly and come instantaneously to equilibrium.

F.4.2.1.3. Energy Deposition. In the above equations, two important parameters
have yet to be determined, Qgen and Ogas. First, it is conservatively assumed that all
of the drill power is deposited in the system as thermal energy. Then it is assumed
that this energy results from either breaking up the chips (Oeirill) or friction (Qfric),

Qtol = tw = Odrill + Orne • (F-21)

The fractions are then broken up further into components that go to the gas, bit, or
substrate. In the code, the chip energy and frictional components are determined by:

Esp
Qdrill =-.-=

ZAdrill

and Qfric = tw - Qdrill • (F-22)

Here Esp is the specific energy of the drilled material. The fractional splitting of these
powers into their gas, bit, and substrate components are specified in the input. The
resulting energy deposition fractions are

Qgen,bit = fdrill,bitOdrill + ffric.bitQmc ,

Qgen,sub =fdrill,subOdrill + ffrie,subQmc , and

F-15

(F-23)

(F-24)
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(F-25)

These fractions are determined from benchmarking the experimental drilling.

F.4.2.1.4. Maximum Theoretical Chip Temperature. It is assumed that all of
Qdrill goes into heating up a chip before energy is transferred Elsewhere as

(F-26)

This number places a conservative bound on the maximuIT. chip temperature and
is meant only as an absolute upper limit. The chip temper ·ure will be discussed
further in the results section.

F.4.2.1.5. Model Uncertainties and Limitations. There are two major model
limitations: (1) The model is 2-D, so that the drill bit is smeared in the azimuthal
direction. This does not allow for localized heating effects in the "tooth" or the
effects of a plugged flow channel, and (2) The flow solution is one-species (chips/gas
mix as one fluid). This does not allow for a separate calculation of chip temperature.
Other minor limitations are that the model assumes constant properties, and the
flow solution is steady state (which would only matter if very small conduction
time steps are required). .

There are several uncertainties in the model that may significantly affect the results.
These include: drilling energy deposition fractions, friction energy deposition
fractions, purge gas heat transfer coefficient, bit/pumice interface conductivity, and
material properties. These uncertainties have been limited by benchmarking the
model with the experimental drilling results.

F.5. RESULTS

The mechanical-to-thermal energy conversion equations show that the energy
transfer to the bit can be resolved into three major components, two frictional
components and the mechanical energy needed to compress and fracture the
material into chips. The analyses show that the frictional components can account
for the temperatures measured in the tests. The most significant of the frictional
components produces heat between the drill bit and substrate. This heat will be
transferred into the bit and into the substrate. The maximum temperature will
occur at the interface. The drill bit thermocouples were located on bit teeth where
they could measure the interface temperature. Thus, to the extent that the pumice
was a limiting material for frictional dissipation, the bit temperature measurements
from the test series on pumice blocks should be indicative of the maximum bulk·
material temperature. A comparison of temperatures between the test series done
with pumice blocks as a test material and earlier tests with waste simulants as test

. materials show that the testing with the pumice blocks produced the highest
temperatures. Thus, the coefficient of friction between the bit and the pumice was
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probably higher than the coefficient of friction between the bit and any of the other
materials. Pumice block consists of hard particles in a binder material. This
produces a very abrasive material that should have a high coefficient of friction.
Thus, it is expected that the testing done on pumice blocks produced bulk
temperatures that are limiting, or at least very nearly so.

The mechanical energy needed to fracture the material into chips causes an increase
in the temperature of the chips. This temperature increase comes in addition to any
temperature increase while the material was part of the substrate and was heated by
the frictional dissipation. Thus, a conservative approach to finding the maximum
chip temperature is to calculate a temperature increase for the chips and add the
interface temperature, as measured on the bit, to this.

Two separate models are used to determine the substrate and chip temperatures.
The first model is based on 1-D conduction solutions with adequate boundary
conditions and consideration of a force-balance equation. A 1-0 model is a first
order approach and is considered in Section 4.1. A 1-0 model is used at the earlier
phase of study to evaluate expected chip temperatures and to evaluate material
properties important to the cutting process. In Section 4.2, a more detailed 2-D
model is developed to simulate drilling. The 2-D model is more realistic and
considers solution of a moving boundary of the drill bit. The energy equation is
solved for the moving drill bit by considering the energy exchange between both
solid-solid and fluid-solid. In the remainder of this section, the results of the 1-0
model (Section 5.1) and then the 2-D model (Section 5.2) are discussed.

F.5.1. Results Obtained from 1-D Analysis

Two sets of comparisons· are performed. The first set involved an evaluation of
three tests, Tests TORQTST 6, 12, and 16. All of these tests used a rotational speed of
55 rpm, and 30 scfm purge gas flow (see Table F-2). The nominal down forces were
1170 lbf, 900 lbf, and 750 lbf. These three tests are analyzed to determine the forces
involved in cutting, chip, drill bit, and substrate temperatures by solving the energy
and force balance equations given in the previous sections. Details of the analysis
are available in Reference 10. Parameters involved in analysis are averaged over a
period in which cutting was either effective (constant penetration) or not effective
(no penetration). In the second series, only Test 15 is analyzed. For Test 15, time
averaged test parameters are not used but the analysis is performed for each
transient recorded data point when the cutting was observed. This test defines the
safety limits for RMCS.

F.5.1.1. Effective Waste Cutting
Table F-3 shows some key results obtained from three tests for times near the
beginning of the tests when there was good penetration. Temperature increase
estimates were obtained from the energy balances. Compressive strength was
calculated from the force balance for these tests. The value for compressive strength
determined from conditions with good cutting was about 10,000 Ibf/in.2 with an
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TABLE F-3
ANALYSIS RESULTS, TESTS 6, 12, AND 16

Cr.:p
Temperature
Increase from Compressive

Energy Balance -- Strength
Test Downforce Estimates

Obf)
(OC) (lbf/in.~)

TORQTST6 1170 39.0-45.5 9227-11420

TORQTST12 900 42.2-50.4 9482-9513

TORQTST16 750 30.8-31.9 9230-9730

estimated uncertainty of ±2000 Ibflin.2 (Ref. 10). Using 0" = 10,000 Ibflin.2 gives a

temperature increase of 45°C for compressing and fracturing the chips. These
temperature increases are in addition to increases from frictional heating of the
substrate before cutting.

The calculation using Eqs. (F-11) to (F-14) with a compressive strength of
10,000 Ibflin.2 was performed for Test 15. Figure F-5 shows the measured bit
temperature with calculated bit and chip temperatures. The figure shows that, with
conservative assumptions, the increase in drill bit/substrate interface temperature

approach but do not exceed the aT = 60°C safety limit. The calculated chip

temperature increase, about 83°C, is also lower than the safety limit of aT = 90°C.
This calculation presents the first evidence that when the operating parameters are
limited with a downward force of 750 Ibf, a rotational speed of 55 rpm, and a
minimum purge flow of 30 scfm, a local waste ignition is not expected to occur
when there is reasonable penetration. However, this conclusion is valid only if the
hard waste layers expected in the tanks have similar properties to pumice in terms
of both thermal and cutting processes of drilling.

If there is a reactive layer harder than pumice in the tanks, the truck has enough
power available to produce higher torque. In this case, it is possible that chip and
substrate temperature may exceed the safety limits. However, when the torque
increases as a consequence of encountering a harder material, the penetration rate is
expected to decrease. As mentioned in the next section, the penetration rate must be
above 0.75 in./min. Therefore, higher torque should correspond to lower
penetration rates. As a summary, if the waste layers in SST tanks are not harder
than pumice, the proposed safety limits adequately protect against waste ignition
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hazards based on the results obtained from the 1-D model for effective cutting
defined by a penetration rate higher than 0.75 in./min.

F.5.1.2. Frictional Heating with No Penetration
In all of the tests on the pumice blocks, the penetration rate slowed and then
decreased to zero as the bit became worn. The data for the tests that used the limits
of 750 lbf for the down force, 55 rpm for the rotational veloci~and 30 scfm for the
purge gas flow, showed acceptable temperatures for conditions with a worn bit
spinning on the substrate. The analyses showed that there was significant
conduction into the bit for these conditions, and this limited the heat transfer to the
slab, and thus the slab temperature. Results of Test 15 show that the drill bit and the
corresponding substrate interface temperature is lower than the safety limit of

~T = 60°C, even when there is not good penetration and as long as nitrogen flow is
available. However, this mode of operation in real drilling is not desired because
the cause for no penetration will not be known. No penetration could be the result
of encountering a hard reactive or nonreactive layer, metal, or other nonmetal
object with different properties. The real waste is not expected to have a layer as
hard as pumice. Note that every test done by Witwer l resulted in worn drill teeth.
WHC engineers indicated to us that one sampling activity requires two rotary-mode
core drillings out of a total of 10 samples. WHC engineers also expressed the fact
that they have never failed to penetrate hard layers in Hanford tanks. Considering
this experience as the available data for conditions of waste, it is not expected that
the drill bit will encounter any reactive waste layer harder than pumice. However,
if a waste layer is as hard as pumice, no penetration would be observed as
experienced in laboratory testing.

One of the other reasons why the frictional mode of operation is not desired is that
the transition from effective cutting to the frictional mode is not understood clearly.
When the downward force was 1170 lbf, in Test 6, a large temperature variation,
about SO°c, is observed in the transition region. Although the force is lowered to
750 lbf, the reasons for these higher temperature oscillations are not clearly
understood. It is concluded that a penetration rate control is needed. The main
reason for this control is to prevent drilling against reactive waste material that is
harder than pumice. The lack of penetration rate control also prevents applied
torque from being above the values observed in envelope testing.

F.5.1.3. Applicability of Envelope Testing to Real Conditions
Table F-4 compares properties of the pumice material to the properties of the waste
simulant materials developed by WHC.8 All of the properties except the
compressive strength calculated from drilling tests, the specific heats, and thermal
diffusivities were measured by WHC.
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TABLE F-4
COMPARISON OF WASTE SIMULANT AND PUMICE TEST MATERIAL

Evaporator BY-I04 Pumice
Bottoms Simulant

Property Block
~

Bulk density (kg/m3
) 1560 1410 1600

Unconfined compressive strength 905 3,264
(psi)

Calculated compressive strength 10,000
from drilling tests (psi)

Direct shear strength (psi) 459

Penetrometer resistance (psi) 23,520 34,507

Thermal conductivity (W/ m K) 2.32 1.67 1.03

Specific heat (k]lkg K) 0.97'" 0.88.....

Thermal diffusivity (m2 /s) 1.221 x 10-6 7.315 X 10-7

,.. Estimate based on handbook value for predominate material.

.... Handbook value.

The physical and thermal properties are comparable for pumice and the BY-104
simulant. The density times the specific heat products for the BY-104 simulant and
the pumice block are within three percent of each other. Thus, the energy storage
terms are very comparable. The lower thermal diffusivity coefficient of the pumice
block tends to slow the spread of heat and keep temperatures higher. Thus, the
pumice block testing produced temperatures that are conservative compared to the
BY-104 simulant, and WHC has identified the BY-104 simulant as the limiting waste
simulant.8

The pumice blocks consist of hard pumice grains in a binder material. This makes
the pumice material very abrasive. The coefficient of friction between the bit and
the pumice was evaluated as 0.4. The temperature at the bit!substrate interface
where the bit temperatures were measured is determined primarily by frictional
heating. The earlier series of tests8 with the BY-104 simulant showed lower
temperatures. (Torque was not measured for this series of tests, so the effective
compressive strength during drilling and the coefficient of friction cannot be
calculated from the test data.) The temperatures suggest that the coefficient of
friction between the bit and the BY-104 simulant was lower than the value deduced
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for the bit and pumice. The maximum average chip temperature is a function of
two things, (1) the temperature of the was"te material layer just before cutting and (2)
the energy addition during the cutting process. The effects are additive. The
temperature of the material before cutting is primarily a function of the frictional
heating, and this was lower for the simulant materials.

The measured compressive strength for the BY-104 simulartt is less than one-third
the compressive strength deduced from the testing on the pumice blocks. Because
the method of determination is very different, these values are not directly
comparable. Rabia5 showed that specific energy values for a series of drilling tests
were often about twice the laboratory measured values for the compressive strength
of the same materials. Even if the effective compressive strength during drillirtg
conditions were three times the laboratory-measured value, the chip temperature
rise from the compressing and fracturing operation would be less than the
corresponding value for the tests on pumice blocks. Thus, this temperature should
be lower for the BY-104 simulant for comparable drilling conditions.

Three reasons were identified for why the maximum temperature during drilling of
the BY-I04 simulant or comparable material should be lower than tht
corresponding maximum temperature during drilling in the pumice block. All
three of these factors contribute independently of the others. Thus, the pumice
block tests should be bounding for maximum temperature if the BY-I04 simulant
material can be considered as reasonably representative of the hard waste layers in
the tanks. Operating limits based on test data from drilling in the pumice blocks
should be conservative for materials that are limited by the BY-104 waste simulant
properties. This applies to normal cutting and to off-normal conditions such as the
bit becoming dull and no longer drilling and a loss of purge gas flow.

Hitting objects harder than pumice in the waste such as a rock, particularly over a
small fraction of the bit face, could cause high temperatures if attempts were made
to continue drilling. Drilling materials (nonreactive and reactive) harder than
pumice may cause the applied torque to be increased, at least initially. Typical
torque values measured in envelope tests varied between 35 and 85 ft Ibf. There is
power available to increase the torque. In an ideal situation, if the ratio of torque to
the penetration rate defining the specific energy were controlled, safety limits would
be implemented with extremely high confidence because the chip and substrate
temperatures primarily depend upon the energy density (or unit horse power)
which is linearly proportional to the torque and inversely proportional to the
penetration rate. As discussed previously, the penetration rate must be monitored
and controlled. Torque measurements are not easy and reliable although
application of a torque. limiter would be easy to implement. However, without
torque measurements, operating safety limits involving downward force, rotational
speed, nitrogen force, and penetration rate provide conservative protection for any
waste ignition hazard.
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The lower limit for the penetration rate of 0.75 in./min was set as protection against
drilling in a material with a higher compressive strength than the pumice blocks.
In the pumice block tests, there was an initial period with good penetration followed
by a period with declining penetration, and finally a period with no penetration.
The 0.75 in. /min penetration rate represents a value at which the transition from
the period of good penetration to the period with rapidly declining penetration
occurs. In the pumice blocks, the nominal drilling parameterS-~'l:low drilling with a
bit that is at most slightly worn. If a layer of material with a higher compressive
strength (which would give higher chip temperatures) is encountered during
drilling, the penetration rate will drop below the lower limit. The operators could
continue drilling only after a ten-minute cooling period following a trip initiated by
out-of-tolerance down force on force, rotational speed, purge flow, or penetration
rate. Additional attempts to restart drilling would begin with a cooled substrate.
Then, the only energy component contributing to the temperature increase would
be the energy to compress and fracture the chips. If the 0.75 indmin penetration rate
could not be attained, drilling would be stopped automatically before the substrate
could heat substantially and increase the chip temperatures.

Although this limit significantly reduces the possibility of producing chips at a

temperature higher than the 180°C limit should a harder material be encountered,
this does not guarantee that the temperature limit cannot be exceeded. If the limit is
exceeded, only a very small volume of excessively hot chips will be produced for
only a very short period of time. The chips are produced in an environment in
which they are immediately surrounded by relatively cold nitrogen purge gas with a
high convection heat transfer coefficient. Thus, they are expected to cool to below

1800C in much less than 0.1 s and have no detrimental effect.

F.5.1.4. Cases with Inadequate Nitrogen Flow
In several of the tests, the purge gas flow was shut off after the drill had stopped
penetrating. With this condition, the energy balance becomes very simple, with
only frictional energy dissipation and then conduction, either into the bit or into the
substrate. Test 16 was one of the tests with this condition. Figure F-6 shows that the
temperatures were measured and that the purge gas was shut off after the drill
stopped penetrating. A 1-D slab analysis was performed for the time 60 s after the
purge gas was turned off. To determine the effect of the conduction into the bit, an
equivalent convection heat-transfer problem was determined by trial and error. In
this case, a convection coefficient of 550 watt/m2K was needed to match the
measured temperature. Thus, there was significant conduction heat transfer to the
bit. The operating requirements specify that the drilling be stopped for a loss of
purge gas. If all the frictional dissipation went into the substrate for even a short
period of time before drilling was stopped, an overheat condition could occur. This
result shows that there is sufficient heat transfer to the bit to provide some margin
for shut-down time should a loss of cooling occur. If all the energy generated were
going into the slab, the time for the surface temperature to rise above the limi t
would be small. The cooling capacity of the bit gives some margin for spin-down
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time, should a loss-of-purge-gd-flow condition be encountered. The automatic
controls on the drill system are to be set tc _:nmediately stop the drilling if a loss-of
purge-gas-flow cendition occurs.

F.5.1.5. Chip Temperature Decay in Purge Gas
The maximum chip temperature occurs immediately after energy is added to the
material to compress and fracture it. Ih :hips are immedtately entrained in the
purge gas. This cools the chips quickly. This is important in that the chips have
little time to heat any material other than the purge gas.

Two estimates were made for the cooling of these particles. WHC8 measured a
particle size distribution for drilling in simulant materials. The slip velocity was
calculated for the top particle size in each range reported by WHC. This was done by
equating the weight of the particle and the drag on the particle because of the slip
velocity. The drag was calculated from a standard correlation for the drag on a
sphere as a function of the Reynolds number. An iterative solution results. Once
the velocities had been obtained for each size, a standard correlation for the
convective heat transfer was used to estimate the convective heat transfer
coefficient (h). References 11 and 12 were checked for appropriate correlations.
None were found with a range of applicability that included the small Reynolds
numbers being calculated. A correlation with a stated lower limit of applicability of
Re = 17 was. selected. The extrapolation to lower Reynolds numbers is uncertain.
The Reynolds numbers calculated from the slip velocities ranged from 3 x 10-6 to 6.4.
The convection coefficient for each size and then a reduced temperature for each
particle size as a function of time were calculated. A mass-averaged reduced
temperature was also calculated as a function of time. This was used to estimate the
chip-to-gas heat-transfer rate.

The second approach was similar, but a natural convection correlation was selected.
The Grashof numbers calculated were well below the stated limit of applicability..

Using the forced convection correlation, the mass-weighted average particle goes
through 63% of the change from the initial hot condition to the gas temperature in
0.1 s. The 150 micron particle size, which is the largest in the given distribution goes
through 44% of its cooling in 0.1 s.

Using the natural convection correlation, the mass-weighted average particle goes
through 98.7% of its cooling in 0.1 5, and the 150-micron particle size goes through
65% of its cooling in 0.1 s. Figure F-7 shows the temperature decrease for the mass
weighted average chips as a function of time for the cases discussed above.

Although both of these estimates use correlations outside the stated range of
applicability, resulting in a large uncertainty for the above estimates, the conclusion
that the chips cool to much less than the temperature limit in the order of 0.1 s
should be valid.
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Attempts were made to apply the above C2 ' 'ulations to the purge gas conditions at
the exit thermocouples to work back to ave ;e chip temperatures immediately after
cutting. These attempts did not produce ai,y conclusive re,,·'lts. They do support

the use of the IbO°C limit for the chips because these calcu,-_rions demonstrate that
the chips cool from near this limit to well below this limit in less than 0.1 s.

F.5.2. Results of 2-D Finite Difference Transient Heat Transfer M"odeling

F.5.2.1. Experimental Benchmarking
To begin, the model has been benchmarked versus two separate experimental tests:
TORQTST16 and TORQTST23. These tests have printouts that contain most of the
information necessary to obtain an energy balance (Ref. 13). In addition,
TORQTST23 (which involves drilling into steel), contains reliable temperature
measurements below the drilling surface. Initially, the energy deposition fractions
(and to a small extent the material properties) were varied so that the experimental
and computational results matched for each case separately. A fixed se"t of
parameters was then determined combining the results of the two cases.

Next, the model was used to calculate temperatures for three additional tests:
TORQTSTlS, TORQTST17, and TORQTST18. No model parameters were adjusted
in assessing the model against these three tests. The calculated results conform
fairly well with the experimental results for each test, especially considering the
uncertainty in the experimental measurements. The results for some of these
calculations are shown in Figure F-8. The calculated results are plotted alongside
the experimental bit temperature. The experimental gas flow temperatures are not

plotted, but they conform within 1°C of the calculated temperatures. TORQTST23
involved drilling into a steel slug; the experimental and calculated temperatures in
the slug are also plotted for this case. The agreement between experimental
measurements and calculated data for tests TORQTST15, 17, and 18 indicates that
this model can be used for further parametric analysis.

F.5.2.2. Substrate Temperature
The primary result of this heat transfer analysis is the maximum substrate
temperature as a function of time and drilling conditions. The substrate
temperature limit has been set at ISOoC; therefore, the model was used to determine
how long it would take to reach this temperature under specific drilling conditions.
The time to reach 120°C was also calculated to provide a conservative number. The
time to reach each temperature was calculated as a function of torque, penetration
rate, and initial waste temperature. The material properties were taken to be the
same as for the experimental pumice, which is assumed to be a bounding condition
(i.e. the waste is expected to have a higher specific heat and a lower specific energy).
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Time to reach lSOoC as a function of torque for various penetration
rates and an initial temperature of 22°C.
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All of the results are obtained for a down force of 750 lb, a drill speed of 55 rpm, and
a purge gas flow rate of 30 scfm. For this calculation, it was conservatively assumed
that all of the energy goes into the bit and substrate (i.e., none goes directly to the

gas). These results are plotted for the 150°C limit in Figs. F-9 and F-I0. On the plots,
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any condition to the lower left of a given line will produce a maximum temperature

below ISO°C. Some of the results are also'listed in tabular form below in Table F-5.

In Table F-5 above "m" means that the temperature was not reached in 5 minutes.
In this case, the system reaches a quasi-steady state, where the energy input equals
the energy taken away by the gas plus the energy conducted away to the system

-,",,-

TABLE F·5
TEMPERATURE INCREASE CALCULATIONS

Initial Temp = 22°C Initial Temp = 90°C

Time to Time to Time to Time to
Reach Reach Reach Reach

Torque Penetration Rate 120°C 150°C 120°C 150°C

(ft-Ib) (in.lmin)

50 0.00 nr nr 110 nr

50 0.75 nr nr 152 nr

50 1.50 nr nr nr nr

50 3.00 nr nr nr nr

100 0.00 28 52 19 36

100 0.75 39 97 20 42

100 1.50 74 nr 22 53

100 3.00 nr nr 26 nr

200 0.00 7 12 4 9

200 0.75 8.5 15 5 10

200 1.50 11 20 5 11

200 3.00 20 47 6 15

F-31 August 8, 1996



WHC-SD-WM-SAD-035, Rev. O-a

Torque at which waste temperature hits 150 C
T,init =90 C, 55 rpm, 30 sctm (100 tt·lb =780 W =1.05 hp)

200 y---------------------------~

180 1----------------------------1

150 C limit not exceeded.
OK to operate.40

60

&J 120

~
I 100 1------------=..._-
!
E'" 80 r=:::::;:;;;;;;;;;jjiiiiiII"""""'~

140

160 1----------------------------1

20

65.254.52.25 3 3.75

Penetndlon Rate - In/min

1.50.75
0-------------------,-----""------11o

Fig. F-ll. Torque at which waste temperature· reaches 150°C as a function of
penetration rate.

"capacitance." Of course, because the system has a finite heat capacity, a steady state
is not truly achieved until all of the energy is removed by the gas, but for a system
this size, this will take place over the course of hours. So for this analysis, if the
temperature has not reached its limit in S minutes, it is safe to assume that the
temperature will not rise substantially over the course of several more minutes. In
effect, "nr" means that the temperature will not be exceeded over any practical
drilling time period.

In summary, the data in Table F-4 and in Figures F-9 and F-IO indicate that if the

torque is limited to 60 ft lbf, there are no conditions in which the lSOoC limit will be
violated. At 100 ft lbf, the temperature limit is not violated at a penetration rate of
more than 3 in./min, and at low penetration rates, the limit is not exceeded for
more than 30 seconds. A 200-ft-Ibf torque leaves about a 10-second window to halt
operations or for the drill to break before temperature limits are violated. Figure
F-ll plots that maximum allowable torque as a function of penetration rate that will
not result in exceeding the lSO°C limit. This data can be used to determine the
optimum limits in terms of torque, penetration rate, and time for the drilling
process. Also, the torque and penetration rate limits should consider the maximum
chip temperature, which is discussed below.
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Several off-normal conditions were also considered. One case studied an increased

purge gas flow of 55 scfm, with an initial temperature of 90°C and a penetration rate

of .75 in./min. For a torque of 100 ft lbf the temperature did not even reach 150°C, as

opposed to the 30 schn case that reached 150°C in 42 seconds. For 200 ft lbf the
temperature reached 150°C in 12 s as opposed to 10 s. From this result, it can be seen
that more safety margin would be provided if the penett=ation is alarmed at
1 in./min value and the operator can take an action to increase the purge flow to 55
sefm before tripping the drill rig engine. However, the implementation of this
suggestion as a control would be not easy because the time to reach the trip value
may be so short.

Another case studied was a situation in which the system had reached a quasi-steady
state at 3 in./min, 50 ft lbf, 750 lb, 30 scfm, and 55 rpm, and then the down force was
suddenly increased to 4500 lb. Similarly, a case was studied in which the drill speed
was increased to 110 rpm (as opposed to the down force). Temperature plots are
shown for these two cases on Figures F-12 and F-13. Because the 4500-lb case

increases the torque by a factor of 6, the temperature passes through 150°C in only a
few seconds. The 110 rpm case doubles the torque, and the temperature reaches

150°C about 80 s after the drill speed is increased. The cases studied above indicate
that the period in which the operator can take corrective actions after a trip is
initiated can be very short. Therefore, the drilling operation must be shut down
immediately (in the time required by the data acquisition system to ensure the

Temper.ture Ae.pon.e of SY8tem 0 30 rpm, 750 Ib, 50 ft-Ib, 30 8cfm
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Fig. F-12. Temperature histories during an abnormal operation; speed is increased.
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Temperature Response of System @ 55 rpm, 750 Ib, 50 ft-Ib, 30 scfm
until @ 100 seconds downforce increases to 4500 lb.
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Fig. F-13. Temperature histories during an abnormal operation force is increased.

signal is real), when the downward force exceeds 750 lbf, rotational speed exceeds 55
rpm, or the purge flow becomes less than 30 scfm. Alarm values are not determined
in this appendix. However, alarm values may be selected as long as they are lower
than trip values by considering a proper waiting period.

F.5.2.2.1. Chip Temperature. As mentioned earlier, this model does not attempt to
calculate the chip temperature. The only number calculated is the maximurn
theoretical chip temperature. This is equal to the substrate temperature at the
location of drilling, plus a finite ~T associated with the energy deposited in the chips
caused by drilling of the material. If the very conservative assumption is made that
all of the drilling energy goes to the chip, then this ~T is equal to the specific energy
of the material divided by the heat capacity. For the pumice used in the

experiments, this ~T is on the order of 30
0e (based on a specific energy of 40 MJ/m3

,

which can be inferred from TORQTST18). Because the drilling conditions discussed

above limit the substrate temperature to l50
oe, then this also limits the chip

temperatur~ to l800e (if it is assumed that the pumice is a limiting material on the
basis of specific-energy-to-heat-eapacity ratio).

However, it is still possible, although unlikely, that a waste material could be
encountered that has a high enough specific energy to heat capacity ratio to cause

more than a 300e chip temperature rise. There is no way to absolutely. avoid this

possibility. The likelihood of exceeding l800e could be decreased by setting the

substrate temperature limit below l50
oe, which would provide more margin for

F-34 August 8, 1996



WHC-SD-WM-SAD-035, Rev. O-a

chip AT. Also, torgue and/or penetration rate limits could be imposed so that the
drill is tripped as soon as such a material is encountered (although experiments
have shown that the bit wears rapidly as harder materials are encountered, so these
limits may not add much safety margin, especially if the detection/trip time is
relatively slow). In either case, because the trip or bit wear is not instantaneous, a
few chips may be produced that exceed the quoted ma~mum temperature.
Fortunately, it has been determined that the chips cool very rapialy «< 1 s), so that

even if the chip temperature does exceed ISOoC for a short time, the risk appears to
be negligible.

There are two conclusions that can be drawn from the experimental results that
support the contention that the chips are not hot for a substantial period of time;
both involve the purge gas temperature. First, there is no abrupt rise in purge gas
temperature as drilling begins. If a large fraction of the energy were going to the
chips, and then to the gas, there would be an abrupt step mcrease in the purge
temperature in the first few seconds. Because this increase is not seen, then the
chips are either not getting very hot, or they are transferring energy quickly to the bit
and substrate. Second, the downstream thermocouples do not show any evidence of
chip energy deposition as the flow moves downstream. This implies that the chips
have lost most of their energy before the flow reaches the thermocouples. The only
other possibility is that the chips remain hot as they travel through the entire
system. However, the measured gas temperatures are consistent with a total energy
balance, and it is unlikely that the thermocouple would read the correct mean
(l-species) temperature if the chips were hotter than the gas. Also, simple
calculations confirm that the chip cool-down time is « 1 sec.

As mentioned before, ideally the control of the ratio of torque-to-penetration rate
would provide reliable protection against waste ignition hazards. These two
parameters, however, are not independent. Suppose a hard object/layer is
encountered during drilling that is progressing with a good penetration rate. The
penetration rate will decrease and the engine would increase the torque to continue
drilling. At this point, torque may exceed values that were observed in envelope
testing. If material is cut, some penetration can be achieved. Note that drill bit teeth
are also starting to be worn out. Based on envelope testing results, teeth became
worn down in about 1 minute. If material is much harder than pumice, this period
is expected to be on the order of seconds because drill bit teeth material is designed to
be worn .down if metal objects are drilled. Once teeth get worn down, the
penetration rate becomes zero, and the torque will decrease. Current design features
only include the monitoring of the penetration rate. There is an automatic shut
down feature when penetration rate decreases below 0.75 in./min. Controlling only
the penetration rate will provide protection against exceeding the temperature
limits, although until teeth are worn out, there is a short period in which chips and
substrate may get hotter than current limits. However, because of nitrogen-cooling
capability, chips and substrate will to be cooled and not cause a propagating reaction.
In order to further increase safety, a possible design improvement would be the
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inclusion of a torque limiter or meter. Tne established controls provide adequate
protection for waste ignition hazards.

F.6. CONCLUSIO!,

The analyses in this appendix show that the temperature of the chips generated
during the drilling tests may have exceeded the measured--tem?eratures from the
testing. The chip temperatures during the pumice block testing did not exceed the

lSO°C (~T =90°C) limit [(and exceed the ISO°C (AT =60°C)] limit for only a very brief

time immediately after cutting. The lSO°C limit seems appropriate for the chips
because they are small, the total volume of chips is small, and they are entrained in
the relatively cool nitrogen purge gas immediately after being cut. This cools the
chips quickly and limits their contact with the bulk material. These analyses also
show that the pumice blocks used for a test material are a limiting material in
comparison to the waste simulants tested.. Thus, the analyses in this appendix
support the conclusion that core drilling can be undertaken without exceeding
emperature limits if the specified drilling parameter limits are maintained.

The tests analyzed were done on pumice blocks. The temperatures measured on the
bits for the drilling tests on pumice blocks were higher than temperatures measured
for tests with any of the simulant materials. The analyses suggest that the measured
temperatures are dominated by frictional heating of the bulk material. Thus, the
drilling tests on these pumice blocks were the most limiting tests for frictional
heating. Because of the poor contact between the chips and the areas where the
thermocouples were located, it is doubtful that the testing could measure chip
temperatures. These are a function of the starting temperature of the material being
cut and the compressive strength. The compressive strength calculated from these
tests is also about three times higher than the highest value for compressive
strength reported by WHC8 for waste simulant materials. The conversion of
compressive strength to specific energy and to thermal energy is condition
dependent, and the margin between compressive strength calculated from these
tests and the compressive strength measured for the simulants is notable. One can
conclude that the average temperatures resulting from the mechanical-to-thermal
conversion process are probably lower with simulant materials than with pumice
blocks.

In addition to examining normal drilling conditions, experiments were analyzed to
determine the temperature response during off-nonnal conditions. These include a
loss of purge gas flow and the spinning of a worn drill bit with no penetration. In
these cases, there is sufficient sensible capacity of the system to prevent overheating
if attempts to continue drilling are stopped within a reasonable time period.
Operational limits set using the test data should be satisfactory if the material
conditions encountered during the drilling are no more severe than seen in the
drilling tests with the pumice blocks. Comparisons between the pumice properties
and waste simulant materials suggest that the pumice blocks provided more severe
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drilling conditions than are likely to be encountered in the tanks. Should harder
materials be encountered, higher temperatures could be reached.

To summarize, the properties of the pumice block used for drill testing produced
more severe temperature conditions than the simulant materials produced for an
earlier set of tests. If the simulants are reasonably representative of the materials in
the tanks, the drilling tests on the pumice blocks were bounding-ior temperatures. If
harder materials are encountered in the tanks, higher temperatures could be
produced. A control is established to limit the penetration rate to 0.75 in./min. This
control requires an automatic shutdown when the penetration rate is less than 0.75
in./min. This control provides the necessary protection to prevent a propagating
waste reaction, although temperature limits may be exceeded for a very short period.
Waste temperature limits established in this SA are already conservative, and no
credit is considered for water in the waste. The analyses as well as simulants used in
the laboratory experiments are on the conservative side. Therefore, it is concluded
that controls established in this SA provide adequate protection against propagating
an exothermic waste reaction as a result of rotary drilling if the established limits are
not exceeded.
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APPENDIXG

WASTE AND CRUST IGNITION

G.!. INTRODUcnON
- ........

In this appendix, the waste and crust ignition issues are discussed. Waste ignition is
a hazard considered to be the result of drilling. The drill bit cutting includes several
modes in terms of heat generation and heat transport that are discussed in
Appendix F. In an efficient cutting mode, waste chips created by the drill bit teeth
can be hotter than the drill bit or teeth temperature. When there is no efficient
penetration, a zone where frictional heating between the drill bit and waste exists.
In the first part of the appendix, we discuss the operating safety requirements for
drilling. In the second part, we examine another accident in which the drill string is
postulated to be dropped on a dry crust. We discuss the possibility of a crust ignition
and propagation.

G.2. REACTIVE CHEMICAL HAZARDS

Mixtures of sodium nitrate and sodium nitrite with organic compounds can
produce violent exothermic reactionsY Reaction rates generally increase with
increasing temperature. For exothermic' reactions, increasing the reaction rate
increases the heat generation rate. Increasing the temperature of the mixture that
reacts exothermically can create an imbalance between heat generation and heat
transfer out of the system. This imbalance can create a thermal runaway.

Rotary-mode core sampling (RMCS) causes local heating of the waste. These "hot
spots" near the drill string may cause a localized thermal runaway. The
consequences of such a local thermal runaway are the follOWing:

• A local thermal runaway may result in temperatures in excess of the
autoignition temperature of a flammable-gas mixture trapped in the
waste.

• A local thermal runaway will increase the gas-generation rate. There are
three potential hazards associated with increased gas generation: increased
production of aerosols, production of flammable gases, and production of
toxic gases.

• The high temperatures produced by a local thermal runaway may
vaporize some of the nuclides, which would result in an increased release
rate.
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• A local thermal runaway may propagate through the entire tank.
Propagation of a thermal runaway could produce very high temperatures,
which would result in severe structural damage of the tank.

The consequences of these hazards have been evaluated to determine if these
hazards are a significant concern.

• The auto-ignition temperature of hydrogen-air mixtures is reported to be
400°C (Ref. 3), and the autoignition temperature of hydrogen nitrous oxide
mixtures may be lower.4 The maximum temperature produced by waste
containing 1.0 wt % total organic carbon (TOC) is estimated to be -400°C.
Therefore, a runaway reaction may produce temperatures exceeding the
autoignition temperature, even if it contains only a small amount of
organic carbon sustaining an exothermic reaction. Exceeding the
autoignition temperature is a real hazard.

.• The maximum gas-generation rate is estimated to be 3.6 scfm. The
maximum volume that could be generated is 250 scf. The nominal
nitrogen flow in the drill string is 30 scfm. The maximum gas-generation
rate is small compared to the nitrogen flow, so that gas generation will not
have a significant impact on aerosol formation. Tests on dry waste
surrogates indicate that nitrous oxide is formed during a runaway
reaction.s Hydrogen is generated in the waste at normal waste
temperatures. There is no reason to expect that these reactions will stop at
elevated temperatures; therefore, hydrogen generation is possible. The
ignition of -1000 scf of a stoichiometric mixture of hydrogen and nitrous
oxide under the waste surface will cause structural damage; therefore,
generating 250 scf of hydrogen or nitrous oxide could be a significant
contributor to a flammability hazard. H all of the gas generated is nitric
oxide (NO) or nitrogen dioxide (N02), the maximum concentration at
100 m from the tank is <1 ppm; so there is no toxic gas hazard.

• Volatile nuclides can be a problem in a waste vitrification plant. H an
uncontrolled reaction produces very high temperatures, cesium and
strontium may vaporize. A bounding calculation predicts a maximum
dose of <1 mrem Committed Effective Dose Equivalent (CEDE) at 100 m
from the tank. Therefore, vaporization of nuclides is not a hazard.

• H an exothermic reaction propagates throughout the tank, the
consequences could be severe. The volume of waste involved in a
propagating reaction could be a factor 100,000 times greater than a local
reaction. Consequences that are negligible for local exothermic reactions
could be significant for a propagating reaction. The high temperatures
generated would cause a. structural failure of the tank. A propagating
exothermic reaction is a significant hazard.
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A local runaway re?ction is a real hazard. The primary concerns are that a runaway
exothermic reaction could be an ignition source in a flammable-gas tank, and a local
reaction may propagate. The generation of flammable gases or oxidants is a lesser
concern because a flammable-gas hazard already exists in the tanks of interest, and
there are no consequences of a flammable-gas release unless there is an ignition
source.

G.3.

G.3.1.

LOCAL RUNAWAY REACTIONS

Review of Existing Data

Data on exothermic chemical reaction have been obtained using waste samples and
using waste surrogates and simulants.

A review of the chemical analyses performed on waste samples was conducted.
Between 1974 and 1995, differential thermal analysis. (DTA) and differential
scanning calorimetry (DSC) were performed on 169 samples obtained from 70
different tanks. In many cases, the reports do not give the onset temperature for
exothermic reactions. They only state that no exothermic reactions were observed
below 200°C. Such data are useful in establishing a lower bound on the onset
temperature. Of the 169 samples, onset temperatures of <200oe were reported for 17.
The lowest onset temperature reported was 1800 e for several samples obtained from
Tanks 241-SY-101 and 241-SY-103.

Several studies have been performed on waste surrogates and waste simulants.
Schelle et a1.5 studied several waste surrogates and a waste simulant using DSC and
accelerated rate calorimetry (ARC). The onset temperatures measured by DSC range
from 220°C to 364°C. The lowest values correspond to tests with a waste simulant
that includes many of the minor waste components, such as nickel, chromium, and
iron. Onset temperatures as measured by the ARC are between 113 and 290°C. The
onset temperatures measuring <180°C were obtained using the waste simulant.
Although low-onset temperatures were measured between 110 and 120DC, a self
sustaining reaction did not occur until the temperature reached 1S0°C. A reactive
system screening tool (RSST) also was used to measure onset temperatures.6

•
7 The

measured onset temperatures were 1S0°C and 180°C. The lower temperature was
obtained using the waste simulant discussed above.

G.4. CRITERIA TO AVOID LOCAL RUNAWAY

Local runaway reactions can be avoided by maintaining the w~te temperature
below the onset temperature for exothermic reactions. The standard practice is to
subtract 100°C from the onset temperature as determined by DSC and to subtract
SO°C from the measured onset temperature as determined by ARC.s The reasons for
these large safety margins is uncertainty. The scanning rate affects the onset

.temperature of DSC and RSST. The sensitivity of the instrument is also a
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consideration. Differences between waste simulants and actual waste is also a source
of uncertainty as are variations in waste ·composition. Other factors such as good
heat transfer and short time periods can reduce the need for the safety margin
applied to the measured onset temperature.

Two length scales must be considered when evaluating the potential for local
runaway reactions. The first scale to consider is the microscopic scale.- Strain energy
added as the drill bit cuts into the waste will heat fragments to temperatures that are
greater than the drill bit temperature. The size of these fragments and chips are
estimated to be between 1 /lm and 150 /lm. In Ref. 9, p. 6, the particle size
distribution was determined to be 1 to 100 /lm. The samples were collected from
drilling tests in simulants. This range was measured by using an optical microscopy
technique used by Pacific Northwest National Laboratory (PNNL). Using the same
single-shell waste simulant samples from the same collection, Westinghouse
Hanford Company's (WHC's) Plutonium Finishing Plant Laboratory covered a
particle size range of 0.1 to 10 /lm with a laser diffraction analysis. They are small
sized chips, and they are cooled relatively quickly (Ref. 10). The second scale to
consider is macroscopic. The drill bit and the surrounding waste will be heated
above the bulk temperature of the waste, but it will be cooler than the fragme~ts

formed at the drill tip. The thermal inertia of the drill bit and the surrounding
waste is much greater than the microsized fragments. Differences in the time scale
and the heat transfer rates justify different temperature limits for these two cases.

First, consider the temperature limit for small fragments. The limit will be based on
the available data for actual waste samples. The large amount of data available on
actual waste samples addresses the problems of errors in surrogate and simulant
tests and variability in waste composition. The large number of waste samples
obtained from a large number of different tanks addresses the problem of variability
in waste composition. Because of the large number and variety of waste samples
analyzed, the large margins often applied to onset temperatures measured by DSC
and ARC are not appropriate.

The DTA and DSC results for actual waste samples are used to establish the
maximum temperature limit. A comparison of data for waste surrogates and
simulants is done with results for actual waste samples so that the surrogates and
simulants are not unreasonable models of the waste. Therefore, data for waste
surrogates and simulants are used as additional evidence that the proposed limit is
reasonable. Because this safety assessment (SA) addresses rotary-mode sampling in
all single-shell, flammable-gas tanks, the limit must be bounding for all tanks.
Therefore, the limit is based on the lowest measured onset temperature of 180°C.
The proposed limit for heating of small waste fragments is I80aC. Because the limit
is based on a large number of waste samples and because the fragments cool
relatively quickly, no additional safety margin is applied to the lowest measured
onset temperature.
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This temperature limit is supported by the onset temperature measured for waste
surrogates, but it is not supported by the onset temperatures measured for the waste
simulant data. Exceeding the measured onset temperature for exothermic reactions
does not imply that a runaway reaction will occur. Heat transfer also must be
considered. The first-order stability criterion for a runaway reaction in a single
fragment is

where

(G-l)

(~no
u
To
Ts

P
cp
D
k

=self-heating rate at the initial temperature of the fragment,

= heat transfer coefficient for the fragment,
= initial temperature of the fragment,
= temperature surrounding the fragment,

= density of the fragment,
=heat capacity of the fragment, and
=diameter of the fragment,
= thermal conductivity.

Conservative parameters are used to estimate the critical self-heating rate. The heat
transfer coefficient is assumed to be 5 watts/m2 K, the density of a fragment is
-2.7 g/cm3, and the heat capacity is -1.8 JIg K. The maximum particle diameter of
150 J..I.I11 is used in the calculation, and the temperature of the surrounding waste is
assumed to be 160°C. The critical self-heating rate for a fragment is estimated to be
-50°C I min. The heating rate used in the DSC and RSST is 1 to 10°C/min,
depending on the experiment; therefore, these devices should be able to detect self
heating rates of <50°C/min. Therefore, the onset temperature measured by these
devices should be a conservative estimate of the stability limit for a fragment. To
relate this self-heating rate to the self-heating rate observed in the ARC, it must be
divided by the CI> factorll

( dT) 1 (dT)
dt ARC = CI>' dt . (G-2)

The CI> factor accounts for the thermal inertia of the calorimeter, and the value is -4
for the experiments discussed in Ref. 5. The reaction should be stable if the self
heating rates measured for the ARC tests in Reference 5 are <12°C/min. Below the
onset temperature, the self-heating rate is <O.025°C/min, so the experiments with
waste surrogates support the proposition that a thermal runaway does not occur in a
fragment with a temperature of 180°C. The self-heating rate for the waste simulant
is -0.04°C/rnin. Although this value is greater than the criteria for determining the
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onset temperature, it is much less th n the stability limit for fragments. The self
heating rate data obtainec from the ARC supports the lS;;O°C temperature limit for
fragments.

Time 1: a consideration when evaluating the stability of exothermic reactions if the
material is heated for a short period of time; therefore, runaway reactions may not
be a problem. In an adiabatic system, there is a period ohime before a thermal
runaway occurs during which the seli-heating rate is relatively small. This period is
called the induction time. The adiabatic induction time is a useful gauge for making
a qualitative evaluation of whether the duration of the drilling operation is long
enough to be a concern. If the drilling duration is less than the adiabatic induction
time, runaway reactions should not be a problem. The first-order estimate of the
adiabatic induction time is

(G-3)

where

tI = induction time,
R = gas constant,
Ea =activation energy, and

cJ> =cJ> factor for the calorimeter.

Based on the data in Ref. 5, a reasonable, but conservative, estimate of the activation
energy is 240 kJjmole. An upper bound for the self-heating rate at 180°C is the
heating rate of 1°C/min used for the DSC and RSST. The lower bound for the
adiabatic induction time of a fragment at 180°C is 7 min. The temperature of the
fragment as a function of time can be approximated by the following equation:

t =Ts + (To - Ts) .exp(- 6· U .tJ .
p,cp·D

The typical Biot number (UD/k) for 150 IJ.IIl waste chips is <0.1; therefore, Eq. (G-4) is
adequate. The time constant for cooling is -24 s, which is much less than the
adiabatic induction time. The life of a hot fragment is much less than the induction
time, which supports the 180°C temperature limit for fragments.

The estimates of the critical self-heating rate and the adiabatic induction time
indicate that there is considerable margin in the 180°C temperature limit for
fragments. This margin justifies using the minimum measured onset temperature
of waste samples as the limit.
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Next, a limit must be set for the drill-bit temperature and the average temperature
of the waste surrounding the drill bit. As discussed above, the large margins often
applied to the measured onset temperatures are not applicable. However, some
margin is warranted because thermal inertia may be an important factor at the
macroscopic scale. Therefore, a 20°C margin is applied to the minimum measured
onset temperature for actual waste samples. The maximum allowable temperature
for the drill bit and the surrounding waste is 160°C. -'"'-..

This temperature limit is supported by the onset temperature measured for waste
surrogates, but it is not supported by the waste simulant onset temperature data. As
discussed above, the onset temperatures measured for the waste simulants may not
be applicable because heat transfer also must be considered. The first-order stability
criterion for a runaway reaction for the waste immediately surrounding the drill bit
is

(G-5)

where

(~T)t = self-heating rate at time t,

a =thermal diffusivity of the waste,
t = duration of the heating caused by drilling,
T t = temperature of the waste near the drill string at time t,
T5 = temperature of the bulk waste, and
~x = thickness of the area affected by the drill.

This criterion accounts for the heating of the waste surrounding the drill string.
The equation predicts that the stability decreases with time because frictional heating
of the waste reduces heat transfer. Significant heating only occurs near the drill bit.
The length of the drill bit is -3 in., and the minimum penetration rate is
-0.5 in./min. Therefore, heating caused by drilling affects the waste at a given
location for <10 min. The lower bound on waste thermal diffusivity is 0.0008 cm2/s,
a bounding temperature for all flammable-gas tanks is 95°C, and the thickness of
material affected by the drill is assumed to be 0.5 em. The limiting self-heating rate,
given the temperature control of 160°C, is 9.0°C/min. The heating rate used in the
DSC and RSST is 1 to IO°C/min; therefore, these devices should be able to detect self
heating rates of <9.0°C. Therefore, the onset temperature measured by these devices
should be a conservative estimate of the stability limit. Equation (G-2) is used to
relate this self-heating rate to the self-heating rate observed in the ARC. As stated
above, the cJ> factor is -4 for the experiments discussed in Ref. 5. Therefore, the
reaction should be stable if the self-heating rate measured for the ARC tests in Ref. 5
is <2.3°C/min. Below the onset temperature, the self-heating rate is <O.025°C/min;
therefore, the experiments with waste surrogates support the proposition that a
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thermal runaway does not occur at 160°C. The self-heating rate for the waste
simulant at 160°C is -O.03°C/min. Although this value is greater than the criteria
for determining the onset temperature, it is much less than the stability lirr.:t. The
self-heating rate data obtained from the ARC supports the 160°C temperature limit.

Time is also considered. The adiabatic induction time can be estimated from
Eg. (G-3). A lower bound for the adiabatic induction time at 160°C-is 54 min. This
estimate is greater than the maximum time allowed for drilling a segment. Because
the system is not adiabatic, the actual induction time will be greater than the
adiabatic induction time. Thus, the duration of the operation at 160°C is too short
IOr a thermal runaway to be a problem.

The margins for the critical self-heating rate and the adiabatic induction time are
smaller on the macroscopic scale than they are for waste fragments. The lesser
margin justifies setting the temperature limit below the minimum measured onset
temperature. Also, the temperature limit for the macroscopic scale is based on an
assumed heating time of 10 min. No experiments have been performed in which
actual waste samples, waste simulants, or waste surrogates were maintained at 120°C
for >10 min. Additional tests are required to confirm that local heating of the waste
for>10 min is safe before the conservatism in the temperature limit may be reduced.

G.5. PROPAGATING EXOTHERMIC REACfIONS

The consequences of propagating an exothermic reaction are serious. The criterion
of no local runaway reaction provides protection against propagating exothermic
reactions. Because the consequences are very severe and because exceeding the
temperature limits is credible, additional measures are required to prevent a
propagating exothermic reaction. Rotary-mode sampling should not be performed
in tanks in which a propagating exothermic reaction can occur.

G.5.1. Review of Criteria

Criteria have been proposed for evaluating the possibility of a propagating
exothermic reactions in the waste.ll According to these criteria, no propagation is
possible if one of following conditions is satisfied:

{
TOC (wt.%) < 4.5 + 0.15· (wt.% H 20) or (G-6)

20%~wt.%H20

These criteria are based on experimental data for waste surrogates,12 and they are
plotted in Fig. G-l.

Chemical energy density is used in the chemical process industries to screen for
potential reactive chemical hazards.8 This method may also be useful in evaluating
reactive chemical hazards in the Hanford waste tanks. In this method, the degree of
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hazard as a function of enthalpy of reaction is given in Table G-l. A low degree of
hazard means that a deflagration is possib1e but not likely.

If the chemical energy density criteria are used to evaluate the potential for a
propagating exothermic reaction, a low degree of hazard should be sufficient
protection considering that controls have been established to prevent local runaway
reactions. Therefore, the heat of reaction must exceed -300 cal-fg waste in dry waste
for a propagating exothermic reaction to occur. Evaporation of water will provide
additional protection against propagation. Therefore, basic energy density limit will
be modified to account for the heat of vaporization of water. In wet waste,
propagating reactions are assumed to be impossible if the heat of reaction does not
exceed -300 callg waste minus the latent heat of vaporization of water.

In order to compare the chemical energy density approach used as a screening in the
Chemical Process Industries to the criteria given by Eg. (G-6), the heat of reaction is
required. The largest heat of reaction was determined using linear programming,
which is the method used by the American Society for Testing and Materials
(ASTM) in the CHETAH program for evaluating reactive chemical hazards. A
maximum value of -9.7 kcal/g total organic carbon (TOC) was obtained for the
oxidation of sodium hydroxy-ethanol-diamine-triacetic acid (NaHEDTA).
NaHEDTA was one of the complexants used at Hanford. Decomposition of
NaHEDTA and other complexants into less energetic compounds is expected as a
result of radiolysis. Therefore, the heat of reaction of -9.7 cal/g TOC is a bounding
value rather than a realistic estimate of the heat of reaction. Based on data for waste
surrogates, a heat of reaction of -6.0 kcallg TOC should be typical of actual waste
samples.5

•
7

By assuming a heat of reaction of -6.0 kcal/g, the maximum TOC content can be
estimated as a function of the moisture content. The limit based on a chemical
energy density of 300 cal/g waste is plotted in Fig. G-l. This limit approximates the
criteria proposed by Webb et al. ll for water content <20 wt %, which indicates that
the 300 cal/g waste is a reasonable limit. This comparison demonstrates that the
criterion given by Eg. (G-6) is equivalent to the chemical energy density method for
the waste surrogates.

G.5.2. Probability of a Propagating Exothermic Reaction

Because the consequences of a large scale propagating reaction are not acceptable, the
working criterion for evaluating safety is whether this accident is credible (Le., has a
frequency>10-6Iyr). The frequency of a large-scale propagating reaction is estimated
using an event-tree model of waste variability. Although this SA applies only to
flammable-gas tanks, all 10o-series single-shell tanks (SSTs) were considered in this
appendix. There are currently 19 single-shell flammable-gas tanks: A-lOl, AX-lOl,
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Fig. G-l. Proposed criteria for no propagation of exothermic reactions in the waste.

TABLEG-t
DEGREE OF HAZARD AS A FUNCTION OF ENTHALPY OF DECOMPOSmON OR

REACTION

Degree Maximum Enthalpy of Possible Qualitative Interpretations
of Haz.ard Decomposition/Reaction of the

(kcal/g) Oassifications
High < -0.7 Violently exothermic;

detonation likely
Medium -0.3 to -0.7 Exothermic; detonation possible;

defla~ation likely
Low -0.1 to-o.3 Deflagration possible
Very Low >-0.1 PropaRation unlikely
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AX-I03, 5-102, 5-111, 5-112, SX-I0l, 5X-I02, 5X-I03, SX-I04, SX-l05, SX-I06, SX-I09, T
110, V-I03, V-lOS, V-l07, V-lOB, and V-l09. ll Twenty-three additional tanks have
been listed as possible flammable-gas tanks: A-l03, BX-l07, BY-lOI, BY-I02, BY-l05,
BY-l06, BY-l09, C-l04, C-l07, 5-101, 5-103, 5-105, 5-106, 5-107, 5-109, TX-l02, TX-11l,
TX-112, TX-113, TX-115, V-l02, and V-I06. The following tanks have a potential to
be added to the list: B-lll, B-20l, B-202, 5-104, T-20l, T-202, T-W3-, T-204, TX-116, TX
117, V-110, and V-111.

G.5.2.1. Event-Tree Analysis
The sequence of events leading to a propagating reaction must be determined in an
event-tree analysis to evaluate the frequency of a propagating reaction accident.
Three things must happen in order for a propagating exothermic reaction to occur:
(1) the drilling controls must be exceeded, which will cause heating of the waste,
(2) the drill temperature must increase to the ignition temperature of the waste, and
(3) the failure must occur in waste sufficiently rich in organics to support
propagation.

The waste surrogate data indicate that both TOC concentration and the distribution
of organic species affect the ability of the waste to support a propagating reaction. 13

The variability of heat of reaction observed in samples taken from Tank 241-SY-101
indicates variability in the distribution of organic species within a tank.14 At least
two variables are required to characterize the organic compounds. Heat of reaction
and wt % TOC are used in the study. Because heat of reaction is used to characterize
the organic compounds, the chemical energy density is used to evaluate the
probability of a propagating exothermic reaction. It is easier to incorporate
variability into the organic compounds by using the energy density method than by
using the criteria given by Eq. (G-6).

An event tree for evaluating the probability of a propagating reaction is shown in
Fig. G-2. The initiating event in the event tree corresponds to exceeding one -of the
drilling controls. Based on a reliability analysis of the operation, the frequency of
violating a drilling control is 2.3 x 1D-4/yr.

Violating one of the drilling controls will cause the waste to heat. Bounding tests
perfonned using a dry pumice block indicate that failure of a control could result in
temperatures in excess of waste ignition temperature. In real waste, the maximum
temperature will depend on the hardness of the waste and the moisture content.
The ignition temperature also is expected to vary. Because of the factors, the
probability of ignition given failure of the controls is <1.0; however, there is
insufficient data and understanding to quantify the probability. Therefore, the
probability of ignition given a control failure is assumed to be 1.0.
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Fig. G-2. Event tree for propagating exothermic reactions.

To simplify the analysis, the variability heat of reaction is incorporated into the
event-tree model by using two bins: a low-heat-of-reaction bin and a high-heat-of
reaction bin. The first bin is waste with a heat of reaction <-6.5 kcal/g TOC. The
second bin is waste with a heat of reaction between ~.5 kcal/g TOC and the bound
value of -9.7 kcal/g TOC. The high heat of reaction compounds are the original
organic complexants, so high heat of reaction bin represents waste rich in these
organic compounds. Because of degradation of the organic complexants with time, a
zone or layer rich in the original complexants is very unlikely. The probability of
drilling control failure in a zone containing high heat of reaction organic
compounds is assumed to be 0.1. Core sample data from Tank. 241-SY-101 are
consistent with this assumption.

The final branch in the event tree determines whether the waste exceeds the
chemical energy density criterion. The chemical energy density limit is a function of
the heat of reaction bin, the TOC concentration, and the moisture content. Because
the drill is assumed to fail ata random location in the waste, the probability of
exceeding the limit is equal to the fraction of the waste that exceeds the limit. There
are two possible methods of evaluating this probability: (1) statistical analysis of data
and (2) evaluation of the fill history. These. two methods are complementary.
Statistical methods quantify the observed variability, which cannot be determined
from the current analysis of waste history. Analysis of waste history can be used to
identify the possibility of remnant organic layers that cannot be detected by statistical·
analysis. The statistical estimates of probability are based on Pacific Northwest
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National Laboratory's (PNNL's) analysis of variance (ANOVA) modelY Estimates
based on fill history were obtained from a' review of work performed at Los Alamos
National Laboratory.15

As shown in Fig. G-2, only two branches of the event tree corresponding to
propagating exothermic reaction. The frequency of a propagating reaction is the
sum of the frequencies for these two branches. - --

where

[

pr(LOW Mi rx )· Pr(Exceeding LimitlLow ABrx ) +J
f = f· .
prop 1 Pr(High Mirx ). Pr(Exceeding LimitlHigh Mi rx ) ,

fprop = frequency of a propagating reaction, and
fi = frequency of the initiating event.

(G-7)

PNNL provided probability estimates obtained from their ANOYA model for all
single-shell tanks.16 The results for lOa-series tanks are given in Table G-2. Both the
median value and the 95% upper bound are given. The frequencies of propagating
reactions were computed for each lOa-series tank. The results are given in
Table G-3. The table contains estimates based on the median values predicted by the
ANOYA model, as well as estimates based on the 95% upper bound. Safety
decisions should be based on the· 95% upper bound because it accounts for the
uncertainty associated with estimating the probabilities for tanks with no waste
sample data.

Two factors were considered in evaluating waste history: the maximum TOC
concentration in the organic remnant layer and the volume of the high TOC
remnant layer. The TOC concentration is related to the reactivity of the waste in the
remnant layer, and the probability of violating a drilling control in an organic
remnant layer is related to its volume. Two problem tanks, A-I06 and C-I07, were
identified by this method. Tank C-I03 is also a problem because it contains a floating
organic layer. This SA does not address exothermic reactions of a floating organic
layer.
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TABLE G-2
ANOVA MODEL PREDICTIONS OF THE FRACTION OF WASTE THAT IS

REACTIVE

,
Low Heat of Reaction _ High HealDf Reaction

Tank Assay Data Waste Waste
Number

Available
Median 95% Bound Median 95% Bound

I
I A-lot Yes 1.5 x 10-6 2.0 x 10-4 5.0 x 10-4 9.1 x 10-3I

A-I02 Yes 1.2 x 10-5 1.3 x 10-3 2.5 x 10-3 5.0 x 10-2

A-I03 Yes 1.6 x 10-6 1.7 x 10-4 6.0 x 10-4 1.0 x 10-2

A-I04 No 2.9 x 10-7 8.6 x 10-4 1.5 x 10-4 3.6 x 10-2

A-lOS No 4.4 x 10-8 5.8 x 10-4 3.8 x 10-5 3.1 x 10-2

A-106 Yes 1.6 x 10-6 4.5 x 10-4 6.2 x 10-4 1.5 x 10-2

AX-101 No 1.2 x 10-7 1.8 x 10-4 4.4 x 10-5 1.0 x 10-2
AX-102 Yes 2.5 x 10-3 3.5 x 10-2 9.2 x 10-2 2.7 x 10-1

AX-103 No 1.4 x 10-7 4.1 x 10-4 7.4 x 10-5 1.3 x 10-2
i AX-I04 No 6.0 x 10-8 1.1 x 10-3 4.3 x 10-5 2.9 x 10-2

B-101 No 1.6 x 10-7 5.8 x 10-4 7.1 x 10-5 1.1 x 10-2

B-102 No 1.2 x 10-6 1.3 x 10-3 2.2 x 10-4 4.1 x 10-2

B-103 Yes 0.0 3.7 x 10-9 3.2 x 10-9 3.4 x 10-6
B-104 No 0.0 2.1 x 10-8 5.0 x 10-9 2.3 x 10-5

B-105 No 7.6 x 10-8 1.6 x 10-4 5.2 x 10-5 7.6 x 10-3

B-I06 No 1.7 x 10-10 5.1 x 10-6 5.1 x 10-7 6.8 x 10-4
B-107 No 5.7 x 10-12 1.0 x 10-6 3.9 x 10-8 1.6 x 10-4
B-108 No 1.4 x 10-10 3.1 x 10-6 4.2 x 10-7 8.6 x 10-4
B-109 No 2.1 x 10-10 4.9 x 10-6 2.9 x 10-7 6.0 x 10-4
B-110 Yes 0.0 4.5 x 10-11 1.1 x 10-11 7.4 x 10-8

B-111 Yes 3.1 x 10-13 1.7 x 10-8 2.5 x 10-8 9.5 x 10-6

B-112 No 2.8 x 10-11 1.6 x 10-6 4.3 x 10-7 1.0 x 10-3

BX-1ot No 1.6 x 10-9 1.3 x 10-5 2.0 x 10-6 1.5 x 10-3

BX-102 No 2.3 x 10-10 4.2 x 10-6 3.3 x 10-7 6.3 x 10-4
BX-103 No 2.2 x 10-12 2.9 x 10-7 1.3 X 10-7 2.0 x 10-4
BX-104 Yes 4.3 x 10-8 5.5 x 10-5 2.8 x 10-5 2.8 x 10-3
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TABLE G-2 (cant)

ANOVA MODEL PREDICTIONS OFTHE FRACTION OF WASTE THAT IS
REACTIVE

Low Heat of Reaction High Heat of Reaction
Tank Assay Data Waste '- Wcrste

Number
Available

Median 95% Bound Median 95% Bound

BX-10S Yes 2.6 x 10-8 4.9 x 10-5 6.5 x 10-6 1.9 x 10-3

BX-106 No 5.2 x 10-11 8.2 x 10-6 2.6 x 10-7 5.0 x 10-4
BX-107 Yes 0.0 1.7 x 10-9 3.8 x 10-10 7.6 x 10-7

BX-108 No 3.7 x 10-10 1.5 x 10-5 3.0 x 10-7 8.9 x 10-4
BX-109 No 9.6 x 10-8 2.3 x 10-4 5.3 x 10-5 9.8 x 10-3

BX-110 Yes 3.2 x 10-10 2.3 x 10-7 3.1 x 10-7 1.9 x 10-5

BX-ll1 No 2.7 x 10-10 2.7 x 10-6 4.1 x 10-7 2.5 x 10-4
BX-l12 Yes 32 x 10-9 6.6 x 10-6 5.3 x 10-6 5.6 x 10-4
BY-101 No 1.4 x 10-7 2.6 x 10-4 6.1 x 10-5 9.4 x 10-3

BY-102 No 1.8 x 10-7 2.8 x 10-4 6.8 x 10-5 1.1 x 10-2

BY-103 No 4.5 x 10-7 3.0 x 10-4 8.4 x 10-5 1.0 x 10-2

BY-104 Yes 12 x 10-7 3.1 x 10-4 5.3 x 10-5 7.6 x 10-3

BY-105 No 1.7 x 10-7 3.3 x 10-4 5.7 x 10-5 7.5 x 10-3

BY-106 Yes 8.5 x 10-9 1.8 x 10-6 3.3 x 10-6 8.1 x 10-5

BY-107 No 2.8 x 10-7 4.0 x 10-4 6.8 x 10-5 1.1 x 10-2

BY-108 No 1.6 x 10-7 6.2 x 10-4 4.6 x 10-5 1.1 x 10-2

BY-109 No 1.1 x 10-7 2.1 x 10-4 4.7 x 10-5 1.1 x 10-2

BY-110 No 2.4 x 10-7 3.9 x 10-4 5.6 x 10-5 7.6 x 10-3

BY-1ll No 1.3 x 10-7 2.5 x 10-4 4.6 x 10-5 1.1 x 10-2

BY-1l2 No 1.6 x 10-7 2.4 x 10-4 7.7 x 10-5 6.9 x 10-3

C-101 No 4.1 x 10-7 7.0 x 10-4 1.3 x 10-4 1.9 x 10-2

C-102 No 1.1 x 10-7 1.8 x 10-4 4.5 x 10-5 8.1 x 10-3

C-103 Yes 3.4 x 10-7 2.8 x 10-4 2.8 x 10-4 1.4 x 10-2

C-104 No 3.8 x 10-7 1.6 x 10-4 1.2 x 10-4 5.9 x 10-3

C-105 No 8.2 x 10-8 1.5 x 10-5 3.9 x 10-5 2.0 x 10-3

C-106 No 6.4 x 10-9 8.1 x 10-6 6.4 x 10-6 7.6 x 10-4
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TABLE G-2 (cont)
ANOVA MODEL PREDICTIONS OFTHE FRACTION OF WASTE THAT IS

REACTIVE

Low Heat of Reaction High Heat of Reaction
Tank Assay Data Waste - Waste

Number
Available

Median 95% Bound Median 95% Bound

C-107 No 1.6 x 10-7 2.7 x 10-4 4.3 x 10-5 1.1 x 10-2

C-108 Yes 1.1 x 10-11 2.1 x 10-8 9.4 x 10-8 9.1 x 10-6

C-109 Yes 7.0 x 10-9 4.1 x 10-7 1.3 x 10-5 1.9 x 10-4
C-110 Yes 0.0 2.6 x 10-9 4.2 x 10-9 4.9 x 10-6

C-111 Yes 0.0 1.0 x 10-8 1.3 x 10-8 6.2 x 10-6

C-1l2 Yes 6.0 x 10-9 5.5 x 10-7 2.0 x 10-5 3.2 x 104
5-101 No 3.7 x 10-7 5.5 x 10-4 9.0 x 10-5 1.1 x 10-2

5-102 No 1.3 x 10-7 2.4 x 10-4 5.3 x 10-5 7.3 x 10-3

5-103 No 6.1 x 10-7 4.8 x 10-4 1.3 x 10-4 1.7 x 10-2

5-104 No 1.5 x 10-11 6.1 x 10-8 1.0 x 10-7 2.2 x 10-5

5-105 No 2.1 x 10-7 2.2 x 10-4 5.7 x 10-5 7.8 x 10-3

5-106 No 6.2 x 10-7 6.3 x 10-4 7.7 x 10-5 1.3 x 10-2

5-107 No 3.8 x 1Q-8 8.2 x 10-5 2.6 x 10-5 4.1 x 10-3

5-108 No 1.1 x 10-7 2.5 x 104 4.7 x 10-5 6.6 x 10-3

5-109 Yes 1.1 x 10-11 1.1 x 10-7 2.8 x 1Q-8 1.9 x 10-5

5-110 No 2.4 x 10-7 2.9 x 10-4 4.9 x 10-5 7.9 x 10-3

5-111 No 9.5 x 10-5 2.6 x 10-3 4.0 x 10-3 3.3 x 10-2

5-112 No 1.9 x 10-7 2.5 x 10-4 4.8 x 10-5 8.2 x 10-3

5X-101 No 5.1 x 10-7 6.8 x 10-4 8.0 x 10-5 1.1 x 10-2

·5X-102 Yes 6.7 x 10-7 1.2 x 10-4 1.0 x 10-4 2.7 x 10-3

5X-103 No 8.4 x 1Q-8 1.2 x 10-4 4.5 x 10-5 8.3 x 10-3

5X-104 No 4.1 x 10-7 3.8 x 10-4 7.3 x 10-5 9.3 x 10-3

5X-105 No 2.1 x 10-7 3.2 x 10-4 6.5 x 10-5 8.4 x 10-3

5X-106 No 4.2 x 10-7 3.0 x 10-4 8.7 x 10-5 9.7 x 10-3

5X-107 No 1.9 x 10-10 4.5 x 10-6 3.3 x 10-7 8.0 x 104
5X-108 No 1.9 x 10-10 7.9 x 10-6 3.0 x 10-7 5.8 x 104
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TABLE G-2 (cont)
ANOVA MODEL PREDICTIONS OF THE FRACTION OF WASTE THAT IS

REACTIVE

Low Heat of Reaction High Heat of Reaction
Tank Assay Data Waste I- waste

Number
Available

Median 95% Bound Median 95% Bound

SX-109 No 2.1 x 10-7 4.5 x 10-4 7.8 x 10-5 1.1 x 10-2

SX-110 No 2.2 x 10-10 7.7 x 10-6 6.1 x 10-7 9.3 x 10-4
SX-111 No 1.6 x 10-10 5.2 x 10-6 4.0 x 10-7 1.5 x 10-3

SX-1l2 No 1.4 x 10-10 5.8 x 10-6 4.6 x 10-7 5.2 x 10-4
SX-1l3 No 2.1 x 10-11 9.3 x 10-7 2.3 x 10-7 4.7 x 10-4
5X-1l4 No 7.6 x 10-11 7.7 x 10-6 3.0 x 10-7 3.5 x 10-4
SX-1l5 No 5.4 x 10-11 1.3 x 10-5 3.0 x 10-7 1.5 x 10-3

T-101 No 2.2 x 10-10 7.6 x 10-6 3.3 x 10-7 9.7 x 10-4
T-102 Yes 0.0 3.4 x 10-7 1.0 x 10-8 82 x 10-5

T-103 No 5.7 x 10-11 6.0 x 10-6 2.2 x 10-7 7.3 x 10-4
T-104 Yes 0.0 1.0 x 10-10 5.6 x 10-10 3.7 x 10-7

T-105 Yes 4.7 x 10-10 2.1 x 10-7 1.5 x 10-6 6.6 x 10-5

T-106 No 9.7 x 10-10 4.3 x 10-5 1.0 x 10-6 4.4 x 10-3

T-107 Yes 4.0 x 10-12 1.5 x 10-9 5.6 x 10-9 3.7 x 10-7

T-108 No 4.1 x 10-8 3.3 x 10-4 5.0 x 10-6 3.8 x 10-3

T-109 No 2.4 x 10-10 5.8 x 10-6 4.5 x 10-7 5.7 x 10-4
T-110 No 2.5 x 10-8 9.0 x 10-5 2.7 x 10-5 7.4 x 10-3

T-ll1 Yes 3.8 x 10-11 2.1 x 10-8 9.4 x 10-7 4.7x 10-5

T-112 No 0.0 6.4 x 10-7 3.1 x 10-8 1.5 x 10-4
TX-101 No 2.0 x 10-7 5.9 x 10-4 8.5 x 10-5 1.9 x 10-2

TX-102 Yes 1.4 x 10-9 1.7 x 10-6 2.8 x 10-6 4.5 x 10-4
TX-103 No 1.6 x 10-10 2.5 x 10-6 2.7 x 10-7 5.7 x 10-4
TX-104 No 1.6 x 10-7 4.6 x 10-4 1.1 x 10-4 1.6 x 10-2

TX-105 No 8.9 x 10-8 1.5 x 10-4 4.5 x 10-5 7.6 x 10-3

TX-106 No 6.8 x 10-8 1.4 x 10-4 3.9 x 10-5 7.3 x 10-3

TX-107 No 3.0 x 10-7 92 x 10-4 12 x 10-4 3.0 x 10-2

TX-108 No 1.3 x 10-7 22 x 10-4 6.7 x 10-5 1.2 x 10-2
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TABLE G·2 (con"
ANOVA MODEL PREDICTIONS OFTHE FRACTION OF WASTE THAT IS

REACTIVE

Low Heat of Reaction High Heat of Reaction
Tank Assay Data Waste ~ Waste

Number
Available

Median 95% Bound Median 95% Bound

TX-109 No 1.6 x 10-7 2.9 x 10-4 4.5 x 10-5 7.7 x 10-3

TX-110 No 8.2 x 10-8 1.7 x 10-4 3.8 x 10-5 7.1 x 10-3

TX-111 No 1.1 x 10-7 1.9 x 10-4 4.2 x 10-5 1.0 x 10-2

TX-1l2 No 6.1 x 10-8 1.8 x 10-4 3.4 x 10-5 4.7 x 10-3

TX-1l3 No 6.5 x 10-8 1.3 x 10-4 3.5 x 10-5 5.1 x 10-3

TX-114 No 5.6 x 10-8 1.5 x 10-4 3.5 x 10-5 5.9 x 10-3

TX-115 No 3.9 x 10-8 1.6 x 10-4 3.6 x 10-5 9.3 x 10-3

TX-1I6 No 9.5 x 10-8 2.5 x 10-4 5.3 x 10-5 8.2 x 10-3

TX-117 No 4.7 x 10-8 1.0 x 10-4 3.2 x 10-5 5.7 x 10-3

TX-118 No 1.6 x 10-6 4.9 x 10-4 3.1 x 10-4 1.3 x 10-2

11'-101 Yes 5.1 x 10-12 1.5 x 10-7 3.0 x 10-8 3.1 x 10-5

11'-102 Yes 0.0 3.9 x lo-B 7.7 x 10-8 1.9 X 10-5

11'-103 Yes 0.0 7.0 x 10-9 3.7 x 10-8 5.3 x 10-6
11'-104 Yes 4.3 x 10-11 8.0 x 10-9 5.6 x 10-7 1.7 x 10-5

11'-105 Yes 5.0 x 10-10 2.1 x 1()-6 9.7 x 10-7 3.4 x 10-4
11'-106 Yes 1.3 x 10-10 1.7 x 10-7 4.6 x 10-7 1.2 x 10-4
U-101 No 6.6 x 10-11 5.4 x 1()-6 2.1 x 10-7 9.9 x 10-4
U-102 No 3.4 x 10-8 1.7 x 10-4 2.5 x 10-5 5.1 x 10-3

U-103 Yes 4.5 x 10-5 2.6 x 10-3 1.6 x 10-3 2.9 x 10-2

U-104 No 12 x 10-7 3.4 x 10-4 72 x 10-5 1.5 x 10-2

U-105 Yes 7.5 x 10-4 1.7 x 10-2 2.1 x 10-2 1.9 x 10-1

U-106 No 8.5 x 10-7 7.4 x 10-4 1.4 x 10-4 1.8 x 10-2

U-107 No 6.4 x 10-7 6.5 x 10-4 1.3 x 10-4 1.3 x 10-2

U-108 No 5.3 x 10-7 3.8 x 10-4 8.1 x 10-5 12 x 10-2

U-I09 No 4.5 x 10-7 5.5 x 10-4 1.2 x 10-4 1.0 x 10-2

U-lIO Yes 3.3 x 10-11 2.9 x 10-9 8.8 x 10-9 2.3 x 10-7

U-lIl Yes 1.0 x 10-7 8.1 x 10-5 6.4 x 10-5 4.1 x 10-3

U-1I2 No 1.1 x 10-10 7.6 x 1()-6 4.2 x 10-7 8.3 x 10-4
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TABLE G-3
FREQUENCY OF A PROPAGATING EXOTHERMIC REACTION AS A RESULT OF

ROTARY MODE CORE SAMPLING

Assay
Freq.tencyofPropagption (yr-l)

Tank Flamma1:i~ Sample· Data
Number Gas Tank Status Available Best Estimate 95% Bound

A-101 Yes Pushed Yes 1 x 10-8 3 x 10-7

A-102 No Yes 6 x 10-8 1 x 10-6
A-103 Possible Yes 1 x 10-8 3 x 10-7

A-104 No No 4 x 10-9 1 x 10-6
A-105 No No 9 x 10-10 8 x 10-7

A-106 No Yes 2 x 10-8 5 x 10-7

AX-I 01 Yes No 1 x 10-9 3 x 10-7

AX-102 No Pushed Yes 3 x 10-6 1 x 10-5

AX-103 Yes No 2 x 10-9 4 x 10-7

AX-104 No No 1 x 10-9 9 x 10-7

B-101 No No 2 x 10-9 4 x 10-7

B-102 No Pushed No 5 x 10-9 1 x 10-6
B-103 No Yes 7 x 10-14 8 x 10-11

B-104 No Pushed No 1 x 10-13 5 x 10-10

B-105 No Pushed No 1 x 10-9 2 x 10-7

B-106 No No 1 x 10-11 2 x 10-8
B-107 No No 9 x 10-13 4 x 10-9

B-108 No No 1 x 10-11 2 x 10-8
B-109 No No 7 x 10-12 2 x 10-8
B-110 No Yes 3 x 10-16 2 x 10-12

B-ll1 No Yes 6 x 10-13 2 x 10-10

B-112 No No 1 x 10-11 2 x 10-8

BX-101 No No 5 X 10-11 4 x 10-8
BX-102 No No 8 x 10-12 2 x 10-8

BX-103 No No 3 x 10-12 5 x 10-9

BX-104 No Yes 7 x 10-10 8 x 10-8

BX-105 No Yes 2 x 10-10 5 x 10-8
BX-106 No No 6 x 10-12 1 x 10-8
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TABLE G-3 (cont)
FREQUENCY OF A PROPAGATING EXOTHERMIC REACTION AS A RESULT OF

ROTARY MODE CORE SAMPLING

Fre<pencyofPropagation (yr-l)
Assay ~ -

Tank FlammaHe- Sample· Data
Number Gas Tank Status Available Best Estimate 95% Bound

BX-l07 Possible Yes 9 x 10-15 2 x 10-11

BX-IOB No No 7 x 10-12 2 x 10-8

BX-l09 No No 1 x 10-9 3 x 10-7

BX-110 No Yes 7 x 10-12 S x 10-10

BX-ll1 No Pushed No 1 x 10-11 6 x 10-9

BX-1l2 No Yes 1 x 10-10 1 x 10-8

BY-101 Possible No 1 x 10-9 3 x 10-7

BY-102 Possible Pushed No 2 x 10-9 3 x 10-7

BY-l03 No Pushed No 2 x 10-9 3 x 10-7

BY-104 No Yes 1 x 10-9 2 x 10-7

BY-lOS Possible Pushed No 1 x 10-9 2 x 10-7

BY-106 No Pushed Yes S x 10-11 2 x 10-9

BY-107 No No 2 x 10-9 3 x 10-7

BY-lOS No No 1 x 10-9 4 x 10-7

BY-109 Possible Pushed No 1 x 10-9 3 x 10-7

BY-110 No No 1 x 10-9 3 x 10-7

BY-ll1 Possible No 1 x 10-9 3 x 10-7

BY-l12 No No 2 x 10-9 2 x 10-7

C-101 No No 3 x 10-9 6 x 10-7

C-102 No No 1 x 10-9 2 x 10-7

C-103 No Yes 6 x 10-9 4 x 10-7

C-104 Possible No 3 x 10-9 2 x 10-7

C-10S No No 9 x 10-10 S x 10-8
C-106 No No 2 x 10-10 2 x 10-8
C-107 Possible No 1 x 10-9 3 x 10-7

C-1DS No Yes 2 x 10-12 2 x 10-10

C-109 No Yes 3 x 10-10 4 x 10-9
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TABLE G-3 (cant)
FREQUENCY OF A PROPAGATING EXOTHERMIC REACTION AS A RESULT OF

ROTARY MODE CORE SAMPLING

Assay
FreqJencyofPropar;mon (yr-1)

Tank Flammalie- Sample· Data
Number Gas Tank Status Available Best Estimate 95% Bound

C-110 No Yes 1 x 10-13 1 x 10-10

C-1l1 No Yes 3 x 10-13 2 x 10-10

C-1l2 No Yes 5 x 10-10 7 x 10-9

5-101 Possible No 2 x 10-9 4 x 10-7

5-102 Yes No 1 x 10-9 2 x 10-7

5-103 Possible No 3 x 10-9 5 x 10-7

5-104 Possible Yes 2 x 10-12 5 x 10-10

5-105 Possible No 1 x 10-9 2 x 10-7

5-106 Possible No 2 x 10-9 4 x 10-7

5-107 Possible No 6 x 10-10 1 x 10-7

5-108 No No 1 x 10-9 2 x 10-7

5-109 Possible Yes 7 x 10-13 5 x 10-10

5-110 No No 1 x 10-9 2 x 10-7

5-111 Yes Yes 1 x 10-7 1 x 10-6
5-112 Yes No 1 x 10-9 2 x 10-7

5X-101 Yes No 2 x 10-9 4 x 10-7

5X-102 Yes Yes 3 x 10-9 9 x 10-8

5X-103 Yes No 1 x 10-9 2 x 10-7

5X-104 Yes No 2 x 10-9 3 x 10-7

5X-105 Yes No 2 x 10-9 3 x 10-7

5X-106 Yes No 2 x 10-9 3 x 10-7

5X-107 No No 8 x 10-12 2 x 10-8
5X-108 No No 7 x 10-12 2 x 10-8

5X-109 Yes No 2 x 10-9 3 x 10-7

5X-110 No No 1 x 10-11 2 x 10-8

5X-111 No No 9 x 10-12 4 x 10-8
5X-1l2 No No 1 X 10-11 1 x 10-8
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TABLE G-3 (cont)
FREQUENCY OF A PROPAGATING EXOTHERMIC REACTION AS A RESULT OF

ROTARY MODE CORE SAMPLING

Tank F1amma1:ie- Sample
Number Gas Tank Status

Assay
Data

Available Best Estimate 95% Bound

5X-1l3 No No 5 x 10-12 1 x 10-8

5X-1l4 No No 7 x 10-12 1 x 10-8

5X-1l5 No No 7 x 10-12 4 x 10-8

T-101 No No 8 x 10-12 2 x 10-8

T-102 No Yes 2 x 10-13 2 x 10-9

T-103 No No 5 x 10-12 2 x 10-8

T-104 No Yes 1 x 10-14 9 x 10-12

T-105 No Yes 3 x 10-11 2 x 10-9

T-106 No No 2 x 10-11 1 x 10-7

T-107 No Yes 1 x 10-13 9 x 10-12

T-108 No No 1 x 10-10 2 x 10-7

T-109 No No 1 x 10-11 1 x 10-8

T-110 Yes No 6 x 10-10 2 x 10-7

T-111 No Yes 2 x 10-11 1 x 10-9

T-112 No No 7 x 10-13 4 x 10-9

TX-101 No No 2 x 10-9 6 x 10-7

TX-102 Possible Yes 7 x 10-11 1 x lo-B
TX-103 No No 6 x 10-12 1 x lo-B
TX-104 No No 3 x 10-9 5 x 10-7

TX-105 No No 1 x 10-9 2 x 10-7

TX-106 No No 9 x 10-10 2 x 10-7

TX-107 No No 3 x 10-9 9 x 10-7

TX-108 No No 2 x 10-9 3 x 10-7

TX-109 No No 1 x 10-9 2 x 10-7

TX-110 No No 9 x 10-10 2 x 10-7

TX-1l1 Possible No 1 x 10-9 3 x 10-7

TX-1l2 Possible No 8 x 10-10 2 x 10-7
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TABLE G-3 (cont)
FREQUENCY OF A PROPAGATING EXOTHERMIC REACTION AS A RESULT OF

ROTARY MODE CORE SAMPLING

FrecpencyofPropagation (yr-l)
Assay - -

Tank FlammaHe- Sample· Data
Number Gas Tank Status Available Best Estimate 95% Bound

TX-113 Possible No 8 x 10-10 1 x 10-7

TX-114 No No 8 x 10-10 2 x 10-7

TX-llS Possible No 9 x 10-10 3 x 10-7

TX-ll6 Possible No 1 x 10-9 2 x 10-7

TX-ll7 Possible No 7 x 10-10 2 x 10-7

TX-ll8 No Yes 8 x 10-9 4 x 10-7

TY-101 No Yes 7 x 10-13 8 x 10-10

TY-102 No Yes 2x 10-12 S x lO-lO

TY-103 No Yes 9 x 10-13 1 x 10-10

TY-104 No Yes 1 x 10-11 4 x 10-10

TY-10S No Yes 2 x 10-11 8 x 10-9

TY-106 No Yes 1 x 10-11 3 x 10-9

V-101 No No S x 10-12 2 x 10-8

V-102 Possible Pushed No 6 x lO~lO 2 x 10-7

V-103 Yes Pushed Yes S x 10-8 1x1~

V-104 No No 2 x 10-9 4 x 10-7

V-lOS Yes Yes 6 x 10-7 8x1~

V-106 Possible Pushed No 3 x 10-9 6 x 10-7

V-107 Yes No 3 x 10-9 4 x 10-7

V-108 Yes No 2 x 10-9 4 x 10-7

V-109 Yes Pushed No 3 x 10-9 4 x 10-7

V-110 Possible Yes 2 x 10-13 6 x 10-12

V-1ll Possible Pushed Yes 2 x 10-9 1 x 10-7

V-ll2 No No 1 x 10-11 2 x 10-8
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G.5.2.2. Summary
Safety decisions should be based on the 95"% upper-bound frequency estimates given
in Table G-3. Fill history considerations indicate that core drilling in Tanks A-I06
and C-I07 may be a problem because these tanks m::y contain a significant organic
remnant layer. Floating organic layers have not been addressed; therefore, core
drilling in Tank C-I03 is not covered by this SA. Only those tanks that are
designated as flammable-gas tanks and that are listea. in Table -c-3 are within the
scope of this SA. This SA does not address reactivity hazards associated with
ferroeyanide compounds because none of the current flammable-gas tanks are on
the ferrocyanide watchlist. The tanks currently on the ferrocyanide watchlist are
BY-103, BY-104, BY-IDS, BY-106, BY-107, BY-IDS, BY-llO, BY-l1I, BY-l12, C-10B, C-109,
C-111, C-112, T-107, TX-l1B, 1"1-101, 1"1-103, and 1"1-104.

G.6. CRUST IGNITION CAUSED BY IMPACT

This section assesses the possibility of causing a propagating crust ignition as a result
of a drill-string drop. The drill string is held by a hydraulic foot clamp during rotary
mode sampling operations. If the clamp fails (although this is unlikely), the drill
string could be dropped on the crust. The impact kinetic energy of the drill string is
identified as a crust-ignition hazard because some of the crust or waste is being
heated past its ignition temperature. In this section we examine the crust ignition
issue.

G.6.1. Kinetic Energy Determination

A key variable controlling the heat input is the kinetic energy of the drill string.
Kinetic energy is maximized at a certain drop height because the weight of the drill
string increases and the impact velocity decreases as the drop height decreases. The
formulation of Miller (Ref. 17) is used to maximize the kinetic energy for a drop.
The kinetic energy is given by

(G-8)

where

m =the mass of the sampler in the drill string, 2.86 kg (6.3 m),
M = the mass of the drill-string column, and
V =the velocity on impact.

The maximum length of the drill string is based chosen conservatively as a 16.5-m
(648-in.) distance from the riser flange to the tank bottom. The waste depth is
minimized in Tank AX-103 at 1.07 m (42 in.). Consequently, the length of the falling
drill string is a function of the fall distance, in other words, the distance from the
bottom of the drill string to the surface of the waste.
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The impact velocity depends on the fall distance. Substitution of all terms into
kinetic energy equation gives KE as a function of fall-distance squared. From this
expression, there is a unique drop distance that maximizes the kinetic energy. This
distance is found to be 7.7 rn (25.3ft). The associated maximum kinetic energy is
estimated as 3640 J.

G.6.2. Frictional Ignition

One of the effects of drill string impact is friction between the waste particles.
Friction can ignite gun powder and other pyrotechnic rnixtures. 1B

•
19 However,

sensitivity to friction is attributed to elemental sulfur and not the organic
compounds. 1B

•
19 The waste stored at the Hanford Site is basic. Elemental sulfur is

not expected to exist under the basic conditions typical of Hanford waste; frictional
ignition is not expected.18

G.6.3. Absorption of Impact Energy

Another possible effect of drill-string impact is conversion of the kinetic energy into
heat. Based on the discussion in Section 2 of this appendix, local exothermic
reactions will not occur during drilling operations if the waste temperature is below
160°C. This criterion also applies to the impact of the drill string on a hard crust.
No local exothermic reaction will occur if the crust is not heated to 160°C.

The strain energy absorbed by the crust as a result of impact will affect a volume that
expands at a 45° angle away from the falling object. Therefore, assuming that all of
the energy is absorbed by a hemisphere with a radius equal to the radius of the drill
string is conservative. The conservative energy balance for the impact is:

where

27t 3 .
KE=-·r ·p·c ·(T-r.)3 po'

KE =kinetic energy of the falling drill string,
r = radius of the drill bit,

p = density of the crust,
T = temperature after impact, and
To =initial temperature of the crust.

(G-9)

The radius of the drill bit is 2.86 em, the bulk density of dry crust material is
assumed to be -1.35 g/em3, and the heat capacity of the waste solids is -1.8 Jig K.
The bound initial temperature is 95°C. The maximum waste temperature as a result
of impact is 126°C, so significant local exothermic reactions are not expected to occur.
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5.4. Propagation of Exothermic Reactions in a Crust

The citeria for nonpropagating exothermic reactions in the waste developed in
Section 4.1 of this appendix also apply to a crust layer. If the crust material satisfies
these criteria, exothennic reactions are not expected to propagate.

If heat transfer to the dome is neglected, the stability criterion-given by Fauske7

appliL. The critical radius required for propagation is

where

3.32.(X.R. T2

dT. E
dt a

(G-IO)

rail =critical radius,
(X = thermal diffusivity,
R = gas constant,
T =temperature of the sphere,

~T =self-heat rate, and
Ea =activation energy.

The temperature in this equation is absolute temperature. Because the crust is
assumed to be porous, the thermal diffusivity is assumed to be 0.0004 crn2/s, which
is half the value used in Section 32. The temperature is determined from Eq. (G-9).
Section 3.2 states that a conservative estimate of the activation energy is 240 kJ /mole
and that a conservative estimate of the self-heating rate at 180°C is ICC/min.
However, to extrapolate to lower temperatures, a lower activation energy is the
conservative value. The lower bound on activation energy based on Reference 5 is
20 kJ/mo!. Therefore, a conservative estimate of the self-heating rate at 126°C is
0.008 K/s, which is a very conservative estimate based on the waste surrogate and
waste simulant data. The conservative value of the critical radius is 3.3 em, which is
larger than the radius of the drill bit. Therefore, dropping the drill string on a crust
will not initiate a propagating exothermic reaction. This result is consistent with
the results for local exothermic reactions. H a drop accident does not cause
significant local exothermic reactions, there will be no propagating exothermic
reactions.

G.7. SUMMARY AND CONCLUSIONS

Local runaway reactions are a hazard in the Hanford Site waste tanks. The high
temperature produced by runaway reactions is an ignition source for flammable gas
and a local runaway may initiate self-propagating exothermic reactions in the waste.
Local runaway reactions can be prevented by establishing waste temperature limits.
The following limits are placed on temperatures:
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• The temperature of small waste fragments produced at the drill tip must
not exceed 180°C. .

• The temperature of the drill bit and the average temperature of the waste
affected by drilling must not exceed 160°C for more than 10 min.

Because failure of the controls implemented to satisfythese temperature limits can
fail, the possibility of a propagating exothermic reaction must be considered.
Because the consequences of a large-scale propagating reaction are potentially very
severe, FG/RMCS is not permitted unless it can be demonstrated that the frequency
of a propagating exothermic reaction is <1Q-6/yr. The frequency of a propagating
exothermic reaction in each tank is given in Table G-3. Safety decisions should be
based on the 95% upper bound. In addition, core drilling should not be performed
in Tanks A-I06 and C-I07 because fill history indicates that these tanks may contain
a significant organic remnant layer. This SA does not cover Tank C-103 because it
contains a floating organic layer.

The possibility of a propagating ignition in tank waste following the drop of a
sampler drill string is examined. The maximum kinetic energy was found as 3640 J
when the drill string drops 26.0 ft. This energy will not heat the waste above the
onset temperature of exothermic reactions, so there will be no local exothermic
reaction or self-propagating reaction.

G-27 August 8, 1996



WHC-SD-WM-SAD-035, Rev. O-a

G C' REFERENCES

1. L. Bretherick, Bretherick's Handbook of Reactive Chemical Hazards, 4th Ed.
(Butterworths, London, England, 1990).

2. O. Kubaschewski, C. Alcock, and P. Spencer, Materials Thermochemistry,
(Pergamon Press, Oxford, England, 1993).

3. F. Lees, Loss Prevention in the Process Industries (Butterworths, London,
England, 1980).

4. K. Jones, "Nitrogen" in Comprehensive Inorganic Chemistry, J. Bailar, Ed.
(Pergamon Press, New York, 1973).

5. D. Scheele, R. Shell, J. Sobolik, and L. Burger, "Organic Tank Safety Project:
Preliminary Results of Energetics and Thermal Behavior Studies of Model
Organic Nitrate and/or Nitrite Mixtures and a Simulated Organic Waste,"
Pacific Northwest Laboratory report PNL-10213 (August 1995).

6. N. Kirch, "Adiabatic Calorimetry (RSST and VSP) Test with Sodium Acetate,"
Westinghouse Hanford Company report WHC-EP-0683 (September 1993).

7. H. Fauske, "Waste Simulant PAS94A and Exothermicity," Fauske &
Associates, Inc., letter to Bob Cash, Joe Meacham, and Dave Turner (December
14,1995).

8. Center for Chemical Process Safety, Guidelines for Chemical Reactivity
Evaluation and Application to Process Design, American Institute of
Chemical Engineers, New York, New York (1995).

9. P. M. Francis, "Aerosol Study for the Rotary Mode Exhauster," Westinghouse
Hanford Company report WHC-SD-WM-E5-225, Rev. 1 (March 29, 1993).

10. D. A. Siebe, "Thermal Analysis of Rotary-Mode Core Drilling," Los Alamos
National Laboratory Calc-Note TSA10-CN-WT-SA-TH-111 (February 1996).

11. B. M. Hanlon, "Waste Tank Summary Report for Month Ending October 31,
1995," Westinghouse Hanford Company report WHC-EP-0182-91
Uanuary 1996).

12. J. Stewart, D. Turner, M. Plys, B. Malinovic, J. Grigsby, D. Camainoni, P.
Healser, W. Samuels, and J. Toth, "Preliminary Safety Criteria for Organic
Watch List Tanks at the Hanford Site," Westinghouse Hanford Company
report WHC-SD-WM-SARR-033 (November 1995).

G-28 August 8, 1996



WHC-SD-WM-SAD-035, Rev. O-a

13. H. Fauske, M. Epstein, D. Dickinson, R. Cash, D. Turner, and J. Meacham,
"The Contact-Temperature Ignition (CTI) Criteria for Propagating Chemical
Reactions Including the Effect of Moisture and Application to Hanford
Waste," Westinghouse Hanford Company report WHC-SD-WM-ER-496,
Rev. 0 (September 1995).

14. D. Herting, D. Bechtold, B. Crawford, T. Welsh, and L. Jensen, "Laboratory
Characterization of Samples Taken in May 1991 from Hanford Waste Tank
241-SY-101," Westinghouse Hanford Company report WHC-SD-WM-DTR
024 (1991).

15. S. Agnew, "History of Organic Carbon in Hanford HLW Tanks: HDW Model
Rev. 3," Los Alamos National Laboratory report LA-UR-96-989 (March 1996).

16. P. G. Heasler, "Reactive Waste Estimates for Hanford Single Shell Tanks",
Pacific Northwest National Laboratory letter report, August 1996.

17. W. O. Miller, "Retained Gas Sampler Drill String Drop Analysis," Los Alamos
National Laboratory Calc-Note TSA-6-CN-WT-SA-ST-075-0 Oanuary 1995).

18. G. Beitel, "Chemical Stability of Salt Cake in the Presence of Organic
Materials," Atlantic Richfield Hanford Company report ARH-LD-ll
(April 1976).

19. R. Lancaster, T. Shimizu, R. Butler, and R. Hall, Fireworks-Principles and
Practice (Chemical Publishing Co., Inc., New York, 1972).

G-29 August 8, 1996





WHC-SD-WM-SAD-035, Rev. O-a

APPENDIXH

DUST EXPLOSION IN THE DOME

H.I. INTRODUCTION

The rotary-core drilling generates a dust aerosol. Some of the --aerosol produced
during the core drilling will disperse into the vapor space of the dome, some of it
will settle on the top of the waste, and some of it will flow into the ventilation line
of the exhauster. The concentration in the dome of any given tank is discussed in
Appendix Q. The objective of this appendix is to· evaluate the possibility of dust
explosions in the dome space of a flammable-gas single-shell tank (SST).

H.2. EVALUATION OF BUREAU OF MINES EXPERIMENT

The Bureau of Mines (BOM)l performed experiments on the dust explosions. The
dust particles used in the experiments have the same particle characteristics as those
generated in the SSTs during the core-drilling operation. However, the real
composition of the salt cake in the SSTs is unknown. An appropriate salt-cake
simulant must be used. According to Reference 2, the selection of a simulant was
based largely on the follOWing criteria: (1) the average particle density dictates the
size distribution of aerosol, (2) the majority of tanks that plan to do rotary drilling
are salt-cake tanks and have a high sodium nitrate content, and (3) sodium nitrate
would be the most crystalline of all rotary-mode tank solids and therefore would be
the waste type that would form the most dust. The simulant used in the BaM
experiment covered the sodium nitrate concentration ranging from 0% to 90%.
This should cover the sodium nitrate concentration of salt cake in the SSTs.

The dust-particle distribution of simulant is another important factor in studying
dust explosion. In Reference 2, a particle distribution analysis was performed on a
dust sample generated by the rotary-mode core drilling test operations. The sample
was a single-shell tank waste simulant RBM#2, prepared by the Westinghouse
Hanford Company (WHC) Chemical Engineering Laboratory (CEL). Two methods
were used to analyze the particle distribution, (1) scanning by an optical microscope
with automatic image analysis performed by a dapple system and (2) laser diffraction
analysis performed on a Brinkman particle-size analyzer. Both sets show a size
range between 0 to 150 microns. The actual dust-particle size distribution was not
measured in the BOM experiment. However, the fuel and oxidant dusts for these
tests were pulverized and sieved through a 200-mesh screen. The test aerosols were
apparently very close to those given above.

Another important parameter in studying dust explosions is the minimum
explosion concentration. The minimum explosion concentration Jor various dusts
ranges from 0.025 to 2.0 oz/ft3 (0.1 oz/ft3 = 100 g/m3) as given in Reference 3. The
dust concentration used in the test ranged from 300 to 2000 g/m3. It covered the
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mlTIlmUm explosion concentration specified in Reference 4. Therefore, the dust
concentration was adequately selected.

The minimum cloud ignition energy for various dust concentrations is also given
in Reference 3. It ranges from 0.01 to 1.92 joules. The ignition source used in the
experiment was a very strong 5,000 J pyrotechnic igniter, which is much higher than
the minimum cloud ignition energy given in Reference 3. Therefore, the ignition
source should be able to ignite the dust simulant.

The measurement system consists of two optical dust probes measuring the
uniformity of dust probe and strain-gauge pressure transducer to measure the
pressure generated by the igniter and the pressure from any flame propagation if the
dust ignites. The pressure history and degree of mixing in the test vessel were
measured as desired.

H.3. EXPERIMENTAL RESULTS FROM BOM TESTS

The results from the BOM test are given in Reference 1. The results are
summarized below.

The mixture of 15% Nil4EDTA, 56.7% NaN03, and 28.3% NaN02 in air produced a
pressure ratio of less than one. The mixture not only did not deflagrate but actually
reduced the pressure from the igniter.

The 10% NPH, 60% NaN03, and 30% NaN02 mixture dispersed in air produced
pressure ratios greater than one. In these tests there was some burning of the NPH
fuel that was within the igniter flame, but they are still not considered to be
propagating deflagrations according to the standard propagation criteria. The
pressure rises were low. This implies that there was essentially no propagation
continuing after the igniter flame ended.

The mixture of 10% polyethylene, which ignites easily, and 90% NaN03 dispersed in
nitrogen produced less of a pressure rise than would be expected from the igniter
alone.

The pure fuels (EDTA and NPH) would be explosion hazards if dispersed in air, but
the mixture of 15% EDTA and 85% oxidant or 10% NPH and 90% oxidant would not
be considered explosion hazards when dispersed in air or nitrogen.

H.4. BOUNDING ANALYSIS

The ratio of the radionuclide concentration in the dome to the concentration in the
liquid during operation of the airlift circulators is given by R. Kimura and S.
Johnson.4 Airlift circulators were used to simulate the effect of the nitrogen cooling
during rotary-core sampling. The ratio of radionuclide concentration in the dome to
the concentration in the liquid varies from 1.8 x 10-9 to 3.5 x 10-7. Assuming the
concentration of the aerosol is the same as the liquid concentration and the waste
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density is 1.6 glem3, the concentration of waste in the dome is calculated as 0.56
g/m3. Adding 350 g to this value, which is caused by rotary-mode core sampling
(~\1CS) operations, makes a dome concentration of 0.81 glcm3

•

Examination of the available waste composition data indicates that the total organic
carbon (TOC) concentration in the waste is boundedJ?y 50 g Tq:;L. In terms of
weight percentage, it is estimated as 3.1 wt%. The organic carbon concentration in
the dome is found as 0.025 g TOC/m3.

The organic compounds in the waste are a complex mixture of degradation products
of the chelating agents. It is very difficult to estimate the heat of combustion of this
mixture. However, by examining the similar organic constituents, we can roughly
estimate the maximum heat of combustion per gram of carbon. We examined 32
compounds induding cyanide compounds. The maximum heat combustion of
(CH3hNH is -898 kJI g C. Sodium acetate, which is a likely degeneration product, has
a heat of combustion of -310 kJ/g C. We used the upper bound value of -898 kJ/g C
to estimate the combustion energy generated by the dust during RMCS activity.

The combustion energy associated with the dust is calculated as -22.5 kJ1m3• This
energy can be converted into an equivalent hydrogen concentration. The heat of
combustion for hydrogen is -241.8 kJ Imol H2. The equivalent hydrogen
concentration is 0.0931 mol H2/m3. Using the ideal gas law, the concentration in
terms of ppm was estimated as 2292 ppm. The flammability limit for hydrogen in air
is 40,000 ppm (4%). This very conservative calculation indicates that combustible
dust contains less than 6% of the energy contained in a flammable hydrogen-air
mixture. Therefore, we can neglect the contribution of combustible dust. The
presence of dust in a flammable hydrogen-air mixture would not result in an
explosion.

H.5. CONCLUSIONS

The range of NaND3 concentrations in the dust and dust distribution in BOM tests
were believed to be very dose to those in SSTs. The ignition source was strong
enough to generate deflagration in the igniter. The test results showed that the
mixture of pure fuel and oxidant (NaN03) would not propagate deflagrations and
would not result in an explosion when dispersed in air or nitrogen.

The bounding analysis showed that the energy contribution of combustible dust is
negligible and that the presence of dust in a hydrogen-air mixture would not result
in explosion. In summary f the probability of dust explosion appears to be extremely
unlikely.
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APPENDIX I

DOME COLLAPSE ACCIDE~rrS

1.1. OBJECTIVE

The objective of this appendix is to compute the bounding respirable waste released
during a dome collapse accident in a single-shell tank (SST). The amount of waste
material released is used in this safety assessment (SA) to estimate the radiological
and toxicological consequences of a dome collapse accident.

1.2. DOME COLLAPSE AND RELEASE SCENARIOS

In Section 2.1, we discuss the various accident scenarios that· may lead to a dome
collapse. Section 2.2 discusses the different mechanisms for material release during
a dome collapse.

L2.1. Dome Collapse Scenarios

As discussed in Sections 3 and 4 of this SA, there may be multiple initiators· that
result in a dome collapse. In general, the following accident sequences have a
potential of collapsing the dome:

• A deflagration in the dome (either initiated in the dome or initiated
elsewhere and propagated into the dome). The consequences of this
scenario are discussed in this appendix. A deflagration is believed to lead
to the bounding accident sequence because

1. Convection associated with the deflagration can entrain additional
aerosol.

2. The tank blowdown following the deflagration potentially can release
aerosol before the actual dome collapse occurs.

3. The initial tank blowdown will temporarily lift some soil above the dome,
potentially increasing the effective collapse distance.

4. Following the deflagration, extensive concrete cracking could result in
dome collapse occurring quasi-coherently (where increased coherency
would increase the aerosol produced upon impact with the waste).

5. The air heated by the deflagration can start a natural convection flow that
will assist in the release of aerosol.
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6. With a deflagration, there is perceived to be an increased possibility
(relative to most other dome c'ollapse sequences) of an associated v;aste
bum that could provide additional aerosol and energy for dispersaL

• A deflagration in the waste. As discussed in Appendix C of this SA, this is
a less likely scenario for dome collapse. For the short-term release, the
approach used for fragmentation of waste fcrHowing a d<Jme deflagration is
conservatively bounding regardless of whether a waste bum has occurred.
For the long-term release, the deflagration accident sequence includes the
possibility of a bum for waste remaining in the tank.

• Dome overloading. This accident is prevented through administratively
controlling the allowable loads over the tank dome. The consequences of
a doml collapse resulting from overloading are bounded by the
consequences of a collapse resulting from deflagration.

• Dome space vacuum. Dome buckling is possible if a large vacuum is
created in the dome space. Increased ventilation rates with blocked inlets
may result in such an accident. The initiators are administratively
controlled, and the consequences are bounded by a dome collapse as a
result of deflagration in the dome space.

• Seismic event. The consequences of a dome collapse as a result of a
seismic event are bounded by the dome collapse as a result of deflagration
in the dome space.

L2.2. Material Release Mechanisms

In computing the total material release as a result of dome collapse, we analyzed the
following mechanisms that contribute to the total release:

• Initial material that is suspended in the dome space before the accident;

• Material entrained from the waste surface during deflagration;

• Material entrained from the failed high-efficiency particulate air (HEPA)
filters;

• Solid material fragmented by impact during dome collapse;

• Liquefied material splashed by impact during dome collapse,

• Solid material released during dome collapse, deposited outside the dome,
and resuspended.

• Liquefied material entrained by the wind from a open pool of waste after
the dome collapse.
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These mechanisms are analyzed in Sections 3 through 6 of this appendix. A more
detailed development may be found in (Ref. 1).

1.3. INITIAL DOME LOADING AND HEPA FILTER LOADING

In the Mixer Pump SA developed for Tank SY-10l,.. a bounding dome volume
loading of 0.64 kg (1.41 Ibm,) was used (Ref. 2). A high value was used for SY-101
because that tank used to experience periodic gas-release events (rolIovers) that were
very energetic and that resulted in considerable surface motion. Thus, there was a
plausible mechanism of entraining considerable waste material into the dome space
during these rollovers.

SSTs do not exhibit similar energetic rollover behavior. For SSTs, the maximum
dome loading may result from some intrusive activities such as rotary-mode core
sampling (RMCS). At the end of a drilling step, a maximum value of 0.35 kg
(0.77 Ibm) is estimated for the SST dome loading.

3

The energetic respirable material release from the failed HEPA filters during a dome
bum in Tank SY-101 is estimated to be less than 0.5 kg (1 IbnJ.2 This number is
expected to be less for the SSTs because the number of filters is less and the
ventilation flow rates are lower.

In this analysis, it is conservatively assumed that the total respirable release
resulting from the initial dome loading and HEPA failures is S 0.6 L or 1 kg (2.2 lbnJ.
As shown later in this appendix, this release is negligible compared to uncertainty in
potential releases during the impact phase of dome collapse.

1.4. MATERIAL ENTRAINED DURING A DEFLAGRATION

The only credible deflagration mechanism believed capable of failing the dome is
one where the gas has been released to the dome air space so that the dome failure
pressures can be exceeded. The temporary pressures of a postulated gas deflagration
in the waste may produce some aerosol, but the available energy is small compared
to the waste heat capacity. Even if we assume that 10% of the waste volume is a
homogeneous, interconnected stoichiometric hydrogen-nitrous oxide mixture at
1.5 atm., the resulting heat of combustion is 10.85 MJ1m3 of waste. The waste heat
capacity in 0.9 m3 is 2.6 MJre. Consequently, combustion of this gas will only raise
the average waste temperature by about 4°e. More details are given in Ref. 4.

Based on numerical simulation of the SY-I01 dome space deflagration (Ref. 2) and
using the entrainment correlation given in Ref. 5, the entrainment from the waste
surface is estimated as 5.45 kg (12 Ibm> for a deflagration front moving at -45 mls
(150 ft/s). This value is believed to be conservative and will be used for SSTs also.
Note that the entrainment correlation given in Ref. 5 is derived using dry powders
and is possibly more applicable to SST conditions in which the waste surface may be
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drier than the SY-l0l waste. The correlation in Ref. 5 is independent of particle size,
and it was taken from experiments ranging froQ 4.5 11m to 48 11m aerodynamic
equivalent diameter (AED). Therefore, a respirable fraction (RF) of 0.52 from Ref. 6
was applied to obtain a respirable release of 1.8 Lor 2.8 kg. As shown later in this
appendix, this release is within the uncertainties of other potential releases during
the impact phase of the dome collapse.

L5. MATERIAL RELEASE DURING DOME COLLAPSE

The phenomenology associated with calculating the amount of respirable material
released during dome collapse is complex, especially given that the waste material
properties are not fully understood. With present algorithms for calculating dome
collapse and for the short-term release, the key parameters are the drop height and
the associated tank air volume. The larger the drop height, the greater the impact
on the waste and the more aerosol that can be produced. Ignoring the watch list
tanks that are interim-stabilized, the drop height is bounded by the 30.2 ft (9.2 m)
distance in Tank SX-101 and a tank air volume of 115,600 ft3 (3,273 m 3). The short
term release is based on these tank dimensions, and it assumes the waste
composition can correspond to any watch list SST.

Two difference collapse geometries are perceived to exist, depending on the waste
composition. First, if the primary contents of the tank are salt cake or salt cake with
some sludge but minimal liquid, the collapsing concrete and soil have limited waste
penetration. Second, if the tank contents can be assumed to behave more like a
slurry or as salt cake and sludge with extensive interstitial liquid, the fall of material
into the tank is assumed to produce a splash and penetrate the waste.

LS.1. Impact on Salt Cake.

In this situation, the concrete and soil are assumed to collect upon the waste. The
aerosol produced is that from the initial impact on. each unit area of waste.
Additional fragmented waste produced later in the collapse sequence is trapped by
the initial soil and concrete debris layer. The analysis objective is to evaluate
releases from the initial impacts conservatively. Two numbers are desirable, the
airborne release from the tank and the respirable release from the tank. Because of
uncertainties in the phenomenology, two methods were used to determine the
respirable release.

LS.I.1. The Airborne Release. In this analysis, an upper limit to the airborne
release was determined from an aerosol concentration limit. The appropriate limit
is necessarily a transient one. One such limit is -1 kg/m3, which is possible to
achi-"e in a dust explosion (Ref. 7). This number is not a hard limit; for example,
the Fire Protection Handbock (Ref. 8) does reference some dust explosion
experiments performed with 2 kg/m3. Nevertheless, it is four orders of magnitude
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above a tentative Sutter (Ref. 9, p. 2.66) recommendation of 100 mg/m3 "...as a
maximum upper-limit quasi-stable air concentration after an explosive event."
The 100 mg/m3 limit appears difficult to justify for a transient situation. Hinds
(Ref. 7) states that as a rule of thumb, coagulation is neglected in laboratory
experiments and industrial hygiene work it the aerosol number .density is less than
106/cm3. Fig. 1-1 shows a plot of aerosol concentrations_with a number density of 106
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Fig. 1·1. Concentration for 1E+6 particles/cm3 using a lognormal distribution.

particles per cm3. Lognormal distributions were assumed with a geometric standard
deviation, CJg, of 2 and a particle density of 1.6 g/cm3. For the 1 kg/m3 lognormal
distribution in Fig. 1-1, in other words, the point with a mass median diameter
(MMD) of 21.8 J.1m, the RF is 0.072. These are particles with a ABD of less than
10 ~m. For a 3273 m3 tank volume, this RF is not negligible.

To examine the transient situation more closely, scoping calculations of aerosol
agglomeration and aerosol scrubbing by terminal velocity soil particles are evaluated
in Ref. 1. They suggest that with an overall concentration of 1 kg/m3, respirable
particles will only exist for a few seconds. A lower concentration limit is believed
appropriate. However, at this time, selection and justification of a lower number
would require numerical calculations that were beyond the scope of this analysis.
The airborne concentration adopted here is used in Sections 5.1.3 and 6.0.

L5.1.2. Respirable Release Using the MacDougall Equation.tO

The first approach to determine the respirable release involves a formula for a
respirable release developed by MacDougall, Scully, and Tillerson (Ref. 10). This
formula is independent of the airborne concentration, and is given by
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VR = 2x10-10 x (Eimp/VoJ) x Vol, (1-1)

where

VR = respirable release volume,

Eimp = impact energy, (J),

V01 = volume of material that absorbs the impact energy, m3, which is
also the volume to which the respirable fraction applies.

Equation (I-1) was derived from a series of Argonne National Laboratory (ANL)
experiments (Refs. 11, 12, and 13) involving the brittle fracture of small samples of
glass, ceramics, uranium dioxide pellets, and concrete. Most tests were in the energy
range, Eimp/Vol, of 106 to 107 J1m3• These energy densities were compared to dome
collapse energy densities by formulas from two separate approaches: a projectile
penetration equation (Ref. 14) and a relationship describing the crater produced by
assuming the collapse energy is equivalent to TNT (Ref. IS). Dome collapse energy
densities of from 7.1 x 106 to 3.6 X 107 J1m3 were obtained, suggesting that the ANL
energy density range is reasonable to apply to the dome collapse accident.

Available calculations of dome loading (Refs. 16, 17, and 18) illustrate that cracking
and failure of the dome proceeds from the center outward. An idealized diagram of
this collapse mode is given in Fig. 1-2. Because of the difficulty in determining
aerosol escape with a coherent collapse, and because of the spreading of soil from
previously collapsed segments preventing further direct impact on such covered
waste, an evaluation was performed varying the fraction of the dome credited with
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collapsing coherently on salt cake that is not covered by previous debris. Because the
variable Vol does not influence Eg. (1-1) results, the release depends only on the Eimp

associated with the collapsing mass. The results of this analysis are given in Fig. 1-3,
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Fig. 1-3. Coherent collapsing mass and associated respirable release.

which assumes that the minimum depth of soil above the dome is 10 ft. Because of
coherency limitations caused by the strongly reinforced haunch region of the dome,
a conservative estimate was judged to involve coherent collapse of the concrete and
soil up a limiting diameter of -90%. This release is 60 L or 96 kg (with a waste
density of 1600 kg/m3) of respirable aerosol.

L5.1.3. Respirable Release Using an Energetics Analogy
Collapse does not have to be so coherent. It could start during tank depressurization
after the initial deflagration. Expansion calculations show that the residual gas can
remain hot, at 600 K or more, and Siebe (Ref. 19) notes that a 150-~ particle has a
heat-transfer time constant of about 0.1 s. In short, some of the organic carbon could
undergo combustion in airborne particulate. To evaluate a bounding case, a
respirable fraction for the 1 kg/m3 of particulate in the tank air was calculated using
the prescription of Halverson and Mishima (Ref. 20), which relates the heat of
combustion to aerosol formation by an explosive source. To be conservative, O'g was
set to 2.5. Results as a function of the heat of combustion are given in Fig. 1-4. The
heat of combustion, Mi, upper bound was assumed to be 300 callg (1.26 MJ/kg).
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Fig. 1-4. Respirable release treating a bum using an explosion prescription.

This.1H gives an RF of 0.0289; application to the assumed 3273 kg of airborne waste
in the tank gives a respirable release of 95 kg. This release is highly conservative.
As shown in Appendix H of this SA, combustion propagation is very difficult to
achieve in dusts produced from simulants of waste in the Hanford SSTs.

LS.2. Impact on Liquefied Waste

LS.2.1. A Scoping Assessment Simulating Impact As An Equivalent Spill.
For liquefied waste, the MacDougall formula for brittle impact does not apply. A
splash should be represented. The approach adopted was to model the splash as an
equivalent spill, during which the spill energy is assumed to be equivalent to the
dome collapse energy. Eq. (26) of a study by Ballinger et al. (Ref. 21) was used to get
the airborne release fraction. The Ballinger correlation is based primarily on the
Archimedes number, which represents the ratio of gravitational forces to viscous
forces. For the gravitational forces, an effective height was used multiplying the real
height by the ratio of the mass of the dome over the mass of the waste layer that
absorbed the impact. The collapse mass was assumed to contain all the soil out to
the angle of repose (30°) because the initially impacting mass may sink, exposing
further waste to impact. At the top of the dome, the minimum soil thickness was
10 it at a conservative density of 120 lbm/ft3 (1920 kg/m3). With the addition of a
100 Ibm /it2 external load on the dome, the total collapsing mass was 1.34 x 107 kg. For
the viscous forces, the viscosity of the waste was conservatively estimated to be
20 cP, the minimum supernatant liquor viscosity for Tank SY-101.
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Results as a function of the waste thickness that is assumed to absorb the energy are
given in Fig. 1-5. A conservative bound for the waste thickness was judged to be 1 ft.
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Fig. 1-5. Amount of aerosolized material as a function of an energy-absorbing layer.

This gives a 132-kg (291-lbm) airborne release. DOE-HDBK-301Q-94 (page 3-4, Ref. 22)
states that a bounding RF for a 3-m spill is 0.8. Ballinger's correlation for the
aerodynamic MMD strongly increases as a function of impacting velocity.
Consequently, an RF of 0.8 should be bounding for higher drop heights. Using an
RF = 0.8 gives a respirable release of 106 kg.

L5.2.2. Quasi-Mechanistic Considerations Assuming a Continuous Collapse
The analysis in Sec. 5.2.1 is unrealistic in that the simulated coherent collapse leaves
no path through the debris allowing the aerosol to escape. An improved picture is
to assume that the dome collapse in incoherent. Such a picture is shown in Fig. 1-6.
The main effect of the filling of the tank by the collapsing dome is to decrease the
effective drop distance. (From the impact equations used to obtain the energy
density in Sec. 5.1.2, the ratio of the impacting mass to waste mass may be assumed
as apprOXimately constant.) The Ballinger correlation depends on the drop height to
the 1.35 power. By assuming the Fig. 1-6 incoherent collapse, the correlation can be
averaged (integrated) over the drop height, reducing the airborne release by a factor
of 2.35. The RF is calculated by assuming 0.8 for fall heights greater than 3 m, and
RF = 1.0 for that part of the fall height that is less than 3 m. This gives an average
RF of 0.84. The respirable release is 0.84 X132/2.35 =47 kg.
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Fig. 1-6. Incoherent model of the collapsing dome.

l6. DOME COLLAPSE LONG-TERM RELEASES

The main concern is atmospheric entrainment of aerosol before post-accident
recovery operations can contain the release. There are three situations that require
consideration. First, the salt cake impact has produced airborne waste that may have
settled outside the dome and can be resuspended. Second, the logical extension of
the model shown in Fig. 1-6 results in a pool of liquefied waste that can be entrained.
Third, if buried waste has been ignited, the heat can release additional toxic or
radioactive gases.

For the salt cake impact, the airborne release is approximately 1 kg/m3 times the
tank air volume of 3273 m 3 in Sec. 5.1.1. Conservatively, we could assume that
-3000 kg might settle onsite. Part could be resuspended as respirable particulate.
The bounding release rate for aerodynamic entrainment and resuspension is 4E-5/h
with an RF = 1.0 from DOE-HDBK-301D-94 (page 5-4, Ref. 22). Multiplication gives
0.12 kg/h, or about 20 kg for a 7-day release.

For the liquefied waste case, ~e volume of .the collapsing soil and concrete is
227,800 ft3 (6451 m3). After collapse, only 12 ft (3.66 m) will exist between the bottom
of the final soil surface and the ground surface even if collapse occurs into an empty
tank. The most conservative configuration for long-term releases is to use the
assumption that no waste is absorbed by the soil. Instead, a pool of waste is
postulated to form on the top of the collapsed soil. Entrainment can occur from this
pool. Assuming the volume of the pool is the volume of the waste in Tank A-101,
the volume of the pool is 127,010 ft3 (3597 m 3), the radius of the pool is 74.1 ft
(22.6 m), the depth of the pool center is 9.18 ft (2.8 m), and the surface of the pool is
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2.82 ft (0.86 m) below the surface of the ground. The pool surface area is 17,300 ft2 or
about 1600 m 2. .

With variable winds and property uncertainties, pool entrainment is a difficult
problem. The approach was to take the bounding OOE-HDBK-3010-94 (page 3-5,
Ref. 22) entrainment rate of 4 x lO-6/h for outdoors, assessed as ~plicable to large
pools and ponds with windspeeds to 30 mph (13.4 m/s). The RF is 1.0. This rate
applies to the mass in a l-crn active layer. The respirable aerosol released in 7 days is

(1600 m2)(0.Olm)(1600 kg/m3)(4 x 1O-6 /h)(168 h) =17.2 kg.

Gases released from a buried waste bum could not be assessed fully at this time. An
adiabatic temperature rise is (300cal/g)(4.184J/cal)/(1.8J/g-°C) =700°C. Potentially,
vaporization of some cesium compounds would be possible. However,
condensation of escaping gases on soil particles would appear to preclude release. At
this time, the conservatism in the resuspension and entrainment calculations
would seem sufficient to allow respirable releases from buried waste to be ignored as
long as burial can be maintained.

17. CONCLUSIONS

During the dome collapse accident, the conservative estimate for the prompt release
of respirable aerosol is obtained as follows:

Initial dome loading:

Entrainment during deflagration:

Solid respirable aerosol from impact:

TOTAL

0.6L

1.8 L

-60.0 L

62.4 L

Because of the neglect of the rapid reduction phenomena from aerosol
agglomeration and from possible aerosol scrubbing by incoming soil during the
release from the tank, the prompt release would be bounded by 62.4 L of solid
particulate during the dome collapse.

Using the receptor doses for 1 L release given in Appendix R, the onsite receptor
dose for the prompt release may be calcUlated as 17,200 rem. The offsite receptor
dose is 9.3 rem.

These numbers are conservative if one considers the maximum concentrations that
can be sustained in a plume or a cloud. In order to receive 17,200 rem, the on-site
individual must inhale 7.2 x 10-4 L of waste. Sutter9 states that the concentrations in
dust storms range between 0.5 g/m3 and 10 g/m3. The concentration at the face of a
mine would be 0.5 g/m3, and in smog it would be 50 mg/m3• H one assumes that, by
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expansion, dispersion, agglomeration, and deposition, the concentration in the
plume drops to the lower dust storm limit of 1 g/m3 (or 6.3 x 10-4 L of waste/m3 of
air), the on-site individual must inhale -1 m 3 of air. Using a 3.3 x 10-4 m3/s
breathing rate, the individual must remain in the dust cloud for -50 min. It is
h~ghly unlikely that an individual at 100 m from a catastrophic accident will remain
in the cloud for such an extended period of time ~'ithout pro~ction or without
leaving the premises. These calculations indicate that the doses resulting from the
dome collapse accident are conservatively estimated. However, to remove some of
the conservatism, a more detailed analysis of entrainment, dispersion,
agglomeration, deposition, and resuspension must be performed under different
weather conditions.

Releases from liquefied waste are on the same order of magnitude. The doses
resulting from liquid releases are about an order of magnitude less than the doses
resulting from an equal volume of solid releases (see Appendix R). Thus, the liquid
releases are not further considered in the dome collapse accidents. Present analysis
suggests that incoherence in the collapse may reduce the magnitude of the liquid
release by a factor of 2. However, the extent of and effects from incoherence in a
dome collapse pose questions that deserve more study.

The long-term entrainment from an open pool of waste following the dome
collapse is bounded by 12.5 L/wk of solid resuspended respirable aerosol.
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APPENDIXJ

HYDROGEN DIFFUSION INTO DRILL STRING AND
BURN/DETONAnON ANALYSIS

J.l. INTRODUCTION

During the core-sampling operation, nitrogen will flow through the drill string and
out the drill bit. The purpose of the nitrogen flow is to cool the drill bit to provide
the lift necessary to remove drill cuttings from the annulus bore, and to maintain a
hydrostatic pressure at the drill bit to keep the waste out of the drill string during
sampler change. During the sample retrieval process, the waste and flammable
gases such as hydrogen, nitrous oxide, ammonia, and methane will flow into the
drill string in case of loss of nitrogen flow. The gas concentration will reach the low
flammable-gas limit, and a gas bum will occur if a spark is generated because of
friction. The objective of this appendix is two-fold:

• To calculate the potential for flammable-gas accumulation in the drill
string when the nitrogen purge system is lost; and

• To consider the possibility of transition from deflagration to detonation
and to estimate the over-pressure ratio and the rate-of-pressure rise. The
over-pressure ratio and the rate-of-pressure rise will be used as boundary
conditions for the structure analysis.

J.2. HYDROGEN DIFFUSION INTO THE DRILL STRING

The following sections provide a summary of the analysis methodology and the
results of the calculations for the hydrogen diffusion into the drill string.

J.2.1. ~IlalJ'sis

For constant density and diffusion coefficient and for no convective flow,
Reference 1 gives the following governing equation for one-dimensional transient
diffusion of species a into species b,

aCa V2
-=Dab Ca .
at

where

ca = volumetric concentration of species a, kg-moles/m3.

Dab =diffusion coefficient of species a into species b, m2/s.

J-l

0-1)
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Given the assumptions above and for only one species diffusing into another, the
H)jumetric concentration of the mixture v\'ill also be constant so that Eg. 0-1) can be
r.written in terms of mole fraction or volume fraction, assuming ideal gases.

aXa t"72
-=Dab V Xaat

where

Xa = mole fraction of species a.

(J-2)

If the flow area varies, but the diffusion process can be assumed to be one
dimensional, then Equation 0-2) can be rewritten as

dXa = Dab d(A dXa ) ,
dt AdZ dZ

where

A =flow area, which is a function of z, m2 and

A = average flow area over the volume of interest, m2•

0-3)

For this problem, the initial condition is that the mole fraction of hydrogen in the
drill string be zero. The boundary conditions are that the mole fraction of hydrogen
at the bottom of the drill string (i.e. z =0) be one and that the diffusion flux of
hydrogen at the top of the drill string be zero, which implies the gradient of the
mole fraction of hydrogen at z =L is zero.

Equation 0-3) is solved numerically.2 An analytical solution to Eq. 0-2) with the
initial conditions and boundary conditions given above exists. Comparison of the
analytical solution with the finite-difference solution for constant flow area
indicates that because of the numerical diffusion, the finite difference solution
diffuses hydrogen faster than the numerical solution on the order of 10% absolute
relative error, which is conservative.

The diffusion coefficient for hydrogen in nitrogen was obtained from curve fitting
parameters to the CHEMKIN3 database. These curve-fitting parameters indicate that
the diffusion coefficient for hydrogen in nitrogen increases from 0.682 cm.2 js at 20°C
to 1.042 cm2js at 90°C. A conservative value of 1 cm.2 js was chosen for this analysis.
The molecular diffusion coefficient varies as the inverse of the absolute pressure.
For this analysis, a conservative pressure of 1 atm was chosen.

The diffusion of one species into another because of thermal gradients is governed
by the thermal diffusion ratio. The mass flux of species a into species b because of a
temperature gradient is given by Eq. 0-4) as,
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(J-4)

where

. (1)
Ja =mass flux of species a into species b caused by .a.. thermal gradient, kg/m2-s,

c = molar concentration of the mixture, kg-moles/m3,

P =density of the mixture, kg/m3,

Ma = molecular weight of species a, kg/kg-mole,

M> = molecular weight of species b, kg/kg-mole,

kT =thermal diffuse ratio, and

T =gas temperature, K

From Eq. 0-4) it can be seen that the sign of thermal diffusion ratio determines the
direction of the thermal diffusion for a given species. If the thermal diffusion ratio
is positive, then species a moves toward the colder temperature; when the thermal
diffusion ratio is negative, then species a moves toward the hotter temperature.
Experimental values for the thermal diffusion ratio for hydrogen diffusing into
nitrogen caused by a thermal gradient are given in Reference 2 for 264 K as -0.0548 to
-0.0663, depending upon the hydrogen mole fraction. The negative thermal
diffusion ratio indicates that hydrogen diffusion caused by thermal gradients will
diffuse toward a higher temperature region and nitrogen will diffuse toward the
colder temperature region. Therefore, it is conservative to neglect this effect.
Hydrogen will diffuse into a rotary-core drill string faster by neglecting the effect of
hydrogen diffusion caused by thermal gradients because the waste is anticipated to
be at a higher temperature than the nitrogen gas in the drill string. An order of
magnitude solution can be obtained based on a steady-state solution of the case in
which the molecular diffusion is balanced by the thermal diffusion as,

0-5)

where

T2 =hot gas temperature, K, and

T} = cold gas temperature, K.
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L1Xa = difference in steady-state hydrogen mole fraction at the hot temperature
minus the hydrogen mole fraction at the cold temperature.

Evaluating Eq. 0-5) with experimental values in Reference 1 yields a difference in
hydrogen mole fraction at a hot temperature minus the hydrogen mole fraction at a
cold temperature at steady-state to be on the order of 1.4%. Therefore, the
magnitude of the effect is not significant. - -

Based on past analyses, the buoyancy effect of hydrogen gas mixing with air or
nitrogen is significant. The actual mixing of hydrogen with the drill-string nitrogen
gas may be faster than the conservative diffusion calculation presented in this
appendix. The actual mixing of retained gas with the drill-string nitrogen gas may
be limited by how fast the retained gas can diffuse from the waste to the drill bit.
However, if the drill bit is in a relatively large retained gas bubble, then diffusion
and mixing of retained gas with the drill-string nitrogen gas will not be limited by
diffusion of retained gas through the waste.

J.2.2. Results

Equation 0-3) was solved for two geometries. Both geometries were assumed to be
320 in., which represents the smallest length for the drill string to still be in contact
with the waste. The small flow area geometry assumes that the seal in the bottom of
the rotary-core drill string has failed completely and that the available flow area for
diffusion of hydrogen into the drill string is an annulus with an o.d. of 1.82 in. and
an Ld. of 1.78 in. Drill-string gas volume continues to be an annulus with a varying
Ld. until the elevation is above the latching mechanism. For the bit-flow area
geometry, the drill-string geometry is a cylinder at all elevations with a diameter of
1.91 in. and with an inlet flow for hydrogen diffusion equal to the available bit-flow
area. The average hydrogen concentration in the rotary-core drill string as a
function of time is given in Fig. J-1 for the small flow area geometry and the bit-flow
area geometry. From Fig. J-1 it can be seen that for the bit-flow area geometry, the
average concentration rises faster than for the small flow area geometry. The bit
flow area geometry case reaches an average flammable-gas concentration within 2S
minutes, while the small-flow area case reaches an average flammable-gas
concentration within 180.0 minutes.

Figure J-2 shows the results for hydrogen concentration versus axial level for
selected times into the transient for the small-flow area case. You can see that the
first few feet of the drill string that is an annulus for this case fills with hydrogen
relatively quickly. The discontinuity in the slope of the results occurs when the
geometry goes from an annulus to a cylinder. For the bit-flow area case, shown in
Figure J-3, there is no discontinuity in the slope of the hydrogen concentration
versus z curve, because the geometry is a uniform cylinder. By comparing Figs. J-2
and J-3, it can be seen that the larger inlet area for the bit-area case results in a larger
diffusion rate of hydrogen into the drill string. Within 24 hours, both calculations
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indicate significant concentrations of hydrogen from the top to the bottom of the
drill string.
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Fig. J-1. Average hydrogen concentration in the drill string.
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The maximum molecular mass-diffusion flux into the drill string occurs at the first
time step of each transient calculation. The following results were obtained for the
maximum mass-diffusion volumetric flow of hydrogen into the rotary-core drill
stream: (a) for a small-area ease, 0.000122 cfm, (b) for a bit-flow area case, 0.000448
cfm.
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An order-of-magnitude analysis can be used to verify these numbers. The mass
diffusion flux at the entrance to the drill string can be written as

(J-6)

where ia =mass diffusion flux caused by the concentration gradient, kg/m2-s.

Evaluating Eq. 0-6) for P =1 atm, T = 303 K, a diffusion coefficient of 1 cm2/s and the
gradient of the concentration profile on the order of -10 yields ja = 8.064e-05 kg/m2-s
or in terms of a volumetric flux yields, qa = 0.001 m/s of hydrogen.

For the small-flow area case, the inlet flow area is 0.000232 m2 and for the bit-flow
area case the inlet flow area is 0.00133 m2, which results in a peak volumetric flow uI
hydrogen into the drill string caused by hydrogen diffusion of 0.000232 liters!s
(0.000492 cfro) for the small-flow area case and 0.0009liters/s (0.00019 cfro) for the bit
flow area case. These order-of-magnitude results are consistent with the numerical
solutions to the transient diffusion equation.

Results obtained from Eq. 0-6) are independent of the pressure chosen because the
molar concentration for an ideal gas mixture is proportional to the pressure, and the
diffusion coefficient is inversely proportional to the pressure. However, the
volumetric flux depends upon one over the density, and the density is directly
proportional to pressure. Therefore, as pressure increases, density will increase, and
the volumetric flow of hydrogen caused by diffusion will decrease.

J.2.3. Summary and Conclusions

A conservative estimate of the diffusion rate of hydrogen into the rotary-core drill
string based on two different geometries indicates that within 20 minutes to 180
minutes, depending upon the inlet flow area, there will be a significant
concentration of hydrogen within the drill string. It is a conservative assumption
that the retained gas, which includes its own oxidizer, will diffuse as fast as
hydrogen by itself. Based on this conservative analysis, the average retained-gas
concentration within the rotary-core drill string following the failure of sampler
chevron seal will exceed 4% within 180 minutes and following a nitrogen purge
system failure with the test section removed, will exceed 4% within 20 minutes.
Concentrations high enough to support a detonation (assuming an oxidizer is
present) are reached within minutes in the first few feet of rotary-core drill string
drilling for both cases, and the average concentrations for the rotary-core drill string
reach detonation limits again, assuming an oxidizer is present within 3 to 11 hours.

The maximum diffusion flux of hydrogen into the rotary-core drill string occurs at
the first-time step into the transient solution. The maximum volumetric flow of
hydrogen into the drill string was calculated for the bit-flow area geometry based on
an order of magnitude analysis to be 0.00019 cfIn.
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}.3. BURN AND DETONATION ANALYSIS IN THE DRILL STRING

The assumptions for this analysis are as follows:

1. The nitrogen pressurization system failed to operate for more than 10 h;

2. A bum is generated by a spark resulting froJIl metal friction in the drill
string;

3. The gases in the drill string are well mixed; and

4. The fuel is hydrogen only; this assumption is reasonable because the
hydrogen concentration may be very high, as discussed in Appendix C.

J.3.1. Bum Analysis

Bum can probably occur in two places in the drill string during a loss-of-nitrogen
flow accident. One is between the drill bit and the bottom of the universal sampler.
The other one is between the top of the universal sampler and the ball valve.
However, the geometry at both locations, which are the two closed ends of a pipe, is
similar. Therefore, a 1D bum-combustion code can be used to analyze the problem
and to estimate the overpressure and the-rate-of-pressure rise, d.P/dt, in the drill
string.

The problem was solved with GASBURN, which is a derivative of the GASFLOW
code:!. The code strips the chemical reaction subroutines in GASFLOW and solves
the 1D hydrodynamic equations. The result calculated by GASBURN is given in
Reference 5. The maximum overpressure is 30%, which is a little above the
stoichiometric value of 29.5%.

In Reference 5, the pressure ratio calculated by the GASBURN code is compared
with the data obtained by the Bureau of Mines (BOM).6 The measured pressure
ratio, which is defined as the ratio of maximum absolute explosion pressure to the
initial pressure, is in good agreement with that calculated with the adiabatic
constant-volume combustion model. If we convert the overpressure calculated by
GASBURN to the pressure ratio, the pressure ratio calculated by GASBURN is in
good agreement with that calculated by BOM. This comparison shows that the
chemical reaction model in GASBURN is properly modeled.

We can either use the overpressure calculated by GASFLOW or the experimental
data for the safety analysis. To estimate the overpressure in the drill string, we need
to know the hydrogen concentration. In Section 2 of this appendix, we calculate a
concentration of 30% when the axial position of the universal sampler is about 10 ft
above the rotary drill in about 12 h. The hydrogen concentration of 30% is the point
at which maximum pressure occurs. The calculated overpressure is about 6.3 bars or
630kPa.
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For structure analysis, we need to estimate the rate of pressure rise in the drill string.
The maximum rate-of-pressure rise, which is defined as KG =(dP Idt)V1/ 3 bar-mis, is
obtained from the BOM experiment. The maximum rate of pressure rise for 30';-~

hydrogen is about 1120 bar-m/s (from the Appendix, "Detailed Listing 0f
Flammability Test Data").6 The Ld. of the test chamber is 2 ft. The volume of be

test chamber is 4.1888 ft3 or 0.118613 m3. The rate-of:Eressure ris~is 2279.5 bar/s. It
should be noted that the data of Kc; are scattered from 456 to 1120 bar-m/s.

The BOM data were obtained from a spherical chamber. However, the drill string is
in cylindrical geometry. The BOM data may not be applicable to drill-string
geometry. We used the GASFLOW code to calculate the over-pressure and the rate
of-pressure rise in a pipe of 1.91 in. in diameter and 10 ft in length. The over
pressure and the rate-of-pressure rise are -9.0 bar and -2280 bar/s. The results are
similar to those calculated for a spherical chamber as above.

J.3.2. Detonation Analysis

Consider a tube with a very large length-to-diameter ratio (LID) such as the drill
string case containing a combustible mixture whose normal burning velocity is high
relative to the velocity of sound of the unburned gas. With these circumstances,
ignition at a closed end can cause the flame to accelerate to such an extent that a
detonation eventually occurs in the tube. The phenomena of transition from
deflagration to detonation is probably the least-understood aspect of detonation
theory at this time. The critical parameters for controlling the transition are the
tube diameter, the tube length, and fuel concentration. Detailed discussions of these
parameters are given in Reference 7 and are summarized below.

The critical cell size in a detonation is a fairly easy quantity to measure. It ties with
the chemical reaction rate having the gross macroscopic propagation behavior of
detonations. The further a mixture is from stoichiometric, and hence the less
energetic the chemical reaction, the larger is the detonation cell size. In Reference 8,
the detonation cell size for a hydrogen-ta-air mixture at atmospheric pressure is
measured.8 The minimum detonation cell width is about 0.6 inches. The required
diameter for propagating the detonation wave is about one-third of the detonation
cell width. Therefore, it only needs a 0.2-in.-diameter tube to propagate a detonation
wave generated by a stoichiometric mixture. The Ld. of the drill string is much
larger than that value. Hence, if any detonation generates in the drill string, it may
propagate in the drill string.

The induction distance (the distances from the igniter to the location in the
detonation tube where the flame propagation rate first attains detonation velocity)
are an important parameter to control wave propagation. If the tube is too short,
then the wave never reaches it maximum velocity. Bollinger performed an
experimental study to measure the induction distances in hydrogen nitrous oxide
mixtures.9 For a 79-mm i.d. tube, the induction distance for 30% hydrogen is about
200 em. The ratio of induction distance to the tube diameter is about 23. The LID
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for the drill string is about 60, which is much longer than the above ratio,
Therefore, in the drill string, the wave speed may reach the detonation wave speed,
which is about 2000 m/s for the stoichiometric mixture.

Hydrogen and air mixtures near stoichiometric ( - 29.5% hydrogen) are known to be
detonable. Mixtures departing from stoichiometric, either in the hydrogen-lean or
hydrogen-rich direction are increasingly more difficttlt to detonate. It has been
generally believed that hydrogen-air mixtures with mixture ratios of <18% or >58%
hydrogen, could not be detonated. As shown in Section 2 of this appendix, the
hydrogen concentration in the drill string reaches 30% in 16 minutes at 2 ft above
the rotary drill. One operation of drilling takes about 30 minutes. By that time, the
hydrogen concentration is already above 18%. Therefore, some burn in the drill
string may detonate.

Akbar and Shepherd performed an experiment to study deflagration-to-detonation
transition (DDT) using the gas mixture similar to the 101·SY waste gas mixture
(42.8% H2o 36.4% N20, and 28.8% N2) with various dilutions. 10 This study shows
that the waste gas mixture produced DDT up to 50% of dilution with air. The waste
gas composition may contain higher concentrations of hydrogen (see Appendix C).
Therefore, DDT may be produced in the drill string.

Theoretical detonation pressure for hydrogen-to-air mixtures in a pipe can be
calculated through a numerical method by solving the differential equation for
isentropic compression in the bum gas. Reference 8 shows the theoretical
detonation pressure and temperature, and reflected detonation pressure and
temperature for hydrogen-to-air mixtures. The pressure ratio 'is about 15 at 30% H2
before the pressure wave is reflected back from the tube end. The final over
pressure js about 15 bars. Using the detonation velocity 2000 mls (see page 2-50,
Ref. 7) and a detonation cell with 10 mm, the rate-of-pressure rise is about 3 x 106

bar/s. It should be noted that we did not use the reflected pressure because an
increase in the rate of first compression pressure is high enough to fail the structure
of the drill string.

J.3.3. Conclusions

From the above analysis, the overpressure and the rate-of-pressure rise during a
bum in the drill string are 630 kPa and 2279.5 baris, respectively. During a
detonation in the drill string, the overpressure and the rate-of-pressure rise are 15
bars (1.5 x 106 Pa) and 3 x 106 barI s, respectively. A DDT may occur in the drill string.
Therefore, any bum in the drill string may result in a detonation because the rate of
pressure rise is very high (3 x 106 bar/s) during the detonation. Consequently, the
structure of the drill string is conservatively assumed to fail.
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APPENDIXK

TOXICOLOGICAL CONSEQUENCE ANALYSIS METHODOLOGY

K.l. INTRODUCTION

This appendix discusses the methodology used in quantifying the toxicological
consequences of accidental releases during rotary-mode core sampling (RMCS)
operations.

1<.2. MrnTHODOLOGY

The methodology provided in References 1 and 2 are adopted for consistency with
other safety basis documents used at the Hanford Site Tank Farms. .

K.2.1. Release of Toxic Gases

For gaseous releases, the receptor doses are obtained as

x
C= Q xSxV,

I+V x X
Q

where C is the receptor dose,

(K-l)

(K-2)

xlQ is the atmospheric dispersion factor given in Table K-l,

V is the gas-release volume (puff release) or gas-release volume flow rate
(continuous release), and

S is the species concentration at the source.

For (V)(XIQ) « 1, which is the case for the accidents analyzed in this safety
assessment (SA), Eq. (K-l) reduces to

C=XxSxV .
Q

The atmospheric dispersion coefficients are obtained using the computer code
GXQ, which uses the methods in the Nuclear Regulatory Commission (NRC)
Regulatory Guide 1.145 (Ref. 3). The atmospheric dispersion coefficient is the time
integrated normalized air concentration at the receptor for toxicological releases.
For puff releases, the atmospheric dispersion coefficient is the instantaneous
maximum concentration at the receptor. Only the plume meander correction was
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used in the calculations. The coefficients used to calculate dose or concentration are
presented in Tables K-l. The acute release values were developed for weather
conditions that result in downwind concentrations exceeded only 0.5% of the time
in the maximum sector (16 sectors) or 5% of the time for the overall site. The larger
of the MO values was used as the integrated bounding value for on-site and off-site
individuals. The chronic annual average X/Q value~ were obta~ed by calculating
chronic annual average values for each sector and using the highest one for
calculation purposes. The value is suitable for long-term releases but not for
accidents. All the releases analyzed in this safety assessment (SA) are either puff
releases or releases that occur in less than 1 h. Thus, the plume meander correction
or the chronic annual average values for the atmospheric dispersion coefficients are
not used.

Reference 2 suggests that releases with a duration of less than 3.5 s must be treated as
:ruff releases for the on-site receptor. Likewise, releases less than 420 s must be
treated as puff releases for the off-site receptor.

This SA is also interested in releases from a 5-m (15-ft) tall stack. The atmospheric
dispersion coefficients for this problem are not provided in References 1 and 2. The
AI-RISK modeI,4 which was previously used in the Tank 101-SY Mixer Pump SA/
was used to obtain the atmospheric dispersion coefficients for the stack releases.

For a ground point source release with no initial momentum and buoyancy, the
95% atmospheric dilution coefficient for a 100-m receptor is obtained as 3.26 E-02
using AI-RISK.6 Thus, the AI-],USK results are in good agreement with the
atmospheric dilution coefficient given in Table K-l for an on-site receptor. There is
no concern about off-site values because for toxic-gas releases analyzed in this. SA,
the off-site consequences are always less than 1 ppm (Sec. 5) and taking credit for the
stack release in the calculation is not necessary. Table K-2, obtained from References
6 and 7, summarizes the AI-RISK results for the conditions of interest.

TABLEK-l
DISPERSION COEFFIOENTS

Continuous Release Puff Release

RECEPTOR x/Q (51m3) x/Q (11m3 )

On-site 3.44 E-02 9.85 E-03

Off-site 1.88E-05 4.45E-08
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The receptor doses for a 1 m 3 or 1 m3Is release of a pure toxic gas and summarized
Table K-3 were obtained using the atmospheric dilution coefficients given in Tables
K-l and K-2.

K.2.2. Release of Toxic Solid/Liquid Waste

To determine the acceptance limits for liquid/solid-waste material, WHC uses
different types of composite waste for different tank groupings.2 The risk associated
with waste releases is divided into three categories: particulate, toxic effects, and
corrosive effects. The chemical species in the composite waste are divided into toxic
and corrosive bins. Within each bin, the allowable releases are computed using the
"sum of the fractions" methodology. The minimum among the three categories
(particulate, toxic, and corrosive) is chosen in each frequency range. For further
details on the methodology used in determining the maximum acceptable waste
releases, the readers are referred to Reference 2. The resulting maximum acceptable
releases for single-shell tank liquid and solid releases are given in Table 5-4 in
Section 5 of this SA. Note that the values reported in Table 5-4 represent the release
quantities at the source because the atmospheric dispersion coefficients already are
factored in arriving at these magnitudes.

TABLEK-2
ATMOSPHERIC DISPERSION COEFFICIENTS OBTAINED FROM AI-RISK

Release Type xlQ (51m3)

GROUND RELEASE, 0 =0 m, V =0.1 mis, T =300 K 3.26E-02

STACK RELEASE (15 ft), 0 =0 m, V =0.1 mis, T =300 K 5.12E-D3

STACK RELEASE (15 ft), 0 =0 m, V =1 mis, T =300 K 5.12E-D3

STACK RELEASE (15 ft), D =0.3 m, V =0.1 mis, T =300 K 5.03E-03

STACK RELEASE (15 ft), D =0.3 m, V =1 mis, T = 300 K 4.24 E-D3

STACK RELEASE (15 ft), D =0.3 m, V =10 mis, T =300 K 1.05 E-D3

STACK RELEASE (15 it), D =0.1 m, V =15 mis, T = 300 K 2.20 E-03

STACK RELEASE (15 ft), D =0.1 m, V =23 mis, T =300 K 1.31 E-03

0: source dIameter, V: source vertical velocIty, T. source temperature
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TABLE K-3
RECEPTOR DOSES FOR A I-M3 OR I-M3/S TOXIC-GASRELEASE

ON-SITE (ppm) OFF-SITE (ppm)

RELEASE TYPE Cant. Puff Cant. Puff- -
Ground, D =0 m, V =0.1 m/s 34,400 9850 19 5

·ck, D =0 m, V =0.1 m/s 5120 5120 19 5
I..

lck, D =0.3 m, V =0.1 m/sI 5030 5030 19 5

Stack, D =0.3 m, V =1 m/s 4240 4240 19 5

Stack, D =0.3 m, V =10 m/s 1050 1050 19 5

Stack, D =0.1 m, V =15 m/s 2200 4240 19 5

Stack, D =0.1 m, V =23 m/s 1310 1050 19 5
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APPENDIX L

PROBABILITY OF GAS-RELEASE EVENTS DURING INTRUSION

L.l. BACKGROUND

In this appendix, a probabilistic model is developed to determine the gas-release event
(GRE) characteristics during an intrusive operation in flammable-gas single-shell tanks
(SSTs). The intrusive operations considered in this SA are rotary-mode and push-mode
core sampling in flammable watch list tanks. Undoubtedly, some SSTs may have a GRE
likelihood and consequences that are much lower than the ones obtained in this
appendix. However, a tank-by-tank analysis was not the intent of this appendix.

As discussed below, there is very limited empirical information to develop such a
probabilistic model based on data alone. Consequently, the model incorporates "expert
judgment" combined with

• the limited data during intrusive activities in flammable-gas tanks,

• the infonnation gained from laboratory experiments with simulants, and

• a general understanding of gas retention and release mechanisms in SSTs.

Because the approach has limited empirical support, the current model must not be
used for eliminating safety features or defense-in-depth controls until further
knowledge can be gained. The probabilistic model is merely intended for use in
comparing the bounding consequences against the Westinghouse Hanford Company
(WHC) Risk Guidelines (RGs) that require a realistic estimate of frequencies and allow
for qualitative estimates for phenomena for which there are a lack of data. This safety
assessment (SA) was developed using the following step-wise approach:

1. The most important issue is to develop a spark-management strategy that is
appropriate for a hazardous flammable-gas environment such as the one
summarized above and detailed in Appendix Bof this SA.

2. The quantification of the reliability of the equipment used to protect against
bums also must provide reasonable assurance that all practicable preventive
measures are taken against burn accidents. It is believed that the equipment
failure probabilities on the order of 10-4 to 10-5 per operation is acceptable,
considering the type of operation. Appendices D and E show that this
objective also is achieved in this SA.

3. The probabilistic GRE model discussed in this appendix was introduced only
after the completion of these first two steps in order to obtain realistic
accident frequencies.
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The order in which these steps are taken is identical to the order in which this SA was
develcmed. This order should not be reversed until further data and understanding for
SST g;~ retention and release mechanisms are available.

In SSTs, bum accidents result in unacceptable consequences because even a small
pressurization in the dome may result in dome failure, potentially followed by a
catastrophic collapse. In order to meet the RGs, one must demonstrate that such bum
accidents have a frequency of less than 10-6 /yr. However, bum accidents are not the
only accidents that may result in dome failure. The design basis earthquake (DBE) has a
return period of 7500 yr (frequency> 1 x lO-4/yr). SSTs are designed to withstand a
0.20-g ZPA (zero-period acceleration), but there is high probability that a DBE of
magnitude 0.20 g may produce structural failure of the dome because of potential
cracks that occurred immediately after back-filling. Thus, the baseline dome collapse
frequency for the SSTs is -l0-4/yr, and this frequency is independent of rotary-mode
core sampling (RMCS). Even if one assumes that the failure frequencies are equivalent
to burn and dome collapse frequencies, the dome collapse risk is less than the base-line
risk associated with a DBE as discussed above. Introducing the GRE probability only
demonstrates that the incremental risk is negligible compared to the base-line risk.

The next stage is to convert the failure probabilities into accident frequencies. The
major accidents in the flammable-gas tanks are bum accidents that require the existence
of a flammable-gas mixture combined with an equipment failure resulting in a spark.
In order to obtain realistic accident frequencies, one needs to know the probability of
experiencing flammable-gas atmosphere in the regions where sparks can exist.
Unfortunately, the potential gas-release volume, gas-release rate, and gas composition
data necessary to develop such a model for SSTs are scarce. Likewise, the gas retention
and release mechanisms for SSTs are not fully understood so that one may develop a
realistic or bounding model of an expected GRE during waste intrusive activities. On
the other hand, through the limited data obtained during similar intrusive activities,
through educated estimates of the waste contents and properties pertinent to gas
retention and gas release, and through laboratory experiments conducted with
simulants, it is possible to obtain an expert opinion on the likelihood of GREs during
intrusive activities.

In order to determine the GRE probability model, the recent data available from
intrusive operations in flammable-gas SSTs and double-shell tanks (DSTs) was
considered. The data and the conclusions are summarized in the next section. In
Section 3, the probability distributions are obtained based on the implications of the
limited data and "expert interpretation" of the existing knowledge. Section 4
summarizes and concludes this appendix.

1-2. AVAILABLE SOURCE OF INFORMATION

There are some data obtained during intrusive activities in SSTs that can be used to
develop likelihood arguments for the GREs. Likewise, there is a limited amount of
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modeling performed for the gas retention and release mechanisms in the SSTs.
However, given the uncertainty of the physical and chemical properties of the waste,
such theories also must be used in accounting for large uncertainties associated with the
quantitative results.

L,2.1. Summary of Available Data

WHC Characterization Field Engineering screened the recent flammable-gas
concentration data obtained during and after intrusive activities in flammable-gas DSTs
and SSTs.1 A total of 49 intrusive sampling events (core sampling and auger sampling)
alone were evaluated for 21 tanks sampled. One possible evidence of a GRE was
observed in tank level data (A-103). Waste surface or liquid level drops for 34 of the
sampling events showed no GRE. During 12 of the events, the plots had insufficient or
non existent data on which to draw a conclusion. During two of the events, minor
changes were observed during sampling activities, but the changes were well within the
normal data scatter. Only one change for Tank A-103 during March of 1986 was
questionable. The waste surface showed a 2.4 in. drop between March 24 and March 31,
1986. The level drop occurred when the lower segment samples were removed on
March 25 to March 26, 1986. During the second core taken on March 31 through April
3, no level drop was observed.

No GREs were evident based on temperature data. Twenty-six of the activities' plots
showed no evidence of a GRE activity. For 23 events the plots either had either
insufficient or nonexistent data on which to draw a conclusion. If a rollover type of
GRE were to have occurred, that would have been observed in the temperature data.

Tank vapor space monitoring data indicated three of the seventeen tanks monitored
using a combustible gas meter (CGM) or other hydrogen monitoring equipment during
waste-intrusive activities showed a very minor increase in the flammable-gas
concentration during the sampling event. Three events showed small gas releases
estimated to be -50 ft3. The dome vapor space never exceeded 9% of the lower
flammability limit (LFL) during any of these events.

All the sampling activities contained in the database took place in tanks from the
Flammable Gas Watch List (FGWL) or tanks recommended for the FGWL. Seventeen of
these tanks are SSTs.

Reference 1 also provides observations during 38 liquid observation well (LOW)
installations in SSTs in 1984. The database includes LOW installation in all the
Flammable Watch List tanks except AX-103, which currently has a waste level of 42 in.
During these activities, no flammable-gas monitoring was done. The temperature data
are all insufficient to draw any conclusions, or are nonexistent. Waste surface level
drop data showed that a GRE did not occur in 23 of the 38 installations. During seven
events, the data were insufficient to draw any conclusions. During another seven
events, small variations (well within the normal data scatter) were observed. Only one
level change for SX-104 on May 24,1984, was questionable. The waste surface showed a
2.1 in. drop. The data show that the level dropped on 1 to 8 days before the LOW
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installation. However, the potential exists that the data logs might have been off for a
couple of days, and that the level drop actually occurred during the LOW installation.

Typically, ammonia can be smelled at 20 ppm. At higher concentrations, the smell can
cause discomfort. No strong ammonia odor problem was reported during these
activities. Because the SSTs typically do not have an active ventilation system, even
small concentrations of ammonia in the dome space may result in~ceeding the smell
detection levels above an open riser. However, considering most of these activities took
place more than ten years ago, it is likely that such occurrences (if they existed) are not
in the data logs.

Likewise, no complete or partial temperature inversion (typical of rollovers) was
observed during these activities. Also, no perturbations in the local temperature that
would indicate waste motion were observed.

Unfortunately, these data cannot be formalized into a complete statistical model. The
benefit of these data is to suggest that, qualitatively, a large GRE resulting in hazardous
flammable-gas concentrations in the dome space is not a likely event during the
intrusive activities. Quantitatively, the data may be used in a number of different ways:

It can be stated that 2 out of 87 activities resulted in a detectable GRE, suggesting a
frequency of 2.3 x 10-2. Accounting only for the activities in the 55Ts, the probability
becomes 2 out of 77 (2.6 x 10-2). Also subtracting the activities in which the level data
were inconclusive, the probability becomes 2 out of 58 (3.4 x 10-2). However, this
approach does not apply to a bounding tank, and at best it provides an overall
probability of a GRE in the flammable-gas tanks. The LOWs are installed in A-I0l
(waste level -345 in.) and AX-I01 (waste level 278 in.), which have the largest waste
volumes in the 55Ts that are on the original FGWL. Tank A-I03, which showed a 2.4 in.
level drop between March 25 and March 26,1986, also has a large waste volume (waste
level -370 in.). The other possible 2-to 3-in.level drop corresponds to Tank 5X-I04 that
has less than 240 in. of waste.

A 3-in. level drop would correspond to 1600 ft3 of gas release, assuming that the gas is
originally compressed at 1.5 atm. Unfortunately, the level measurements were not
taken frequently enough to estimate the release rate. No dome pressure data were
reported in Reference 1 to assess the gas-release rate based on dome pressurization.

Another pertinent set of data analysis is provided in Reference 2. In this study, all the
data from the original FGWL tanks were screened for GRE behavior. The study
concluded that the tanks can be categorized in four groups:

Category 1: The tanks that exhibit neither periodic release behavior nor waste growth.
Tanks 103-AX, 111-5, 112-5, 103-5X, 106-5X and 109-5X are in this
category.
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Category 2: The tanks that do not exhibit waste growth, but periodic release behavior
is indeterminate. Tanks 101-AX, 101-SX, 102-SX, 103-SX, 104-SX and 105
SX are in this category.

Category 3: Tanks that exhibit periodic release behavior. Only Tank 101-A is in this
category. These tanks exhibited 2-to 3-in. surface level variations between
1988 and 1993 that may be indicative of slow periodic releases.

Category 4: Tanks that exhibit waste growth but do not exhibit periodic release
behavior. Tanks 102-5, 110-T, 103-V, lOS-V, 107-V, 108-V, and 109-V are
in this category.

It must be noted, however, that Reference 2 was primarily interested in natural GRE
behavior as opposed to a GRE during an intrusion. Recent detailed analysis of the
waste level history in Tank A-lOl indicates that the observed level fluctuations are
possibly not a result of periodic releases. They are likely to be caused by random

3
measurement errors.

L2.2. Summary of Available Simulant Experiments

The experience with SST waste simulants is primarily developed at Pacific Northwest
National Laboratory (pNNL). The discussion below provides a summary of the PNNL
experience to date with SST simulants:· The simulants are aimed at simulating the
physical characteristics of SST waste (sludge and salt cake) as opposed to chemical
properties. The simulants are typically prepared using various clay, bentonite, and
water mixtures, and gas is generated with the use of hydrogen peroxide.

Simulant experiments have been conducted to measure the retained fraction of gas
generated within a simulant as a function of shear strength. These experiments were
conducted without an overlying supernatant layer, which is typical of many SSTs. The
results show that essentially all the generated gas is retained until a maximum retention
capacity of the sludge is reached. Beyond the point of maximum retention, which is
about 35% void, any additional generated gas and some of the retained gas is released.
The results show that the maximum gas retention depends on the sludge shear strength.
For the strongest sludges, the maximum retention is about 30% void. The maximum
retention increases to a peak value of about 40% void as the sludge strength decreases.
Together, these data show that sludges are 'quite capable of retaining a high void
fraction of gas, and it can be inferred that it is difficult to release bubbles trapped in the
sludge. To date, a few very qualitative experiments have been conducted in which
small rods are inserted into the waste to initiate a release. These experiments have

- Private communications with P. Gauglitz (pNNL) and K. Pasamehmetoglu (LANL) (February 1996) and
a desk-top demonstration by P. Gauglitz (PNNL) at the January 17, 1996, Flammable Gas Data Review
meeting.
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shown that the intrusion releases a small amount of retained gas, and that the release
comes out of a region immediately adjacenfto the intrusion.

Another interesting set of simulant experiments conducted by PNNL is related to the
effect of the supernate thickness on the rollover strength. Some SSTs show a thin layer
of supernate on top of the sludge layer. The experiments show that with thick
supernate layers the rollover is quite energetic, and -a substantiat amount of gas is
released. On the other hand, the rollovers with thin supernate layers are very un
energetic, and very little gas (if any) is released during the rollover.

While developing a rigorous statistical model based on simulant experience alone is not
appropriate, the simulant data are quite valuable in developing a best-estimate
prediction for the GRE behavior in SSTs.

L.2.3. Summary of Available Models

The DSTs on the FGWL all indicate that there may be a convective layer over the
nonconvective layer where the gas is trapped. The prompt gas-release mechanism is
postulated to be the density inversion or the Rayleigh-Taylor instability.4 The
observation of the axial temperature profiles and the waste types that are in the SSTs do
not support the Rayleigh-Taylor instability as being a likely gas-release mechanism.
likewise, the waste-level history of the SSTs does not show rather rapid level increases
followed by sudden level drops that were observed, for instance, in Tank 101-SY during
and after a rollover.

A necessary condition for a rollover is the existence of a density inversion, where a layer
becomes less dense than the layer above it. This implies that the layer above has been
able to release gas generated in it, while the layer below is retaining the generated gas.
In an SST with a significant supernatant layer or convective layer (CL), then most of the
gas generated in that layer will be released. If the layer below the supernatant or CL
has sufficient strength to retain most of the generated gas, a density inversion can
develop. A rollover will result when the hydrostatic forces between the two layers are
sufficient to cause the lower layer to flow as a fluid. This illustrates the second
condition necessary for a full tank rollover; the lower layer waste strength must be large
enough to retain gas, but not large enough to preclude fluid flow under hydrostatic
forces. If the lower layer strength is too large, then a full tank rollover does not occur
and gas is released through local eruptions and/or mini-rollovers. Without a
significant supernatant level or CL, it is possible in an SST that there be significant
variations in waste properties between two layers so that the upper layer releases gas
while the lower layer retains gas. However, if this were occurring, then a continuous
level growth would be observed until the rollover of the lower layer. Also, even during
an unlikely event of a rollover in an SST, the rollover is expected to' progress very
slowly, and gas-release rates are expected to be much smaller than the gas-release rates
observed in DSTs (e.g., 101-SY).

A semi-qualitative evaluation of gas-release mechanisms in SSTs is provided in
Reference 5, which suggests that while rollover is possible in the SSTs, it is not a likely
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mechanism. Because of the limited volume of the supernatant liquid, during an
unlikely rollover event, the gas releases would be small. Also unlikely is a mechanism
v,,'hereby large bubbles (1 m diameter) are stored in the waste and released during an
intrusion. Intrusion into the largest expected bubble based on conservative estimates of
waste properties, indicates that 350 ft3 of retained gas could be released over an -20
minute time period. The total release during this unlikely mechanism also is postulated
to be small. The most likely mechanism that could lead ro a large gaS-release appears to
be a "mud pot" fed by dendritic bubbles if a chimney is opened to the dendritic bubble
region as a result of the intrusion. The calculations reported in Ref. 5 indicate that 700
ft3/h releases may be expected through this "unlikely" mechanism. Finally, the fracture
of a dry sludge or dry salt cake are other possible, but unlikely, mechanisms quoted in
Ref. 5. Releases through this mechanism are estimated to be at a smaller rate than the
700 ft3 /h value obtained for the "mud pot" mechanism.

During RMCS operations, the drill string is rotated at 55 rpm and a nitrogen purge flow
of 30 ft3/min is used. If it is assumed that the drill string disturbs a region that is 20
times its diameter (4 in.) and is inserted at 2 in./min, the gas volume disturbed would
be -1 ft3/ min (assuming a conservative void of 20% in the waste) resulting in a total
release of less than 200 ft3. However, nitrogen purge also may scrub soluble ammonia
out of the waste. Conservatively, assuming that the ammonia partial pressure in the
waste is 0.6 atm and that ammonia comes in equilibrium with nitrogen instantaneously,
an ammonia release rate may be obtained as 45 ft3/min. This value is in agreement
with the conservative magnitude obtained in Ref. 6. However, such a high ammonia
release rate would be possible until the liquid immediately around the drill string is
depleted and a mass transfer resistance to ammonia forms in the liquid. Thus, the total
release volume would be < 500 ft3 (Ref. 6). Based on these discussions, one could argue
that the release rates during RMCS would be -1 ft3/ min for insoluble gases. Large
ammonia releases rates are possible for a short period during drilling.

Among the 19 SSTs that are on the original FGWL, A-I01 has the largest waste volume.
Based on the available data, a data reconciliation analysis for the gas inventory of A-I0l
was perfonned.3 The results indicate that the gas inventory estimate for A-I0l is 6300
ft3 with a standard deviation of 1300 ft3. Thus, the gas inventory for this tank, at two
standard deviations level, would be less than 9000 ft3.

The gas-release mechanisms during salt well pumping (SWP) of A-I0l are discussed in
Reference 7. During SWP operations, liquid waste will drain from the waste into the salt
well and reduce the effective hydrostatic head as seen by the retained gas bubbles. The
reduced hydrostatic head and liquid level in the waste can be related to the gas-release
volume and rate. Gas-release rates for a given liquid drainage rate depend upon the
assumed bubble size and distribution. Based on a range of assumed conditions the
calculated gas-release rate was typically less than 1 to 2 ft3/min.
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L.3. PROBABILISTIC MODEL

In this section, the knowledge developed by the limited data, limited modeling results,
and the expert-judgment are set into a probabilistic model. In order to develop a
probabilistic model of reaching or exceedmg hazardous conditions in the dome space,
one needs probabilistic models for the gas-release rate, the gas-release volume, and the
gas composition. These models may then be combined-into a hydrodynamic model of
dome space to compute the consequences of different-sized gas releases.

First, the discussion provided in the previous section is cast into a qualitative model.
The qualitative likelihood matrix is provided in Table L-l. In Table L-l qualitative
>~elihood definitions included following frequencies; a-Range 1 is defined as an event
with a frequency of I, b-Range 2 is defined as an event with a frequency of 10.1

, c-Range
3 is defined as an event with a frequency of 10-2

, d-Range 4 is defined as event with a
frequency of 10-3, e-Range 5 is defined as an event with a frequency less than 10-3•

TABLEL-l
QUALITATIVE LIKELIHOOD MATRIX FOR GAS-RELEASE VOLUMES

AND RATES

Volume(ft3)

Rate (ft3/min) 100 500 2500 10,000

1 Range 1 Range 2 Range 3 Range 4

10 Range 2 Range 2 Range 3 Range 4

100 Range 3 Range 4 Range 4 Range 4

1000 Range 4 Range 4 RangeS RangeS

The gas-release volume break-down in Table L-l, is based on unnoticeable level drop
(100 ft3), 1 in. level drop (-500 ft3), 5 in. level drop (2500 ft3) and nearly 20 in. level drop
(10000 ft3). The data that is considered in Section 2.1. shows that a level drop> 2.5 in.
was not observed in any of the intrusive activities covered in the database.

The rate range shown in Table L-1 is obtained by considering the orders-of-magnitude,
based on the discussions provided in the previous section. Even at slow release rates,
larger release volumes are less likely because:

1. Typically release will occur from the waste volume immediately around the
intrusive device, and

2. Flammable gas monitors will detect the gas release and terminate waste
penetration, which is expected to stop the induced gas release.

L-8 August 8, 1996



WHC-SD-WM-SAD-035, Rev. O-a

For release volumes that are never observed in the SSTs, a qualifier of "Range 3" is
assigned. The existing models do not predict release volumes corresponding to Range 3
and less likely categories, except for a rollover and seismic event that can liquefy the
waste by vigorous shaking. Even for these Range 3 events the release volume is limited
by the fraction of total retained gas. The maximum values shown in Table L-1 (10,000
ft3) corresponds to the largest GRE volume observed in Tank 101-SY before mitigation.
Similar events have not been observed in any of the SSTS:- -

The rate range shown in Table L-1 is obtained by considering the orders-of-magnitude,
based on the discussions provided in the previous section. Only rollovers and seismic
shaking may result in release rates on the order of 100 ft3/min or greater, while
resulting in large release volumes. There is a remote possibility of tapping into a high
pressure gas region which may result in large release rates but a very small volume.
Thus, while small volume releases at high releases rates are believed to be Range 4
events, large volumes with large releases rates are in Range 5 event category.

The qualitative matrix may be quantified for the gas-release volume and gas releases
rates assuming that these two are independent parameters. In the quantification
process, the following probabilities were assigned: a probability of 1 for Range 1 event,
10-1 for Range 2 event, 10-2 for Range 3 event and 10-3 for Range 4 event. Thus, the
quantitative results may be approximated as a logarithmic distribution given by

P(Q'~ Q) =(-9.-)-1.5 for Q ~ 100 ft3. (L-l)
100

Likewise, the release rate may be approximated by a logarithmic distribution given by

(L-2)

L3.1. Effect of Release Volume and Release Rate on Dome Concentrations

This section, the relationship between the gas-release rates and the peak dome
concentrations are quantified. In order to quantitatively assess the reduction in the
flammable-gas inventory, the following simple mathematical model is used for the
dome space waste gas concentration: 8

dX
Vd't=q-X.f ,

where V is the dome volume =1416 m3 (50,000 ft3),

X is the dome-averaged waste gas concentration,

t is the time,

L-9

(L-3)
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q is the waste gas-release rate into the dome, and

f is the entilation flow rate.

For simplicity, it is assumed that the gas-rekase rate is constant and the gas release is
modeled as a pulse function as illustrated in Fig. L-l. Thus, the gas release is
characterized by the following parameters (only two of...thern are independent): q: gas
release rate, T: gas release duration, and Q: total gas-release volume (Q =q x T).

Q)-a:l

r:r:::
Q) qVI
a:l
Q)......
Q)

r:r:::
VI
a:l

l:>

T
Time

Fig. L-l. Gas-release rates as a function of time.

The solution for Eq. (L-3) is obtained as

i [1- exp(- ~ t)] ,if0$ t $ T
X(t) =

i[l-exp(- ~ T)]exp[- ~(t- T)] if t > T

where it is assumed that the initial concentration in the dome (before the beginning of
the gas-release event) is zero. The peak dome concentration is obtained as

(L-S)

If q > f (which is always the case when active ventilation is not available), the discharge
rate is set equal to the gas-release rate during a gas-release event. Thus, the solution of
Eq. (L-3) becomes

X(t)=

1-exp(-~t) ifO$t$T

[l-exp(-~T)]exp[- ~(t-T)]

L-10

ift> T

(L-6)
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The peak concentration for this case becomes

Xmax =1-exp( - ~ TJ=1- exp( - ~J .
As shown by Eq. (L-7), when the gas-release rate is greater than the ventilation flow
rate, the peak concentration is independent of the release rate and is'a function of the
release volume only. This is also illustrated in Fig. L-2 that shows the peak dome
concentrations for Q = 2000 ft3 (Q/V) =0.04 as a function of q/f. As shown in this
figure, for q/f > 0.4, the peak concentration is nearly independent of the gas-release
rate. At q/f < 0.4, the peak concentration rapidly decreases with decreasing q/f. But
even at q/f =0.1, the peak concentration decreases to 3.3% compared to the maximum
value of 3.9%.

Based on these discussions, one could argue that, for a ventilation flow rate of 200

ft3 lInin, for gas releases> 10 ft3 fmin, the gas-release rate has a minimum effect on the
final results. On the other hand, for gas releases around 1 ft3/min, the ventilation flow
substantially suppresses the peak concentration for an extended period of time. The
peak concentration in the dome for a 1 ft3/min gas-release rate would be 5000 ppm,
regardless of the release volume.

L3.2. Gas Composition

There is considerable uncertainty in the gas composition as discussed in Appendix C.
The maximum hydrogen concentration may be as high as 90% (App. B). However, that
estimate assumes that there is no nitrogen, ammonia, or water vapor in the release gas
(all of those species are known to exist in the waste gases). Without any ammonia, the
LFL for this hydrogen-rich mixture would be 4%. Based on discussions provided in
Appendix C, a bounding ammonia fraction of 60% may be used for the SSTs.

0.04

0.038

Xmax
0.036

0.034

0.032

Q/V=O.04
~./

/
/
I

0.03 o 0.5 1

q/f
1.5 2

Fig. L-2. Peak dome concentration as a function of gas-release rate.
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Adding ammonia (that is also known to exist) reduces the LFL. For a given release
V( ".lme, a larger ammonia fraction in the released gas would imply a smaller hydrogen
fr~ -"~~Jn. Thus, a larger release volume is needed to reach the, FL. The net effect is that
the most conservative case is the maximum hydrogen in the waste gas even though the
LFL for that mixture is the highest. While it is still bounding, the use of 50% hydrogen
in the waste gas would be a good estimate for probability calculations. In the
subsequent analysis, a unifonn distribution is used for nydrogen befW-een 50% and 90%
and conservatively assume that the rest of the gas is ammonia. Neglecting the other gas
species, which are also known to be generated in the waste, provides an additional
degree of conservatism in the above calculations.

L.3.3. Time-at-Risk Estimates

Another important parameter for the burn probability estimates is the time-at-risk. The
time-at-risk is the period of time when the dome volume remains above the LFL. The
results of the ventilation study documented in Ref. 8 are shown in Fig. L-3 for different
release volumes. For this example, it is assumed that the ventilation flow rate is 250
ft3 fmin and that the dome volume is 50000 ft3. The hydrogen concentration in the
release gas is 90%, and the LFL is 4%. Figure L-3 is provided as an example without
crediting the expected low release rates. The results of more detailed calculations are
given in the next section.

L.4. RESULTS

A code was written to perform the following tasks:

(1) perform Monte Carlo sampling from probability of frequency distributions
for: gas-release rate, gas volume, and gas composition,

(2) calculate dome gas thermodynamic properties for each set of sampled gas
release values, and

(3) bin the calculated thermodynamic gas properties into various bins to
provide probability of frequency distributions for these thermodynamic
properties.

Equation L-1 was used for the probability of frequency distribution for the gas-release
volume. Equation L-2 was used for the probability of frequency distribution for the
gas-release rate. The exhauster was assumed to run continuously through the GRE.
Stopping the drilling operations upon detection of flammable gases and potentially
stopping the gas release is not modeled. Using information from WHC, the exhauster
flow rate was set at 200 ft3/min and the initial tank pressure was set at -0.5 in. w.g.
Nitrogen cooling flow to the drill bit was set at 35 fi3 f min. The details of the analysis
are provided in Ref. 9.
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Fig. L-3. Dome space concentration as a function of release volume and time.

A uniform probability density function was used for the fraction of hydrogen in the gas
between a lower limit of 0.5 and an upper limit 0.9. The fraction of the gas that was not
hydrogen was assumed to be ammonia.

In these calculations, a uniform dome mixing was assumed. Three-dimensional
analysis show that for ventilation flow rates ~ 200 ft3 lInin, the release gases mix fairly
uniformly in the dome space. tO

L.4.1. LFL Results

A sample size of 400,000 was used. The probability that LFL is exceeded in the dome
and that the tank pressure is positive was calculated to be 7.0E-S. The probability of
exceeding twice the LFL is 3.5E-S.

The mean time that LFL was exceeded in the dome was calculated to be 0.12 minutes.
Using a mission time of 144 hours, this implies that the probability that LFL is exceeded
during an event that is random in time is: 0.12/(144"60) =1.4E-S.

In these calculations, a conservative estimate of the LFL is used to define the hazardous
conditions because the calculations given in Ref. 10 show that the release gases mix
fairly uniformly in the dome space with a ventilation flow rate ~ 200 ft3I min. Thus, as
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long as the ventilation is operable, the probability of a plume bum in or above the dome
space is very unlikely. However, if the ventilation system fails, the probability of a
plume bum in the dome increases because unifonn mixing in the dome may not occur.

There are two accident scenarios for failed ventilation:

1. Ventilation fails without tripping the drilling operations-that subsequently
cause a GRE;

2. Ventilation fails during a GRE; and

3. Ventilation is intentionally shut down because of high flow (> 250 ft3 /min)

The simple calculations given in Appendix C show that the dome pressure limit may be
exceeded if a waste gas volume of 1000 ft3 is burned in the dome space. This volume
corresponds to a dome concentration greater than 25% of the LFL. Using the above
models, the probability of exceeding 25% of the LFL in the dome space is < 5E-2. The
combined probability of ventilation failure (conservatively estimated as O.l/activity)
and failure to shut down the drilling operations (1.4E-3) is estimated as l.4E-4 per
activity. Thus, the frequency of exceeding 25% of the LFL during RMCS operations
without ventilation is 7E-6/activity, which is an order of magnitude smaller than the
frequency of exceeding the LFL.

For the second scenario, the mean time above the LFL and 25% of the LFL are obtained
as 0.12 min and 5 min, respectively, during an activity. Using the conservative estimate
of 0.1 failure per activity (144 h), the failure probability during the time period while the
dome is above the LFL is 1.4E-6. The failure probability while the dome is above 25% of
the LFL is 5.8E-5. These numbers are smaller than the probability of exceeding the LFL
while the ventilation is operable.

Finally, the intentional exhauster trip is considered in the analysis. The exhauster trips
if the flow rate exceeds 250 ft3/min. During a rapid gas-release event, the exhauster
flow rate is expected to exceed the nominal 200 ft3 /min flow rate. The probability of
exceeding the 250 ft3/Inin flow rate is calculated as 2.5E-3. The probability of exceeding
the 250 ft3/ min flow rate for more than 1.5 min is calculated as 4E-5. The exhauster trip
is delayed by 5 min once the 250 ft3/ min limit is exceeded. This design feature
minini.izes the possibility of losing the exhauster as a result of excessive flow during a
GRE.

L4.2. Toxic Gas Releases

To provide information for evaluating release of toxic gas, the code was run with a fixed
concentration of 60% ammonia and a sample size of 50,000. The results are summarized
in Table L-2.
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TABLE L-2
PROBABILISTIC RESULTS FOR DOME SPACE AMMONIA CONCENTRATIONS

Positive Dome Negative Dome

Concentration Bins Pressure Pressure

0- 6000 ppm 6.2E-03~ - 9.7E-01

6000 -10,000 ppm 5.2E-04 1.8E-02

10,000 - 25,000 ppm 2.4E-04 5.9E-03

25,000 - 50,000 ppm 1.0E-04 5.6E-04

> 50,000 ppm 2.0E-05 1.0E-04

L.4.3. Conclusions

In this appendix, a quantification of the GRE probabilities are presented based on the
best-estirnate interpretation of the state of knowledge of gas releases during intrusion in
the SSTs. The probability values quoted in this appendix may be used in evaluating the
best-estimate accident frequencies in comparing the conservative accident consequences
with the risk guidelines. An uncertainty analysis is not performed because such an
analysis is not required for accident frequency estimates. However, although point
estimate GRE probabilities are combined with failure rate frequencies in Section 4 of
this SA, the GRE probabilities must be viewed as order-of-magnitude estimates. At
least an order-of-magnitude uncertainty must be considered in making decisions critical
to the safety of the RMCS operations.

In the accident analysis (Section 4 of the SA), two probability numbers were used. For
potentially continuous (if the GRE is undetected) spark sources, the probability of
exceeding the LFL if? used as 7£-5. For spark sources that are random in time, the ratio
of mean time at risk to the total mission time (144 h) is used as 1.4E-5. This analysis is
based on the assumption that a waste-intrusive event triggers a large enough GRE to
result in exceeding hazardous conditions. Without intrusion, a natural release that
exceeds the LFL is assumed to be less likely than an event during intrusion. A detailed
analysis of Tank 101-A level data indicates that periodic natural releases in that tank are
very unlikely3 and that the maximum level changes are not sufficient to result in a GRE
that exceeds the LFL. However, all the tanks are not analyzed to the same level of detail
as Tank A-10l. Consequently, a GRE probability is a checklist item that must be
addressed for each specific tank (see Section 7 of this SA).
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APPENDIXM

UNFILTERED RELEASES AND NITROGEN ADDITIONS

M.l. INTRODUCTION

In this appendix, the unfiltered releases are quantified and the effect of nitrogen
addition are discussed during rotary-mode core sampling (RMCS) operations. First,
in the next section, the amount of aerosol that is suspended in the dome space
during RMCS operations is discussed.

M.2. DOME LOADING DURING RMCS OPERATIONS

During drilling operations, aerosols will be carried into the dome. Some will be
transported to the high-efficiency particulate air (HEPA) filter, while others will
settle out on the crust. In this appendix, an estimate is given of the bounding value
for the mass of aerosols to be found in the tank dome during drilling operations.

The TRAC-TE code was developed by Science Applications International
Corporation to calculate the mass of aerosols that would be carried to the HEPA
filter during drilling operations. Part of the results output from the code is the mass
of aerosols found in the dome under various operating conditions. This code and
the results of calculations are discussed in Reference 1; however, this code is not
available to us at this time. Thus, the analysis presented in these notes is based on
the results of analyses using the TRAC-TE code found in Reference 1.

In Appendix G of Reference 1, the results for two relevant bounding cases of salt
drilling, calculated using TRAC-TE, are presented. The two relevant cases presented
are based on 700 scfm flow. The results are based on a total drilling depth of 266
inches and a schedule of 40 minutes of drilling (19 inches) followed by 60 minutes
delay before starting the next drilling period. In Case 1, Appendix G-1 of Reference 1,
the exhauster is on only during drilling, but in Case 2, Appendix G-2 of Reference 1,
the exhauster is on continually. The results take into account the settling of the
aerosol created and the flow of material up the stack to the HEPA filter. The cases are
referred to as bounding because they maximize the amount of material transported
to the stacks. The results for the first 700 minutes, Le., seven drilling and waiting
periods for these two cases are given here in Table M-l. Note that equilibrium has
been reached.

The results in Table M-1 have simply been extracted from Appendix G-1&2 of
Reference 1. The results given are the amount of material in the dome, up the
stack, or cumulative grams made airborne at the end of the time period given. The
amount of material made airborne in any 40 minute drilling period, 3106 grams, is
the total amount drilled minus the 1 in. diameter sample. This would be a 2.5 in.
diameter and 19 in. long cylinder less the 19 in long and 1 in diameter sample.

M-1 August 8,1996



WHC-SD-WM-SAD-035, Rev. O-a

TABLE M-l
GRAMS OF AEROSOL IN THE TANK DOME AND GRAMS TRANSPORTED UP

TO STACK FOR 700-SCFM FLOW

Time Total Case 1 Case 2 Case 1 Case 2

(minutes) (grams on during continuous on durinA continuous
made drilling exhauster drilling exhauster

airborne) (grams in (grams in (grams up (grams up
dome) dome) stack) stack)

40 3106 249 249 131 131

100 3106 44 17 0 59

140 6212 262 254 149 138

200 6212 52 19 0 62
240 9318 266 255 152 138
'300 9318 55 19 0 62
340 12424 267 255 154 139
400 12424 56 19 0 62
440 15530 267 255 154 139

500 15530 56 19 0 62

540 18636 267 255 154 139
600 18636 56 19 0 62

640 21741 268 255 154 139

700 21741 57 19 0 62
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An exhaust flow of 250 scfm (rather than a flow of 700 scfm) with continuous
exhauster flow is closer to actual operating conditions. The amount of material
going into the stack over the entire time period, i.e., 1440 minutes, for the 250 sefm
case is given in Table 2 of Reference 1,. but the amount of material in the oome is
not presented. In Table 2 of Reference 1, the same information is given for 700 sefm
and has been taken from the results presented in Appendix G-2 of Reference 1.
However, it is the equilibrium material in the dome 1ft 250 scirn that is of interest
here, and this value will be determined below.

The material given that goes into the stack, according to Reference 1, contains only
those particles with a diameter less than 5.5 J.lm. Reference 1, page 11, states, "These
values assume that the low transport velocities in the exhaust riser can carry only
smoke sized particle, 5.5 J.lm and less, out the riser." Note that this is conservative
since the objective here is to determine the maximum amount of material in the
dome.

From Table 2 of Reference 1, the amount of material going up the stack is 901 grams
for the 250-scfm case and 1741 grams for the 700-scfm case at the end of 1440
minutes. Thus, when the flow is 250-scfm, only 52% of the material flows out the
stack when compared with the flow in the 700-scfm case for continuous exhauster
flow.

Referring to Table M-l, note that for Case 2 at equilibrium there are 255 grams in the
dome and 139 grams going up the stack. If the flow is reduced to 250 scfm, then it is
assumed that 48% (100%-52%) of this 139 grams will remain in the dome. Because
some of this material will also settle, a conservative first estimate value of material
in the dome is:

255g + 0.48 x 139 g = 322 g.

Note that there is a compounding factor. Table 2 of Reference 1 is based only on
those particles less that 5.5 J.1.m. However, Table M-l here assumes that all size
particles flow up the stack. Referring to Table G-2 of Reference 1, it is found that
39% of the mass of airborne particles calculated to escape are larger than 5.5 J.1.m at
the end of the 700 minutes. It is expected that this mass to remain in the dome.
Thus, as a bounding value, this mass should also be added to the mass in the dome.
Thus, the bounding value for the material in the dome is:

255 g + 0.39 x 139 g + 0.48 (0.61 x 139 g) = 350 g .

This calculation states that 39% of the material that is calculated to go up the stack
will not do so because of size, and it is assumed that it will remain in the dome. Of
the remaining 61% that would go up the stack in the 70o-scfm case, 48% will remain
in the dome in the 250-scfm case of interest here. This material that was earlier
calculated to go up the stack is assumed not to settle out of the dome.
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A less conservative value may be found by assuming a fraction of this material now
remaining in the dome will settle out. An estimate of the amount that may settle
out is 94%, which is based on the results given in Appendix G-2 in Reference 1.
Thus, the less conservative, but more realistic, value is

"

255 g + 0.06[ (0.39 x 139 g + 0.48( 0.63 > 39 g)] = 261g.

Hereafter, the bounding value of material found in the dome during drilling
operations is 350 g for the continuous exhauster operation at 250 scfm. Prior to
RMCS operations, there may be additional suspended waste in the dome. To bound
the background concentration, 600 g (1.32 lb) of aerosol in the tank dome is used.
This number is used in the safety assessment of mixer pump operations2 in the 101
SY tank and is based on a very conservative fog limits during a rollover. Typically,
quasi-steady particulate concentrations less than 100 mg/m3 are expected for SSTs.
For a 1416-m3 (50,000-ft3) dome, the maximum amount would be 142 g (0.31 lb)..
Note that the unfiltered releases discussed in the next section are inversely
proportional to the dome volume. Consequently, they are directly proportional to
the concentration and the releases would not be affected by the larger dome
volumes. Thus, total aerosol in the dome during RMCS operations may be
bounded conservatively by -0.6 kg (1.3Ib).

M.3. UNFILTERED RELEASES

The following unfiltered releases are considered in this appendix:

• Release as a result of a gas-release event (GRE) during operation or
removal (including material entrained from the drill string as a result of
decontamination system failure);

• Continuous release from the exhauster after HEPA failure; and

• Continuous releases during open riser period with ventilation failure.

Releases from spill accidents or REPA filter failures are considered separately.

M.3.1. Unfiltered Releases Caused by a GRE

Unfiltered releases can occur in operation and removal. During installation, before
intruding into the waste, a gas release event is not expected; therefore, only the
operation and removal phase will involve unfiltered material releases.

One can estimate the amount of material entrained out of the tank during a GRE
using the following simple equation:

M-4
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where Q is the total gas release into the dome, Mo is the initial dome loading [0.6 kg

(1.3 lb)], and V is the dome volume [14is.8 m3 (50,000 ft3) based on Reference 3].
This simple model is based on the following assumptions:

1. The aerosol waste generated by the drilling and the waste gas released
during a GRE are homogeneously mixed in the dome sp~e;

2. The waste gas mixes homogeneously in the dome during a GRE;

3. The gas release rates are high enough to pressurize the dome [which is
conservative for GREs expected in the single-shell tanks (see App. L)]; and

4. All the suspended material flows out of an open riser that is not protected
by a HEPA filter (this is also very conservative because the inlet and
exhaust headers are equipped with HEPA filters).

Using the probabilistic model developed in Appendix L combined with the
conservative assumptions listed above, the resulting waste release from an open
riser is tabulated as a function of the gas release as shown in Table M-2.

The release rates are computed for toxicological consequence analysis which require
a IS-min average value. Thus, it is assumed that the total release occurs over a 15
min period. This assumption is conservative because the release rates for the three
cases analyzed about would be greater than 66 fe/min, 333 fe /min, and 666 fe /min,
which are comparable to 101-SY rollover releases.2 Such high release rates are not
expected for the SSTs (see Appendix L).

These releases are applicable to removal and operation time periods. During
operation, however, the nitrogen purge system must fail for an unfiltered release to
occur through the open riser. Thus, the likelihood of an unfiltered release during
operation is much lower than a release during removal.

TABLEM-2
UNFILTERED AEROSOL RELEASE AS A FUNCTION OF GAS RELEASE

Frequency GRE Volume Material Release Release Rate

(per activity) (ft3)
(g) (g/s)

10.2 (anticipated) 1000 12g 0.013

10-4 (very unlikely) 5000 60g 0.07

10-6 (extremely unlikely) 10000 120g 0.13

Another scenario is concerned with a GRE during removal with a contaminated
drill string~ The amount of waste on the drill string (inside or outside) during
removal could vary. Under normal conditions, waste should not be inside, and the
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outside is decontaminated. If the decontamination is not effective or failed and a
GRE occurs during removal, additional waste would be entrained from the
contaminated drill string. To estimate the entrainment, it is assumed that there is a
3-mm-thick waste layer 01 one 19-in. drill rod. Note that each drill rod is removed
individually. The total ~ :nount of waste on one drill rod becomes 370 g. It is
assumed that 1% of this amount would be entrained resulting in an additional 3.7 g.
This scenario assumes the failure of decontaminationand seal Ofsampler latching.
OJ hus, the frequency of the additional release is much lower than the frequencies
listed in Table M-2. Considering the conservative assumptions made in obtaining
the results in Table M-2, any additional releases resulting from decontamination
failure combined with a GRE are neglected.

M.3.2. Continuous Release through the Exhauster After HEPA Failure

This scenario is concerned with the releases through the exhauster if the HEPA
filters fail. The failure of the HEPA filters will be detected by the high flow or low
pressure drop readings. Failure to shut down the exhauster will result in unfiltered
material release. The frequency of this accident is dominated by the failure to shut
the exhauster down following a HEPA failure, which is in the unlikely to extremely
unlikely range. The maximum ventilation flow rate is 250 ft3/min (0.12 m3/s).
Based on a I-kg (2.2-lb) dome loading, a continuous release of 0.08 g/s will be
experienced. Thus, the consequences of material release caused by a GRE bounds
this accident.

M.3.3. Continuous Release with Ventilation Failure

If the riser is open and the gauge pressure inside the tank becomes positive, an
unfiltered release will occur. Ventilation system failure with open-tank conditions
has been identified as one of these conditions. Controls are established to help
ensure that this kind of release is minimized. No operation can be started if the
ventilation system is not working properly. However, the ventilation system can
fail during the periods when the riser is open. If the ventilation system were to fail
to maintain pressure inside the tank at less than atmospheric pressure, the
continuous generation of gases in the tank would cause a release. In comparison to
other releases driven by a GRE, this release is small. The gas release out of an open
riser as a result of natural convection and steady-state gas release out of the waste is
expected to be bounded by 0.03 m3/s (60 ft3 /min), resulting in a material release of
0.02 g/s. The frequency of this accident is also small (in the unlikely to extremely
unlikely range). The consequences of material release caused by a GRE bounds this
accident.

M.4. NITROGEN ADDmONS

Nitrogen addition is of concern because it may (1) result in dome pressurization,
and/or (2) cause a gas release.
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Nitrogen gas is added to the tank during normal RMCS operations. Nitrogen is
added to the waste at a rate of 30 to 50 ft3linin. Each sampling may take from 2 to 38
minutes. It is assumed an average drilling period of 10 minutes in the reliability
study. This safety assessment (SA) assumes that two full sampling activities will be
performed in a tank per year. Each sampling activity would include 11 samples.
Thus, the drilling time per year per tank would be 220 minutes. The total nitrogen
addition into waste during drilling is 11,000 ft3 per year-using a maximum flow rate
of 50 ft3 I min.

The hydrostatic head also supplies nitrogen with a flow rate of 0.3 ft3 I min.
Removing samples is assumed to take 2 hours. For two samples, the total nitrogen
addition per day would be 72 ft3. This is a relatively small amount added during
drilling. The riser will be purged with about 5 ft3 /min. However, this will be added
to the tank dome.

Past experience in air additions to Tank 101-SY can be used in understanding the
expected response of the tank caused by nitrogen injection.' From 1987 to 1989, Tank
100-SY was air-lanced periodically. In 1989, the air lancing was performed almost
daily. This air-lance data from each air-lancing operation was examined that
introduced 28.3 m 3 (1000 ft3) of air into the waste. Examination of the level data
indicates that there is no systematically observed pattern, in terms of change of
waste level, with respect to the air lancing. The level does not always increase or
decrease after each air-lancing operation. Generally the level continued to increase
(in an average sense) until a small or a big GRE occurred. In some cases, the level
tended to stay constant or decreased slightly after several days following the air
lancing. However, these small changes were insignificant because they did not
change the level-time plot significantly.

The observations above suggest that introducing air in the waste does not
immediately cause a rollover with a significant gas release. Adding air to the waste
is expected to increase the level growth rate. This conclusion assumes that some
fraction of added air will remain entrapped in the waste as bubbles. The added
nitrogen can stay in the waste or rise to the surface depending upon the yield stress
of the waste. In a worst-case condition, the released nitrogen can form large bubbles
(Ref. 5) and gives criteria for a spherical bubble to move.

The bubble diameter-yield stress relation is plotted in Fig. M-1. This figure
illustrates that large bubbles can be created if the yield stress of the waste sludge is
high (and if it exists). There is a possibility that released nitrogen can be held in the
waste, especially at the bottom of the tank where the yield stress is thought to be
relatively high. The total amount of nitrogen added during RMCS is significant. If
this nitrogen is somewhat retained in the waste, a GRE initiated by a rollover could
be observed.
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Fig. M-l. Bubble-diameter to yield-stress relation at the initiation of a bubble
motion.

However, note that the daily gas-generation rate in a full tank is expected to be
around 100 ft3/d using 101-SY data resulting in a rate of level rise of 0.15 to 0.2 in./d.
None of the SSTs experience large level growth rates, suggesting that they have
reached a steady state whereby the gases that are generated are being released to the
dome. Thus, it is very likely that the additional nitrogen also would be released
continuously to the dome through the release paths that are available for the
generated gas. It is even more likely that the nitrogen would be released from the
hole created by the drilling. However, while flowing into the dome space, nitrogen
may entrain some of the retained gas. The most likely gas-release mechanism
would be the scrubbing of ammonia by the nitrogen flow. Initial ammonia releases
as high as 34 ft3 lInin are predicted by Reference 6. However, Reference 6 also
suggests that such high release rates w:ill not last forever as the waste near the drill
string will be quickly depleted of its dissolved ammonia. Furthermore, the
flammable gas monitors would stop the operations if high ammonia concentrations
are detected at the exhauster. Ceasing the nitrogen flow will stop the ammonia
release.

One of the purposes of the use of nitrogen is to remove the waste from the· drill bit.
The nitrogen carries the waste chips. The flutes on the drill string also help the
transportation of waste chips. Because of nitrogen addition and aerosol created by
drilling, an exhauster is required to be operated during RMCS operations. The
exhauster operation will also remove the small amounts of waste gas that may be
entrained into the dome during nitrogen purging. It is believed nitrogen remaining
trapped in the waste and subsequently triggering a large GRE is an unlikely
occurrence.

The nitrogen addition can cause the dome to be pressurized if the exhauster fails.
Thus, the nitrogen flow must be stopped upon exhauster failure.
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APPENDIXN

STRUCTURAL ISSUES ASSOCIATED WITH
ROTARY MODE CORE DRILLING OPERAnONS

N .1. INTRODUCTION

In this appendix we discuss structural issues associated with the operation of rotary
mode core sampling (RMCS). There are six different issues examined. Some of the
issues are related to the ignition hazards, and others are breach of containment
issues. They are not discussed in a particular order.

N .2. DOME LOADING

RMCS operations for single-shell tanks will impose an increase in the live weight
over the tank dome. Section 2 describes all the equipment that is necessary to
perform the sampling operation.

N.2.1. Static Dome Loading

In this section, we consider static and dynamic dome loading. Reference 1 indicates
that dome loading must be controlled by the dome-loading limits for single-shell
tanks (SSTs) as specified in OSD-T-15l-000l3 (Ref. 2). The RMCS System Weights
Table N-l lists the weights of the various components that possibly will be imposed
simultaneously on the dome surface. This additional tank dome loading is
considered to be a live load in the Westinghouse Hanford Company (WHC)
evaluation of the tank structural integrity.

The static load capacity of the tank dome is monitored carefully, and an overload
state that could precipitate a structural failure must be avoided. The equipment
required on the surface of the tank to support RMCS sampling operations qualifies
as a live load. The tank loads study permits a 50-ton concentrated live load over a
10-it radius on the tank dome. Although all equipment listed in Table N-l weighs
more than 50 tons, not all of it is placed on top of the tank. The weight of the
RMCS equipment on top of the tank is <50 tons; thus, this limit is not exceeded.

N .2.2. Dynamic Dome Loading

In case a truck were to fall on the tank dome, the dome would be subjected to
dynamic dome loads. Reference 2 considers this scenario and analyzes the
consequences of the dynamic loading caused by the truck dropping onto the dome.
The truck weight is estimated to be 30,000 lb. The drop height for the truck was
selected as 3 ft from the raised platform, and the truck is assumed to land on the
minimum of 7 ft of fill.

N-l August 8, 1996



WHC-SD-WM-SAD-035, Rev. O-a

TABLE N-l
RMCS COMPONENT WEIGHT BREAK-DOWN

Component Weight (lb)

2/000

30/000

122.738

Core sample truck (includes grapple hoist assembly and
shielded receiver assembly) .
..................................................................................~ n _ _ .

Truck platform ~ 6/000..........................................................................................................._ ..
Universal sampler (11 @ 10.3 Ib) i 113......................................................................................................................................................., .
Prill String (50 ft @ 4 lb / ft) i 200
.................................................................................................................u ., .

~hange-out assembly ~ . 45
~;~··~·d~·p·t;;··;;;·d···d·;ill··;~d ..~·~h;; ..·· ·..·_·..· · ·· ·..· ··T· ·..····~·..-280..· ··· ·..
tRi;~;··~·i;;~;········ ..···..· ······ · ····· ·· ···..··..··..··· ·..···..···..· ·· ·..r ··· · ·200· ·· ···..· ·
•••••••••••••••_ 0$ _ .........•••••••••••••

Inlet breather filter stack l 2/000
.........................................................................................._ .s _ _ .

Support trock 1 7/000..........._.._ _ _ _ _.__ _ __ _.._ .
task trock 1 8/000.............................................................................................- •..••_ ·· ·..01·····..••.._········..·•..··_..·• ·····_···..
Cask stand ~ 300C;k;..(S·@·480..n;·)......·........-·..·- ·..·..·---....·..·-·-·--·-·- ·--....1·-·.._·"'2:400....·-·_·_·..
M~bil;·x:;~y ..;;;;t;;..·-····..--· ·..·_·---·_·_---..-_ '''--'''1 5:000---
E~;t;;·;::d~bl~..g~..d;t~·;ystems T-12,200..._.._._.._ _._._ _.._--._ - __ _._ _.....;.-----_.-
light plants (2 @ 1000) ! 2/000........- ..-.-.•....- ..--.....-.-_.__....._. .... •. .__eo
Video vehicle ! 5,000_.._ - _ _-------,_._---+.;--------.
Tent ! 7,000...__._eo_.._._______ •. .;" •.,. . _
Tent weights I 33,000.............._.._._--_...- .....__._-_.._-.- .....;-,-----
People (10 total) !
T~t~tp~t~ti;iWeight 1

The analysis examines the worst case in which the platform disappears and the
truck lands on its tires" which is conservative because this gives the smallest
projected area. (The greater likelihood is that the truck would fall off the platform
and land on its side, thereby affecting a greater area.)

The kinetic energy of the dropping mass is assumed to work by the resistance
representing the impact. The work is estimated by integrating the load deflection
diagram. (Details of calculations are available in Reference 3.) The deflection
calculation considered the impact and static contributions. The dynamic load is

calculated as 525,000 lb. Assuming that the load is spread over a 60° cone angle as it
passes through the minimum 7 it of soil until it reaches the dome, a projected
bearing surface area on the dome is calculated as 29,860 in2• The allowable load on
the dome is given as 5540 lbflff in Reference 4. Considering 3 in. of water vacuum
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in the dome, the net allowable dome load is estimated as 4,680 lbflff when the
dome pressure is atmospheric.

This conservative analysis shows that the dome will withstand the impact force of
the 30,000-lb truck dropping on it from the 3-ft-high platform. The analysis in
Reference 3 is conservative in that it uses the smallest conceivable projected area of
the dome in the calculation. If the truck were to fall orr its five jaeks, or on its side,
the projected reacting area of the dome would be greater, and the margin of safety
larger. Further, it is not likely that the truck will fall at the same time the dome is
subjected to a vacuum equivalent to 3 in. of water.

N .3. BUCKLING OF THE DRILL STRING

The failure of the drill string during drilling is evaluated as a fire hazard. The
downward force is limited to prevent drill bit overheating. The other limit on the
down force should be based on the buckling limit. In this section, we discuss the
structural buckling limit under various boundary conditions.

The drill string has an outer diameter (o.d.) of 2.25 in. and an inner diameter (Ld.) of
1.91 in., and these dimensions will be used in all of the calculations discussed in this
appendix. The effects of torsion on the drill string have not been considered, and
the weakening effects of the multiple threaded joints have been ignored.

Three different cases have been considered. In each case, it is assumed that the
upper end of the drill string is fixed. The lower end may be free, pinned, or fixed.
The formulas for allowable buckling load for long columns in these three
conditions are given in References 3 and 5. Calculated buckling limits are shown in
Fig. N-1 as a function of drill string length.

It is difficult to predetermine which set of end conditions should be applied as
bounding boundary conditions. There are two different cases to consider; (1) the
drill bit entering the crust, and (2) the drill bit penetrating the crust or waste.
Reference 6 documents the case of a drill-string failure at a length of 41.7 in. under a
vertical load of 2,600 lb (the drill bit was in the waste). This falls exactly on the fixed
fixed curve of the above graph. However, it does not necessarily follow that waste
entrance should be treated as such. It is conceivable that when a new drill first bites
into the hard salt cake surface, the string will behave as fixed-fixed. It is also possible
that the drill will wander along the salt cake, and behave as fixed-free.

The first core sampler has a centering spike attached to the bottom of the core
sampler. The use of centering spike ensures that the drill bit does not wander along
the salt cake as it tries to penetrate. Therefore, it is reasonable to assume that the
boundary conditions are fixed-pined as the drill string penetrates the waste or when
it is in the waste. We have establish a control requiring that the first core sampler
must include the centering spike.

N-3 August 8, 1996



WHC-SD-WM-SAD-035, Rev. O-a

Based on the above discussion, the downward force during crust penetration should
be evaluated from Figure N-l using fixed-pinned boundary conditions. We could
not put a limit that could bound all lengths. _For drill string len::;ths less than 45 ft,
the downward force limit is quite high. However, the downward force in this range
is also limited with 750 lbf established by the envelope testing to eliminate the waste
ignition hazard. Thus, the downward force will be set to 750 lbf when the drill
string length is less than 45 ft. For drill string lengths higher than 45 ft, this limit
should be lowered to 650 lbf because of buckling concerns.

MAXIMUM BUCKLING LIMITS
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N.4. MAXIMUM BEARING FORCE· CALCULAnONS OF DRILL STRING
AGAINST SLEEVE

The major concern is the frictional spark when the drill string rotates in the sleeve
and periodically bangs into flutes on the conductive sleeve. In this section, we
determine the horizontal force that could be applied to the drill string during
contact with the sleeve.

Figure N-2 is an illustration of the operation of the drill string in the conductive
sleeve. The objective is to determine the absolute maximum force that the drill
string could exert against the sleeve before the failure of the drill string. This
maximum force can occur when the end of the sleeve is the shortest distance from
the salt cake.

The following assumptions are proposed. The tube material is steel with an
ultimate tensile strength of 90 ksi. The weakness caused by the threads is ignored in
order to compute the highest possible bearing force. The sleeve is 15 ft long and is
totally rigid. Among the tanks considered, Tank V-lOB has the shortest distance
from the bottom of the sleeve to the top of the salt cake. That distance is 80 in.
Vpon touching the waste, the drill experiences a lateral force, sufficient to fracture it
at the point where it leaves the sleeve.

The bending moment required to fracture the drill. string is given in Reference 5 as
M =Su x 1/c =F x 80 in. From this equation, the bearing force is estimated as 610 lb

lRutes I

Waste Level

Fig. N-2. Sketch of a drill shing in riser.
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against the sleeve before the drill string fails. This particular case will develop the
highest possible bearing force. The deflection at this force is found as 5.7 in. in
Reference 3. It has been assumed that the sleeve is completely rigid. In reality,
some deflection of the sleeve will occur, and the drill string may not necessarily fail
where it leaves the sleeve. Furthermore, the particular tank chosen has the shortest
distance between the sleeve and the salt cake. These two factors combine to give the
maximum contact force of 610 lb. A deflection of 5.7 m. is used to-conclude that the
drill string could not damage the side walls. The contact load estimates are also used
in designing the ignition testing discussed in Appendix T. '

N .5. DRILL STRING DROP ACCIDENT

A potential hazard to the tank structural integrity exists if the RMCS drill string
were to fall and impact the tank bottom. The drill string is restrained from falling
and impacting the tank bottom by the pneumatic foot clamp. After numerous
sections of the drill string have been added, the suspended weight will cause the
drill string to fall if the clamp is released because the force of gravity exceeds the
frictional forces. Initially, the frictional force developed at the riser seal interface
exceeds the string weight. The frictional force is produced by the rubber seal that
girths the outside diameter of the drill string shell. This constant force eventually is
overcome by the column weight as the sections are added. The long drill string
extending nominally halfway into the tank poses the largest hazard to the integrity
of the tank bottom from an impact. We evaluated the impact force that would occur
if the drill string were released.3

Among the tanks considered, Tank AX-103 has been chosen as a worst case because
the low level of waste (42 in.) is insufficient to absorb a significant amount of energy
from the falling drill string. Consequently, the effects of drag and buoyancy will be
ignored.

Assumptions made in evaluating the drop accidents are as follows. The tank has a
cylindrical height of 390 in. and is topped by an elliptical dome that is 144 in. high.
The minimum waste level is 42 in. (Ref. 7). There are 84 in. of fill on top of the
tank. The first rod section of drill weighs 6.3 lb (Ref. 8).

The methodology is based on the ballistic impact on the tank bottom. The drop
distance from the ground to the tank bottom is 618 in. (Ref. 8). The impact velocity is
17.6 mls (57.6 ft/s). This velocity is conservative because the drag force decelerating
the motion is not considered. The maximum impact kinetic energy for one drill rod
of 6.3 lb becomes 325 ft-Ibf. Conservatively, no credit was taken for the concrete
beneath the steel liner because over the years the concrete could be displaced.

If the steel bottom corroded 4.5 mils per year for 40 years (Ref. 9), the remaining
thickness would be 0.195 in. (Ref. 9). From the analytical techniques of Reference 8,
we found tiD =0.086 < 0.35. The critical velocity at which 50% of the- cases would
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have penetration is found to be 218 fils. This is greater than the 57.6 fils calculated
above; therefore, penetration is not likely 'for the single section of drill string.

As another check, it has been customary to convert a body that does not have a
ballistic shape to an equivalent body by solving for an effective diameter. This has
been considered as discussed in Reference 3 and the same conclusion is found;
penetration is not likely if a single drill rod is dropped-

However, if we examine the case where the drill string is 340 in. long, the weight
becomes 113 lb. The drop distance then becomes 278 in. Usihg the same ballistic
impact analysis for higher weights, we found the critical velocity at which 50% of
the cases would have penetration as 34.6 ft/s. It appears likely that the base would be
penetrated if the whole drill string were to be dropped.

Another method is based on stresses induced in the steel liner from the impact as it
was done in Reference 8. We equate the work done by the liner in absorbing the
kinetic energy of the dropped drill string to the kinetic energy.

The impact velocity of the drill string is expressed as a function of the number of the
drill rod (V =(2gh) 0.5 =[(2 g (618 - 19n)]0.5 , where n =the number of 19-in. drill
sections). The kinetic energy becomes (324n - 10n2) (Ref. 3). The kinetic energy
peaks at 16 sections for a string length of 16 x 19 = 304 in.

Taking Poisson's ratio as 0.25 and the radius of the bottom plate that responds to the
impact as 60 in., the equivalent spring constant for the plate is found as 6,370 lb per
in. The impact force is calculated as 20,100 lb. The deflection at this load is found at
3.15 in. The developed moment can be calculated as 8164 in. lb. This results in a
stress level of 1.3E6 psi. It is clear that this is more than an order of magnitude
higher than the ultimate strength of the material. Thus, bottom liner penetration
could occur if the drill string were dropped.

N.6. STRUCTURAL FAILURE OF THE ROTARY CORE DRILL STRING
UNDER PURE TORSION

If the drill string becomes embedded in the waste because of debris in the waste,
torque will continue to 'be applied to the drill string at a constant rate. If such a
condition occurs, there is a possibility that the drill string will partially fail. Partial
failure of the drill string will then result in a nitrogen flow bypass through the area
that is partially failed with a leak path. Providing the necessary nitrogen flow to the
drill bit protects the drill bit from overheating. Thus, waste or flammable-gas
ignition is prevented. The flow rate is measured in the nitrogen instrumentation
box. If a partial drill-string failure occurs because of applied torque, this condition
will never be detected. Therefore, the likelihood of ignition in the waste becomes
uncertain. In other 'Words, providing nitrogen flow if there is a leak path on the
drill string would not prevent the drill bit from overheating.
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In this section we examine the scenario in which the drill string is considered to be
torgue from the upper end while the rotation of the lower end is not allowed. If the
drill string fails in a short period of time under the over-torgue conditions, we can
conclude that the drill bit does not have enough time to overheat itself. Thus, the
purpose of this section is to examine whether or not the drill string will fail in the
short period of time when a torque is applied.

This issue is examined in Reference 10. The method applied and results will be
briefly summarized here. An analysis in Reference 10 assumes that the drill string
is jammed in the wafte while torque is applied at a maximum rate of 55 rpm.
Linear elastic methods are applied as a first approximation to obtain the lower
bound failure estimate, Secondly, strain energy methods are used to upper bound
the solution by assuming that the ultimate shear strain in the drill rod is
proportional to the shear modulus. This is a very conservative approximation but
will provide the upper limit of failure and will estimate the maximum time-to
failure.

Material is manufactured from ASTM A-518 carbon steel (its properties are given in
Reference 10). Linear elasticity analysis estimates the shear stress as Tc/J (where T =
torque, c =distance from the point of rotation to the maximum outer fiber on the
cylinder under shear, and J= polar moment of inertia). The torque results in an
angle of rotation for pure torsion as given bye = TL/JG where, G = shear modulus, e
=angle of rotation, and L =length. The shear modules are calculated as 1l.2E6 psi
using a Poisson's ratio of 0.3. Assuming the shear stress developed under torsion is
brought to the limit of the material, that is, the shear ultimate strength of the pipe,
then the maximum angle of rotation can be determined. This is conservative
because the theory is applicable to linear elastic bodies, and obviously this
assumption does not account for the ductility of the material. The angle of rotation
is calculated as 1260 in Reference 10. This corresponds to about one-third of a full
revolution. In terms of a time-to-failure determination, the rod will fail in 0.38
seconds for a rotational speed of 55 rpm. The time period to failure becomes 2.1
seconds for a rotational speed of 10 rpm and 4.2 seconds for 5 rpm. The lower speeds
are not usually selected because sampling becomes poor. However, even in the case
of low rotational speed, the drill rod will fail in a few seconds.

The second method that upper-bounds the torsional resistance is based on the strain
energy method. Shear failure is assumed to occur when the materials' total strain
energy equals the work done by the applied torque. Then, the strain energy can be
written in terms of the shear stress and shear strain. However, in this case, the
assumption is that the shear strain is the "ultimate" shear strain capacity of the
material based on a linear elastic relationship. Using this method, the angular
rotation to cause failure is estimated as 5208°. For a rotational speed of 50 rpm, this
corresponds to a time period of 15.8 seconds. The time· becomes 43.4 seconds for a
rotational speed of 20 rpm. This second method is only provided to show an upper
bound, and by no means will this be a reasonable failure angle or time-to-failure of
the drill string under pure torsion. Because linear-elastic methods do not account
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N.7. DRILL-STRING RESONANCE

A torque and axial load will be applied to the drill string during drilling. Excitation
of the drill string with a natural frequency is of concern. In this section, we evaluate
the resonance rotational speeds under various boundary conditions. However, the
weakening effects of the multiple threaded joints have been ignored.

Consider first the case of torsional resonance. The equation for the first mode of
torsional resonance is given in Reference 3. Limiting rotational speed is plotted in
Fig. N-3 as a function of the drill string length.

The maximum rotational speed is 55 rpm. From Fig. N-3, it is clear that the
torsional resonance speed is extremely high. Figure N-4 plots the first- and second
mode resonance rotational speed as a function of the drill string length for the fixed
free, fixed-pinned, and fixed-fixed boundary conditions. Curves with fixed-pinned
boundary conditions are suggested for the cases where the drill bit penetrates the
waste and where the drill bit is in the waste. We tabulated the suggested range of
speeds in Table N-2.

When the drill string is in the waste, a rotational speed of up to a maximum of 55
rpm can be used when the drill string length is less than 45 ft. Above 45 ft, the speed
should be either 40 rpm. The second excitation frequency is much higher than. the
maximum allowable speed of 55 rpm.

N.8. DRILLING THROUGH THE BOTTOM OF THE TANK

Buckling of steel liner bottom plates in underground single-shell tanks (SSTs) and
double-shell tanks (DSTs) has been observed in about three instances and
documented in one specific case that we are aware of. DST SY-IOI has a known
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buckle that extends inwardly about 4.5 to 5.0 inches, which was caused by the stress
relieving operations immediately after' heat-treating the shell liner to 1100°F.
Documentation of this specific case is extensive, also providing contour maps of the
actual buckled shape.
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Fig. N-3. Resonance speed caused by torsional load.

Other cases in SSTs that are known to exist but have not been documented pose a
potential concern when installing equipment through the risers that extend to near
the bottom of the tank. The inward deflection created by the buckles may prevent
equipment from fully seating on the riser. Other more important concerns are with
RMCS equipment, which is required to obtain samples from the complete depth of
tank waste. The potential for drilling through the steel liner is evident if the steel
bottom plate has a deformation from lateral buckling. Therefore, limiting the drill
string height to a safe distance above the bottom plate is justified.
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Fig. N-4. Transverse resonance rotation speed as a function of the drill string length.

TABLE N-2
ROTATIONAL SPEED LIMITS

Drill String Force Rotational Speed
Length Qbf) (rpm)

(ft)
.

L<45 <750 <55
45<L <650 <40

This analysis evaluates nominal deformations in the bottom plate caused from
effects related to tank construction practices. Because very little is known about the
post-fabrication condition of some SSTs, one can only depend on the structural
deformation created from the construction phase, such as the loads imposed on the
tank walls after soil backfilling and shrinkage loads created dUring the curing period
of the reinforced concrete shell.

N.8.I. Analysis

Using dimensions of Tank A-101 for the typical SST, Figure N-5 shows the
approximate soil depth and tank characteristics. The tank liner is 3/B-in. thick
carbon steel with a 75-ft diameter and the depth of soil to the tank bottom plate is
approximately 54.5-ft. The waste temperature currently is taken as 135°F.
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Th~ lateral soil pressure is assumed as the "at-rest" soil pressure fo: retaining-type
'tures. The hydrostatic load at the base of the wall is shown1UZ as

where,

P = rHKo

r = Soil density (lb I ft\
H = Depth of soil (ft), and

Ko = Coefficient of soil pressure at rest.

Grade Level

Distributor Pit ___
241·A-oIH --

PitDrain_~

54'-6"

H2 Monitors

TANK 241·A·I01

Dome Space

Intemitill Liquid

Sludge

Riser #13

Fig. N·5. Cross-sectional view of A-I01.

The maximum soil pressure, assuming a moist, dense soil, typical of the Hanford
Tank Farm region is

P =6500 Ib/ft2 or P =45psi.

The lateral soil force per unit circumference on the 3/8-in. bottom plate is
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Fs = 17 lb/in.

Concrete shrinkage and creep is very common, and design practices allew for some
shrinkage; however, structures are often slightly deformed because a small margin
was allowed for deformation-type strains. For 3000 psi compressive strength
concrete, typical of A·1OI construction, Ferguson13 provides the nominal shrinkage
to be approximately 2.0E-4 in.lin.

Obviously, there is some appreciable gap between the concrete and the steel liner
after construction before shrinkage begins. This gap cannot be fully quantified.
Thus, nominally, a 1/4 in. gap is assumed to exist between the steel and concrete
immediately after construction.

The bottom plate radial deformation, based on a concrete shrinkage coefficient of
2.0E-4 in. / in. is

L1R=aR

where, a =2.0E-4 in/ in.,

R = 450 in., and

L1R = 0.09 in.

Thermal expansion deformations of the tank bottom, caused by heat loads from the
waste, will comprise about

where, astl =6.5E-6 in/in;oF,

and the temperature difference is from 75°F to the current waste temperature of
135°F, or LiT = 65°F. The 75°F temperature is assumed to exist at the time of
construction with no appreciable deformations. The maximum thermal expansion
of the tank bottom is

L1Rth =0.175-in.

Accounting for the 1/4-in. initial gap between the steel and concrete, the maximum
lateral deflection of the plate after concrete shrinkage and thermal expansion, would
be 0.015 inches. The difference between the radial gap and the COncrete shrinkage
plus thermal expansion is an interference fit, that is, the radial contraction imposed
on the tank plate. Thus, there exists a radial force per unit of circumference such
that the proportionality of the following relationship must hold true in the elastic
region
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where,

or,

a =Stress, (psi)

E =Modulus of elasticity, (psi)

L1R =aR
E

The applied stress from the shrinkage and thermal effects is

a = lOOO-psi ,

or a radial force per unit circumference of

Fcs =375-lb/in.

Comparing this value to the critical buckling load of the 450-in. diameter plate
assuming a clamped condition iS14

•
15

E (t)2ac = 1.22 2 - ,and
I-v a

the critical stress is

ac = 28-psi or a radial load of Fcs = lO.5-lb / in.

The compressive load from the concrete shrinkage and thermal expansion is much
greater than the critical buckling load of the plate. Given these large loads, the plate
would have undergone local plastic deformation and therefore would never
achieve such high radial forces. Obviously, the actual gaps and conditions are
unknown, and any other assumption as to the actual state of construction is an
estimate.

Therefore, in order to achieve a physical meaning, a conservatively critical buckling
load representative of the circular plate plus additional load from the lateral soil
pressure is used in calculating the maximum deflection of the buckled form.

This rationale assumes that soil pressure will always be present on the tank walls,
and that thermal and concrete shrinkage loads will cause local plasticity, thus
allowing for relieving of strains. Thus, the maximum load is taken as

It = 27-lb/in.

The out-of-plane deformation ofthe bottom plate for the compressive load shown
above is approximated using a differential strip element of plate along its diameter.
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This is a conservative assumption because it assumes a rectangular strip of length L
and not a radial segment of a circular plate. In order to obtain a buckled shape
deformation with a compressive radial load, a very small out-of-plane perturbation
load is applied to initiate buckling, where the perturbation load is Q. Let Q equal 1%
of the compressive load, and the deformation is found asH

w = JL(tan kL _ kL),
2Pk 2 2

where, w = Deflection (in.),

P = Lateral compressive force (lb),

gk- -
-" E1 '

L = Elemental strip length (diameter), and

I =Moment of inertia (in.4
)

The solution to the maximum deflection is

w =2.2 in.

It should be understood that this calculation only provides an "estimate" of the
buckling deformation. It presents a simplistic argument for a complex condition
and makes assumptions on the state of construction. There are numerous
unknown conditions that may exist, which if conservative assumptions are used,
would yield unreasonable results of the buckling deformation. Furthermore,
because actual observations of DST buckling are documented (e.g., SY-101) with
maximum heights of about 4 to 5 inches, this calculation provides a basis for the
order of magnitude.

N.8.2. Conclusions

A 3-in. minimum distance is recommended for limiting the lowering of the drill
string to the tank bottom. This limit is established from the best-estimate analyses
provided above. One may estimate larger deformations using more conservative
assumptions that those used in this analysis. Obviously, the 3-in. limit does not
guarantee that the drill bit will never contact the tank bottom. However, it reduces
the probability of drilling through the bottom without sacrificing valuable sample
data near the bottom of the tanks. As mentioned before, one documented case of
bott~m buckling is for 101-SY. For that case, the peak deflection is measured as -4
in., which covers less than a few percent of the total surface area.
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APPENDIX 0

ENERGY AND WATER ADDITIONS/REMOVALS

0.1. INTRODUCTION

In this appendix, the issues associated with energy and water addition to the tank
during sampling are addressed.

0.2. WATER ADDITIONS

These accidents address the possibility of excessive water additions to the tank that
would cause the level to rise above that allowed by safety controls. In the limit,
flooding could result from the release of tank materials into the environment
caused by hydrostatic failure of the tank. This appendix also addresses the effect of
the water addition on the waste temperature and gas releases.

The maximum quantity of water available for decontamination during operation
and removal is 5.7 m3 (1500 gal.), which is physically controlled by the size of the
water supply. Adding this quantity of water increases the tank level by a maximum
of 1.4 cm (0.55 in.). Per activity, water additions are limited to 0.95 m 3 (250 gal.).
Flooding of the tank by adding a maximum 1500 gal. of water is impossible.
Numerous 1500-gal. tanks of water would have to be added in violation of the 1500
gal. total addition limit. The maximum quantity of water available for
decontamination during operation and removal is 250 gaL, which physically is
controlled by the size of the water supply. The water addition to an assumed leaky
single-shell tank (SST) must be reduced to 100 gal.

One of the reasons for keeping the water addition to minimum amounts is the
danger of interim-stabilized tanks jeopardizing the interim-stabilized status. A tank
must contain less than 50,000 gal. of drainable interstitial liquid and less than 5000
gal. of supernatant liquid in order to maintain its interim-stabilized status.

These numbers are predicated on the flow rate, duration of operation of the
decontamination system, and maximum number of anticipated decontamination
operations. Any addition of water beyond this total level must be approved by the
test review group (TRG) with consideration for overall effects on the tank waste. To
ensure that the water is sufficiently provided to the check valve for the purpose of
deaning, the water level in the water supply tank will be monitored.

Water addition has several more effects: (a) changes the waste temperature,
(b) releases gases, (c) changes the waste pH level, and (d) increases the activity of
radiolysis.
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FarleyJ investigated the water addition effect. Roughly, unit change in waste pH
would require an order-of-magnitude change in volume to sufficiently affect the
hydronium ion concentration. Assuming water will affect a 1-ft radius, the
minimum waste volume can be found as 82 gal. that are calculated for Tank AX-103
that has a minimum waste level of 42 in. A unit change in pH for this tank would
require 820 gal. of water. The water addition is limited to 250 or 100 gal. per activity.
The small amount of water added to the tank witt dissolve salts and will be
saturated. The pH change is not expected. The water-addition limit is 100 gaL for
assumed leaky tanks to minimize the release to the environment.

Hydrogen is generated by the radiolysis of water. The water addition would reduce
radioisotope concentration. However, the volume would be increased by water
addition. Therefore, hydrogen generation per unit volume would not be affected
with water addition. Small amount of water addition in comparison to the total
volume would imply insignificant effects. Generation of other gases would be
affected in the same way. Water addition, however, may cause gas release, reducing
the gas retention capability. During rotary-mode core sampling operations, water
will be added at the waste surface, and a gas release triggered by water addition is not
expected.

0.3. STEAM GENERATION CAUSED BY ENERGY ADDmON

In Reference 2, a steam-release accident is postulated for high-heat tanks. High heat
was considered to generate and retain steam in the waste. However, an analysis
specific to high-heat Tank C-106 demonstrated that the condition of this tank is not
sufficient to initiate a steam-release event. This was believed because there is
sufficient heat transport to cool or condense the steam bubbles, and the sludge-shear
strength was not enough to retain steam bubbles in the saturated region. The steam
generation caused by heat generation is not a concern in the single-shell flammable-
gas tanks having waste temperatures less than 93°C, and the waste level does not
significantly change to indicate a great deal of accumulation.

In this safety assessment (SA), the concern is the generation of steam caused by drill
bit frictional heating that could remove moisture from the tank. The energy
addition to the tanks is discussed above for two limiting cases: frictional heating
with no penetration and efficient cutting with penetration.

The bounding energy input caused by drilling is estimated as 8.66 x 106 J for
frictional heating and 5.6 x 107 J for smooth penetrating drilling operations.
Reference 3 gives the amount of water that can be evaporated for the tanks that are
on the Flammable Gas Watch List. The maximum amount of water is estimated as
27.3 kg. These results are very conservative because all the drilling energy is
assumed to result in evaporation. Nonetheless, the amount of evaporation is
negligible and will not change the moisture content and waste level significantly in
any of tanks listed in the table. The vapor volume is 22.84 m3 (807 ft3). Considering
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that the minimum dome volume is 1416 m3 (50,000 ft3) and that the steam v:ill be
generated over hours of operation, the temperature increase in the dome will not be
significant.

0.4. WATER REMOVAL CAUSED BY EXHAUSTER

Another way to remove the moisture in the tank is by operating the exhauster.
Among the original Flammable Gas Watch List tanks, the maximum tank dome
temperature is found to be 37°C (9S<>P) in Tank 101-A. This temperature is used to
calculate a conservative moisture removal. The exhauster has a relative humidity
requirement of 70%. Above this value, normal exhauster operation is not allowed
unless there is a gas-release event.

Reference 3 calculates the time of operation necessary to observe a noticeable waste
level decrease, 0.5 in., as -15 days if the relative humidity in the dome were 70%.
These results are very conservative because they do not account for the water vapor
partial pressure suppression in highly concentrated salt solutions. In reality, the
waste (especially if the surface is dry) is likely to act like a desiccant and absorbs
moisture from the dome. Nevertheless, the rotary-mode core sampling (RMCS)
operation is assumed to involve roughly about 10 days per year per tank in this SA
(App. E). This period considers two full samplings each, including 10 to 11 samples.
Note that each full sampling may occur at different times. Thus, during RMCS,
water removal as a result of continuous ventilation is not a safety concern.

0-3 August 8, 1996



WHC-SD-WM-SAD-035, Rev. a-a

0.5. REFERENCES

1. W. G. Farley, "Safety Assessment for Thermocouple Tree System Installation
and Operation in Ferrocyanide Waste Tanks," Westinghouse Hanford
Company report WHC-SD-WM-SAD-014, Rev-.--3 (November 1993).

2. N. Milliken, "Safety Analysis for Push-Mode and Rotary Mode Core
Sampling," Westinghouse Hanford Company report WHC-SD-WM-SARR
031 Ouly 1995).

3. C. Unal, "Calculation of Water Removal From Single Shell Tanks Due to
Exhauster Operation," Los Alamos National Laboratory Calc-Note, TSA10
CN-WT-SA-TH-092 (December 1995).

August 8, 1996



WHC-SD-WM-SAD-035, Rev. O-a

APPENDIXP

ANALYSIS OF FRICTIONALHEATING IN ROTARY-MODE CORE SAMPLING

P.I. INTRODUCTION

It is possible that the rotating drill string may contact the conducting sleeve during
drilling operations. Because this contact involves potentially high horizontal loads
and dry metal-to-metal sliding, an analysis of the temperature rise caused by
frictional heating was performed. In addition, a scoping analysis of frictional
heating in the event of exhauster-fan-to-case contact was performed, as discussed in
Section P-8 of this appendix. The analyses presented in this appendix should be
viewed in light of statements in the literature such as

"The actual surface temperatures achieved during dry friction are
virtually impossible to measure, and both the temperatures themsel.ves
and the methods used to obtain them are matters of continuous
controversy. "11

Rabinowicz2 notes that

"...In consequence of the difficulties involved in this situation, hardly
anyone ever tries to calculate the temperature rise produced in sliding.
Instead, if the author's experience is typical, reliance is generally placed
on . one or another of two widely established but mutually exclusive
maxims:

1. The flash temperature at a sliding surface is usually only a little
greater than the average temperature of the contacting surfaces.

2. The flash temperature is usually the melting temperature of the
lower melting of the two sliding materials."

Because reliance on either of the statements above prOVides a poor basis for a safety
case, an attempt was made to develop a defensible calculation.

The concept of "flash temperature" mentioned by Rabinowicz is important to
understanding the phenomenon of frictional heating and the analyses presented in
this appendiX. In sliding situations, contact is not made over the whole of the
apparent contact area, Aa, but over a few isolated junctions (which together form the
real contact area, Ar). Because these junctions are small and they receive substantial
thermal energy, their temperatures may be much higher than that of neighboring
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'.surface regions (that is, the local macroscopic surface temperature). The flash,
temperature is defined as the hot-spot" temperature associated with these junctions.
During sliding, junctions continue to be made and broken, and the "hot spots" on
the surfaces shift their location throughout the apparent contact area. There seems
to be general agreement, however, that the flash temperature reached at any of these
hot spots tends to be reasonably constant under constant sliding conditions. Figure
P-l provides a schematic view of an interface, shOWing the apparent and real areas
of contact.

Real Contact Area is Projected Area of Point Contacts

-?~~C~_\C}

1

4

Fig. P-l. Schematic view of a sliding interface between real materials, showing the
apparent and real areas of contact.

For a given dry-sliding problem, estimation of peak temperatures is, therefore, the
combined problem of calculating the nominal surface temperature distribution
resulting from frictional heating over the entire apparent contact area, and the
"flash temperature rise," which are then added together. The first difficulties arise
in determining appropriate areas and in estimating the flash temperature rise.

The real contact area depends on the characteristics of the surfaces in contact,
namely the size and shape of the apparent area of contact, the surface roughness of
the two materials, and the way they are placed together. Fortunately, it is possible to
estimate the real contact area based on simple limit analyses assuming ideally plastic
deformation. If the surfaces that are placed in contact are rough (not prepared
bearing surfaces), the contact area of a localized region of material under an imposed
load will depend on the stress that such a region can carry without plastic yielding.
This property is known as the penetration hardness, and is about three times the
yield stress. This argument is plausible based on the similarity between the load
carried by a surface high point (called an asperity in the friction literature) and the
load imposed by the indenter used in performing the surface hardness test. It also
yields results consistent with experimental measurements, such as electrical contact
resistance measurements with precious metals. The simple limiting values
obtained by this approach are often modified to account for shear forces (always
present in sliding) and surface energy considerations.
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The apparent contact area consists of the real contact area of the junctions and the_
area of those regions that appears as if contact might have been made there (but was
not). Again, this can be very difficult to estimate for other than simpie (for example,
planar) geometry. It can be conservatively estimated from the real contact area
estimate, based on the generalization in the literature that lithe real contact area is
no more than 10% of the apparent contact area" (emphasis added).

When surfaces slide together, almost all of the energy dissipated in friction appears
in the form of heat at (or near) the interface. Historically, it was a friction
experiment that proved the equivalence of mechanical energy and heat. As implied
above, some of this energy can be deposited just below the surface because the plastic
and elastic deformations occur throughout a volume. The material properties and
characteristics of the surfaces can change as a result of this surface "working,"
changing the subsequent frictional characteristics, including heating. Several
formulas for use in estimating the expected flash temperature rise have been
developed based on simplified assumptions. The expected flash temperature rise
results from distributed contact over many contact points. The limiting case of a
single asperity with an area equal to Ar yields the worst-case flash temperature rise.

P.2. DRILL-STRING-TO-SLEEVE FRIcrIONAL HEATING

As described in Section 4, the drill string moves within a conducting sleeve placed
in the tank penetration. Information provided indicates that the drill string is 1100
series carbon steel and the sleeve is stainless steel. The sleeve is a Schedule 80S 3-in.
nominal pipe,3 which has an i.d. of 2.90 in. with a wall thickness of 0.3 in. and is
nominally 15 ft long. The drill string has a 2.25 in. o.d. and a 1.906 in. i.d. The drill
sections themselves are fluted on the o.d. and are nickel plated. It has been reported
that the portion of the string not penetrating the waste is not fluted, and it is not
assumed to be plated. A scale drawing of the drill-string-in-sleeve cross section is
shown in Fig. P-2. Coolant nitrogen for the drill bit is fed through the drill string at
a nominal rate of 30 scfrn. A nitrogen purge flow is introduced into the annulus
between the sleeve i.d. and the drill-string o.d. at a nominal rate of 5 scfm.

Contact between the drill string and sleeve is possible. An analysis provided in
Appendix N determined that a horizontal load of up to 610 lbf could be applied
before the drill string would break at the point where the string exits the sleeve. The
figure in Appendix N illustrating this situation is greatly exaggerated, however.
Because the nominal clearance between the drill string and sleeve is small
compared to the 15 ft sleeve length, the contact angle is quite shallow (see Fig. P-3).
The bounding frictional heating analysis presented here assumes the limiting load
of 610 lbf is applied horizontally (incipient drill-string failure). It further assumes a
drill rotational speed of 55 rpm and initial temperatures of 38°C. This analysis
conservatively assumes contact at only one region (sleeve exit) and that the contact
region remains stationary on the sleeve. It would be expected, in reality, that
bending would cause the drill string to rotate eccentrically, sweeping the contact
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region around the sleeve periphery. Bending might distribute real horizontal loads
over two regions of contact. Also, a minimum penetration rate must be maintained
for continued drilling, which would "feed" colder drill-string material into the
contact region.

Schedule 80S 3" Nominal Pipe Size

3.500 11

02.900 11

. 2.250"

Fig. P-2. Cross-sectional view of the drill string in the conducting sleeve (to scale).

P.3. ESTIMATING CONTACI' AREAS

Rabinowicz2 suggests estimating the real contact area from the following
relationship based on a limiting plastic-deformation analysis,

L
A r =-,

p
(P-l)

where L is the applied load acting normally and p is the penetration hardness.
Because sliding applies shear forces at the surface, the limiting value obtained by Eq.
(P-1) is usually modified to account for shear as
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Fig. P-3. Vertical section of the drill string in the conducting sleeve (to scale).

Ar = L~1+af2,
P

where f is the coefficient of friction and a is an empirical constant.4 When applied to
the problem conditions described in Section P-2 above, the real contact area A r is
estimated to be 13.1 mm2 (see Reference 5 for calculation details).

The apparent contact area is needed to specify the area over which frictional heating
occurs to enable calculation of the nominal surface temperature distribution.
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Because the problem geometry involves both curved and straight surfaces (see Figs..
P-2 and P-3), determination of the apparent area is not 5traightfonvard, and a.,
conservative approximation of ten times the real contact area is used (131 mm-).
The contact area in the problem considered here is probably elliptica1.6 To convert
the area above to an ellipse, the major axis length is assumed to be four times the
minor axis height. The resulting elliptical area h~ a major a~is length of 12.9 m m
and a minor axis height of 3.2 mm.

P.4. FLASH TEMPERATURE RISE

Rabinowicz2 summarizes the state of the art in estimating the flash temperature
rise, and offers the following choices:

ve= - ± (a factor of 3),
2

(P- 3)

described as "an order of magnitude realistic" method, where e is the flash
temperature rise (DC) and v is the sliding velocity in em/so For our problem, this
method yields an estimate of BOC, with a range of DoC to 33°C.

For the simplification of one circular junction of diameter 2rj sliding on another
material at moderate speed v, the interface attains an equilibrium mean
temperature rise em above the nominal surface temperature of

(P-4)

(P-5)

where rj is the junction radius taken from the literature for dry steel on steel, and L
is the applied load per junction, where the number of junctions is obtained by
dividing the area of one junction of radius rj into the real contact area A r • The
thermal conductivities of the two materials in contact are denoted k] and k z• For
this problem, 8m is estimated by Eq. (P-4) to be 3°C.

Finally, a method is presented based. on surface energy considerations, yielding "an
order of magnitude" estimate for 8m of

8 _ 7BOOfVVabV

m - (k1 +k2) ,

where Wab is the surface energy of adhesion. For our problem, this method yields
the most conservative estimate of 46°C. This value was added to the maximum
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value calculated for the nominal surface temperature to estimate the peak surface.
temperature.

P.5. PEAK SURFACE TEMPERATURE CALCULATION

P.S.l. Nominal Surface Temperature Scoping Calculation

A scoping calculation was performed earlier, based on two semi-infinite bodies
subjected to a sudden heat flux at the surface. This calculation used a different set of
assumptions (fluted drill geometry in contact with the sleeve and a lower horizontal
loading), but the results are qualitatively interesting. The calculation, described in
Reference 5, concluded that a surface temperature rise on the order of several
hundred degrees centigrade would require approximately 200 s. A corresponding
steady-state interface temperature was calculated, with some general assumptions
about convective heat transfer to the nitrogen drill-bit cooling and sleeve purge
flow, at about 350°C.

P.5.2. Detailed Numerical Calculation of Nominal Surface Temperature

A detailed numerical model, with a two-dimensional drill string in contact with a
three-dimensional sleeve was developed and applied. The string was modeled in
two dimensions because the rotation smears any instantaneous azimuthal
differences. The sleeve was modeled in three dimensions to account for the
considerable heat capacity of the relatively thick wall and the extended area for
convective heat transfer. Axial meshing was the same for both the string and the
sleeve in the upper part of the model (through the contact region), and the drill
string model extended below the sleeve. Approximately 1.45 m of overall drill
string length was modeled, with the sleeve model just over half that length. The
model axial ends were assumed adiabatic. Although the outer surface of the sleeve
would be cooled by natural convection and could radiate heat to the cold tank
interior, the outer surface of the sleeve and the outer surface of the drill string below
the sleeve were conservatively considered to be adiabatic.

The finite-:difference meshing can be varied, depending on the problem definition
and expected thermal gradients. The axial meshing used to date is quite fine in the
region of contact, being about one-fourth the thermal diffusion length for one
revolution of the string. The axial nodes get courser as they get farther from the
contact region. Both the drill string and the sleeve had three radial nodes for the
calculations discussed here, with the outer drill-string-node thickness and the inner
sleeve-node thickness kept equal. The azimuthal noding of the sleeve was
relatively fine, as can be seen in Fig. P-4. The resulting model had 903 separate
nodes. Frictional heating was applied to the contact region based on the elliptical
contact area described earlier. Because frictional heating occurs throughout the
volume "worked" in sliding contact and because the material properties of the
sleeve and drill string are similar, half of the heat was applied to each component.
The contact region was coupled with a conduction model with contact resistance,
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allowing heat to flow across the interface in either direction as dictated by the
instantaneous temperature distribution. Convective cooling (or heating farther
down the string interior) was included in both the drill string and the sleeve-to-drill
annulus. The annulus convection model included the effect of ten different
temperature surfaces (nine azimuthal sleeve nodes and the drill string outer
surface).

The model was developed and solved within the architecture of the Los Alamos
Systems Analysis (LASAN) code package.7 LASAN materials properties and
convective cooling routines were applied directly. The resulting model had 903
nonlinear ordinary differential equations that were solved simultaneously with a
fully implicit integration algorithm. Temperature-dependent material properties
were used throughout. The maximum surface temperature and its location were
saved at each time step along with user-defined list variables and plot variables.
Details of the model can be found in Reference 5.

P.5.3. Peak Surface Temperature Estimates

Figure P-5 presents the estimate for the peak surface temperature as a function of
time after initial contact. The lower curve is the maximum temperature calculated
with the numerical model described above. The conservative flash temperature rise
from Eq. P-5 is added to yield the estimated peak surface temperature as a function of
time. This is the peak surface temperature calculated with very conservative
assumptions, which should bound the "expected" temperatures. The conservative
estimate of the maximum possible "worst-case" surface temperature can be found in
the following section.

P.6.WORST-CASE HOT-SPOT TEMPERATURE, AREA, AND LIFETIME

The literature presents an equation for the "worst-case temperature rise." This
equation results from applying Eq. (P-4) with a single asperity of area Ar.

Application to our problem results in an estimated worst-case temperature rig

above the nominal surface temperature of 577°C. The area of the hot spot is the real
contact area, Ar , or 13.1 mm2

• This small volume would be expected to cool rapidly
to the nominal surface temperature. Because the "single asperity" would be
plastically deformed in sliding while carrying the entire applied load, it is
reasonable to assume that this condition could only occur early in the dry sliding
contact of two surfaces.

To determine the lifetime, or time-temperature history, of this hot spot, a numerical
calculation was performed. It was assumed that the spot was formed on the first
revolution in contact, so the nominal surface temperature was the initial
temperature (assumed to be 38°C). When this 13.1 mm2 spot is swept out from
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under the contact area, heating stops and cooling begins. Because conduction IS

expected to dominate, convective and radiative heat removal were ignored.

Adiabatic by
Symmetry

\
\
\
\
\
\
\
\
\
\

I
I

I
I

I
/

I

Azimuthal Nodes

Contact Node

Fig. P-4. Azimuthal noding of the sleeve. Nine azimuthal nodes are actually
calculated <symmetry gives the effect of 17 nodes with an adiabatic
boundary opposite the contact region).

The average surface roughness (from ANSI B46.1-1978) for cold rolled or drawn
materials ranges from about 1-10 IJ.m. 1 The asperity height chosen for this analysis
(100 IJ.m) ensures that the contact point is well above the nominal surface. The
analysis is quite sensitive to the assumed height of the contacting asperity, because
the volume of the hot spot and the conduction length to the cooler surface both
depend directly on the height. Using temperature-dependent material properties
and the LASAN solver described above, the profile shown in Fig. P-6 was calculated.
It can be seen that the hot spot drops below 400°C within 0.6 ms.
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Fig. P-5 Estimated peak surface temperature as a function of time after initial
contacL The lower curve is calculated with the numerical mode;
described. The upper curve results when the conservative "flash
temperature rise" is added to the numerical results.

P.7. CONCLUSIONS FOR DRILL-STRING-TD-SLEEVE CONTACT

The analyses above show that frictional ignition from a drill-string-to-sleeve contact
event is unlikely. Even for a very conservative set of boundary conditions and
loading assumptions (which probably could not be physically ~ustained for a long
period), it takes on the order of 2100 seconds to reach surface temperatures of 400°C
(SOOOe is not reached in 1 hour of contact). Although the possibility of a worst-case
hot spot with a rapid, higher temperature rise cannot be precluded, analysis has
shown the lifetime above 400°C to be very short, and the area is very small. With
the nitrogen purge between the sleeve and the drill string, the presence of a
combustible mixture in the vicinity of the hot spot is not likely. Consideration of
the minimum surface temperature and the necessary area and induction time for
ignition indicate that ignition is not expected even if a combustible mixture happens
to be present.
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Fig. P-6. Transient cooling curve for a "worst-case" hot spot. It can be seen that the
very small (13.1 mm 2

) hot spot cools to below 400°C in less than 0.6 ms
when exposed from under the contact area.

An experimental and theoretical study of the ignition of hydrogen/oxygen/nitrogen
mixtures by hot surfaces, done for Canadian (CANDU) reactor licensing, provides
methods for estimating both the minimum ignition surface temperature (MIST)
and the induction time for ignition by surfaces with temperatures above the MIST.!
For "20% and 30% hydrogen in air," the MIST was determined to be 916.2 K (643°C),
which is higher than any of the temperatures calculated above. For temperatures
below the MIST, the induction time is infinite (that is, ignition is not expected to
occur, and did not occur in the experimental program).

However, as noted in the introduction to this appendix, there is considerable
controversy about the ability to estimate the temperatures arising from dry metal-to
metal sliding. In order to conclude that ignition caused by drill string frictional
contact with the sleeve is not likely with a high degree of confidence, it is necessary
to obtain experimental verification by performing prototypical ignition testing. As
test results are factored in, the predictive capability of the analysis will improve and
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the associated uncertainty will be reduced.

P.B. FRICTIONAL HEATING IN FAN-TO-CASE CONTACT

P.B.I. Scoping Calculation

A question has been raised about the possibility of frictional igmtlOn by the
exhauster fan during rotary-mode core sampling operations. The fan and its case are
both made of aluminum. It is possible, using surface energy methods, to estimate
the flash temperature rise above the nominal surface temperature resulting from
dry metal-to-metal sliding as a function of sliding velocity.

Rabinowicz2 develops an equation for the flash temperature rise based on sc:dace
energy considerations, presented earlier as Eq. (P-5). It can be noted thc:.i all
parameters in this expression are material constants, with the exception of the
sliding velocity. It is, therefore, particularly attractive for scoping estimates where a
specific "event sequence" has not been postulated.

For aluminum, Table 2.1 of Reference 2 gives a value for the surface energy, "{, of 900
m1lm2 (0.9 11m2

). The surface energy of adhesion for two materials in contact, W ab,

is defined al

(P-6)

where the compatibility parameter, Cm, is 1.0 for identical metals, yielding a value
for Wab of 1.8 J/m2

. The coefficient of friction, £, for dry sliding of aluminum on
aluminum is quite high. Marks' Handbook3 gives a value of 1.4, confirmed by
Figure 4.16 in Reference 2. The thermal conductivity for "generic" aluminum9 is
about 200 W1m dc.

Using the values listed above, Eq. (P-5) yields a unit-velocity flash temperature rise
of about 49°C per m Is of sliding velocity. This value is only one-sixth of the
comparable value for the drill-string-to-sleeve (carbon-steellstainless-steel) problem
above of 288°C per m/s of sliding velocity, but the potential sliding speeds in fan-to
case contact are much higher. Assuming an initial temperature of 38°e, any sliding
velocity above about 12.7 mls will produce melting using this simple model. (The
drill-string-to-sleeve contact has a surface sliding velocity of only 0.16 m/s).

The exhauster ventilation fan has a 0.381-m (IS-in.) o.d. and a maximum rotational
speed of about 2400 rpm (estimated at the 60% power limit, 4.5 hp point - typical
operating point is 28% power).10 These fan characteristics give a tip speed of almost
48 mls. Together with the unit-velocity flash temperature rise calculated above, this
sliding speed gives a temperature well above the melting point of aluminum
(conservatively 660°C, reported values for different material specifications range
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from 643°C to 657°C). In such cases, the temperature rise is limited to the melt
temperature by the phenomenon ot'melt lubrication, which greatly reduces the
coefficient of friction. This reduction in friction reduces the subsequent heating rate
and limits the total quantity of material melted.

P.8.2. Discussion of Exhauster Fan-to-Case Frictional Heating

The first thing to remember is that the above estimate is an order of magnitude
estimate for the mean flash temperature rise in equilibrium. Here equilibrium
presumably means contact and constant sliding speed and because heat capacity does
not appear in Eq. (P-5), thermal equilibrium of the "junctions" is expected.
However, the junctions involved in the flash temperature rise (above the nominal
surface) are very small and will reach thermal equilibrium quickly (assumed
instantaneously in the friction and wear literature). But, a short duration "impact"
could be different. Also, Eq. (P-5) gave the highest temperatures, by far, of three
methods used in the drill-string-to-sleeve problem.

A second, and perhaps more important, consideration is what conditions are
required for ignition of a hydrogen/air mixture by a hot surface. As mentioned in
Section P-7 above, an experimental and theoretical study of ignition of
hydrogen/oxygen/nitrogen mixtures by hot surfaces, done for Canadian reactor
licensing, provides methods for estimating both the minimum ignition surface
temperature and the induction time for ignition by surfaces with temperatures
above the MIST.s For "20% and 30% hydrogen in air," the MIST was determined to
be 916.2 K (643°C), or very close to the melt temperature of aluminum. For
temperatures below the MIST, the induction time is infinite (that is, ignition is not
expected to occur, and did not occur in the experimental program).

The relationship between the surface temperature, Ts ' and induction time, t", was
given as

(P-7)

(P- 8)

where Tsoo is the MIST and A is an empirical characteristic time constant. For "20%
and 30% hydrogen in air," A was reported to be 5.08e-5 s.

Rearranging Eq. (P-7) to solve for t" given Is'

t" =In(~s ).
Tsoo

For Ts at the melting point of aluminum, the induction time t" calculated with Eq.
(P-8) is 2.77 ms.
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To determine the hot-spot lifetime above the MIST, a simple ID transient heat
transfer calculation was performed. The hot-spot thickness was taken to be 20 !lm,
as measured in experimental studies of methane ignition by a molten metal smear
produced by worn coal-mining bits. ll In a one-dimensional calculation, the area
drops out if the calculation is based on the enthalpy per unit area (the time
derivative is the heat flux). Because conduction was expected to dominate, other
heat-transfer mechanisms such as convection to tIle ventilation flow and radiation
to the ambient-temperature environment were ignored. The system was assumed
to be initially at 38°C. The thermal conductivity and heat capacity of the melt were
assumed to be equal to that of solid aluminum. The simple model was solved
numerically with the LASAN code package.'

Figure P-7 displays the transient cooling of the melt smear to the ambient
temperature surface. The plateau represents the time required to remove the heat
of fusion from the melt. It can be readily seen that the hot smear is very short lived,
with the time above the MIST temperature less than 4 J.lS and the time above 400°C
less than 7 J.lS. This transient cooling is quite sensitive to the assumed melt-smear
thickness, because both the volume of hot material and conduction length to the
cooler surface depend directly on the assumed thickness. To assess the sensitivity,
the problem was rerun with the assumed melt-smear thickness increased by a factor
of 10 to 200 J.lm. Results for this parametric sensitivity calculation are shown in Fig.
P-8. While the lifetimes are much longer than the base case, they are still short
compared to the calculated induction time of 2.77 ms. Examination of Fig. P-8
shows the time above the :MIST temperature is less than 0.4 ms, and the time above
400°C is less than 0.65 ms. At a sliding velocity of 48 mIs, this 0.65 ms lifetime
would produce a smear above 400°C about 3 em long (width depends on geometry of
contact).

P.8.3. Conclusions for Exhauster Fan-to-Case Frictional Heating

Based on the simple analysis above, it appears unlikely that ignition would result
from short-term contact between the exhauster fan and case, even though quite high
local temperatures can be generated. The question of surface temperatures resulting
from long-tenn rubbing is more difficult and would require detailed modeling of
the fan and case to address. However, it requires a mechanical failure for fan-ta-case
contact to occur; therefore, sustained powered fan operation with contact is unlikely.
If sustained rubbing is determined to be possible, the high thennal conductivity of
aluminum provides some time to sense contact and interrupt fan power. Because
the hot spots are quite localized, but at high temperatures, an optical temperature
measurement (for example infrared) might be possible (depending on case geometry
and "view factors"). This analysis is further documented in Reference 12.
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Fig. P-7. Transient cooling curve for a 20-~-thick hot-melt smear as a function of
time after the melt is swept out of the contact zone. At that point, heating
stops and conduction to the cool surface begins. The plateau represents
the time required to remove the heat of fusion from the melt.
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Fig. P-8. Transient cooling curve for a 200-J.1m-thick (10 x expected) hot-melt smear
as a function of time after the melt is swept out of the contact zone. At
that point, heating stops and conduction to the cool surface begins. The
plateau represents the time required to remove the heat of fusion from
the melt.
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APPENDIXQ

SAMPLE PROBLEM FOR THE COMPUTAnON
OF THE SITE-WIDE RISK

Q.l. INTRODUCTION

Rotary-mode core sampling (RMCS) operations will be performed in a number of
tanks during the course of the year. In this safety assessment (SA), the bounding
accident consequences and frequencies are computed. In doing so, a bounding tank
was chosen in such a way that both the consequences and frequencies of a given
accident were computed conservatively. For instance, for the dome collapse
accident (App. I), the maximum drop height that corresponds to a tank that is less
than half full is chosen. Likewise, the "super tank" source term that bounds all the
single-shell tanks (SSTs) in the tank farm is used in quantifying the radiological
consequences (App. R). The major accident scenario that leads to dome collapse is a
deflagration in the dome space. In computing the accident frequency, large gas
release volumes that would normally be observed in full tanks (App. L) are used.
Likewise, the minimum dome space volume is used in computing the dome

.concentrations (App. L), assuming a worse-case gas compositions (App. C). The
bounding accident consequences are compared with the risk guidelines (RGs)
(see Section 5) using the frequencies computed per year per tank basis.

However, it has been suggested that the frequency should be multiplied by the
number of tanks that would be sampled during the year. There are reasons to
question the validity of this approach. Simply multiplying "super tank" worse case
accident frequencies by the number of sampling operations in the farm .does not
provide a reasonable estimate of the RMCS risk. At best, it provides a bound on the
risk. The usefulness of this bound depends on its intended use.

The first reason to question whether this multiplication yields a reasonable estimate
is the conservative nature of the assumptions used in deriving the bounding
consequences computed in this SA. There is not a one tank that is represented by
the super tank, hence there is no idea of how far removed the super tank is from a
representative tank in accident frequencies and consequences. Because of the
conservative nature of the SA results, no estimate of tank specific accidents
frequencies has been made. Without further analysis, it is unknown, how
representative the frequencies are to realistic tank conditions. In a similar vein,
consequences based on a super tank are only meant to provide an upper bound.
Again, it is unclear how far removed tank specific realistic consequences are from
the bounding super tank consequences.

The second reason to question whether simple frequency multiplication is
reasonable has to do with risk guidelines (RGs) in general, and WHC RGs in
particular. Generally speaking, RG arose in the context of Probabilistic Risk
Assessment (PRA). The RGs are intended to be used with PRA results, which
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include conservative assumptions when warranted. However, the PRA results are
not considered worse-case or bounding.. Hence, RG would not normally be used
with bounding results. The fact that bounding analyses yields results below the RGs
means only that the realistic case isbounded. It does not provide information what
the actual risk really is. More specifically, WHC RGs are not cumulative in nature.
In other words, following the WHC RGs, all frequency/consequence point
representing accident sequences are compared individually to the "RG. It can be seen
that any differences between a real tank and the super tank will manifest
themselves as different points in frequency / consequence space.

Based on these discussions, we do not believe that the proposed approach of
multiplying the frequencies by the number of tanks may not be adequate in
obtaining a realistic risk for the RMCS operations. Such an approach may ~rossly

overestimate the risk and result in slowing down progress in the characterization
program.

In this appendix, an example pr,oblem is provided. In this sample problem,
bounding SA consequences acquired using SA methodology are compared with the
risk of performing the same activity in a collection of tanks. The 19 single-shell
tanKs (SSTs) that are on the original Flammable Gas Watch List (FGWL) are chosen
as the collection of tanks in this example.

Before the quantitative evaluation of the sample problem is started, the reader must
be warned that the objective is not to provide a total realistic site-wide risk for the
RMCS operations. The sole objective is to demonstrate that multiplying the risk of
a bounding accident obtained using the SA methodology by the number of tanks
may grossly overestimate the risk. In the process, an attempt was made to use
realistic assumptions and input parameters while lineariZing many of the
mechanistic models for simplicity.

Q.2. DESCRIPTION OF SAMPLE PROBLEM

For the sample problem, the dome collapse accident is considered. In the following
subsections, the mechanistic models used for consequence and frequency analysis
are discussed.

Q.2.1. Consequence Model

The model used in Appendix I shows that the respirable solid waste material (M)
that becomes aerosol as a result of dome collapse is directly proportional to the
impact energy of collapsing concrete and. soil. Assuming a constant concrete and
soil weight on each tank, the impact energy is proportional to the drop height (D).
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The radiological consequences (C) of the release is proportional to the amount of
respirable material (M), the atmospheric dispersion coefficient (X/Q), and the unit
dose associated with the waste material(S). Thus,

(Q-l)

For simplicity, the off-site consequences are considered using the approximation
that the offsite receptor is at a constant distance and direction from each tank. Thus,

the X/Q for each tank is constant. However, for the bounding consequence analysis,
95% weather conditions are used. But, the tanks will be sampled at different times
during the year, and the assumption that 5% weather conditions exist each time is
overly conservative in assessing the risk. Assuming that the sampling activities are
randomly spread over the year, the use of 50% meteorology is more appropriate for
risk assessment. Thus, the ratio of individual tank consequence and the bounding
consequence may be computed as

Ci Di Si (X / Q)SO%--= x--x--~.:.::.

Cmax Dmax Smax (X / Q)95%

Q.2.2. Frequency Model

(Q-2)

For this sample problem, it is assumed that the dome collapse scenario is a dome
space deflagration caused by a lightning strike when flammable gases exist in the
dome space. Each tank has the same cross-sectional area. Assuming that each tank
has equal lightning protection, the lightning strike frequency per tank per year is
constant. Thus, the frequency of dome deflagration caused by lightning is directly
proportional to time-at-risk (T), which is defined as the time period during which
the dome concentration is above flammable conditions. Thus,

F DC T

Note that, for the purpose of this sample problem, lightning may be replaced with
any other spark source which randomly occurs in time. To further simplify the
problem, the following assumptions are introduced:

• Intrusion by the RMCS device causes a gas-release event (GRE) in each
tank; and

• The volume of gas released is directly proportional to the volume of waste
in the tank:

QDCVw=axVw .

003

(Q-3)
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where Q is the gas-release volume, a is the proportionality constant and Ww

is the waste volume. This assumption may be challenged as not beiT",g
applicable to all tanks depending upon the waste properties in each tank. ( ,
the other hand, it can be argued that (based on the current knowledge of tlle
overall SST waste properties and gas release mechanisms discussed in
App. L), releasing a gas volume of 5 volume percent of the waste volume in
each RMCS operations conservatively bounds an the tank.s:-"

i .ssuming homogeneous mixing in the dome, the dome space concentration (X) at> a
result of the GRE is given by

X(t) =

1- exp(- ~ to) if 0:5: t :5: to

[ 1-exp(- ~ to )]exp[-~ (t - to)]

(Q-4)

where q is the gas-release rate, V is the dome volume, t is the time after the GRE, to
is the release period, and w is the ventilation flow rate. Assuming an instantaneous
release and linearizing the concentration decay curve, Equation (04) yields:

X(t)= ~(1- ~t) wt<V . (Q-5)

Defining the lean flammability of the gas mixture as the Low Flammability Limit
(LFL), the time-at-risk (T) may be obtained as

{

O' if ax Vw / V :5: LFL

T = ~(1- LFL x V), if ax Vw / V > LFL (Q-6)
w axVw

Thus, the ratio of accident frequency for individual tanks to the bounding accident
frequency can be computed as

(
1- LFLXV,i)

-.!L- Vi axVw,i

Tmax - Vmax (1- LFLXVmax )
axVw,max

Q-4

(Q-7)
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Two additional assumptions were introduced in deriving Eg. (Q-7):

• The same ventilation flow rate is used in all the tanks; and

• LFL is the same for all tanks and is equal to 0.04. One could introduce
more details into this problem by using individual gas compositions and
corresponding LFL values as discussed in Appendix C. HOwever, such an
exercise would be academic at best for the purpose of this calculation.

Q.3. RESULTS

For the bounding accident, we use the following parameters,

Vmax =50000 ft3 (App. C),

Dmax = 30 ft (App. I),

Smax = 2.4 X 105 Sv IL (App. R),

(XIQ)95% =1.9 X 10-5 s/m3 (App. R),

Vw,max = 130,000 ft3 (App. C), and

a = 0.05 (conservative estimate based on discussions in App. L).

The 50% atmospheric dispersion coefficient is obtained from Reference 1 as
approximately 10% of (xIQ)95%. The individual tank data are obtained from
Appendix C and listed in Table Q-1. Also shown in Table Q-1 are the individual
tank source terms [denoted as (Sa) obtained from Agnew's databaseV This database
includes only the 137Sr, 137Cs, and Pu. These nuclides make up -70% of the
bounding source term given in Appendix R. Thus, when using Agnew's data the
comparable bounding source term would be Smax =1.6 x lOS Sv/L (Ref. 2). The
estimates by Agnew are based on historical fill records and a set of defined waste
types that are based on many factors. Agnew defines a tank layer model (TLM),
supernate mixing model (SMM) and total inventory (TI). In this sample problem,
we use the TLM values because they are more representative of the total tank waste,
and we used the bounding value where the maximum dose for each nuclide is
chosen among the TLM, SMM and TI values. This is similar to the "super tank"
approach used for the source terms in Appendix R. Instead of choosing the
maximum nuclide for the entire tank farm, the maximum nuclide for a given tank
is used. This source term is denoted as Sa,max in Table Q-l. .

Another alternative to using Agnew's data would be to use the SST flammable gas
subset source term developed in Reference 3 for all the tanks. It can be argued that,
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because the database is small, this subset does not necessarily bound all the
flammable-gas tanks. However, for the purpose of this sample problem, a realistic
source term for each tank rather than a bounding source term for all the tanks is of
interest. The SST flammable-gas subset given in Reference 3 is possibly still
conse;vative for these purposes. The bounding SST flammable-gas source term is

given as 6.1 x 103 Sv IL (Ref. 3).

Details of the calculations are given in Reference 4. The results are summarized j n
Table Q-2.

TABLE Q-l
INDIVIDUAL TANK DATA

V Vw D Sa Sa,max

TANK (ft3) (ft') (ft) (Sv/L) (Sv/L)

A-101 51,900 127,000 16 800 20,910

AX-101 76,600 102,400 21 1460 38,500

AX-103 163,500 15,600 41 5260 39,350

5-102 65,200 75,500 20 400 2740

5-111 65,200 75,500 20 1360 3950

5-112 68,100 72,500 20 1170 6900

5X-101 115,600 63,300 30 1580 2040

SX-102 103,500 75,500 27 730 2820

SX-103 88,700 90,200 24 1110 1510

SX-104 91,600 87,300 25 1110 2200

SX-105 84,300 94,600 23 1300 4750

SX-106 102,700 76,200 27 660 1370

SX-109 144,000 35,000 37 2710 2710

T-ll0 57,600 54,500 16 60 60

U-l03 50,600 61,500 15 710 820

U-l05 56,900 55,200 16 920 960

Q-6 August 8, 1996



(Q-8)

WHC-SD-WM-SAD-035, Rev. O-a

TABLE Q-l (cont)
INDIVIDUAL TANK DATA

V V w D Sa Sa,max

TANK (f13) (fP) (ft) (Sv/L) (Sv/L)

V-107 50,200 61,900 15 - 2690 - 11,270

V-108 51,300 60,780 15 1570 17,500

V-109 58,700 53,400 17 1780 6080

In Table Q-2, c represent the consequence from individual tanks as a percent of the
bounding consequence (Cmax). Thus,

c=100~ .
Cmax

The individual accident frequencies (f) for the tanks are expressed as percent of the
accident frequency for the bounding case (Fmax). Thus,

f= lOO2L. .
Fmax

We define the risk as the product of frequency and consequences. The
Table Q-2 is defined as the percent fraction of the bounding risk. Thus,

(Q-9)

term. r in

(Q-I0)

As shown in Table Q-2, the total consequences range between 1.4 and 8.4% of the
bounding consequences using different source terms. The lowest cumulative
consequence is obtained using Agnew's best-estimate source term.. The highest
consequence results from Agnew's bounding source term.. These results suggest
that, using conservative tank specific models, the offsite consequences of 19
consecutive dome collapses in a year is less than 10% of the bounding dome collapse
consequences computed in this SA.

The major contribution to the overall consequences (>30%) is from Tank AX-103
which has a very small waste volume and a large dome volume. Thus, the
deflagration frequency for this tank is 0 resulting in a 0% contribution to the overall
risk.
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TABLE Q-2
SAMPLE PROBLEM RESULTS

p
(2) Agnew's Best-estimate Source Term Sa(Ref. 2)
(3) Agnew's Bounding Source Term Sa,max (Ref. 2)

The total relative frequency may be obtained as 7.5 (750% of the bounding tank·
frequency). The major contributors are tanks A-101 (100%) and AX-101 (-90%)
because they have a large waste volume to dome volume ratio compared to other
tanks. Thus, for this sample problem, doing RMCS activities in 19 tanks increases
the frequency by a factor of 7.5 instead of a factor of 19 that the conservative
approach would require.

TANK C1 (%) C2 (%) C3 (%) f (%) rl (%) r2 (%) r3 (%)

A-I01 0.14 0.03 0.69 100 0.14 0.03 0.70

AX-lOI 0.18 0.06 1.66 89 - 0.16 i).06 1.48

AX-103 0.35 0.44 3.32 0 0.00 0.00 0.00

5-102 0.17 0.02 0.11 58 0.10 0.01 0.07

5-111 0.17 0.06 0.16 58 0.10 0.03 0.10

5-112 0.17 0.05 0.28 49 0.08 0.02 0.14

5X-101 0.25 0.10 0.13 0 0.00 0.00 0.00

5X-102 0.24 0.04 0.16 0 0.00 0.00 0.00

SX-103 0.20 0.05 0.07 55 0.11 0.03 0.04

5X-104 0.21 0.06 0.11 43 0.09 0.02 0.05

SX-105 0.20 0.06 0.22 70 0.14 0.04 0.16

5X-106 0.23 0.04 0.08 0 0.00 0.00 0.00

SX-109 0.31 0.21 0.21 0 0.00 0.00 0.00

T-110 0.14 0.00 0.00 26 0.04 0.00 0.00

V-103 0.13 0.02 0.03 50 0.06 0.01 0.01

V-IDS 0.14 0.03 0.03 29 0.04 0.01 0.01

V-107 0.13 0.08 0.35 51 0.07 0.04 0.18

V-108 0.13 0.05 0.54 48 0.06 0.02 0.26

V-109 0.14 0.06 0.21 21 0.03 0.01 0.04

TOTAL 3.6% 1.5% 8.4% 746% 1.2% 0.3% 3.2%
Subscri ts (1) Flammable Gas Source Term (Ref. 3)

Finally, this sample problem shows that, using conservative tank-specific
parameters, RMCS operations in 19 FGWL tanks would result in a total risk to an
off-site individual, which is only 1.2% of the bounding risk computed in this SA
(using the flammable-gas source term). Using Agnew's upper-bound source terms
for each tank, the total risk becomes 3.2% of the risk obtained from bounding
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analysis. For the conservative case, nearly 70% 6f the total risk is from Tanks A-IOl
and AX-I01 whereas the remaining 17 tanks only contribute 30% of the total risk.
The maximum risk from an individual tank is from Tank AX-lOl, wldch is only
1.5% of the bounding risk.

Q.4. SUMMARY AND CONCLUSIONS

The sample problem discussed in this appendix clearly illustrates that in obtaining
the total risk associated with the RMCS operations in multiple tanks over a year, we
should not take either the consequences or frequencies obtained for one tank and
multiply it by the number of tanks. This approach would be overly conservative.
The above sample problem demonstrates that using tank-specific yet conservative
estimates, the total risk of dome collapse risk in running the RMCS device in 19
FGWL SSTs is -3.2% of the bounding risk calculated in this SA per tank. Three big
factors that reduce the total risk are as follow:

• The use of tank-specific source terms,

• The use of 50% meteorology in computing the atmospheric dispersion
factors, and

• The use of tank-specific gas-release volume and time-at-risk magnitudes
derived from a simple scale model.

Based on the analysis provided in Section 5 of this SA, the radiological offsite
consequences of a dome collapse accident is < 10 rem. The mitigated frequency of
the dome collapse accident for a bounding tank is shown to be < 1.0E-6/yr in this
SA. Assuming a frequency of 1.0E-06/yr, the risk is equal to 1.0E-5 rem/yr.

As shown in this sample problem, the worse case consequence among the 19 FGWL
tanks analyzed is 0.3 rem. In order to exceed the radiological offsite RGs, the
accident frequency must be > 1.0E-2/yr.

In a typical risk assessment, one would complement the above calculations with an
uncertainty analysis. The purpose in this appendix is not to provide a full risk
assessment. First, a conservative source term is used even for tank specific
conditions. Further, the orders of magnitude differences between the proposed
approaches demonstrate the point, and further analysis using these linearized
simple models will be at most academic at this stage.

If one were interested in obtaining the site-wide risk associated with running the
RMCS in all the flammable-gas tanks, an approach similar to the one shown here
can be used. The use of the bounding accident consequences and frequencies as
being applicable to each tank to estimate the site-wide risk will greatly overestimate
the risk and unnecessarily slow down the progress in the tank characterization
program.
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APPENDIXR

SOURCE TERM, CRITICALITY, RADIATION EXPOSURES
AND CONSEQUENCE CALCULATION METHODOLOGY

R.I. INTRODUCTION

In this appendix, the following issues are addressed:

Section 2.0: Bounding source terms applicable to single-shell tank (SST) waste are
summarized. The inhalation doses resulting from the bounding
source term also are included in this section.

Section 3.0: The criticality issues associated with the rotary-mode core sampling
(RMCS) operations are discussed.

Section 4.0: The high-efficiency particulate air (HEPA) filter loading and resulting
radiation exposure doses are estimated. Radiation doses from the
shielded receiver and the drill unit also are discussed in this section.

Section 5.0: This section summarizes the methodology used for estimating the
receptor doses from material releases.

R.2. SST SOURCE TERM

The radionuclides used in this safety assessment (SA) for the source term are based
on an evaluation of the data characterizing the tank waste made by Westinghouse
Hanford Corporation (WHC) engineers. The results are based upon the information
contained in References 1 through 6. In addition, files of sample data collected by
the Tank Characterization Program, Tank Characterization Report, and the Tank
Contents Database maintained by Pacific Northwest Laboratories for WHC were also
used. Scatter plots of activities versus tank and tables containing very high and very
low activities were prepared from the reports and data noted. The results are given
in Reference 7.

Eleven radionuclides that account for 99.9% of the total dose based on the data from
References 1 and 2 were plotted. On each plot, a line was drawn that represented the
maximum activity concentrations obtained. When an experimental sample point
higher than the line was found, it was reviewed by a panel. If the panel could not
technically justify eliminating the point, it was used. Conversely, the panel would
lower a point on the line if it could be justified.

After the maximum sample activity concentrations were established, a maximum
sample activity composite was developed for nine tank groupings based on the
recommended maximum activity concentrations for each of the nuclides. A
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nuclide is listed if it contributes to 0.1% or more of the activity. These source terms
for SST solids and SST liquids are listed iriTable R-l. These activities would be used
for external exposure calculations.

The unit-liter-dose values that are used to calculate exposure from inhalation are
based on the source terms described above and dose conversion factors. The dose
conversions factors are those found in Reference- 8. Multrplying the dose
conversion factors for each nuclide by the source term for each nuclide results in a

"""lmitted effective dose equivalent (CEDE). These CEDEs are summed for each
lposite for a total CEDE. The CEDEs summed with effective dose equivalent

\cDE) caused by external dose radiation result in a total effective dose equivalent
(TEDE). Here, however, the EDEs are negligible for all accident scenarios except fc
:lOse involving a liquid pool. The results here assume that the TEDE is equal to the

CEJE. The CEDE for SST liquids and SST solids based on the maximum activities
per liter for SST tanks are also given in Table R-l.

R.3. CRITICALITY CAUSED BY RMCS OPERATIONS

The purpose of this section is to address the criticality issues associated with the
RMCS operations. It presents calculations and the reasoning made to determine if
the single-shell Flammable Gas Watch List tanks are criticality safe under all
conditions for the proposed rotary-core drilling.

The maximum plutonium content found in any experimental sample in SST
analysis forms the basis for the 239pu content. This value is given in Table R-1,
which has the maximum value of plutonium found in any sample for SSTs.

For solids in single-shell tanks, the plutonium concentration is given as 4.4e+08 .
Bq/L. This value contains both the contribution from 239pu and 24Opu. Plutonium
240 is not fissionable. However, assuming all activity is caused by the fissionable
239pu, this translates to 0.191 gIL, a bounding value for 239pu in single-shell tanks.
The plutonium concentration demonstrated to be criticality safe has been calculated
and reported in References 9 and 10.

The minimum critical plutonium concentration calculated by Rogers9 was 2.6 gIL
with a 95% confidence level. He used a reasonably conservative mixture of high
level tank waste, which did not include some significant neutron absorbers known
to be in the waste. This analysis is discussed and accepted in Reference 11.

The minimum critical plutonium concentration calculated by Carter10 was 3 gIL
He states that as long as the concentration in waste remains under this value,
criticality will not occur for any conditions of moderation or reflection. This analysis
is discussed and accepted in Reference 12.

R-2 August 8, 1996



WHC-SD-WM-SAD-035, Rev. O-a

TABLE R-l
ACCIDENT SOURCE TERM ACTIVIIT CONCENTRATIONS AND

UNIT-LITER-DOSE VALUES FOR ACCIDENTS
INVOLVING RELEASE OF SOLID OR LIQUID TANK WASTE

SST Liquid SST Solid Conversio SST Liquid SST Solid

Nuclide Source- Source- n Factor f- CEDE-- CEDE-
Bq/L Bq/L Sv/L Sv/L

14C 1.0e+05 1.2e+05 5.64e-IO 5.9e-05 7.0e-05

60Co 1.2e+07 5.3e+08 5.91e-08 7.1e-0l 3.1e+Ol

79Se
II- 1.7e+04 2.66e-09 II- 4.5e-05

90Sr 1.1e+10 1.7e+12 6.47e-08 7.2e+02 1.1e+05

90y 1.1e+10 1.7e+12 2.28e-09 2.5e+01 3.ge+03

99Tc 1.7e+07 1.2e+1O 2.77e-10 4.7e-03 3.4e+00

106Ru 3.3e+03 2.4e+05 1.29e-07 4.3e-04 3.1e-02

125Sb 5.3e+04 2.8e+08 3.30e-09 1.8e-04 9.2e-0l

1291 1.0e+04 6.4e+08 4.69e-08 4.7e-04 3.0e-01

134Cs 2.1e+05 2.6e+06 1.25e-08 2.6e-03 3.2e-02

137Cs 2.3e+10 7.5e+1O B.63e-09 2.0e+02 6.5e+02

144Ce 4.3e+01 1.6e+03 1.01e-07 4.3e-06 1.6e-04

154Eu 2.7e+09 6.6e+09 7.73e-OB 2.1e+02 5.1e+02

155Eu 7.5e+07 6.4e+06 1.12e-08 8.4e-01 7.1e-02

237Np
II- 3.0e+07 1.46e-04 II- 4.7e+03

238pu 9.3e+04 1.ge+08 l.06e-04 9.8e+OO 2.0e+04
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TABLE R-1 (cont)
ACCIDENT SOURCE TERM ACTIVITY CONCENTRATIONS AND

UNIT-LITER-DOSE VALUES FOR ACCIDENTS
INVOLVING RELEASE OF SOLID OR LIQUID TANK WASTE

SST Liquid SST Solid Conversio SST Liquid SST Solid

Nuclide Source- Source- n Factor CEDE- CEDE-
Bq/L Bq/L Sv/L Sv/L

239Pu .... 3.6e+07 4.4e+08 1.16e-04 4.2e+03 5.2e+04

241Pu 2.8e+08 3.5e+09 2.23e-06 6.3e+02 7.8e+03

241Am 3.7e+07 3.6e+08 1.20e-04 4.4e+03 4.4e+04

"No Data Available. These radionuclides have a negligible impact on the radiological
dose evaluations because of their low activity concentrations.

·*The 239pu nuclide dose contribution also includes 240pu.
ULD - unit-liter dose. ULD values are given for each composite in terms of committed effective
dose equivalent (Sv) per unit-liter of waste inhaled at the location of the maximum on-site/off-site
individual.

Because the bounding value of 239pu concentration in the tanks is 0.191 gIL, the
tanks are currently criticality safe because this value is at least an order of magnitudE
less than the minimum critical plutonium concentration. The question then is
whether there is a possible mechanism resulting from the rotary-eore drilling that
could concentrate the plutonium into a critical configuration.

The rotary-core drilling will not add any fissionable material to the tank, and in fact,
will be removing some material during the process as the drill penetrates the salt
cake. Pockets of possible high concentration would not be forced into smaller
volumes; they would be removed as the drill passes through. The process should
actually decrease the multiplication factor by removing material.

•If the drill enters a liquid layer, the material would be displaced without
concentration. The plutonium concentration in liquid is less than that found in
solids by an order of magnitude or more, according to Table R-1. H the liquid were
forced into the salt or sludge, it would serve as a diluent, resulting again in a
decrease in the multiplication factor.

If the drill enters the sludge in the bottom of the tank, the sludge would be mixed if
the sampling is assumed to cause a local rollover or tank rollover through a gas
release mechanism, resulting in a mixture with a layer with less concentration of
Pu, again acting as a diluent.
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The above analysis and facts provide assurance that nuclear criticality within the
single-shell Flammable Gas Watch List tanks will not occur as a result of RMCS.

R.4. RADIATION EXPOSURE CALCULATIONS

In this section we estimate the radiation exposure from the HEPA filters, shielded
receiver, and the drill string. Only gamma exposure-is calculated. The gamma
source strength in the solid is from the column labeled "SST Solid" in Table R-l.
The only gamma emitter of importance is 137mBa, a daughter of the decay of 137Cs.
The source strength of 137Cs from the column "SST Solid" is 7.5elO Bq/L. The 137Cs
is in secular equilibrium with 137mBa, and 94.6% of the decay from 137Cs produces
137mBa. Using a salt density of 2.2 grams/cm3, the 137mBa source strength is 8.71e-04
Ci/g.

R.4.1. HEPA Filter Loading and Radiation Exposure

The HEPA filter is designed to trap the particle escaping the tank during the drilling
operations. This note gives an estimate of the exposure from the filter caused by the
capture of the radioactive particles during drilling operations.

In Table 2 of Ref. 13, the total mass out of the riser and to the HEPA filter is 901 g, a
value based on continuous operation of the exhauster, a total drilling depth of 266
inches, and a schedule of 40 minutes of drilling (19 inches) followed by a 60-minute
delay before starting the next drilling period. Only particles greater than 5.5 J.lm were
assumed to have been carried up the stack. The total exhaust flow for the case used
here is 250 ft3/min. These results were calculated using the TRAC-TE code. This
code and the results are discussed in Reference 13. The results take into account the
settling of the aerosol created. The time required to reach an equilibrium
concentration was not given; however, the time required to reach an equilibrium
condition for a 700 scfm with continuous exhauster flow case was given as 400
minutes. For this 700-ft3/min case, the mass flow rate out the stack for the first 100
minutes was 90% of the average mass flow rate. Thus, for the calculations in this
note, it is not unreasonable to use an average exhaust rate of 901g/1400 minutes, Le.,
64.4 grams captured in the filter in 100 minutes of operation. This would be one
drilling period and one hour's wait. The filter would have 64.4 grams x 8.71E-4 0/g
loading.

Using the code MicroShield,14 a filter geometry of 24 in. x 24 in. x 11.5 in. containing
Si02 at a density of 0.1 g/cm3, we find the exposure at 1 em from the surface is
about 300 mR/h at the end of 100 minutes of operation. This exposure may be
scaled with units of 100 minutes of time because it is based on an average mass flow
rate.

The maximum allowable dose for a worker is 300 mrem/week. These calculations
indicate that there may be cases in which this limit could be exceeded. It. is
necessary then that health and safety personnel monitor the filter during operation.
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Also, the size of tht ,~;xposure seems to require a prefilter in the limiting cases when
the source term is at this size.

R.4.2. Radiation Exposure From Shidded Receiver and Drill Unit

Shielded Receiver. The receiver is modeled as a series of concentric cylinders 19
inches long. The dimensions and materials are given-in Table R-2-:-

The source-containing material is modeled as NaN03. The 137mBa source

contained in the NaN03 is 0.596 curies (7.0874e+07 Bq/cm3). Using the code
MicroShield,14 we find the exposure at 1 em from the surface is 211 mR/h. The
bounding value of exposure calculated is 211 mR/h at 1 em from the surface of the
receiver. It would be expected that there would be no samples that would actually
produce ·this value because the samples would contain liquid that have a lower
source strength. In addition, the source strength used here is the maximum found
in any sample. However, this value could cause a worker to exceed the limit of 300
mrem/week. It is necessary then that health and safety personnel monitor the
receiver during operation.

TABLE R-2
MATERIALS, DIMENSIONS, AND DENSITY OF THE SAMPLE RECEIVER

Density, Maximum

Material (g/cm3) Radius (in.)

NaN03 2.2 0.564

Steel 7.93 0.75

Air 0.00122 1.0335

Steel 7.93 1.1875

Lead 11.34 2.013

Steel 7.93 2.25
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Contaminated Pintle Rod. In this section, the exposure rate from a contaminated
pintle rod is determined. The exposures determined are results from the
MieroShield code. In these calculations, the equivalent volume of waste that would
be found on a contaminated pintle rod is modeled in the center of the quill rod.
These approximations are conservative.

The volumes of waste placed in the center of the quill rod are baserl- on a I-mm and
a 3-mm-thick contamination on the pintle rod. The pintle rod is 92.48 em long with
a radius of 0.237 em. A I-mm contamination gives an equivalent radius of 0.24 em
of contamination in the center of the quill rod and a 3-mm contamination gives an
equivalent radius of 0.482 em. Using the bounding value of I37Cs found in solid
waste, the two source strengths are 0.0338 and .137 Ci.

The steel quill rod has an inside radius of 2.42 em and an outside radius of 2.875 em.
The exposure as determined using MicroShield at 1 em from the surface of the quill
rod for the I-rnm contamination is 0.72 R/h, and for the 3-mm contamination, the
exposure at 1 em for the surface of the quill rod is 2.84 R/h. At 1 meter from the
surface of the quill rod, the exposure is 8.6 mR/h for the I-mm contamination and
35 mR/h for the 3-rnm contamination.

The magnitude of these exposures indicates that radiation monitoring of the quill
rod is necessary to prevent unnecessary exposure to personnel in the event that the
rod becomes contaminated.

R.5. RECEPTOR DOSE CALCULAnONS

In this section, the radiological dose calculation methodology is discussed. The
methodology is adopted from Reference 15 for consistency with other safety basis
documents employed at the Hanford Site. In Reference 16, this methodology is
compared with the AI-RISK methodologyl7 previously used in the Tank 101-SY
Mixer Pump SA.ls The receptor dose is calculated as

where

D= Qx.KxRxULD
Q'

D is the dose in Sv,

Q is the material release volume (L),

(R-l)

xlQ' is the atmospheric dispersion coefficient (see Tables R-3 and R-4),

R is the breathing rate

= 3.3 x 10-4 m3Is typical acute breathing rate (light activity)
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= 2.7 x 10-4 m3/s typical chronic breathing rate (24 h average), and

ULD is the unit liter dose in Sv /L obtained from Table R-l.

The atmospheric dispersion coefficients are obtained. using thE computer code
GXQ, which uses the methods in the Nuclear Regulatory Commission (NRC)
Regulatory Guide 1.145 (Ref. 19). The atmospheric dispersion coefficient is the time
integrated normalized air concentration at the receptor for radiological releases and
continuous chemical releases. For puff chemical releases the atmospheric
dispersion coefficient is the instantaneous maximum concentration at the receptor.
Only the plume meander correction was used in the calculations. The coefficients
used to calculate dose or concentration are presented in Tables R-3 through
Table R-4. The acute release values were developed for weather conditions that
result in downwind concentrations exceeded only 0.5% of the time in the maximum
sector (16 sectors) or 5% of the time for the overall site. The larger of the two values
was used as the integrated bounding value for the on-site and off-site individuals.
The chronic annual average X/Q values were obtained by calculating chronic
annual average values for each sector and using the highest value for calculation
purposes. This value is suitable for long-term releases but not for accidents.

TABLER-3
DISPERSION COEFFIOENTS

1./Q' xlQ' with PM" CAA.... xlQ'
RECEPTOR (s/m3) (s/m3) (s/m3)

Onsite 3.44 E-02 1.13 E-02 4.03 E-04

Offsite 1.88 E-05 1.49 E-05 9.16 E-08
"PM: plume meander correction applied
..... CAA: chronic annual average

For a release duration of less than 1 h, the X/Q' (first column) is used. For a release
duration between 1 and 2 h, the plume meander correction is applied, and the X/Q'
with PM (second column) is used. For a release duration greater than 8760 h (1 yr),
the CCA X/Q' (third column) is used. For a release duration between 2 hand 8760 h,
a logarithmic interpolation between values in column 2 and column 3 is used. The
offsite recep~or distances for the 20D-Area tank farms obtained from Reference 15 are
shown in Table R-4.
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TABLE R-4
SITE BOUNDARY DISTANCES' FOR THE TANK FARMS15

Direction Distance (km)

S 16.650

SSW 16.650 -
SW 13.875

WSW 11.100

W 11.100

WNW 11.100

NW 14.800

NNW 14.800

N 16.650

NNE 23.125

NE 19.425

ENE 15.725

E 15.725

ESE 21.275

SE 24.975

SSE 21.275

One case referred to in this SA requires the evaluation of the dispersion coefficient
for a 1-wk (168-hr) duration release. Applying the logarithmic interpolation, the on
site and off-site dispersion coefficients may be obtained as
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109(1.13XI0-2)-log(~,J log(2h)-log(168h) X -3

------~---'-~= = - = 1.94 x 10
log(l.13 X 10-2) -log(4.03 x 10-4) log(2h) -log(8760h) Q'

and

log(1.49 x W' )-log(cY) = log(2h) - log(168h) =L =1.01 x 10-;

log(1.49 X 10-5
) -log(9.16 X 10-8) log(2h) -log(8760h) Q'

respectively.

Table R-5 provides the receptor doses for a l-L release.

TABLE R-S
RECEJ7TOR DOSES FOR A l-LITER RELEASE

ONSITE OFFSITE

SST Solid SST Liquid SST Solid SST Liquid

Prompt « 1h) 2.76E+00 Sv 1.1SE-01 Sv 1.49E-03 Sv 6.20E-OS

2.76E+02 rem 1.15E+Ol rem 1.49E-01 rem 6.20E-03 rem

1 week 1.54E-01 Sv 6.40E-03Sv 8.00E-OS Sv 3.33E-06 Sv

1.54E+01 rem 6.40E-01 rem 8.00E-03 rem 3.33E-04 rem

1 month 8.6SE-03 Sv 3.60e-OS Sv 3.31E-05 Sv 1.38E-06 Sv

8.65E-01 rem 3.60E-02 rem 3.31E-03 rem 1.38E-04 rem

1 year 3.20E-03Sv 1.33E-oS Sv 7.26E-06Sv 3.02£-07 Sv

3.20E-01 rem 1.33E-02 rem 7.26E-04 rem 3.02£-05 rem
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APPENDIXS

SPILL RELEASE FRACTIONS

S.l. INTRODUCTION

Several spill scenarios are identified in the hazards evaluation. One of the most
important scenarios is a spill from the core barrel when the core barrel is flooded.
The other one is a spill from the core sampler.

If waste collects inside the core barrel or the drill rods, handling could cause a
release. Even though accumulated waste may be discovered by radiological
monitoring, this would only aid workers in preparing to catch the spill that could
follow removal.

The length of the core barrel is 1.1 m (40 in.), and the inside diameter is 5.08 ern (2
in.). Thus, the core barrel could contain 2.2 L (0.07 ft3) of waste. Using a waste
density of 1.6 kg/L (100 Ib/ft3), the corresponding mass is obtained as 3.5 kg (7.8Ib).

The sampler is 48 cm (19 in.) long and has a I-in. (2.54-ern) diameter. The volume of
the sampler is 0.25 L (15 in.3) and would contain 0.4 kg (0.9 lb) of waste.

5.2. ANALYSIS

In order to estimate the aerosol fraction during a spill, the waste may be modeled as
liquid or solid.

The airborne material (source term) released from a liquid spill can be evaluated
from the following equation, as suggested in the Department of Energy (OOE)
Handbook:}

source term =MAR x DR x F x RF X LPF,

where

MAR =material at risk,

DR = damage ratio = I,

F =airborne release fraction,

RF = respirable fraction, and

LPF =leak path factor = 1.

The LPF and DR are conservatively assumed as 1.

5-1
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5.2.1. Respirable Aerosol Fraction for Liquid Spills

P.~ference 2 (Sec. 4.4.2.2, p. 4.74) summar:zes the experimental release fiaction from
I iuid spills. Most of the experimental data are obtained at Pacific Northwest
Laboratory (PNL)3 and are for viscous liquids and slurries. The spill height was 3 m
(10 ft) in PNL's experiments. Other parameters such as the diameter of particles,
densities of liquids and solids, and the viscosity of slurry and liquids were varied.
Also included in the database was a slurry containing important species of 101-SY
waste. The resulting correlation is given as

( J

2.2

F =6.31 x 10--6Ar0.45 Pair FrO.35 ,

Pliq

where

F = fraction airborne,

Pair = air density,

Pliq =solution density, .

Fr =Froud number, and

Ar = Archimedes number.

Froud and Archimedes numbers are defined as

V2 p2: h 3g
Fr =- and Ar = liq 2

gR fJ.

where

h =spill height,

g =gravitational constant,

fJ. =viscosity of solution,

v =impact velocity, (2gh)1/2,

R =radius of liquid drop, (3/4 Vol/7t)1/3, and

Vol =volume of solution.
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Equation (5-2) shows that the respirable fraction is proportional to the drop height
and drop velocity and inversely proportional to the volume of the material and
viscosity. Using a bounding drop height of 5 m (15 ft), a minimum liquid volume
of 0.25 L (7.1 x 10-6 fP), a liquid density of 1000 kg/m3 (62.4 Ib/ft3), and a liquid
viscosity of 1 cP, the respirable fraction (F) is obtained as 1.0 x 10-4. Note that the
liquid density and viscosity used in this calculation correspond to w.ater density and
viscosity, which is very conservative for the waste supernate.

S.2.2. Respirable Aerosol Fraction for Solid Waste Spills

To estimate the respirable aerosol fraction of a solid waste spill, we use the formula
provided by MacDougall et al.4 given by the follOWing simple relationship:

F=2XlO-1O~
Vol '

where E is the impact energy in joules and Vol is the material volume in m3.

(S-4)

Equation (5-4) was derived from Argonne National Laboratory experiments (Refs. 5,
6, and 7) involving the brittle fracture of small samples of glass, ceramics, uranium
dioxide pellets, and concrete. A test consisted of placing a single cylindrical
specimen on its side between two hardened tool steel plates inside a sealed chamber.
Each specimen received a dynamic diametrical impact by a weight dropped from a
preselected height onto the upper plate. The impact energy is dissipated by
disintegration, and some aerosol particulate is formed. The net respirable fraction of
the brittle material (particulates with a diameter of less than 10 Jl,m) is given by F,
which is found to be linearly proportional to the impact energy. H the energy is set
equal to the impact energy of the material being spilled, Eq. (5-4) reduces to

(5-5)

where p is the waste density taken as 1600 kg/m3 (100 Ib/ft3) and h is the drop height
bounded by 5 m (15 ft). Thus, the respirable fraction becomes 1.6 x 10-5.

5.3. CONCLUSIONS

In this safety assessment, a conservative value of 2 x 10-4 (Ref. 8) is used for the
respirable fraction during a spill accident. The analysiS provided in Section 2 of this
appendix shows that a release fraction of 2 x 10-4 is bounding for liquid and solid
waste spills of interest. .
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APPENDIXT

BUREAU OF MINES IGNITION TEST PROGRAM
FUNCTIONAL REQUIREMENTS AND ACCEPTANCE CRITERIA

T.t. INTRODUCTION

The hazard identification process presented in Section 3 of this safety assessment
(SA) resulted in numerous burn initiators in the dome, in the drill string, in the
waste and aboveground. Section 4 discusses these accidents and their possible
initiators. Some of these burn accidents are postulated to occur as a result of
mechanical sparks during rotary-mode core sampling (RM:CS) normal operations or
accidental conditions. The frequencies of these accidents are determined in
Appendix E and summarized in Section 4. The discussion in Section 4 shows that,
without additional experimental studies, the consequences and frequencies of the
burn accidents caused by mechanical sparks are not acceptable.

The key reason to do experiments with prototypical atmospheres is the need for a
database to support safety and engineering decisions on a technical basis. Unless
there is a reliable and experimentally tested theoretical basis for predicting behavior,
one will be reduced to making ad hoc decisions in the absence of experimental data.
There is no general and reliable theory of frictional ignition that will enable test
results with one mixture and frictional ignition situation to be extrapolated to a very
different mixture or frictional stimulus. In the multicomponent mixtures
characteristic of the flammable gases in the Hanford tanks, the interactions of the
various components are a key aspect of behavior that can only be conclusively
resolved in experimental studies.

Table T-l summarizes the accident scenarios in which the mechanical sparks are
initiators for a bum accident and the experimental results are necessary to conclude
that the risk is bounded by the guidelines. Also included in Table T-l is the section
number where the bounding tests for each accident is discussed. Note that a
separate series of tests for each accident is not needed, and a number of accidents
(mainly the drop accidents) in Table T-l may be bounded by one set of tests.

As a requirement of this SA, an experimental test program is implemented to
demonstrate that no sparks capable of igniting a bounding flammable-gas mixture
under bounding operating conditions can be generated as a result of the accidents
listed above. These experiments are being performed at the U.S. Bureau of Mines
(BOM) In some cases, a bounding set of tests are used to cover more than one
accident scenario shown in Table T-l. In this appendix, the necessary BOM ignition
tests required by this SA, their functional design requirements, and acceptance
criteria are described for each ignition test. The results of the tests performed at the
BOM is also discussed in this appendix.
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TABLE T-l
SUMMARY OF ACCIDENT CASES FOR WHICH TEST RESULTS ARE NEEDED

Ignition Scenario Description Section

Ignition caused by frictional During the drill-bit penetration through th~rust or 2.0
sparks as a result of the drilI bit waste sludge, a frictional spark can ignite the
penetration flammable gas in the vicinity of drill bit.

Ignition under the waste surface The ignition of the flammable gas in the waste by the 2.0
caused by frictional sparks by the frictional sparks created by the drill bit is of concern
drill bit if the drill bit strikes hard materials such as rocks,

metals, or hard waste layers.

Ignition in the riser caused by a If the conductive sleeve-nitrogen purge system fails, 3.0
frictional spark ignition of flammable gases is possible. Another case

considered is the ignition of hydrogen in the riser
(between the conductive sleeve and riser).

Ignition in the drill string caused The ignition of the flammable gas in the drill string 4.0,6.0
by assembly / disassembly of drill caused by impacts that could be created during drill
strings or drill rod-quill rod string or drill string quill rod assembly or disassembly
adapter impact are possible.

Ignition in the riser caused by the The flammable gas in the riser / dome can be ignited if 4.0
drill string, equipment, or tool equipment,drill string, or tools are dropped into or and 6.0
drop onto the riser during the installation or removal

phase.

Ignition caused by the driII string Dropping the drilI string or other tools on the crust 4.0,5.0,
or tool drop on crust may ignite the flammable gas in the vicinity of the and 6.0

crust.

Ignition in the drill string caused Ignition in the drilI string as a result of frictional 4.0,5.0,
by drops sparks, dropping core sampler are possible. and 6.0

Ignition in X-ray or cask The ignition source is the drop of the sampler into the 5.0
X-ray container or the cask. Low-impact energies and
velocities are involved.

Ignition in the shielded receiver The drop of core sampler in the shielded receiver 5.0
could cause spark. Low-impact energies and
velocities are involved.

T.2. DRILL BIT FRICIlONAL IGNITION TESTS

One of the safety concerns of sampling with rotary mode in single-shell flammable
gas tanks is the ignition of the flammable gases retained in the waste. The ignition
of flammable gas may occur in several different ways:

• The waste may be hard enough to create a frictional spark as the drill bit
penetrates the salt cake or any other hard layer in the waste;

• The drill bit may also strike metal debris and cause a metal-to-metal
friction resulting in a spark; and
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• Friction on hard debris may cause local hot spot generation during which
the temperature exceeds the autoignition temperature of the gas mixture.

The objective of drill bit frictional ignition tests is to demonstrate lhat the operation
of rotary core drilling in a bounding frictional environment and bounding gas
composition does not cause an ignition. The following are the sections in which the
test parameters for the ignition tests are discussed:

• Downforce (Section 2.1.)

• Rotational Speed (Section 2.2.)

• Nitrogen flow rate (Section 2.3.)

• Gas Temperature (Section 2.4.)

• Gas Composition (Section 2.5.)

• Debris Material and Configuration (Section 2.6.)

• Drill Bit Type (Section 2.8.)

• Number and Duration of Tests (Section 2.7.)

• Autoignition Temperatures (Section 2.9.)

T.2.1. Downforce

The downforce used during tests must be at least 120% of the nominal downforce
that will be used during drilling in the actual waste. Currently, the analysis
provided in Appendixes F and N determine the maximum allowable downforce. In
ignition testing, the downward force must be ;;:120% of the limiting value defined by
the envelope tests or structural analysis.

T.2.2. Rotational Speed

like the downforce, the rotational speed (rpm) must be set higher than the nominal
rotational speed that will be used during actual sampling operations, which is 55
rpm. For the tests, the rotational speed must be ;;:120% of the limiting value defined
by the envelope tests or structural analysis (approximately 65 rpm). This margin is
believed to be sufficient for protection against accidentally exceeding the nominal
speed, considering the other conservative features of the test.
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Nitrogen Purge Flow Rate

During ignition tests, the nitrogen purge system will not be used.

T.2.4. Gas Temperature

To bound the maximum waste temperatures in all the flammable-gas tanks
(including the measurement uncertainties), the gas mixture must be ~100°C.

T.2.5. Gas Composition

The initial analyses of the limited data show that the gas composition varies in each
tank (App. C). Thus, the frictional ignition testing using actual drill bits must be
performed in a bounding gas composition and bounding contact configuration.

It is very difficult to determine a realistic gas composition that bounds all possible
combination of species mentioned above for all single-shell tanks. Using the
current database, one can only determine major flammable-gas species that may be
assumed to exist in all of the single-shell tanks. Based on the analysis provided in
Appendix C, the major flammable-gas species are hydrogen (H2), nitrous oxide
(N20) which is an energetic oxidizer and NH3. Based on observation of waste
simulants, free oxygen (02) is not expected in the waste gas. However, air addition
to the waste is possible during the RMCS operation.

In summary, the important gas species to consider are H2, NH3, N20, ~, (used to
conservatively bound the effect of entrained air). Instead of trying to determine a
realistic gas composition that may bound all tanks, the stoichiometric mixtures are
chosen. In determining the stoichiometric mixtures, the findings of the previous
studies are used.

Krok and Shepherd1 were unable to ignite a typical Tank 101-SY gas mixture
(without ammonia and air) by striking two bars together or creating sparks by
grinding. They were able to ignite the 101-SY gas mixture with a grinder striking on
a metal piece when it is mixed with air fractions between 75% and 90%. It is
concluded that, in the gas mixtures tested, N20 acts as an ignition inhibitor.
References 2 and 3 also confirm that a typical101-SY gas mixture cannot be ignited
with the frictional operation of the drill bit in a simulated waste crust or on a steel
plate. Based on these findings, it appears that a stoichiometric H2-02 mixture would
be bounding for mechanical sparks.

The evidence about the ability of bronze and brass strikers to cause frictional
ignition is controversial. Powell4 cites evidence for ignition with hydrogen and
methane but not with gasoline fumes in an enriched oxygen atmosphere. The
phenomena of frictional ignition is sensitive to surface phenomena such as the
oxidation state of the metal and contaminants such as aluminum. Very small
amounts of aluminum or an aluminum-containing compound on a surface can
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produce frictional ignition in situatio'ns that otherwise would be considered
absolutely safe. Ammonia is known to be chemically reactive with copper and other
base metals containing compounds and will alter the state of the surface. This clearly
raises the issue that the frictional ignition characteristics of a surface may be affected
by ammonia. There have been no studies on frictional ignition in the presence of
ammonia. Although one may suspect that frictional ignition ofammonia will be
difficult because of the low flame speed of ammonia-air mixtures, that is really not a
valid reason to rule out ammonia as playing a role in frictional ignition in multi
component mixtures. Thus, a stoichiometric mixture is introduced (keeping the
hydrogen-to-ammonia ratio as 1) of H2-NH3 and 02 in the test matrix.

Finally, although the earlier studies1
•
3 show that mechanical sparks are not expected

to ignite H2-N20 mixtures, the addition of ammonia to this mixture has not been
tested. References 5 and 6 indicate that ammonia may be very explosive in a nitrous
oxide atmosphere. The studies documented in References 5 and 6 do not include
mechanical sparks. However, because of the high explosiveness of this mixture, a
stoichiometric mixture of H2-NH3 and N20 also must be tested.

Thus, as part of the acceptance criteria, three gas mixtures must be tested. These
mixtures are summarized in Table T-2.

TABLE T-2
GAS MIXTURES

Species Mixture #1 Mixture #2 Mixture #3

Hydrogen 66% 30% 20%

Oxygen 34% 40% -
Ammonia - 30% 20%

Nitrous Oxide - - 60%

T.2.6. Debr.is Material and Configuration

The condition of waste in terms of hardness is not known before operation. There
exists a possibility of penetrating a very hard waste layer in a tank. In addition, there
may exist some metal debris lost or dropped from the riser in the past. Hard
materials such as rocks also may exist in the waste. Thus, it is likely that the drill bit
may strike against metal and other hard objects during the operation.

The possibility of ignition is higher if the drill bit strikes on harder materials such as
carbon or stainless steel rather than hard salt cake or crust. Because of this, the use
of a simulant to model the frictional sparks during the waste penetration in the
proposed testing is not necessary. Instead, the bounding spark initiating contact
condition, i.e., striking metal objects or rocks are considered.
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The conditions of the metal or hard object and geometry of the contact is another
key parameter for ignition testing. The metal objects may already be corroded and
may have a rough surface. The drill bit may strike wedge-shaped objects, a flat metal
surface, or trr; edge of an inclined metal sheet or pipe. The configuration of drill bit
to-metal COL.act may playa role in generating a frictional spark that is capable of
igniting the flammable-gas mixture. The metal object may be made of soft carbon
steel as well as hard carbon steel. Thus, the selection of a bounding drill bit contact
configuration and material needs to be addressed by testing.

Two bounding materials are selected for the frictional ignition tests;

1. 4140 hardened tool steel shapes, and

2. rocks found in the area of the Hanford Tank Farms.

The basis for the selection of 4140 hardened alloy steel is because of its relative
incendivity and radiance properties. The relative radiance indicates the ability to
create a spark (Ref. 7). Relative incendivity is the parameter to describe the ability to
ignite hydrogen-air mixture in an ignition test. Both parameters are defined
relative to the properties of pure iron.

Relative incendivity is defined as the inverse of the time to ignition in a given
ignition test as described in Reference 7. This parameter is found to be a function of
the applied loading pressure and surface speed. The relative incendivity of the
hardened 4140 steel was found to be much higher than mild steel, structural steel,
and stainless steel.

Relative radiance (as quantified by the measured radiant flux) for 4140 hardened tool
steel is also much higher than the carbon steel (1018, 1096, 1030, 1080, 1040, 1060, etc.).

Figure T-1 shows the three sharp-edge shape made of 4140 hardened tool-steel piece
before the ignition test. This contact geometry is believed to be bounding to cause
frictional sparks. Figure T-2 illustrates the drilling process onto these sharp-edged
steel pieces. Figure T-3 is the photograph of the drill bit after drilling on these
pieces. As shown, the drill bit surface is quite damaged.

T.2.7. Duration and Number of Tests

For each gas mixture #1 (stoichiometric H2-02) shown in Table T-2 and for each
material (metal and rocks as described previously), a minimum of five tests must be
conducted. If there are uncertainties in the bounding configurations, multiple
configurations may be tried as part of the minimum number of tests required.
The number of tests for the other two gas mixtures shown in Table T-2 must be ~ 3
for each material and each gas mixture tested. Different configurations may be used
to count towards the requirement of the minimum number of tests for each
material.
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In the accident analysis, the operators are credited for a few minutes response time
in case the penetration rate control is violated. For consistency with that credited
control, each test must be run for a duration:::: 3 minutes.

Tests must be conducted in well-mixed mixtures at elevated temperatures. The test
chamber must be purged sufficiently before the flammable gas is introduced into the
chamber. The flammable gas must be introduced into the chamber for a sufficient
period. The gas composition in the chamber must be verified. To verify that well
mixed flammable gases existed during the test, the gases must be ignited with an
alternate ignitor at the end of each test if a frictional ignition does not occur during
the test.

T.2.8. Drill Bit Type

The drill bit cutting teeth are made of a sintered bronze with tungsten chips in the
bronze matrix. This material can wear down easily when the drill bit strikes metal
objects or hard materials. The core sample drill bits used in RMCS are Longyear
(trademark of Longyear Incorporated) Parts Numbers lOOIVD/8 (currently used) and
9505-15E (new prototype bit). BOM ignition testing also considers a new drill bit
(Longyear part number 9505-15E).s This new drill bit is not used during testing to
determine the safe operating parameters to prevent waste ignition (Appendix F);
therefore, it is not considered in this SA. The purpose of specifying the drill bit is
not exactly to indicate that no other drill bit can be used in an RMCS operation. This
appendix summarizes the requirements of tests. However, any drill bit that is to be
used in RMCS operations must pass both ignition and envelope testing
requirements. The safe operating parameters (envelope tests) are obtained from
experiments performed with the current drill bit. Therefore, the drill bit model
number is specified to indicate that this type is the only one tested in ignition and
envelope tests. When the drill bit model is changed or a new one is developed, it
must pass the requirements of ignition and safe envelope testing, before it can be
used in RMCS operations.

The current and new drill bits, current and new one, include carbon steel pins in the
base of the drill teeth. Westinghouse Hanford Company (WHC)S currently is
performing ignition tests for both bits to demonstrate that both drill bits do not
ignite a flammable-gas mixture that may bound all possible combinations of
flammable gases in single-shell Flammable Gas Watch List tanks (SSFGWLT). Tests
are designed to simulate the action of a drill bit striking a hard object in the waste,
such as a piece of structural steel or a rock, and determine what, if any, core drilling
conditions exist that could ignite the flammable-gas mixtures. Tests were conducted
in a bounding stoichiometric hydrogen oxygen and ammonia nitrous oxide mixture
as required by this SA.

Tests to date with different structurally sharp carbon-steel objects consistently
showed no ignition in the Hr02 mixture. However, drilling on a hard rock resulted
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in ignition of the hydrogen oxygen' mixture when the new bit was used.
Examination of the new drill bit after the ignition indicated that the teeth were
worn and carbon-steel pins were exposed to the rock.

The conclusion of testing is that the ignition of bounding mixtures of hydrogen and
oxygen is likely if carbon-steel pins contact steel or rock targets. "Because ignition is
observed and the reason was proven to be the carbon-steel pins, this SA requires
that the carbon steel pins or carbon steel components must be removed from thE:
tooth region of the bit before using them in the tanks. A control also i~

implemented to replace the drill bit if a trip signal is received on the penetration
rate four times with a cumulative penetration of 0.3 in. This control and the
requirement to pass the tests listed in this appendix control the spark sources in the
drill bit.

When the drill bit is redesigned to include pins with different materials such as
stainless steel or brass, a series of ignition testing could be set up. In these tests,
ignition tests with 3-min. drilling periods should be performed until the hydrogen
oxygen mixture is ignited. After each 3-min period, a waiting period must be
implemented to make sure the starting temperatures were the same. The number
of tests that give the ignition should be higher than 4; otherwise, control must be
changed to half of this new number. If ignition occurs in the first or second test, the
material must be re-evaluated.

T.2.9. Autoignition Temperatures

During one of the rock-drilling tests that was run for more than 5 minutes, the
hydrogen oxygen mixture was ignited after 6 minutes of testing. It was postulated
that the ignition occurred because the autoignition temperature at the teeth surface
was reached. The test was repeated, and the ignition was observed at almost the
same time. The bit teeth were not worn sufficiently to cause the carbon steel blanks
to be exposed. Additional tests without flammable gas were performed to determine
the interface temperature. In one of the tests, a thermocouple was placed 1/8 in.
beneath the assorted rock. The rock was not worn significantly; therefore, the
temperature just beneath the rock could be measured. The rock temperature 1/8 in.
beneath the surface was 236°C after 6 minutes of testing. An infrared temperature
probe was also used to determine the surface temperature of the teeth. After 4
minutes of testing, temperatures up to 400°C were observed. All of this evidence
indicates that the autoignition temperature can be reached if the drilling lasts more
than 5 minutes.

To ensure that, during drilling into the rock without purge gas and minimal
insertion rate, the temperatures will not reach autoignition temperatures, the
following tests must be performed. Ten runs shall be performed while drilling into
a rock with gas mixture #1, and with the downforce and rotational speed specified
above. The run period shall be 3 minutes. After each 3-minute run, the bit and the
rock shall be allowed to cool to approximately ambient temperature. The bit face
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and the rock surface shall be photographed after each run. Ignition during any of
the runs shall be sufficient cause to disqualify the tested bit design from FG/RMCS.

Envelope Testing

The possibility of causing an exothermic waste reaction exits if The drill bit-waste

interface temperature exceeds 160°C. The operating parameters such as downward
force, rotational speed, and nitrogen purge flow are necessary to be controlled not to
cause unacceptable drill bit/waste temperature during drilling. Appendix F
describes the testing requirements for thermal performance of the drill bit in
addition to requirements in this appendix for frictional spark issue.

T.3. CONTACT BETWEEN DRILL STRING AND TANK RISER MATERIAL

Upon loss of nitrogen purge flow to the riser (annulus between the drill string and
conductive sleeve), frictional sparks can be generated through' the drill string and
conductive sleeve contact. In order to demonstrate that sparks cannot be generated
from drill string and sleeve contact, ignition tests must performed by the BOM.
Four different sets of tests must be conducted in a stoichiometric hydrogen-oxygen
mixture. A prototype drill rod was rotated within a test chamber with a side load,
200 lbf, pressed against it. The side load acts against the drill string itself and not
against the drill bit. The following materials must be used for the drill string:

1. A standard uncoated steel drill string rubbing against carbon steel;

2. A standard steel drill string with a pipe joint compound on it rubbing
against a carbon steel

3. A nickel plated and fluted drill string rubbing against carbon steel;

4. A fluted drill string with the nickel coating ground off rubbing against
carbon steel.

Note that these test parameters are conservative because the conductive sleeve is
made of a stainless-steel pipe and if flammable gas exists in the riser, it is a
hydrogen-air mixture. The rotational speed is 65 revolutions per minute (rpm). A
total number of 12 tests are conducted (three repeat tests for each material discussed
above).

The steel selected was 4140 carbon-steel. The 4140 carbon-steel is bounding as
discussed previously. If tests are performed with actual configuration (drill string is
inside of the sleeve), the annulus must be purged with the well mixed gas mixture.
If the drill string is rubbing on the outside surface of a pipe or a flat steel surface,
only adequate mixing in the vicinity of the contact point must be provided. The
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temperature of the well mixed hydrogen-oxygen should be -100"C. The purge flow
rate should be minimized to provide well-mixed flammable-gas mixture.

The test period must be longer for these tests. The maximum period must be 26
minutes. This number is obtained by dividing the average drilLrod length, 19 in.,
with the minimum penetration rate of 0.75 in./min.

These tests must show that the rotational motion of a carbon-steel drill string or a
nickel-plated fluted drill string cannot create the ignition of a stoichiometric
hydrogen oxygen mixture when the rotational speed and normal force are
controlled.

T.4. DROP OF A NINETEEN-INCH DRILL STRING SECTION

A spark during disconnecting the quill rod from the drill string has been observed
in the field. The quill rod adapter and the drill string were made of carbon steel.
Any misalignment between the drill string and the quill rod caused by undesired
platform movement or operator errors could create a relatively fast impact between
the quill rod and the drill string when the drill string is disconnected. There is no
instrument to detect the misalignment or any stress level on the drill string or quill
rod adapter. Therefore, it is very difficult to evaluate the condition of drill string
quill rod adapter before disconnecting the drill string. Because a spark is observed in
the field operation, this event must be assumed to have a high likelihood.

The DS is assembled by adding the drill rods. The addition of a drill rod could be
performed as follows:

1. Manual installation by an operator; or

2. Manual installation using the lifting bail.

During both modes, drill-rod-to-drill-:-string impact also is possible. Impact can be
caused by a drop of the drill rod or by an operator error. This accident is likely
because the drill rods are made of carbon steel and assembling/disassembling is
performed for each sample. The cable spray washer is installed after the DS is
disconnected from the quill rod adapter. The change out assembly is installed after
cable spray washer. If dropped on the OS, the change-out assembly also may cause a
spark.

Ignition tests are designed to simulate the impact of dropping a 19-in. drill rod on a
vertically oriented OS from a height of 3 feet. A height of
3 feet corresponds to an impact velocity of 14 ft/s. These tests must be performed
30 times because the expectation is that carbon-steel pieces could create sparks when
impacted. Provided that these tests conducted with realistic conditions result in no
ignition of stoichiometric hydrogen-air mixture, the probability of ignition may be
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estimated using binomial theorem. For 30.tests with no ignition, the probability of
ignition is -2.0 x 10'2. Considering this probability, the accident frequency becomes
on the order of _10'7.

A well-mixed gas mixture must be provided to the impact point. This is a key issue
in these drop tests. To achieve mixing, the gas mixtur.e.., must be E!ovided with a
minimum flow rate so as not to cause significant convective effects inside the
stationary drill string. The purge time and flow rate must account for the volume of
the test chamber as well as the drill string volume. Appropriate mixing in the test
chamber also must be provided. The gas temperature must be ~ lOO°C, and the gas
mixture must be a stoichiometric mixture of hydrogen-air for these tests.

Tests must not induce ignition the of the stoichiometric hydrogen-air mixture.

T.5. DROP TEST OF A ROTARY MODE SAMPLER ON TO A ROTARY BIT

Drop tests simulating the drop of the core sampler on the drill bit were performed in
the following fashion. A prototype core sampler must be dropped from a height of
60 feet through a prototype drill string on the drill bit attached to the lower end of
the drill string. The section of the core barrel containing the grooves, or serrated
edges, where the quadralatch fingers latch, and the quadralatch fingers and body
must he made of 304 stainless steel to reduce the likelihood of a spark. The test
chamber and drill string must be filled with a stoichiometric hydrogen-air mixture.
Ignition is not expected because the bottom of the core sampler is made of stainless
steel. Tests must be repeated ten times to confirm this expectation.

A well-mixed gas mixture at the impact point must be provided. Note that the
60-foot OS may require significantly larger purge periods. The gas mixture must be
purged with a minimum flow inside of the stationary OS in all tests. The purge
time and flow rate must account for the volume of the test chamber as well as the
long OS volume. Mixing in the test chamber should also be provided. The gas
temperature must be ~100°C.

If there are pins inside the current drill bit, they need to be scratched so that the core
sampler can impact on carbon steel pins. For this experiment, you must use the
current drill bit (Longyear, trademark of Longyear Incorporated) Part Number
lOOIVD/8). The number of tests must not be less than 10.

These tests must conclude that no ignition of stoichiometric hydrogen-air mixtures
is observed in ten core sampler drop tests performed under these conditions.
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T.6. QUILL ROD ADAPTOR-DRILL STRING IMPACT TESTS

A misalignment betv·;een the quill rod adapter and drill string could cause spark ..
when the drill string is disconnected from ttw quill rod adapter. This event can
occur during both RMCS. The guill rod adapter impact test used a section of the
same type of stainless-steel pipe dropped on its ena. onto the ~nd of a section of
carbon drill string. Calculations (Ref. 8) showed that the maximum kinetic energy
during drill-string/ quill-rod misalignment is 115 in.-lb. A safety factor of 2 was
employed, raising the kinetic energy to 230 in.-lb. A 5.22-lb piece was dropped 44 in.
onto the carbon-steel pipe to simulate this impact.

A well-mixed gas mixture of stoichiometric hydrogen and either oxygen or air
(66%/34%) with a minimum flow rate must be provided to the impact point. The
purge time and flow rate must account for the volume of the test chamber as well as
the long DS volume. The gas temperature must be ~100°C. The gas mixture needs
to be supplied both to the drop tube and the test chamber.

These tests must be repeated 10 times and must show no ignition.

T.7. RESULTS OF IGNITION TESTING PERFORMED AT BUREU OF MINES

WitwerI' performed the ignition testing required by this appendix at the BOM. The
procedure and test setuJ.·" including the recipes of the flammable gas described by
Witwer in his report are reviewed and found to be consistent with the
requirements of this appendix. Results of each test described in this appendix did
not show an ignition of the flammable mixtures of hydrogen-oxygen, hydrogen
ammonia-oxygen and hydrogen-ammonia-nitrous oxide, as reported by Witwer.1I

Therefore, the accident scenarios. including the ignition of flammable gases caused
by mechanical sparks (frictional spark~! sparks resultins from impact), are
considered to be not credible for RMCS operations.

T.8. SUMMARY AND CONCLUSIONS

All of the required tests described in this appendix were performed at BaM by
Witwer.8 All the test procedures and results are documented in Ref. 8. The test
procedure and findings of this report havl~ been reviewed, and they were found to
be consistent with descriptions given in this appendix. Results showed no ignition
in all of the tests described in this appendix. The conclusion of ignition testing
therefore b used to address the postulated fire accidents caused by mechanical sparks
discussed in Section 4.

The core sample drill bits used in BOM tests were Longyear (trademark of Longyear
Incorporated) part numbers lOOIVD/8 (currently used) and 9505~15E (new prototype
bit). These drill bits are qualified for FG/RMCS based on BaM test results.
However, there are no envelope tests for the new prototype bit, Number 9505-15E.
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Fig. T-l. The photograph of three sharp, hardened 4140-tool steel shapes before
drilling.

Fig. T-2. The photograph illustrating the three sharp, hardened 4140-tool steel
shapes during drilling.

...
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Fig. T-3. The photograph of the drill bit after drilling on a hardened 414G-tool steel
shape.

The FG/RMCS equipment may be modified in the future. Any modifications made
in drill bits, core samplers, drill rods or operating conditions specified in this
appendix must be assessed against ignition test results given in this appendix.
Proposed design or operating parameter changes which are not bounded by the
results of ignition testing discussed in this appendix will require performance of
additional bounding tests. The USQ process will be applied to ensure that any
design or operational parameter changes are bounded by the results of the ignition
testing in this SA.
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APPENDIXU

FUNCTIONAL REQUIREMENTS FOR
FLAMMABLE AND TOXIC GAS (HYDROGEN AND

AMMONIA) SENSORS

U.1. INTRODUCTION

The purpose of the sensors is to provide signals that can be used as safety shut-down
indicators for both flammability (mainly hydrogen and ammonia) and toxic (mainly
ammonia) hazards during rotary-mode core sampling (RMCS) operations. The
primary flammability hazard is the release of hydrogen gas, and the primary toxicity
hazard is the release of ammonia gas (which is also flammable). The signal will be
used to shut down the drill truck and to alert personnel to evacuate the tank farm as
a protection against toxic-gas exposure. The objective of this appendix is to specify
the functional requirements of the chosen sensors for this applications.

U.2. EVALUATION OF THE SENSOR

At the time of the submittal of this safety assessment (SA), two sensors have been
identified and are being designed as part of the ventilation system. The first is a
Wittaker Cell hydrogen detection system and the second is an SMC combustible gas
sensor.

The Wittaker Cell is an electrochemical cell with a membrane placed between the
sample gas and the active element. It is very selective for hydrogen and responds
directly to the partial pressure of hydrogen on the other side of the membrane. It is
configured with a calibration port that can be used to flood the sensor region with a
calibration or zero gas during operation conditions. For the sensor to read out
concentration it is essential that the pressure in the sensor region be within the
expected tank pressure range during the calibration.

The Sierra Monitor Corp. (SMC) combustible gas sensor uses a catalyst to "burn" the
gas and detects the resulting heat release. To increase sensitivity and decrease drift,
the heat detection is done by comparing the temperature of a reference (uncatalyzed
bead) to that of a signal (catalyzed) bead. The beads are imbedded in a sintered metal
housing which prevents the combustion energy from igniting a flammable mixture.
It has the advantage of responding to both ammonia and hydrogen.

Westinghouse Hanford Company has considerable experience with the Wittaker
Cell, which has been shown to have an adequate response time as given in App. B.
The Wittaker cell has been shown to have adequate sensitivity, and experience has
shown that it is very reliable and stable in the current tank farm applications.
Calibration is required only every three months.

The SMC detector has not been used in the tank farm environment before, but it has
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1

rf' "ent]y been tested as described in a report by Straalsund. The key points of this
report were the fo]]owing:

• The output is noisy, which can be rectified by electrical processing but still
is barely adequate for this application.

• The response of the system was very sensitive to the flow rate of the gas by
the sensor.

• The response was sensitive to the orientation of the device.

• The sensor responded to ammonia as well as hydrogen with the ammonia
response factor being approximately 40% of the hydrogen response.

Based on the information provided, the sensors, if implemented properly, should
provide the required protection against flammability and toxicity hazards during a
gas-release event (GRE). The SMC sensor, if set to trip at 5000 ppm hydrogen
equivalent, should sense both a 5000 ppm hydrogen concentration and a 12000 ppm
ammonia concentration for alarm purposes if the gas was purely hydrogen or
ammonia, respectively.

U.3. FUNCTIONAL REQUIREMENTS FOR THE SENSORS

The requirements for the Wittaker Cell sensor deployment will be a slightly less
stringent than the SMC sensor because the Wittaker cell has better sensitivity and
has been demonstrated to be stable and reliable in the tank farm environment.

U.3.1. Wittaker Cell Requirements

• The system must be rated to sample from a Class-I, Division-I, Group-B
environment.

• The deployment system must retain the response time requirement of
reaching 90% of full scale in less than 2 minutes.

• The configuration must allow for the system to be calibrated in a
manner that ensures that zero and calibration gas are within the
expected tank pressure range during the calibration. The system must
be able to be operated during pressure transients caused by a potential
GRE.

• The calibration should be performed at initial deployment and every
three months after that point. The calibration should consist of setting
the zero with pure air or nitrogen and calibration with a nominal 6000
ppm hydrogen. The calibration procedure with a nominal 6000 ppm
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hydrogen should test the shutoff electronics as well as the sensor
reading.

SMC Combustible Gas Sensor Requirements

The requirements for the SMC combustible gas sensor are more stringent for several
reasons:

• The sensor is sensitive to both flow and pressure.

• The signal-to-noise and lower detection limit seem to be marginal for the
application.

• There is no operational history for exposure to tank farm gases.

The following are the functional requirements for the SMC combustible gas sensor:

• The system must be rated to operate in a Class-I, Division-I, Group-B
environment.

• In addition to the electrical qualification, it must be documented that the
sensor element itself will not ignite a flammable mixture.

• The deployment system must retain the response time requirement of
reaching 90% of full scale in less than 2 minutes.

• The design must assure that the system conservatively responds to a
pressure or flow rate transient anticipated during a GRE.

• Configuration of both sensors must allow the system to be calibrated in a
manner that the pressure in the sensor region is within the expected tank
pressure range during the calibration.

• The initial sensor must be calibrated with both hydrogen and ammonia.

• The functional test should be performed at initial setup at each location
and every day the system is used after that point. The functional test must
consist of setting the zero with pure air or nitrogen and calibration with a
nominal 6000 ppm hydrogen. The functional test procedure with a
nominal 6000 ppm hydrogen should test the shutoff electronics as well as
the sensor reading.

• The sensor must be replaced at least once per month with a new sensor
that has been calibrated with both hydrogen and ammonia.
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U.4. REVIEW OF FINAL
PERFORMANCE, AND
DETEcrroN SYSTEM

DESIGN, FUNCTIONAL REQUIREMENTS,
CALIBRATION OF FLAMMABLE GAS

The final design and calibration of the sensors are summarized in Ref. 2 The
description of the system is given in Section 2. A brief summary of the system
design is given below.

The flammable-gas detection system consists of four primary components: (1) a
spool piece with gas sensors to obtain gas samples from the exhaust stream, (2) and
(3) two identical, separate, electronic packages, and (4) a power distribution skid with
redundant shutoff contactors. The system is powered by the same source as the
exhauster. The flexible duct from the waste tank is attached to the spool piece that is
bolted directly to the exhauster heater. The ventilation stream passes through the
spool piece and into the exhauster. Attached to the spool piece are two separate
flammable-gas sensors; a Whittaker hydrogen detector cell and a SMC combustible
gas detector. The use of SMC and Wittaker sensors provides a redundancy in
hydrogen detection. The detection of ammonia can only be performed by the SMC
sensor and therefore is not redundant.

The purpose of the gas sensors on the spool piece is to provide safety shut-down
signals for both flammability and toxic hazards during core sampling operations.
Out-of-tolerance conditions include concentrations of hydrogen equivalent
flammable gas greater than 5000 ppm, or concentration rate increases greater than
100 ppm/so Upon detection of out-of-tolerance conditions, the interlock will initiate
drill rig shutdown and alert personnel to evacuate the tank farm.

Review of Ref. 2 indicates that both the Wittaker cell and SMC combustible gas
sensors are qualified to be operated in Class-I, Div.-1, Group-B environments.

The calibration of both sensors consisted of setting the zero with pure air or nitrogen
and calibrating with a nominal 6000 ppm of hydrogen. Calibration involved
hydrogen concentrations from zero to a nominal 6000 ppm with a step increase in
concentration. No unexpected nonlinearity was observed, and calibration results
were acceptable.

The response time of the SMC combustible gas sensor was experimentally measured
using the orientation of the prototype. These tests are performed with calibrated
sensors. The hydrogen concentration was increased from 0 to a nominal 6000 ppm.
Both sensors meet the requirement of reaching 90% of the full scale (a nominal 6000
ppm) in less than 2 minutes, which was used in determining the trip set point of the
flammable-gas detector.

Configuration of both sensors allows the system to be calibrated in a manner that
zero and calibration gas are exposed to sensors within the expected pressure as
during the operation mode.
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Pressure and flm'\ transient tests simulating a GRE are performed. Results confirm
that the sensors adequately operate under- an anticipated transient condition.

Both sensors themselves do not ignite a flammable mixture when they are
operational.

SMC sensor, if set to trip at a SOOO-ppm hydrogen equivalent, should sense both a
SOOO-ppm hydrogen concentration and a 12000-ppm ammonia concentration for
alarm purposes if the gas were purely hydrogen or ammonia, respectively. The set
point for a rate of increase of concentration is 100 ppm/s for 10 seconds.

Wittaker cell, if set to trip at a SOOO-ppm hydrogen equivalent, should sense a 5000
ppm hydrogen concentration for alarm purposes if the gas were purely hydrogen.
The set point for a rate of increase of concentration is also 100 ppm/s for 10 seconds.

A control is established for an SMC sensor to be initially calibrated with hydrogen
and ammonia and an SMC sensor to be replaced at least once per month with a new
sensor that has been calibrated with both hydrogen and ammonia. A control is also
established for the SMC sensor to be calibrated in the following fashion. A
functional test shall be performed at the initial setup at each location and every day
the system is used after that point. The functional test shall consist of setting the
zero with pure air or nitrogen and calibration with a nominal 6000-ppm hydrogen.
The functional test procedure with a nominal 6000-ppm hydrogen shall test the
shutoff electronics as well as the sensor readings. A functional calibration test shall
be performed once every three months for the Whittaker cell.

u.s. CONCLUSIONS

This appendix presents the functional requirements of flammable-gas sensors used
in RMCS operations. A reliable, fast, accurate, and redundant flammable-gas
detector system is designed to be operated in steady-state exhauster operating
conditions as well as during rapid transient surges. They are located in a spool piece
upstream of the preheater in the exhauster. Flammable-gas sensors consist of a
Wittaker cell and an SMC combustible gas sensor.

Review of the design and results of calibration of both sensors and how the design
meets the requirements given in this appendix reveal that the flammable-gas
detection system will function as desired to detect GRE and flammability on the tank
dome and shut down the drill engine. Requirements listed in this appendix for
both Wittaker and SMC combustible gas sensors are concluded as being fulfilled.

The following controls are established for the flammable-gas detection system:

• SMC sensors shall be replaced at least once each mon~ with new sensors,

• New SMC sensors shall be initially calibrated in a laboratory environment
using hydrogen and ammonia,
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• A functional calibration te"t ~hall be performed In the field at the initial
setup and then every day felr the' Si\lC sensor,

• A functional calibration test shall be performed once every three months
for the Whittaker cell,

• The functional calibration test shall consist of setting tIle zero with pure
air or nitrogen and calibration with a nominal 6000-ppm hydrogen for
both sensors,

• The functional calibration test procedure with a nominal 6000 ppm
hydrogen shall test the shutoff electronics as well as the sensor reading for
both sensors.

• The set point for tripping both sensors shall be a SOOO-ppm hydrogen
equivalent.

The set point for a rate of increase in hydrogen equivalent concentration is 100
ppm/s for 10 seconds.
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3.7 ROTARY MODE CORE SAMPLING SYSTEM
3.7.1 Flammable Gas Detection System

Section 3
Rotarv Mode

Core Sampling System
LCO 3.7

LCO 3.7.1 The flammable gas detection system shall be operable with
trip setpoints at 5000 ppm hydrogen concentration
equivalent and> 100 ppm/s rate of equivalent hydrogen
concentration increase over a 10 sec period.

"APPLICABILITY: OPERATION (RMCS waste intrusive operations in Flammable Gas
Watch List (FGWL) Tanks or those tanks recommended by the
contractor to be included on the FGWL).

ACTIONS

CONDITION REQUIRED ACTION COMPLETION
TIME

A. Automatic trip occurs. A.1 Stop RMCS activities Immediately
and evacuate all
personnel within a
100-meter radius from
the edge of tank.

AND

A.2 Re-enter within 100 In accordance
meter radius in with the Tank
accordance with the Farm Health
Tank Farm Health and and Safety
Safety Plan WHC-SD-WM- Plan WHC-SD-
HSP-002 WM-HSP-002

B. Flammable Gas Detection B.l Stop RMCS waste Immediately
System Inoperable intrusive operations

AND

B.2 Restore Flammable Gas Prior to
Detection System resuming RMCS
Operability Waste

Intrusive
Operations
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SURVEILLANCE

Section 3
Rota ry ~1ode

Core Sampling System
LCO 3.7

FREQUENCY
SR

SR

3.7.1.1

3.7.1.2

Two redundant channels shall be operable.
Calibration shall be checked per required
frequency and a trip test performed.

Hydrogen Detector (Whittaker 'Cell Sensor)

6 months

• The system must retain the response
time requirement of reaching 90% of
full scale in less than 2 min.

Initial
setup and
every three
months
thereafter

SR 3.7.1.3 Flammability Detector (SMC Sensor)

•

•

•

The functional test shall be performed
at the specified frequency. The test
procedure shall test the shutoff
electronics as well as the sensor
readings.

The system must retain the response
time requirement of reaching 90% of
full scale in less than 2 min.

The sensor must be replaced at the
required frequency with a new sensor
that has been calibrated.

3-24

Initial
setup and
daily
thereafter

monthly

monthly



SST
WHC-SO-WM-OSR-005

Rev, O-E

3.7 ROTARY MODE CORE SAMPLING SYSTEM
3.7.2 Tank Gas Pressure Detection System

Sect i or, J
Rotary Mode

Core Sampling System
LCO 3.7

LCO 3,7.2

APPLICABILITY:

The gas pressure detection system shall be operable and
capable of detecting an increase in tank pressure greater
than 2 in. W.g. in any 5 min period.
OPERATION (RMCS waste intrusive operations in Flammable Gas
Watch List (FGWL) Tanks or those tanks recommended by the ~
contractor to be included on the FGWL).
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Section 3
Rotarv Mode

Core Sampling System
LCD 3.7

ACTIONS

CONDITION REQU IRED ACTI ON COMPLETION
TIME

A. Automatic trip A.l Stop RMCS activities and Immediately
occurs. evaluate all personnel within

a lOO-m radius from the edge
of tank.

AND

A.2 Re-enter within 100 mradius In
in accordance with the Tank accordance
Farm Health and Safety Plan with the
WHC-SD-WM-HSP-002. Tank Farm

Health &
AND Safety Plan

WHC-SD-WM-
HSP-002

A.3 Aminimum 10 minute wait > 10 min
period shall be imposed
following an automatic drill
rig shut down due to GRE or
other event prior to resuming
operations.

B. Pressure B.l Stop RMCS Waste Intrusive Immediately
Detection System Operations
Inoperable

AND

B.2 Restore Pressure Detection Prior to
System Operability resuming

RMCS waste
intrusive
operations

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY
SR 3.7.2.1 Two redundant channels sha 11 be operable.

Calibration shall be checked per required
frequency and a functional test performed.

3-26
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3.7 ROTARY MODE CORE SAMPLING SYSTEM
3.7.3 Exhauster Induced Tank Pressure

Section 3
Rota;y t10de

Core Samplln~ System
LCO 3.7

LCD 3.7.3 Exhauster shall be operable and shall maintain tank
pressure less than atmospheric pressure and greater or
equal to a negative 3 in. W.g.

APPLICABILITY: OPERATION (one hour prior. during. and sixteen hours
following waste intrusive operations in Flammable Gas Watch~
List (FGWL) Tanks or those tanks recommended by the
contractor to be included on the FGWL).

ACTIONS

CONDITION REQUIRED ACTION COMPLETION
TIME

A. Tank pressure exceeds A.l Restore pressure to Immediately
1imi ts. acceptable limits. If

pressure cannot be
restored. shut down drill
rig engine.

B. Exhauster shutdown B.1 Cease RMCS operations. Immediately
due to automatic
trip. AND

8.2 A 10 min minimum waiting > 10 min
period is required prior
to resuming operations.

C. Exhauster inoperable. C.1 Stop RMCS Waste Intrusive Immediately
Operations.

AND

C.2 Restore Exhauster Prior to
operability. resuming

RMCS waste
intrusive
operations

SURVEILLANCE REQUIREMENTS

SR 3.7.3.1

SURVEILLANCE
The exhauster pressure switch shall be
calibrated periodically.

3-27
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Section :3
Rotarv Mode

Core Sampling System
LeO 3.7

SURVEILLANCE REQUIREMENTS

SURVEILLANCE
Prior to initiating RMCS operations and
periodically during exhauster operations.
the pressure shall be verified to be in
limits.

All exhauster shutdown indication elements
shall be calibrated with independent
verification and tested with indication of
all failures.

3.7.3.2

3.7.3.3

SR

SR

FREQUENCY
Prior to
initiating
operations
and then
once every
24 hours. "

"""====================================F==========
6 months
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3.7 ROTARY MODE CORE SAMPLING SYSTEM

3.7.4 Nitrogen Purge System

Section 3
Rotary i10de

Core SamDlin~ Syst~m
LCD 3.7

LCO 3.7.4 The Nitrogen Purge System shall be operable and able to:

a. supply the drill string at a rate of ~ 30 scfm.

b. supply nitrogen to the drill string at a temperature ~
> 10°F and < 140°F.

APPLICABILITY: OPERATION (RMCS waste intrusive operations in Flammable Gas
Watch List (FGWL) Tanks or those tanks recommended by the
contractor to be included on the FGWL).·

ACTIONS

CONDITION REQUIRED ACTION COMPLETION
TIME

A. Automatic trip A.l Cease RMC8 operations. Immediately
occurs.

AND

A.2 A 10 min minimum waiting > 10 min
period is required prior to
resuming operations.

8. Nitrogen temperature B.l Stop drill rig engine. Immediately
out of range alarm.

AND

8.2 Continue nitrogen purge.
Immediately

AND

B.3 Do not resume drilling
until temperature is within > 10 min
normal range.

C. Nitrogen purge system C.1 Stop RMCS waste intrusive Immediately
inoperable. operations.

AND

C.2 Restore Nitrogen Purge Prior to
System Operability resuming

RMCS
operating
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Section 3
Rotarv Mode

Core Sampling System
LCD 3.7

O. Nitrogen temperature
monitor inoperable.

0.1 Stop RMCS waste intrusive
operations.

0.2 . Restore Nitrogen
temperature monitor
operability.
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Section 3
RUGa ry Mo.oe

Core Sampling System
LCO 3.7

SURVEILLANCE REQUIREMENTS

SURVEILLANCE FREQUENCY

SR 3.7.4.1 The purge system shall be tested for bypass 6 months
leakage periodically. Testing shall be
independently verified with indication of
failures. Leak rate shall be limited to the
uncertainty of the system or less than 2% of

"the required flow.

SR 3.7.4.2 Flow monitoring and automatic shutdown 6 months
system will be calibrated periodically and
verified as capable of automatically sending
a shutdown signal to the drill rig engine
immediately upon receipt of a valid shutdown
signal of detecting nitrogen flow less than
the required flow (2 of 3 control channels).

SR 3.7.4.3 Temperature indicator and alarm shall be 6 months
ca1ibrated peri odi ca 11 y.
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3.7 ROTARY MODE CORE SAMPLING SYSTEM

3.7.5 Rotary Drilling Parameters

Section 2
Rotary Mode

Core Sampling System
LCO 3.7

LCO 3.7.5 The RMCS equipment shall be operable and shall:

a. not be operated with a down force on the drill bit>
750 lbf. ~

b. not operate at a drill string rotation> 55 rpm.

c. not be operated when the penetration rate is <0.75
in/min for a cumulative time of 60 sec in any 3 min
period.

APPLICABILITY: OPERATION (RMCS waste intrusive operations in Flammable Gas
Watch List (FGWL) Tanks or those tanks recommended by the
contractor to be included on the FGWL).

ACTIONS

CONDITION REQU IRED ACTI ON COMPLETION
TIME

A. Automatic trip. A.1 Aminimum 10 min waiting > 10 min
period shall be imposed
folloWing an automatic trip
due to down force. rpm. or
penetration rate prior to
resumption of RMCS
operations.

B. Walkdown Function. B.1 Stop RMCS waste intrusive Immediately
hydraulic bottom operations.
detector. Down Force.
Rotary RPM AND
Measurement. or
penetration rate B.2 Restore system operability. Prior to
system inoperable. resuming

RMCS
operations

C. Grapple load exceeds C.1 Stop electric motor driving Immediately
250 lb. the grapple hoist (or

verify automatic stop).
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SURVEILLANCE

Section 3
Rotary Maae

Core Sampling System
LCD 3.7

FREQUENCY
SR 3.7.5.1 RPM measurement and alarm trip equipment 6 months

shall be calibrated and functionally tested
on the stated frequency.

There shall be dual RPM measurement sensors.
both of which shall be operable when
rotating the drill bit below the waste
surface. The drill string rotation and
penetration shall cease upon alarm or
failure of either sensor circuits.

Penetration rate measurement system and 6 months
alarm trip equipment shall be calibrated and
functionally tested on the stated frequency.

Down force measurement system and alarm trip 6 months
equipment shall be calibrated and
functionally tested on the stated frequency.

Down force and alarm trip equipment shall be
operable when rotating the drill bit below
the waste surface.

Upon a valid high RPM. high penetration rate
or high down force alarm, the system shall
be capable of ceasing drill string rotation
and penetration immediately.

The walkdown function and hydraulic bottom
detector shall be verified operational.

The walkdown function shall be operable for
all samples except the last. when the
hydraulic bottom detector shall be used.

Grapple hoist cable shall be inspected
periodically.

Gra le load cell shall be calibrated.

3-33
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B 3.7 ROTARY MODE CORE SAMPLING SYSTEM

Bases
Rotary Mode

Core Sampling System
B 3.7

B3.7.1

BASES

BACKGROUND

Flammable Gas Detection System

The flammable gas detection system is connected between
the riser and exhauster housing with local system readouts
and alarmed setpoints. During drilling exceeding the
setpoints will trip the drill rig engine and close the

'nitrogen purge flow solenoid operated valve.

APPLICABLE
SAFETY ANALYSES

LCO

APPLICABILITY

Analysis performed in Section 4 and Appendix B of
Reference 1 to allow safe operation of the RMCS sets two
limits to protect against a GRE and possible fire or
explosion. This mitigates unacceptable consequences
resulting from a dome collapse.

A trip setpoint of 5000 ppm hydrogen concentration
equivalent assures that the tank in question does not
exceed 25% of Lower Flammability Limit (LFL) during a GRE.

An addition rate trip of 100 ppm hydrogen concentration
equivalent increase over a 10 sec. period protects against
exceeding the 25% LFL and gives sufficient notice of an
impending GRE to allow proper precautions to be taken.

OPERATION (RMCS waste intrusive operations in Flammable
Gas Tanks).
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SURVEILLANCE
REQUIREMENTS

SURVEILLANCE
REQUIREMENTS

SURVEILLANCE
REQUIREMENTS

These actions were established in Reference 1 as the
minimum personnel requirements to protect plant personnel ~
upon exceeding the setpoints established.

Re-entry into the 100 meter will be in accordance with the
Tank Farm Health and Safety Plan. WHC-SD-WM-HSP-002.

B.1

RMCS waste intrusive operations are not allowed without an
operable Flammable Gas Detection System.

B.2

Flammable Gas Detection System operability must be
restored prior to resuming RMCS waste intrusive
operations.

SR 3.7.1.1

A 6-month trip test and calibration of the redundant trip
circuitry provides assurance that system performance has
not degraded.

SR 3.7.1. 2

Initial and 3 month check required by Reference 1 for
Whittaker Cell.

The calibration should be performed at initial setup at
each location and every 3 months after that point. The
calibration should consist of setting the zero with pure
air or nitrogen and calibration with 6000 ppm hydrogen.
The calibration procedure with 6000 ppm hydrogen should
test the shutoff electronics as well as the sensor
reading.

SR 3.7.1:3

Initial and daily check required by Reference 1 for SMC
Sensor.
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REFERENCES 1. LANL, 1996. A Safety Assessment of Rotary Mode Core
Sampling in F7ammab7e Gas Single Shel7 Tanks,
Hanford Site, Washington, WHC-SD-WM-SAD-035,
Rev. O-a, Los Alamos National Laboratory, Los ~

Alamos, New Mexico.
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Bases
Rotary Mode

Core Sampling System
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B 3.7.2

BASES

BACKGROUND

Tank Gas Pressure Detection System

The purpose of this system is to prevent burn in and out
of dome by detecting gas release rates> 1000 ft3/min.

It also provides protection for fire and toxic hazards,
reduces the likelihood of spark in flammable gas
atmosphere, and provides protection for exposure to toxic
gas releases.

This mitigates unacceptable offsite consequences resulting
from a dome collapse.

APPLICABLE
SAFETY ANALYSES

LCO

APPLICABILITY

Safety analyses were performed in Sections 4, 4.2, and
Appendix B of Reference 1.

A pressure pulse of 50.8 mm (2 in.) w.g. would correspond
to a 0.5% increase in the dome pressure. Using a dome
volume of 1416 m3 (50,000 ft3

) , the ideal gas law and
adiabatic compression, a 5.1 m3 (180 ft3

) sudden release
into the dome is sufficient to generate a 2-in. W.g.
pressure pulse. The purpose of the 2" w.g. trip is to
protect against a release rate of > 1000 ft3/min.

OPERATION (RMCS waste intrusive operations in Flammable
Gas Tanks).
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SURVEILLANCE
REQUIREMENTS

REFERENCES

These actions were established in Reference 1 as the
minimum personnel requirements to protect plant personnel ~
upon exceeding the pressure setpoint.

Re-entry into the 100 meter will be in accordance with
approved Tank Farm procedures.

A.3

The 10 min wait allows sufficient time for the drill bit
and associated waste to adequately cool down.

8.1

Waste intrusive operation are not allowed without an
operable pressure detection system.

Pressure detection system operability must be restored
prior to resuming RMCS waste intrusive operations.

SR 3.7.2.1

A 6-month trip test and calibration is necessary to ensure
that the equipment will perform as required by the safety
assessment. Achannel is considered to be the sensor and
associated circuitry and components up to the input to the
alarm and trip circuit.
1. LANL. 1996. A Safety Assessment of Rotary Mode Core

Samp7ing in F7ammab7e Gas Sing7e She77 Tanks.
Hanford Site. Washington. WHC-SD-WM-SAD-035.
Rev. O-a. Los Alamos National Laboratory, Los
Alamos. New Mexico.
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B 3.7.3

BASES

BACKGROUND

Exhauster Induced Tank Pressure

Excessive vacuum in the dome is another accident
identified in Reference 1 as a result of exhauster
operations. The exhauster design prevents the occurrence
of excessive vacuum because the shutoff head is -14 in.
W.g. A dome collapse would not occur until -15 in. w.g.
Also. the inlet high-efficiency particulate air (HEPA)
filter has a vacuum breaker to mitigate excessive negative
tank pressure. The vacuum breaker is set at about -4 in.
w.g.

APPLICABLE
SAFETY ANALYSES

LCD

APPLICABILITY

The analysis was performed in Section 4.6.1 of Reference
1.

The range established by the LCD assures that tank
pressure is less than atmospheric and greater than that
which would open the vacuum breaker or collapse the tank
dome.
OPERATION (RMCS waste intrusive operations in Flammable
Gas Tanks).
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SURVEILLANCE
REOUIREMENTS

SURVEILLANCE
REQUIREMENTS

SURVEILLANCE
REQUIREMENTS

Pressure change during exhauster operation is relatively
slow. In any case cessation of RMCS operations will "'-
restore a serious negative pressure condition.

B.1

RMCS operations are not allowed without the exhauster in
·operation.

The minimum 10 min waiting period upon an exhauster
automatic trip is required to ensure adequate cool down
time for the drill bit and associated waste.

RMCS waste intrusive operations are not allowed without an
operable exhauster.

Exhauster operability must be restored prior to resuming
RMCS waste intrusive operations.
SR 3.7.3.1

A6-month system test and calibration will assure that the
exhauster is performing as designed and meeting the
reguirements assumed in the safety assessment.
SR 3.7.3.2

The pressure switch requires periodic surveillance to
ensure that pressure reguirements are met.
SR 3.7.3.3

Atest of all exhauster shutdown system elements ensures
system reliability.
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B 3.7.4

BASES

Nitrogen Purge System

BACKGROUND

APPLICABLE
SAFETY ANALYSES

Nitrogen is supplied for five different functions during
RMCS operations: (1) the Drill String purge gas system
used during RMCS drilling: (2) the purge through the riser
sleeve annulus. (3) the hydrostatic head in the drill
string and (4) in the shielded receiver. and (5) the Z
purge (NFPA 496) in the SR weather cover. The systems
provide: (1) drill bit cooling and cleaning during rotary
drilling. (2) help prevent waste flooding in the drill
string. and (3) prevent gas accumulation.
Through use of the purge system, drill bit overheating and
waste ignition is prevented. Control prevents local
exothermic chemical reactions as well as a possible
ignition of flammable gas in the waste.

Analyses to establish this LCO were performed in Sections
4.4.1, 4.4.4. and 4.6.3 of Reference 1.

B-64-H



BASES

SST
WHC-SD-WM-OSR-005

Rev. O-E

Bases
Rotary Mode

Core Sampling System
B 3.7

LCO

APPLICABILITY

Envelope testing determined that 30 scfm was the minimum
flow which, in combination with other parameters. would
provide adequate cooling when coupled with a limit on
nitrogen inlet temperature. ~

The two-second requirement for a trip to occur is based on
the safety assessment assumption that the determination of
a valid alarm signal requires approximately 2 seconds.

Immediately is used as a special completion time. In this
case. the Required Action is to be commenced without delay
and continuously pursued in a controlled manner until
complete.

While the minimum purge flow must be greater than 30 scfm:
however. it is possible that necessary cooling to the
drill bit would not be provided if there were a leak from
the nitrogen purge system between the flow measurement
location and the drill bit. WHC determined that the leak
from the truck is within the uncertainty range of
instrumentation. As indicated in Table 4.12 of Reference
1. the leak rate from the nitrogen system must be measured
once every 6 months. This control requires that the leak
rate must be within the uncertainty range of
instrumentation or < 2% of the nominal flow.
OPERATION (RMCS waste intrusive operations in Flammable
Gas Tanks).
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RMCS operations are not allowed without an Nitrogen Purge
System in operation. ~

A.2

Provided that the drill string rotation is not re-started
for a minimum period of 10 min. it is possible to resume

·RMCS operations. This is the minimum time to allow drill
bit and waste cooling.

U

RMCS operations are not allowed with the Nitrogen
temperature out of range.

8.2

Acontinued purge is required to assist drill bit cool
down.

Atemperature outside the bounds of the safety assessment
must be corrected prior to resuming operations.

RMCS waste intrusive operations are not allowed without an
operable nitrogen purge system.

Nitrogen purge system must be restored prior to resuming
RMCS waste intrusive operations.

0.1

RMCS waste intrusive operations are not allowed without an
operable nitrogen temperature monitor.

Nitrogen temperature monitor must be restored prior to
resuming RMCS operations.
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BASES
SURVEILLANCE
REQUIREMENTS

SURVEILLANCE
REQUIREMENTS

SURVEILLANCE
REQUIREMENTS

REFERENCES

SR 3.7.4.1

The 6-month testing and calibration requirement was
established in Reference 1 to ensure equipment reliability~
and operability.

SR 3.7.4.2

The 6-month testing and calibration requirement was
,established in Reference 1 to ensure equipment reliability
and operability. Achannel is considered to be the sensor
and associated circuitry and components up to the input to
the alarm and trip circuit. Two of the three channels
must alarm in order for the trip to occur. If one channel
is taken out of service then it shall be tripped and one
more channel alarm will cause a trip condition.
SR 3.7.4.3

Temperature sensor calibration and alarm test assures
proper operator response to out of normal condition.

1. LANL, 1996. A Safety Assessment of Rotary Mode Core
Samp7ing in F7ammable Gas Sing7e She77 Tanks.
Hanford Site. Washington, WHC-SD-WM-SAD-035,
Rev. O-a. Los Alamos National Laboratory, Los
Alamos, New Mexico.
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B 3.7.5

BASES

Rotarv Drilling Parameters

BACKGROUND Behavior of the drill string and. in particular the drill
bit. was a high focus area in the safety assessment ~

(Reference 1). Many accident scenarios were analyzed to
determine performance requirements. All the requirements
established were to limit the heat generating capacity of
the drilling operation.

APPLICABLE Wastes including mixtures of sodium nitrate and sodium
SAFETY ANALYSES nitrite with organic compounds can produce violent

exothermic reactions (Appendix G Reference 1). Increasing
the temperature of the waste in the vicinity of the drill
bit can cause a thermal runaway. There are several
hazards that are associated with a local thermal runaway.
and they are discussed in Appendix Gof Reference 1. Two
major important hazards are the ignition of the flammable
gas and the ignition of a self-propagating exothermic
reaction in the waste. Reactions in mixtures containing
relatively small amounts of organic compounds can result
in temperatures greater than the autoignition temperature
of hydrogen mixtures. so the ignition of flammable gases
is the more limiting condition.

Because the possibility of flammable-gas mixture cannot be
eliminated. the approach used is to take all practical
measures to eliminate ignition sources. A local runaway
reaction is a potential ignition source. so the
requirement that there be no local runaway reaction is
consistent with the philosophy used. Preventing a local
thermal runaway is also protection against a propagating
exothermic reaction. and it eliminates the possibility of
generating additional flammable gas as a result of
elevated temperatures. Appendix Gof Reference 1
discusses runaway reactions and waste ignition in great
detail. Basic conclusions of Appendix Gof Reference 1
are that local runaway reactions can be prevented by
establishing waste temperature limits. The following
temperature limits are established:

• The temperature of small waste fragments produced at
the drill tip must not exceed 180°C.

• The temperature of the drill bit and the average
temperature of the waste affected by drilling must
not exceed 160°C for more than 10 min.
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APPLICABLE
SAFETY ANALYSES
(continued)

LCD

APPLICABILITY

New envelope testing has been performed by WHC to
determine the operating parameters, rotational speed. down
forces. and nitrogen purge flow to comply with the safety
criteria given above. Appendix F of Reference 1 discusses
the details of testing and the results obtained.

As a summary. results of envelope testing and their ~

analysis showed that the drill bit surface temperature and
the waste substrate temperature can be kept below 160°C.
including an uncertainty of 10°C. if the following limits
are applied: Down force < 750 lbf. rotational speed < 55
rpm. minlmum nitrogen flow> 30 scfm. and penetration rate
> 0.75 in./min. The chip temperatures under these
conditions are also limited to 180°C as required. If a
trip is initiated when one of the set points for these
four parameters is exceeded. drilling must be stopped.
After a shutdown there must be a waiting period of 10 min
before drilling can continue. The waiting period of 10
min is based on the experimentally determined cooling
time. The testing and the analysis included plugged holes
on the drill bit.

The drill bit shall be replaced if drilling is shut down
four times consecutively as a result of low penetration
rate and if the cumulative penetration is < 0.3 in. for
the last three attempts.
The requirements of 3.7.5 Cal, (b). and (c) were
established by envelope testing documented in Reference 1.
The time requirement in the action statement is based on
the approximate time it takes to establish a valid trip
Signal determination.
OPERATION (RMCS waste intrusive operations in Flammable
Gas Tanks).
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SURVEILLANCE
REQUIREMENTS

REFERENCES

The minimum 10 min waiting period is to provide adequate
drill bit and associated waste cool down.

'"RMCS waste intrusive operations are not allowed without an
operable Down Force. Rotary RPM Measurement. penetration
rate system. walkdown function, and hydraulic bottom
detector.

Operability must be restored prior to resuming RMCS waste
intrusive operations.

Action statement prevents load exceeding those specified
in Reference 1.

SR 3.7.5.1

A6-month test and calibration was required by Reference 1
to ensure system reliability and performance.

Controlled loads on the grapple hoist prevent grapple drop
consequences and potential for fire (Sections 4.3.2 and
4.3.6 of Reference 1).

1. LANL. 1996, ASafety Assessment of Rotary Mode Core
Sampling in Flammable Gas Single Shell Tanks.
Hanford Site. Washington. WHC-SD-WM-SAD-035.
Rev. O-a. Los Alamos National Laboratory, Los
Alamos. New Mexico.
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Section 5 ADMINISTRATIVE CONTROLS (ACs)

5.31 ROTARY MODE CORE SAMPLING

Sectlon 5
Rotary Mode

Core Sampling
AC 5.31

5.31.1 Control Applicabi1ity

For single-shell tanks (SSTs) on the flammable Gas Watch List (FGWl). o~

those tanks recommended to be on the watch list, an evaluation checklist
shall be completed per Section 7.0 of Reference 1.

Checklist items will include:

(1) Tank Specific Hazards / Other Watch lists
(2) Flammable Gas Composition
(3) Toxic Gas Composition
(4) Waste Temperature
(5) Waste Energetics
(6) Likelihood of Gas Release Event (GRE)

Successful completion of the checklist is required for RMCS operations
to proceed. This means that no adverse items remain unresolved.

5.31.2 Ignition and Envelope Testing

Ignition and envelope test requirements and acceptance criteria shall be
used to verify drill bit and material performance. Required testing has
been completed.

5.31. 3 Flammable Gas Detection System Verification

Functional requirements and performance acceptance criteria provided in
Reference 1 shall be used to verify the performance of the flammable gas
detection system. This is a one time check for the Whittaker Cell and
the SMC sensor and need not be repeated. Should a new sensor be
selected for use. its performance shall be verified against Appendix U
of Reference 1.

5.31.4 Tank Dome Activities

Controls shall be in place that prevent other activities on a specific
tank during RMCS waste intrusive activities.

These controls will allow simultaneous dome-intrusive activities if:

•

•

•

the equipment is qualified for operation in a Class I. Division 1.
Group B environment. and,

operation is based on its own safety assessment. and.

operation does not physically interact with the drill string. and
is not waste-intrusive.
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5.31.7

A formal tank walkdown procedure shall be developed and implemented
prior to waste-intrusive activities that:

• assesses the general condition of risers.

• identifies observable leaks.

• as a minimum. documents identified leaks ~ 1 in. (equivalent
diameter). and.

• as a minimum. seals or adds deflectors to identified leaks with an
equivalent leak diameter 2 1 in. (equivalent diameter).

5.31.6 Open Riser Exclusion Zone

An exclusion zone shall be established with a radius of 36-riser
diameters around any open riser during waste-intrusive RMCS activities.

Energized Equipment in the Dome and Open Riser Exclusion
Zones

During waste-intrusive operations. all energized equipment exposed to
the tank dome vapor space being sampled (as defined in approved
contractor safety documentation) shall be rated for operations in Class
I. Division 1. Group B environment or Class I. Division 2. Group B
environment with automatic shut down for flammable gas concentrations 2
25% LFL.

All existing energized equipment not meeting the above control shall be
de-energized.

This also applies to open riser exclusion zones (exclusion zone is
defined as an area with a radius of 36-riser-diameters around open
risers during waste-intrusive activities).

5.31.8 Tank Loading

Loading on each tank shall comply with IOSR requirements for
simultaneous static and dynamic loading for each specific FG/RMCS tank.

5.31.9 Truck Position

A procedure shall be developed and implemented that. prior to waste
intrusive operations:

• prevents positioning the sampling truck over an open riser. and

• seals any risers under the truck. and

5-19



SST
WHC-Su-WM-OSR-005

Rev. O-~

Section 5
Rota:v Mode

Core Sampling
AC 5.31

• raises the truck a minimum of 36 in. between any potential
ignition source on the truck and the top of any riser or pit Dve:
which the truck is positioned.

5.31.10 Portable Inlet Stack

Prior to waste·intrusive activities. it shall be verified the inlet
breather filter effluent (in the event of tank pressurization) is
directed vertically to a height of at least 15 ft. above ground level. ~

5.31.11 Drill Bit. Core Barrel, and Drill Rods

The FG/RMCS drill bit. core barrel, and drill rods shall be of the
configuration and material tested by the Bureau of Mines and performance
evaluated in Reference 1.

5.31.12 RMCS Operations

It shall be verified that the exhauster is fully operational:

• 1 hr before the nitrogen purge flow to the Drill String is
established ~ 30 scfm.

• the flammable gas concentration in the tank vapor space shall be
<1000 ppm before starting RMCS operations to obtain the initial
segment in any core in a given riser.

• during all rotary drilling operations. and

• for a cumulative 16 hrs following termination of nitrogen purge
flow to the Drill String.

When rotary drilling operations are resumed within any 16-hr waiting
period. a new 16-hr period will be initiated following termination of
Drill String nitrogen purge flow of ~ 30 scfm.
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B 5.0 ADMINISTRATIVE CONTROLS (ACs) - GENERAL

Bases
RMCS

B S.31

B 5.31

BASES

BACKGROUND

Rotary Mode Core Sampling

Reference 1 addresses each of the required elements ~

associated with the installation, operation, and removal
of a rotary-mode core sampling (RMCS) device in flammable
gas single-shell tanks (SSTs). The RMCS operations are
needed in order to retrieve waste samples from SSTs with
hard layers of waste for which push-mode sampling ,is not

'adequate for sampling.

In Reference 1. potential hazards associated with the
proposed action were identified and evaluated
systematically, Several potential accident cases that
could result in radiological or tOXicological gas releases
were identified and analyzed and their consequences
assessed, Administrative controls. procedures and design
changes required to eliminate or reduce the potential of
hazards were identified,

APPLICABLE Results of the safety assessment performed in Reference 1
SAFETY ANALYSES have been incorporated into this document. Specific

analyses are as follows:

(1) B 5.31.1 Control Applicability
(2) B 5.31.2 Ignition and Envelope Testing
(3) B 5.31.3 Flammable Gas Detection System

Verification
(4 )" B 5.31.4 Tank Dome Activities
(5) B 5.31. 5 Gas Leak Paths
(6) B 5.31. 6 Open Riser Exclusion Zone
(7) B 5.31. 7 Energized Equipment in the Dome

and Open Riser Exclusion Zones
(8) B 5.31. 8 Tank Loading
(9) B 5.31. 9 Truck Position
(0) B 5.31.10 Portable Inlet Stack
(11) B 5.31.11 Drill Bit. Core Barrel. and Dri 11

Rods
(12) B 5.31.12 RMCS Operations
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B 5.31.1

BASES

BACKGROUND

Control Applicability

The Safety Assessment of Rotary Mode Core Sampling in ~

Flammable Gas Single Shell Tanks: Hanford Site. Richland.
Washington. WHC-SD-WM-SAD-035. Rev. O-a. June 7. 1996,
hereafter designated as Reference 1 was developed using
bounding assumptions. However. these assumptions are not
verified against each one of the existing or potential
flammable gas tanks (see Section 1 of Reference 1).
Thereafter the following applies to RMCS waste intrusive
operations in flammable gas tanks (FGT's).
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APPLICABLE
SAFETY ANALYSES

The following assumptions must be verified before RMCS
waste intrusive operations in any FGT.

CHECKLIST ITEMS

Tank Specific Hazards / Other Watch lists

If a given tank has a specific hazard or accident
initiator that is not analyzed in Sections 3 and 4 of
Reference 1. the analysis must be supplemented to cover
the tank specific conditions. For instance, Reference 1
does not address ferrocyanide issues even though some of
the FGTs may also be on the ferrocyanide watch list. This
checklist item is especially important for tanks that are
on multiple watch lists (in addition to flammable gas
watch list.

Flammable Gas Composition

Reference 1 assumes that 25% of the LFL is greater than
5000 ppm hydrogen based on the analysis provided in
Appendix C of Reference 1. The only flammable gas species
considered are hydrogen and ammonia with small amounts of
methane. If new information (information that is not
cited in Appendix C of Reference 1) reveals that. for a
given tank. there are other flammable gas species and/or
the assumed value of the LFL is not conservative. the
analysis in Appendix C must be revised to incorporate the
new data.

Toxic Gas Composition

For toxic effects. the gas composition in a given GRE is
assumed to be 60% ammonia or 75% nitrous oxide. If any
evidence before the FG/RMCS operation exists to indicate
that these values (especially the ammonia fraction) may be
exceeded in one of the SSTs as a result of new analysis or
data. or if they are not conservative. the consequence
that these values (especially the ammonia fraction) may be
exceeded in one of the SSTs as a result of new analysis or
data. or if they are not conservative. the consequence
analysis must be re-evaluated.

Also. the results of vapor space sampling program were
reviewed. Major toxic gases that are found in the dome
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(continued) space of the presently defined flammable-gas tanks are
ammonia and nitrous oxide. Other gases are found in trace
quantities and do not pose a concern. However. it was
recognized that the existing data are limited and all
tanks of interest are not covered. Thus. if new data ~

reveal that toxic gases in excess of the hazardous limits
are detected in a given tank. the consequence analysis
must be reevaluated. The reevaluation may be done by
simply scaling the toxic gas fraction and the guidelines
against the ammonia fraction and the associated RGs ..

Waste Temperature

The best available tank temperature data must show that
the peak waste temperature (considering uncertainties)
must be < 90°C. If the peak waste temperature is ~ 90°C.
the envelope testing results discussed in Appendix F of
Reference 1 must be re-evaluated.

Waste Energetics

The Safety Assessment assumption in regard to tank
specific parameters such as gas and waste composition. gas
release probability etc. may become non-conservative by a
new analysis or data for a specific tank considered to be
sampled by RMCS prior operations.

See Section 7.0 and Appendix G of Reference 1.
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(continued) Likelihood of Gas Release Events

The GRE probability includes statistical distributions for
gas-release amounts and rates that are based on limited
data and expert judgment. If additional data or analyses ,
exist for a specific tank to indicate that the GRE
probabilities used in Reference 1 are not conservative.
the accident frequencies need to be re-evaluated for that
tank .

. In general, before the RMCS operation starts on a given
tank. the best available tank specific data for gas
inventory and gas release evidence must be evaluated to
confirm that the statistical model for gas-release amounts
and rates used in Reference 1 are still conservative. In
general. if one or more of the following conditions are
observed for a given tank. the GRE probability model given
in Appendix L must be re-evaluated.

• Periodic level drops and level swells in excess of ±
3 in.

• Level drop ~ 3 in. during or after an intrusive
event

• Dome concentration measurements ~ 25% of the LFL
before. during or after a waste intrusive event.

• Awell defined nonconvective layer (parabolic
temperature profile) below a supernate or convective
layer (flat temperature profile) that would be
indicative of potential rollovers.

• Retained gas inventory estimates (via level swell,
fill history, etc) is > 20% of the available dome
space volume.

If the re-evaluation indicates that the existing GRE model
is not conservative for a given tank. a revision to the
Safety Assessment will be necessary.
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B 5.31.2

BASES

Ignition and Envelope Testing

BACKGROUND

APPLICABLE
SAFETY ANALYSES

Fire hazards. a significant part of the safety assessment.~
are considered to be beyond an extremely unlikely event
based on ignition testing.

AppendiX F "Thermal Analysis of Rotary Drilling". AppendiX
G "Waste and Crust Ignition". and Appendix T "Bureau of
Mines Ignition Test Program Functional Requirements and
Acceptance Criteria. all located in Reference 1 shall be
used to verify drill bit and material performance.

The material cited above provides a safety basis for RMCS
operations. The summary report required by AppendiX T
must be reviewed and approved by the PRC and verification
of same must be acknowledged as a prerequisite to RMCS
operations.

Any subsequent change in drill bit or material would
require revalidation per AEpendix T requirements.
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B 5.31.3

BASES

Flammable Gas Detection System Verification

BACKGROUND

APPLICABLE
SAFETY ANALYSES

The purpose of the sensors is to prOVide signals that can ~
be used as safety shutdown indicators for both
flammability and toxic hazards during rotary-mode core
sampling (RMCS) waste intrusive operations. The primary
flammability hazard is the release of hydrogen gas. and
the primary toxicity hazard is the release of ammonia gas

. (which is also flammable). The signal will be used to
shut down the drill truck and to alert personnel to
evacuate the tank farm as a protection against toxic-gas
exposure.
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The use of a redundant and adequate flammable gas detector
is a key assumption to provide safe shutdown of RMCS
operations during a GRE. This reduces the likelihood of a
spark in flammable gas atmosphere and also provides
protection for toxic gas exposures. This mitigates
unacceptable offsite consequences resulting from a dome
collapse.

Two sensors have been identified and are being designed as
part of the ventilation system. The first is a Whittaker

'Cell hydrogen detection system and the second is an SMC
combustible gas sensor.

The Whittaker Cell is an electrochemical cell with a
membrane placed between the sample gas and the active
element. It is very selective for hydrogen and responds
directly to the partial pressure of hydrogen on the other
side of the membrane. It is configured with a calibration
port that can be used to flood the sensor region with a
calibration zero gas during operation conditions. For the
sensor to read out concentration it is essential that the
pressure in the sensor region be identical during the
calibration as it is during actual operations.

The SMC combustible gas sensor uses a catalyst to "burn"
the gas and detects the resulting heat release. To
increase sensitivity and decrease drift. the heat
detection is done by comparing the temperature of a
reference (uncatalyzed bead) to that of a signal
(catalyzed) bead. The beads are imbedded in a sintered
metal housing which prevents the combustion energy from
igniting a flammable mixture. It has the advantage of
responding to both ammonia and hydrogen.

Westinghouse Hanford Company has considerable experience
with the Whittaker Cell. which has been shown to have an
adequate response time (Appendix C Reference 1). The
Whittaker Cell has been shown to have adequate
sensitivity. and experience has shown that it is very
reliable and stable in the current tank farm applications.
Calibration is required only every three months.

The SMC sensor has recently been tested and should provide
the required protection against flammability and toxicity
hazards during a gas-release event (GRE).
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B 5.31.4

BASES

Tank Dome Activities

BACKGROUND

APPLICABLE
SAFETY ANALYSES

The tank dome is considered to be Class I. Division 1. ~
Group B environment because RMCS can induce a GRE.Sparks
in the dome or volumes having a connecting pqth to the
tank dome must be controlled. Control prevents ignition
of flammable gas by non-FG/RMCS-related ignition sources.

This mitigates unacceptable offsite consequences resulting
from a dome collapse.

This event considers the possibility of an ignition caused
by the existence of energized equipment in the dome or
domes of connected tanks or connecting ventilation
systems. Any activity in the connecting tanks may
initiate a fire that may propagate into the tank being
sampled. Therefore. it is required that all equipment in
the dome be rated for operations in a Class-I. Division-I.
Group-B environment or a Class-I. Division-2. Group-B
environment with automatic shutdown. Any equipment that
does not meet this requirement must be deenergized during
RMCS operations. No other activities in the connecting
tanks or on the same tank are allowed during RMCS
operations. These controls reduce the likelihood of
ignition caused by existing equipment in the tank dome and
the domes of connecting tanks. Violation of this control
may result in an unanalyzed initiator.

Class-I. Division-2. Group-B equipment is capable of
sparking upon single failure. Consequently. such
equipment must be protected by a reliable shut-down
circuit. Furthermore. the background concentrations of
flammable gases must be measured and shown to be less than
25% of the lower flammability limit (LFL) before
energizing this equipment. In order to cause a spark. a
sequence of double independent failures are necessary (the
shut-down circuit must fail. and the Class-I. Division-2.
Group-B equipment must also fail simultaneously).
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B 5.31.5

BASES

Gas Leak Paths

BACKGROUND

APPLICABLE
SAFETY ANALYSES

Above ground fires that could propagate into the dome are ~

managed by controlling position of the non-qualified
equipment. Since sparks from non-qualified equipment can
not be eliminated. a safe distance criteria is developed.
This criteria requires that possible leak diameter is to
be known and controlled.

This mitigates unacceptable offsite consequences resulting
from a dome collapse.
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•

•

(continued) Flammable-Gas Release Through Open Riser (Or Possible Leak
Paths) Driven By· Gas Release Event And Burn (Operation and
Removal)

This event postulates that a large GRE occurs. releasing ~

flammable gas from openings in the tank. exposing the
flammable gas to equipment with possible spark sources,
resulting in a fire on top of the tank. This event is of
concern during operation and removal phases of RMCS waste
intrusive operations. None of the auxiliary support
equipment on top of the tank is qualified to operate in a
flammable-gas environment.

Preventing flammable-gas exposure to this equipment is
managed by inspection of the tank top for leaks and the
repair of all leaks with an effective diameter of ~ 1 in.
Open paths from the tank dome to the tank top include the
exhauster stack. the breather inlet riser. open risers.
drill string riser. and other possible tank leak sources
(unsealed risers. pits. etc.). It is assumed that
inspection of tank top penetrations for potential leak
paths will find leak paths with nominal leak diameters> 1
in. It is assumed that undetected leak paths with a
nominal I-in. diameter could go ~ndetected. Therefore.
the top of the tank must be examined to identify leaks.
and when identified. the leaks must be s 1 in equivalent
diameter (reference paragraph 4.1.2.1 of WHC-SD-WM-SAD
035. revision G-A).

A portable stack over the breather inlet HEPA system will
be used during waste-intrusive operations. The portable
stack is 15 ft tall. has an upper 4-in. diameter. is
sealed at the ground level. and is grounded. The purpose
of using a portable stack over the breather inlet is two
fold:

The gas release would be released through stack .
resulting in increased atmospheric dilution and
reducing the toxicological consequences of a GRE.

Any non-qualified equipment on the top of the tank
around the breather inlet HEPA system would be
protected from flammable-gas exposures.

It is required that any non-qualified electrical equipment
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(continued) riser during waste-intrusive operations. If a GRE occurs.
immediate personnel evacuation is required.

Another control also requires that when the drill truck
needs to be parked over a riser or pit. the riser or pit ~
must be sealed. Note that the riser or pit considered
here is not the riser being sampled. but the one that the
front part of the truck is parked on. If the truck is
parked over an unused riser or pit. the potential spark
location is not considered random. and no credit can be
taken for the probability of a random placement. However.
the leak size from pit or riser is assumed to be no bigger
than 1 in. There is at least 3 ft between the top of the
pit/riser and any potential ignition sources on the truck.
Acontrol was established to make sure the distance
between potential ignition sources on the truck and the
top of the pit/riser is ~ 36 in. Combining the failure
probability to seal the riser/pit and violate the 36-in.
distance criteria and the GRE probability that makes the
dome pressure positive. the accident frequency is
determined as 2.1E-8/yr. This frequency is low. However.
the unmitigated frequency becomes 1.4E-4/yr. if the
control to seal the riser/pit and 36-in. distance criteria
are not implemented.

The flammable-gas release could occur from other unused
risers if they have undetected leak paths. The control
requiring the examination of risers before operations
reduces the probability of have an unknown open path. It
is assumed that leaks from threaded junctions. flanges.
and cover plates could be identified with an equivalent
leak diameter> 1 in. If a GRE occurs and non-qualified
equipment is located close to these unknown openings. the
accident frequency of a above-tank fire becomes 1.8E-7/yr.
This frequency includes the probability of a GRE based on
exposure time (Appendix L of Reference 1) and the
probability of a temporal random spark. It also assumes
that 50% of all risers on the top the tank leak after the
initial inspection is performed. The existence of a spark
on the equipment located around risers is also assumed.
The unmitigated accident frequency is 2.8E-5/yr for this
accident scenario: therefore. the control requiring
limiting the leaks before the RMCS operation is important.

The last accident scenario includes the ignition of a flammable
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(continued) not to place any non-qualified equipment within 36
diameters of the riser being opened during waste-intrusive
operations. Considering this control and a GRE
probability based on exposure time including a temporal
random spark, the mitigated accident frequency becomes ~

4.2E-B/yr. This number is conservative because it was not
considered that the riser may be open for only a fraction
of the mission time. The unmitigated accident frequency
is 1.4E-5/yr.

The combined mitigated frequency of these three events is
2.4E-7/yr. Note that the fire propagation into the dome
conservatively is assumed to be 1.0. This number is
conservative because it is assumed that non-qualified
equipment does include a spark source and the probability
of a random spark in time is based on a conservative dome
concentration.
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B 5.31.6

BASES

Open Riser Exclusion Zone

BACKGROUND

APPLICABLE
SAFETY ANALYSES

Minimizes ignition sources in proximity with flammable
gas.

Minimizes gas leakage in proximity with ignition sources
or unqualified equipment.

'This mitigates unacceptable offsite consequences resulting
from a dome collapse.

See B 5.31.5
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B 5.31. 7

BASES

BACKGROUND

Energized Equipment in the Dome and Open Riser Exclusion Zones

This control prevents ignition sources in proximity with ~
fl ammab1e gases.

This mitigates unacceptable offsite consequences resulting
from a dome collapse.

APPLICABLE
SAFETY ANALYSES

See B 5.31.5
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B 5.31.8

BASES

Tank Loading

BACKGROUND

APPLICABLE
SAFETY ANALYSES

An administrative limit on tank dome loading can prevent ~
collapse.

This mitigates unacceptable offsite consequences resulting
from a dome collapse.

The static load capacity of the tank dome is monitored
carefully and an overload state that could collapse the
dome must be avoided. The equipment required on the
surface of the tank to support FG/RMCS sampling operations
qualifies as a live load (see Appendix Nof Reference 1).
The tank loads study permits a 50-ton live load on the
tank dome. Even though the weight of all FG/RMCS
equipment exceeds 50 tons, not all of the equipment is
placed on the tank dome at one time. Therefore, the dome
loading must be controlled by the dome loading limits for
SSTs as specified in OSO-T-151-00013.

The dome would be subjected to dynamic dome loads if a
truck were to fall from the hydraulic jack or from a
platform. Appendix Nconsiders this scenario and analyzes
the consequences of the dynamic loading caused by dropping
the truck. It is concluded that the dome could withstand
the impact force of the 30.000-lb truck dropping on it
from the 3-ft-high platform.
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B 5.31.9

BASES

Truck Position

BACKGROUND

APPLICABLE
SAFETY ANALYSES

The RMCS truck when parked over an unused riser must be
protected from flammable gas releases. This requires
controlling the distance between the leak source and
truck. reducing above tank fire frequencies by mitigating
human error and minimizing ignition sources.

It is important that when the RMCS truck needs to be
parked over an unused. closed riser or pit. the riser or
pit must be sealed. Note that the riser or pit considered
here is not the riser being sampled. but the one that the
front part of the truck is parked on. If the truck is
parked over an unused riser or pit. the potential spark
location is not considered random. and no credit can be
taken for the probability of a random placement. However.
the leak size from pit or riser is assumed to be no bigger
than 1 in. There is a least 3 ft between the top of the
pit/riser and any potential ignition sources on the truck.
Acontrol was established to make sure the distance
between potential ignition sources on the truck and the
top of the pit/riser is ~ 36 in. Combining the failure
probability to seal the riser/pit and violate the 36-in.
distance criteria and the GRE probability that makes the
dome pressure positive. the accident frequency is
determined as 2.1E-B/yr. This frequency is low. However.
the unmitigated frequency becomes 1.4E-4/yr if the control
to seal the riser/pit and 36-in. distance criteria are not
implemented.

B-117



SST
WHC-SD-WM-OSR-005

Rev. O-E

B 5.0 ADMINISTRATIVE CONTROLS (ACs) - GENERAL

B 5.31.10 Portable Inlet Stack

BASES

Bases
RMCS

B 5.31

BACKGROUND

APPLICABLE
SAFETY ANALYSES

Directing the breather inlet HEPA effluent 15ft
vertically:

• allows atmospheric dispersion coefficients to
decrease so that toxicological acceptance guidelines
at the onsite boundary can be met.

• prevents electrically unqualified equipment in
proximity with flammable gas.

A portable stack over the breather inlet HEPA system will
be used during waste-intrusive FG/RMCS operations. The
portable stack is at least 15 ft tall. has an upper 4-in.
diameter. is sealed at the ground level. and is grounded.
The purpose of using a portable stack over the breather
inlet is two-fold:

• The gas release would be released through stack.
resulting in increased atmospheric dilution and
reducing the toxicological consequences of a GRE.

• Any non-qualified equipment on the top of the tank
around the breather inlet HEPA system would be
protected from flammable-gas exposures.
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BACKGROUND

APPLICABLE
SAFETY ANALYSES

Results from envelope testing and ignition testing are
only valid for equipment of the design tested.

This mitigates unacceptable offsite consequences resulting
from a dome collapse.
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One of the safety concerns of sampling with the rotary
mode drill in flammable gas tanks is the ignition of the
flammable gas in the waste by the frictional sparks
created by the drill bit. The condition of waste in terms
of hardness is not known before the operation. A ~
possibility of penetrating a very hard waste layer in a
tank exists. In addition. there may be some metal debris
lost or dropped from the riser in the past. Hard
materials such as rocks or metals can also exist in the
waste. Thus, it is likely that the dri'll bit may strike

'against metal and other hard objects during drilling.

Ignition caused by frictional sparks is evaluated by
performing ignition testing in bounding conditions.
Appendix T (Reference 1) discusses the ignition testing
requirements and acceptance criteria. The objective of
the tests is to demonstrate that the operation of rotary
core drilling in a bounding frictional environment with
bounding gas composition does not cause an ignition.
Testing is being performed by the WHC and BOM personnel.

The conditional frequencies of a fire accident resulting
from exceeding the rotational speed and down force are
estimated as 1.4E-5 and 9.4E-5/yr as indicated in Table
4.12. Controls are established to trip the drilling
operation when the rotational speed and down force exceed
55 rpm and 750 lbf. There is no delay time for the trip
except the delay time from the data acquisition system.
If needed, the alarm points will be set at lower values.
However, drilling must stop when the trip value is
reached. The RMCS operations must use only the drill-bit
type tested according to the requirements listed in
Appendix T (Reference 1).
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B 5,31.12

BASES

BACKGROUND

RMCS Operations

Flammable gas concentrations are mixed. dispersed. and
reduced with exhauster preparation. Accumulation of
aerosols. particulates. and flammable gases following
waste intrusive activities must be minimized.

This mitigates unacceptable offsite consequences resulting
'from a dome collapse.
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APPLICABLE
SAFETY ANALYSES

Wastes including mixtures of sodium nitrate and sodium
nitrlte with organic compounds can produce violent
exothermic reactions. Increasing the temperature of the
waste in the vicinity of the drill bit can cause a thermal
runaway. There are several hazards that are associated ~
with a local thermal runaway. and they are discussed in
Appendix G (Reference 1). Two major important hazards are
in ignition of the flammable gas and the initiation of a
self-propagating exothermic reaction in the waste.
Reactions in mixtures containing relatively small amounts
of organic compounds can result in temperatures greater
than the autoignition temperature of hydrogen mixtures. so
the ignition of flammable gases is the more limiting
condition. However. a self-propagating reaction would
produce very high temperatures. which would cause
structural damage to the tank. The consequences of a
self-propagating reaction could be severe.

Because the possibility of flammable-gas mixture cannot be
eliminated. the approach used is to take all practical
measures to eliminate ignition sources. A local runaway
reaction is a potential ignition source. so the
requirement that there be no local runaway reaction is
consistent. Preventing a local thermal runaway is also
protection against a propagating exothermic reaction. and
it eliminates the possibility of generating additional
flammable gas as a result of elevated temperatures.
Appendix Gof Reference 1 discusses runaway reactions and
waste ignition in great detail. Basic conclusions of
Appendix G are that local runaway reactions can be
prevented by establishing waste temperature limits. The
following temperature limits are established:

• The temperature of small waste fragments produced at
the drill tip must not exceed 180°C.

• The temperature of the drill bit and the average
temperature of the waste affected by drilling must
not exceed 160°C for more than 10 min.

Because the consequences of a propagating exothermic
reaction are severe. FG/RMCS should not be performed in
tanks in which a propagating exothermic reaction may
occur.
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(continued) force. and nitrogen purge flow to comply with the safety
criteria given above. Appendix F (Reference 1) discusses
the details of testing and the results obtained.

As a summary. results of envelope testing and their ~

analysis showed that the drill bit surface temperature
correspondingly the waste substrate temperature can be
kept below 160°C. including an uncertainty of 10°C. if the
following limits are applied: Down force < 750 lbf.
rotational speed < 55 rpm. minimum nitrogen flow> 30
scfm. and penetration rate> 0.75 in./min. The chip
temperatures under these conditions are also limited to
lS0°C as required. If a trip is initiated when one of the
set points for these four parameters is exceeded. drilling
must be stopped. After a shutdown there must be a waiting
period of 10 min before drilling can continue. The
waiting period of 10 min. is based on the experimentally
determined cooling time. The testing and the analysis
included plugged holes on the drill bit.

The minimum purge flow must be > 30 scfm: however. it is
possible that necessary cooling to the drill bit would not
be provided if there were a leak from the nitrogen purge
system between the flow measurement location and the drill
bit. WHC determined that the leak from the truck is
within the uncertainty range of instrumentation. This
control requires that the leak rate must be within the
uncertainty range of instrumentation or < 2% of the
nominal flow.

Drill rods are threaded to each other. An a-ring is used
to provide a seal. The leaks are possible if the a-rings
are left out. WHC determined the possible leak rates
could not be higher than 0.3 scfm when the O-rings are not
used. This is < 1% of a nominal flow of 30 scfm and
negligible. With the use of a-rings. the leak rate also
was measured and was shown to be negligible. Therefore.
a-rings on the drill rod are not required. and the
nitrogen purge flow for drill bit cooling is sufficient
when set to a minimum of 30 scfm.

There is one event that would include an unknown leak path
as a result of failure of the drill string during
drilling. If the drill bit or string becomes embedded in
the waste momentarily because of debris in the waste.
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(continued) torque could continue to be applied to the drill string at
a constant rate .. If such a condition occurs. there is a
possibility that the drill string could partially fail.
Continuing to operate with a partially failed drill string
could result in nitrogen flow bypass through the failed ~
area. This concern is assessed below.

Appendix N (Reference 1) examines the possibility of over
torquing the drill string. The drill string is considered
as having torque applied from the uppe~ end, but the
rotation of the lower end is not allowed. Appendix N
presents two methods to determine the time necessary to
break the drill string. Linear elastic methods are
applied as a first approximation to obtain the lower bound
failure estimate. Second, strain-energy methods are used
to determine an upper bound by assuming that the ultimate
shear strain in the drill rod is proportional to the shear
modules. It is estimated that failure would occur in less
than 15 sec for all rotational speeds. Note that Appendix
N did not take any credit for the threaded drill rods.
Experience shows that the drill string always fails at the
threaded sections. The real failure time is expected to
be in a few seconds because of the stress concentration
factor for threaded sections. Therefore. it is concluded
that a drill string tear without a break is very unlikely.

Envelope testing measured the rate of increase in the
drill-bit surface temperature when nitrogen flow is
terminated at steady-state operating conditions. The test
results are summarized in Appendix F (Reference 1).
Results showed that an average heat-up rate of 2°C/s is
observed in the time period of 0 to 20 sec after the
nitrogen flow is shut down. This rate corresponds to a
temperature increase of 30°C in 15 sec in which the drill
string would be broken when overtorqued. Envelope testing
established the operating parameters so that the drill bit
and waste temperature is less than 150°C. Considering a
30°C heat-up of the drill bit for this accident. the drill
bit/waste temperature would be 180°C. Appendix G
(Reference 1) argues that the waste temperature would be
allowed to be at the minimum exothermic-reaction
temperature of lS0°C for a short period of time because
the induction time of reaction is expected to be much
larger than 10 to 20 sec. Therefore. it is concluded that
if the drill fails because it ;s over-torgued. it would
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•

(continued) vicinlty of the drill bit would not experience runaway
reactions.

• RMCS operations must be shut down if the dome
flammable gas concentration is above 5000 ppm ~

hydrogen equivalent. Based on currently available
calibration data. this set point gives protection
for ammonia concentrations of -10.000 ppm if the gas
is purely ammonia.

Evacuation is-necessary if a gas release occurs .
REFERENCES 1. LANL. 1996, A Safety Assessment of Rotary Mode Core

Samp7ing in F7ammab7e Gas Sing7e She77 Tanks.
Hanford Site. WHC-SD-WM-SAD-035. Rev. O-a, Los
Alamos National Laboratory. Los Alamos. New Mexico.
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REVISIONS MADE TO ROTARY-MODE CORE SAMPLING SAFETY
ASSESSMENT REVISION-Oa AS A RESULT OF INEL REVIEW

Changes are underlined.

Page 2.2. Section 2.2.1

The DOE Orders cited in Table 2-1, are presently applicable to the design of the
rotary-mode core sampling equipment. They are helpful in developing the
criteria outlined in Sections 2.1.2, 2.1.3,2.1.4, and 2. The risk criteria aTe iiven
in Section 5 of this SA.

Page 2-4, Section 2.1.4.

... The safety criteria are based on a set of tests in which dry sodium acetate
nitrate I nitrite mixtures exhibited propagating behavior at about 300GC (572°F)
with a TOC value greater than 6 wt%. Appendix G evaluates this criteria in
detail for each SST.

Pa&, 2-8, Section 2.3

.... Of the three possible tank configurations, the 1,OOO,OOO-gal.-capacity tank
used in Farms A, AX, and SX is schematically shown in Fig. 2-1. The other
tank CQnfigu.rations are similar to that of given in Fig. 2-1. The BY·, TX- and
5-Tank Farm has tanks with 758,OOO-gal. capacity, but tanks in Farms B, BX, C,
T and U have a capacity of 530,000 gallons.

Pase 2-13. Section 2,4,1,4, 1st component

Drill Bit. The drill bit rotationally bores into the waste to produce a nominal
l-in.-diameter core sample, and acts as the leading tip of the drill string. The
bit has a hollow-cored center section surrounded by cutting teeth and holes
on the drilling surface for nitrogen purge flow. The c(.lmmerdally available
unit (nominally 2.5-in. o.d.) is made of copper-based (sintered bronze)
material with teeth designed to "smear" when they come into contact with
the bottom of the tank to prevent penetration. Appepdjces I and F addresses
the safety concerns in reiard to material pTOpertif:~.

1



Pase ~' ·20. Section 2.4.2. 3m item

... .vendor information indicates that the HEPA filter performance is
undetermined at a differential pressure of 10 in. w.g. after 15 minutes, but
there are no relief valves or vacuum breakers installed to protect the HEPA
from excessive delta pressure. In order to protect against filter collapse, the
blower i5 limited to 9 inches of water Sh1tiC pressure.

Pise 2-31. Section 2.5.3

Heading of 2.5.4 is eliminated and the remaining of text is renumbered.

Pille 5-10, Sec::tion 5.4.1. 4th paragraph

The dome peak ammonia and nitrous oxide concentrations then become
1.2%,6%, and 12(Yn for the anticip~ted, very unlikely, and extremely unlikely
gas-release events defined based on frgquenQ' ranges and expected gas release
amounts and marked as GRE-l. GRE-2 And GRE-3 in Table 5-7. These three
GRE. GRE-1. GRE-2. and GRE-3. categories will be used in Tables given in tbi:
rest of this section.....

TABLE 5·1
ANTICIPATED AND UNLIKELY GAS-RELEASE EVENTS

Event Probability Event CatelOry Q·Prompt Release, Peak NH3 Cone. (%)

(ft3)

~1.0 E-2 GEE-1 S1000 1..2

~l.OE-4 GRE-2 SSOOO 6

~1.0 E·6 GRE-3 S 10,000 12

TABLE 5·2
SUMMARY OF GAS·RELEASE ACOOBNTS

Accident Condition Frequency Cae Concentration II: Release

(yr) Rate

l~ and open riser (removal) 1.1E-3 1.2% NHJ in the dome,

(O.OlxS.6E-2x2) 66~1t

2~ and open riser (removal) 1.1E-5 6% NHJ in the dume,

(lE-4x5.6E-2x2) 333sc£m·
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3·~ and open riser (removal) 1.lE-7 12% NH3 in the dome,

(1 E-6x5.6E-2x2) 666 sefm·

Bevond extremely
unlikely

4-~and open frisbee (operation)(nitrogen 3.2E-6 1.2°/.., NH3 in the dome,
purge to riser sleeve fails) (2xO.Olx1.6E-4) 66 scfm·

5-GRE.:2 and open frisbee (operation) (nitrogen 3.2E-8 6% NH~ in the dome,
purge to riser sleeve fails) (2x1.0E-4xl.6E-4) 333scfm" "-

beyond p.xtremely
unlikely event

6-GRE-3 and open frisbee (operation) (nitrogen 3.2E-IO 12u;.. NH~ in the dome, .
purge to riser sleeve fails) (2xl.OE-6xl.6E-4) 666sdm"

beyond extremely
unlikely event

7-GRli:l and drill string cpm at the top with 2.6E-5 1.2% NH, in the dome,
sampler in the drill string (2xO.Olx1.3E-3) 66sc£m"

p...c.Bli:2 and drill string open at the top with 2.0E-7 6% NH) in the dome,
sampler in the drill string (2x1.0E-4x1.3Il-3) 333sdm"

beyond extremely
unlikely event

9~ and drill string open at the top with 2.0F.-9 12% NH, in the dome,
sampler in the drill string (2xl.0E-6xl.3TI-3) 666sc:fm"

beyond extremely
unlikely event

10-~ from exhaust and inlet stack 0.02 1.2% NH, in the dOllle,
(operation) (2xO.Ol) 66scfm"

TABLE 5-8 (cont)
GAS-RELEASE ACCIDENTS

Ac.'cident Condition Frequenc:y CU Concentration &:: Release

(yr) Rate

U-GRE-2 from exhayst and inlet stack 2.08-4 6% NH, in the dome,
(operation) (2xl.OE-4) . 333sdm·

12..(jRE-3 fMIl exhaust and inlet stack 2.0E-6 lrk NH, in the dome,
(operation) (2xl.0E-6) 666scfm6

13-CgptintlQUS relea.~es funu cxbaU5ter after an 0.02 1.2% NH, in the dome,

1:iBlb1 (2xO.Ol) 250 Scfm66

14-Continuous releases from exhauster after an 2.0F.-4 6% NH3 in the dome,

!..iK.E:l (2xl.0E-4) 250 sc£m••

3



IS-Continuous releases frpm exhauster after an 2.0'E-6 12% NH) in the dome,
~ (2x1.0E-6) 250 scim**
• Averaged over 15--mlllutc penod
Page 6-1

(Note that all tables in Section 5 are updated),

PAKe 6-1, Section 6.1, 2nd parapaph and reference 4

Westinghouse Hanford Company (WHC) standard controls include a series of
WHC documents that define the safety envelope for the tank farm, waste
transfer activities, and waste storage activities. The primary document is the
WHC Health and Safety Plan1although other documents include the Safety
Assessment for Push- and Rotary-Mode Core Sampling in Ferrocyanide
Tank/ Safety Analysis for the Push Mode and Rotary Mode Core
Sarnpling')and the Interim Operatipnal Safety Requirements for RotaI)" Mode
CQre Sa.mplini in Flammable Gas Single Shell Ianks.4 During the
development of the procedures for each of the activities, the current
operational safety requirements (OSRs), interim operational Safety
requirements (IOSRs), and operational safety documents (0508) must be
considered (refer IQ5R4 for restart req:uirements). The safety envelope
established by the analyses shall not be changed unless approved by the
Department of Energy (OOE). The controls prOVided in this section can be
modified if the appropriate organization grants approval

PJieC4

...This model is based on the assumption that the species ratios obtained from
the domF. space mea~uremcnt~ are thp. same for the gas bubbles that exist in
the wa.c;te. Thus, it is assumed that

• The mass transfer (including the molecular diffusion out of the
waste) from the waste surface is negligible, and

• The species ratios are established by eQuilibrium in the waste prior
initiation of GRE.

PaG! C=6, last paralP"aph
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Based OIl thi~ analysis, the composition obtained for Tank AX-lOl results in
the maximum equiva.lent fuel being 103% H2 and appears to be the limiting
composition for the flammability .analysis at the conditions prior GRE.

Page C-11 6 2nd paragraph

.., Thus, even small volumes of ga.c; burned in the dome space may result in
catastrophic dome failure. Note that the gas release volume of 26m3 is Dot
100% hydrogen. It was assumed that there is 60% ammonia in the released "'
gas. Remaining 401)/0 includes 88.1% hydrogen iTaok AX-lOl) as indicated in
Table '-3. Thus, the hydrogen concentration becQmes 35% in the released gas.
This results in 2/4% hydro~en concentration in the dome.

Page G-5, Section G.4 definitions

U = heat transfer coefficient for the fragment,
To = initial temperature of the fragment,
T!, = temperature surrounding the fragment,
r =density of the fragment,
cp =heat capacity of the fragment, and
D =diameter of the fragment,
k - thcrmaLconductivity.

Pase G-15. Section G.5.2,3

Summary
The second method of analysis is more restrictive than the event-tree analysis
given in Section 5.2.l

fqcl-ll. 2nd parallaph

Hydrogen and a.ir mixtures near stoichiometric ( - 29.5% hydrogen) are
known to be deLonable. Mixtures departing from stoichiometric, either in the
hydrogen-lean or hydrogen-rich direction are increasingly more difficult to
detonate. It has been generally believed that hydrogen-air mixtures wi th
mixture ratios of <18% or >58% hydrogen, could not be detonated. As shown
in Section 2 of !hie; appendix, the hydrogen concentration in the drill string
reaches 30% in 16 minutes at 2 ft above the rotary drill. One operation of
drilling takes about 30 minutes. By that time, the hydrogen concentration is
already above 18%. Therefore. SOme burn in the drill string may detonate.

Conclusions

From the above analysis, the overpressure and the rate-of-pressure rise
during a burn in the drill string are 630 kPa and 2279.5 bar/s, respectively.

s



During a detonation in the drill string, the overpressure and the rate-of
pressure rise are 15 bars (1.5 x 106 Pa) and 3 x 106 baris, respectively. A DDT
may occur in the drill string. Therefore, any bum in the drill string may
result in a detonation because the rate of pressure rise is very high (3 x 106

barfs) during the detonation. Consequently, the structure of the drill string is
conserV!ltivel); assumed to fail

Pap L-l. Section L.I, 3nt build

The probabilistic GRE model discussed in this appendix was introduced only
after the completion of these first two steps in order to obtain realistic accident
frequencies.

Pase L-4. 5th paragraph

It can be stated that 2 out of 87 activities resulted in a detectable GRE,
suggesting a frequency of 2.3 x 10-2. Accounting only for the activities in the
SSTs, the probability becomes 2 out of 71 (2.6 x 10-2). Also subtracting the
activitiel; in which the level data were inconclusive, the probability becomes
2 out of 58 (3.4 x 10-2). However, this approach docs not apply to a bounding
tank, and at best it prOVides an overall probability of a GRE in the flammablc
gas tanks. The LOWs are installed in A-101 (waste level -345 in.) and AX-lOt
(waste level 278 in.), which have the largest waste volumes in the. SSTs that
are on the original FGWL. Tank A-103, which showed. a 2.4 in. level drop
between March 25 and March 26, 1986, also has a large waste volume (waste
level -370 in.). The other possible 2·to 3-in. level drop corresponds to Tank
5X-I04 that has less than 240 in. of waste.

Pap L-S, Section L,3, 2nd paralli!l!h

First, the discussion provided in the previous section is cast into a qualitative
model. The qualitative likelihood matrix is provided in Table L-l. In Table L
1 QlJalitative likeli.hoQd definitions jndud~d following frequencies; a-Range 1
is defined as an event with a fl'fQuenc:y of 1, l'>=Range 2 is defined as an event
with a frequency of 10'1, c·Range 3 is defined as an event with a freQYenC=Y of
1U·2 , a-Range 4 is defined as event with a frequenQ" of lQ·~. e=Range 5 is defined.
as an event with Dfrequency less than 10-3

•

TABLEL-l
QUAUTATIVE LIKELIHOOD MATRIX FOR GAS-RELEASE VOLUMES

AND RATES

......_.__j~:~:~:~n:;·;i~~:~-~:~::~:,ii;~~:;~::~:¥iJ.~~L{f·~ .~r-

100 SOD 2500
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Range 1 Range 2 Range 3 Ranl::e 4

1

Range 2 Range 2 Riln~ 3 Range 4

10

Ranie 3 Range 4 Range 4 Range 4

100

Range.J; Range 4 Range .2 Range 5 "'-

1000

Page [-9. 24th paragraph

For release volumes that are never observed in the SSTs, a qualifier of
"Range ;2" is assigned. The existing models do not predict release volumes
corresponding to Ran~ 3 and less likely categories, except for a rollover and
seismic event that can liquefy the waste by vigorous shaking. Even for these
Range 3 events Lhe release volume is lim.ited by the fra.ction of total retained
g'as. The maximum values shown in Table L-I (10,000 ft3) corresponds to the
largest GRE volume observed in Tank 101-SY before mitigation. Similar
events have not been observed in any of the SSTs.

The rate range shown in Table L-l is obtained by considering the orders-of
magnitude, based on the discussions provided in the previous section. Only
rollovers and seismic shaking may result in release rates on the order of 100
ft3/min or greater, while resulting in large release volumes. There is a
remote possibility of tapping into a high pressure gas region which may result
in large release rates but a very small volume. Thus, while small volume
releases at high releases rates arc lW,ieyed to be Range 4 events. large volumes
with large releases rates are in Range 5 event cate~ry. .

The qualitative matrix may be quantified for the gas-release volume and gas
releases rates assuming that these two are independent parameters. In the
qyantification process. the following probabilities were assiined: a probability
of 1 for Range 1 event. 10:1 for Range 2 event. 10-2 for Range 3 event and 10:3
for Range 4 event. Thus. the Quantitative results may be approximated as a
lQgarithmic distribution given by....

Pa&C R-5, Section R,.,!, 2nd parap-apb

Co containing Si02. ilt a density of 0.1 g/cm3, we find the exposure at 1 em from
the surface is about 300 mR/h at the end of 100 minutes of operation. This
exposure may be scaled with units of 100 minutes of time because it is based
on illl average mass flow rate.

7



Page U-l. Section U-l

APPENDIXU
FUNCTIONAL REQUIREMENTS FOR

FLAMMABLE AND TOXIC GAS (HYDROGEN AND
AMMONIA) SENSORS

INTRODUCTION

The purpose of the sensors is to provide signals that can be used as safety
shut-down indicators for both flammability (mainly hydrogen ang ammoni<:I)
And toxic (mainly ammonia) hazards during

hac U-2. Section U-2. 2nd parasraph

.... operation conditions. For the sensor to read out concentration it is
essential that the pressure in the sensor region be within theexpec~
pressure range during the calibration.

Pa~ U-2...Section U.3.1. 3rd and 4th bullets

The configuration must allow for the system to be calibrated in a manner that
ensures that zero and calibration gas are within the expected tank pressure
range during the calibration. The system must be able to be operated during
pressure transients caused by a potential GRE.

The ca.libration should be performed ilt initial deployment and every tlw:.i:
months after that point. The calibration should consist of setting the zero
with pure air or nitrogen and calibration with a nominal 6000 ppm
hydrogen. The calibration procedure with a nominal 6000 ppm hydrogen
should test the shutoff electronics as well as the sensor reading.

Pige U-3, Section U.3.2" 5th and 8lh bullets

-In addition to the electrical qualification, it must be documented that the
sensor element itself will not iiWitc j1 flammable mixture.

-Configuration of both sensors must allow the system to be calibrated. in a
manner that the pressure in the sensor region is within the expected tank
pressure ranie during the calibration

fase U-4. Section VA

...; a Whittaker hydrogen detector cell and a SMC combustible gas detector.
The usc of ~and Wittaker sensors provides a redundgnc:y in hygrQgen

8
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detectism. The detection of ammonia qm only be performed by the SMC
sensor and therefore is not redundant.

.....Both sensors themselves do not ignite a flammable mixture when they are
operational.

SMC s.e.o.so.r.J,f set to trip at a SOOO-ppm hydrogen equivalent. should scns~

both jl SooO-ppm hydrogt~n concentration and .1 12000-ppm ammpn ja
concentration for alann purposes if the ga.s were purely hydrogpn or "
ammonia, respectively. The set point for a rate of increase Qf concentrAtion if'
lOOppm/s.

Wittaker celL if set to trip at a 500Q-ppm hydrogen eqUivalent. shQuld sense a
SOOO-ppm hydrogen concentration for alarm purposes if the gas were }?\lrely
hydroggn. The set point for j;l rate of increase pf concentratioD is also lOO
ppm/so

A control is established for an SMC sensor to be initially calibrated with
hydrogen and ammonia and an SMC sensor to be replaced at least once per
month with a new sensor that has been calibrated. with both hydrogen and
ammonia. A cQntrol is also eRtabJi$h~d for the SMC senc;oT t() be calibrated in
the fQUQwing fashion. A functional test shall be performed at the initial
setup at each location and every day the system is used after that point. The
functional test shall consist of setting the zero with pure air or nitrogen and
calibration with a nominal 6000-ppm hydrogen. The functional test procedure
with a nominal 6000-ppm hydrogen shall test the shutoff electronics as well
as the sensor readings. A functional calibration test sbi'U be performed once
every three months foe the Whittaker cell. .

rlF U-5, 3rd paraKraph

The following controls are established for the flammable-gas detection
system:

• SMC sensors shall be replaced at least once each month with new
sensors,

• New SMC sensors shall be initially calibrated in a laboratory
environment using hydrogen and ammonia,

• A functiQn~l calibration test shall be performed in the field at the
initial setup and tilen every day for the SMC sensor,

• A functional calibrgtion test shall be performed once every three
months for the Whittaker cell.

9



• The functional calibration test shall consist of setting the zero with
pure air or nitrogen and calibration with a nomInal 6000-ppm
hydrogen for both sensors,

Al'pendixA

The second column of Table A-5 named as Hazard. We agreed to change this ""'
title as Hazard/Accident. It, however, is very difficult to revise this table
because it is scanned from a MS-DOS based-document. Therefore, we suggest
that we make this change in Revision 1 if INEL agrees.

10
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July 18, 1996
N. Morcos, MS 2114
Third Tier Review Safety Evaluation Report of the Safety
Assessment document titled "A SAFETY ASSESSMENT OF ROTARY MODE

. CORE SAMPLING IN FLAMMABLE GAS SINGLE SHELL TANKS: HANFORD SITE,
RICHLAND; WASHINGTON."

Att~ched is the Third Tier Independent Review·Team's (IRT) Safety Evaluation
Report (SER) for the Hanford Safety Assessment (SA) for the document titled "A
SAFETY ASSESSMENT OF ROTARY MODE CORE SAMPLING IN FLAMMABLE GAS SINGLE SHELL
TANKS: HANFORD SITE, RICHLAND, WASHINGTON" (RMCS). The SA review·was·
performed in response to a request from the DOE-RL Management Systems Division
(MSD) independent review coordinator (April 26, 1996). The review was
performed in accordance with DOE-RL's DOCUMENT REVIEW PLAN FOR SAFETY
ASSESSMENTS FOR SAT-WELL PUMPING AND ROTARY MODE CORE SAMPLING IN FLAMMABLE
GAS TANKS (Appendix 1 of SER). The IRT members were selected in accordance
with directions in the review charter and submitted for approval by DOE-RL
TWRS MSD on the bas is of thei r qual i fi cations and thei r expert i se.· The 1i st
of approved reviewers is shown in Appendix 2 of the SER.

Based on the independent review, the IRT recommends approval of the SA titled
"A SAFETY ASSESSMENT OF ROTARY MODE CORE SAMPLING IN FLAMMABLE GAS SINGLE
SHELL TANKS: HANFORD SITE, RICHLAND, WASHIN~TON" together with it's attached
ISORs (contained in engineering change notice, ECN 609990) without any
conditions or limitations except for the provision that any changes made to·
the operations or associated equipment as described in the SA should be
followed by a careful USQ assessment process

The independent review process is summarized in the Executive Summary in the
SER. The associated details and documentation are available in the RMCS SA
file as submitted to DOE-RL TWRS MSD.

Please do note hesitate to call me at 208-526-4926 if I can be of any
additional assistance

Sincerely,
/

'1 ) /
--.. ~ ....1hu_J:,;-'i .... "'"'.:. -e- c

. N. Marcos, Ph.D.
IRT Chairman.
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ABSTRACT

This Safety Evaluation Report (SER) documents the INEL Independent Review Team's
(IRT's) assessment of the ~SA) A SAFETY ASSESSMENT of ROTARY MODE CORE
SAMPLING in FLAMMABLE GAS SINGLE SHELL TANKS: HANFORD SITE,
RICHLAND, WASHINGTON" (RMCS)

The SA addresses each of the required elements associated with the installation, operation
and removal of the rotary mode core sampling (RMCS) device in Flammable Gas Watch List
(FGWL) Single-Shell tanks (SSTs) located within the 200 Area in the Hanford Site,
Richland, Washington. The RMCS operations are needed to retrieve waste samples from
~STs with hard layers of waste for which push-mode sampling is not adequate for sampling.
Pqtential hazards associated with the proposed activities were identified and evaluated
systematically. Potential accident cases that could result in radiological or t01Cicological gas
releases were identified and analyzed, and their consequences analyzed. Administrative
controls, procedures, and necessary design changes to eliminate or reduce the potential
hazards were also identified.

The SA was prepared using the "Interim Guidance for Preparing Safety Assessments", (rev
2, March 6, 1992), developed by SAIC for DOE as directed by a letter from Len Duffy in a
memorandum dated May 6, 1992 which included in Appendix 3. The SA addresses most of
the elements required in the Department of Energy (DOE) Standard DOE-STD-3011-94
"Guidance for preparation and Submittal of Basis Interim Operation (BIO) for DOE
Nonreactor Nuclear Facilities." DOE Standard DOE-STD-3009-94 "Preparation Guide for
U.S. Department of Energy Nonreactor Nuclear Facility Safety Analysis Reports" was used
as guidance to perform the Hazard Analysis.

The independent review was performed in accordance with a DOE-RL charter and is
intended to assess compliance of the RMCS SA with applicable safety-related statutes, rules,
DOE Orders, and Standards and, in particular with the requirements of DOE Order 5480.23

. as delineated in related DOE standards. Additional clarification and guidance regarding these
requirements were obtained from DOE-STD-I027-92, "Hazard Categorization and Accident
Analysis Techniques for Compliance with DOE Order 5480.23, Nuclear Safety Analysis",
DOE-STD-3009-94, "Preparation Guide for U.S. Department of Energy Nonreactor Nuclear
Facility Safety Analysis Reports", DOE-STD-3011-94 "Guidance for preparation and
Submittal of Basis Interim Operation (BIO) for DOE Nonreactor Nuclear Facilities", and the
DOE-RL approved Quality Assurance Plan. The review was also performed on the basis of
six broad standards of performance: accuracy, completeness, traceability, consistency,
readability, and functionality.

The IRT members were selected in accordance with the review charter submitted for
approval by DOE-RL TWRS PRJ.



The review was conducted in two stages. The first stage was initiated upon
receipt of the document on May 6, 1996. The INEL review comments were
forwarded tQ DOE-RL on May 10, 1996 for evaluation by DOE and WHC. Responses to
our comments were received from WHC on June 10, 1996. The response were evaluated
and formally returned to DOE-RL on June 17, 1996 requesting incorporation of the changes
agreed upon to resolve the open issues. Finally, a meeting was held with WHC, Los Alamos
staff, and DOE-RL on July 2 and 3, 1996 to review the fInal document draft and
resolve/close all remaining open issues. The final draft of the ISORs was also reviewed on
July 15, 1996.

This document summarizes the evaluation of the revised revision 0 of the RMCS SA and the
(mal draft of the IOSRs as received from WHC. The evaluation entailed assessment of the
m¢ifIcations to the documents as agreed upon during the July 2 and 3, 1996 meeting to
resolve the identified IRT concerns. All open issues and areas of concern have been
clarified, addressed and resolved. There remains no open issues of concern to the IRT after
reviewing the changes incorporated into the fmal document revision as reviewed. A copy the
Review Comment Record sheets used in the July 2-3, 1996 meeting for closing all open
issues is included as Appendix 4. .

" ,.~

) The DOE-RL, TWRS recommends approval of the SA titled"A SAFETY ASSESSMENT of
ROTARY MODE CORE SAMPLING in FLAMMABLE GAS SINGLE SHELL TANKS:
HANFORD SITE, RICHLAND, WASHINGTON" (WHC-SD-WM-SAD-035, Rev. O-a);
with the provision that any changes to the operations or the equipment as described in the
document should be followed by a careful USQ assessment process. This SA is a stand
alone safety analysis supporting a temporary activity . It systematically identifies the hazards
of the RMCS operations, describes and analyzes measures taken to eliminate, control and
mitigate identified hazards, and analyzes potential accidents together with their associated
risks.

The SA is organized in accordance with the "Interim Guidance for Preparing Safety
Assessments", (rev 2, March 6, 1992), as shown in Appendix 3.

The authorization basis consists of this SER, the Safety Assessment # WHC-SD-SAD-035,
Rev O-a; the WHC letter # 9653662 R2, dated August 30, 1996, and the IOSRs identified in

ECN # 609990. Rotary mode core sampling will be limited to the following four (4)
tanks: AX-I01, AX-103, BX-IlO, and TY-I02.

IZ-t ~..- c;!---
Paul Hernandez, DOE-RL, 1WRS
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EXECUTIVE SUMMARY

Description

This Safety Evaluation Report (SER) documents the results of a third tier independent review
of the Safety Assessment (SA) document titled "A SAFETY ASSESSMENT OF ROTARY
MODE CORE SAMPLING IN FLAMMABLE GAS SINGLE "SHELL TANKS: HANFORD
SITE, RICHLAND, WASHINGTON" (RMCS) for tlle Hanford Tank Waste Remediation
System (T\VRS) Programtank farms. The independent review was performed to assess
compliance of the RMCS SA with the requirements of DOE Order 5480.23, DOE-STD-3009
94, DOE-STD-3011-94, "Interim Guidance for Preparing Safety Assessments", (REV 2,
March 6, 1992), developed by sAle for DOE as directed by a letter from Leo Duffy in a
memorandum dated May 6, 1992 (Appendix 3), and DOE-STD-1027-92.

The SA is intended to address the safety basis for each of the required elements associated
with the installation, operation, and removal of a rotary mode core sampling (RMCS) device
in Flammable Gas Watch List (FGWL) Single-Shell tanks (SSTs) located within the 200 Area
in the Hanford Site, Richland, Washington. Potential hazards associated with the proposed
activities are identified and evaluated systematically. Potential accident cases that could result
in radiological or toxicological gas releases are identified and analyzed, and their
consequences analyzed. Administrative controls, procedures, and necessary design changes to
eliminate or reduce the potential hazards are also identified. .

The review was performed by an Independent Review Team (lRT) at the Idaho National
Engineering Laboratory (!NEL) and in accordance with a charter issued by DOE-RL
(Appendix 1). The charter specified the review criteria and the rules of independence and
qualifications of the reviewers. The list of qualified reviewers is shown in Appendix 2
together with their respective qualifications.

Evaluation Criteria

The independent review team used the folloWing six broad performance standards to guide
their review: accuracy, completeness, traceability, consistency, readability, and functionality.
The primary focus of the review was to compare the draft document against the governing
requirements documents:

DOE Order 5480.23, Nuclear Safety Analysis.

DOE-STD-1027-92, "Hazard Categorization and Accident Analysis Techniques for
Compliance with DOE Order 5480.23, Nuclear Safety Analysis."

DOE- STD-3009-94, "Preparation Guide for U.S. Department of Energy Non-reactor
Nuclear Facility Safety Analysis Reports."

DOE-STD-3011-94 "Guidance for preparation and Submittal of Basis Interim
Operation (BIO) for DOE Nonreactor Nuclear Facilities."

~LDckheed
Idaho Technologies Company P.O. Box 1625 Idaho Falls, ID 83415
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"Interim Guidance for Preparing Safety Assessments", (REV 2, March 6, 1992),
developed by SAIC for DOE as directed by a letter from Leo Duffy in a memorandum
dated May 6, 1992 (Appendix 3).

Evaluation Findings

An evaluation summary of the final version of revision 0 of the RMCS SA and the final draft
of the IOSRs as received from WHC is presented. The evaluation entailed assessment of the
modifications to the documents as agreed upon during the July 2, 1996 meeting to resolve the
identified IRY concerns. All open issues and areas of concern have been clarified, addressed
and resolved for both the SA and associated IOSR documents. There remains no open issues
of concern to the IRT after reviewing the changes incorporated into the final document
revision as reviewed. A copy the Review Comment Record sheets used in the July 2, 1996
meeting for closing all open issues is included as Appendix 4.

Conclusions

The IRT recommends approval of the SA titled "A SAFETY ASS.ESSMENT OF ROTARY
MODE CORE SAMPLING IN FLAMMABLE GAS SINGLE SHELL TANKS: HANFORD
SITE, RICHLAND, WASHINGTON It (RMCS) with the provision that any changes to the
operations or the equipment as described in the document should" be followed by a careful
USQ assessment process.

~Lockheed
Idaho Technologies Company P.O. Box 1625 Idaho Falls, ID 83415
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1.1 Description

1.0 SECTION 1 - SCOPE

o

()

Section 1 describes the action that requires the SA. It provides a discussion of the activity,
and the action required by the purpose of the SA. The action for Rotary Mode Core
Sampling is well described together with it's identifiedlleeds. Alternative courses for
sampling and the consequ~nces of "no action" are described and assessed.

1.2 Evaluation Criteria

"Interim Guidance for Preparing Safety Assessments", (REV 2, March 6, 1992), developed by
SAle for DOE as directed by a letter from Leo Duffy in a memorandum dated May 6, 1992
(Appendix 3).

1.3 Evaluation Findings

There are no open issues with respect to the RMCS SA SECTION 1

1.4 Conclusions

This section adequately describes Rotary Mode Core Sampling, alternative methods, and
consequences of "no action".

2.0 SECTION 2 - DESCRIPTION OF ACTION

2.1 Description

Section 2 identifies feasible alternatives to implement Rotary Mode Core Sampling, and
establishes the criteria for evaluating alternative modes. The alternative modes are assessed,
and the RMCS is justified. Maps, layouts, drawings and procedures are provided to identify
hazard elements that may be encountered during RMCS.

2.2 Evaluation Criteria

DOE- STD-3009-94, DOE-STD-3011-94, "Interim Guidance for Preparing Safety
Assessments", (REV 2, March 6, 1992), developed by SAIC for DOE as directed by a
letter from Leo Duffy in a memorandum dated May 6, 1992 (Appendix 3), and DOE
Order 5480.23

~Lockheed
Idaho Technologies Company P.O. Box 1625 Idaho Falls, ID 83415
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2.3 Evaluation Findings
.......-.,

) There are no open issues with respect to the SA Section 2

2.4 Conclusions

Section 2 of the RMCS adequately meets the requirements of the evaluation criteria.

3.0 SECTION 3 - IDENTIFICATION OF HAZARDS

3.1 Description

Section 3 of the SA clearly identifies all potential hazards related to the RMCS activities.
The functional analysis of the RMCS activities, environmental materials fabrication,
degradation processes are addressed. This section also addresses inspection and monitoring
consideration of equipment and facilities used in RMCS processes. Hazards identification is
based on task analyses related to the installation, operation, and removal of equipment and
materials required for RMCS.

3.2

3.3

Evaluation Criteria

DOE- STD-3009-94, DOE-STD-3011-94, "Interim Guidance for Preparing Safety
Assessments", (REV 2, March 6, 1992), developed by SAIC for DOE as directed by a
letter from Leo Duffy in a memorandum dated May 6, 1992 (Appendix 3), and DOE
Order 5480.23

Evaluation Findings

There are no open issues with respect to the SA Section 3

3.4 Conclusions

Section 2 of the RMCS adequately meets the requirements of the evaluation criteria.

~lockheed
Idaho Technologies Company P.o. Box 1625 Idaho Falls, ID 83415
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4.0 SECTION 4 - HAZARD ANALYSIS

4.1 Description

Section 4 provides hazards analyses for hazards identified in S"ection 3 as related to their
potential severity including potential for occurrence. Environmental, materials, fabrication,
degradation processes, inspection and monitoring practices as they could impact failure modes
of system components are considered.

4.2 Evaluation Criteria

DOE- STD-3009-94, DOE-STD-3011-94, "Interim Guidance for Preparing Safety
Assessments", (REV 2, March 6, 1992), developed by SAIC for DOE as directed by a
letter from Leo Duffy in a memorandwn dated May 6, 1992 (Appendix 3), and DOE
Order 5480.23

4.3 Evaluation Findings

There are no open issues with respect to the SA Section 4

" i 4.4 Conclusions

Section 4 of the SA adequately meets the requirements of the criteria listed above.

5.0 SECTION 5 - CONSEQUENCES OF ACCIDENTS

5.1 Description

Section 5 describes accident consequences and considers safety and system effects. It also
describes radiological and toxicological consequences of accidents to both the workers and the
public.

5.2 Evaluation Criteria

DOE- STD-3009-94, DOE-STD-3011-94, "Interim Guidance for Preparing Safety
Assessments't, (REV 2, March 6, 1992), developed by SAlC for DOE as directed by a
letter from Leo Duffy in a memorandwn dated May 6, 1992 (Appendix 3), and DOE
Order 5480.23

~Lockheed
Idaho Technologies Company P.O. Box 1625 Idaho Falls, ID 83415
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5.3 Evaluation Findings

There are no open issues with respect to the SA Section 5

5.4 Conclusions

Section 5 of the SA adequately meets the requirements of the criteria listed above.

6.0 SECTION 6 - CONTROLS

6.1 Description

Section 6 provides the identified and necessary controls required to perform the operations
required by RMCS while ensuring that the risk acceptance guidelines are maintained.

6.2 Evaluation Criteria

6.3

DOE- STD-3009-94, DOE-STD-3011-94, "Interim Guidance for Preparing Safety
Assessments", (REV 2, March 6, 1992), developed by SAlC for DOE as directed by a
letter from Leo Duffy in a memorandum dated May 6, 1992 (Appendix 3), and DOE
Order 5480.23

Evaluation Findings

There are no open issues with respect to the SA Section 6

6.4 Conclusions

Section 6 of the SA adequately meets the requiremel1ts of the criteria listed above.

7.0 SECTION 7 - CHECKLIST ITEMS

Section 7 of the RMCS SA provides a checklist of assumptions used as basis for developing
the SA. Therefore, any parameters and/or limits that vary from the checklist should trigger
re-evaluation of the conclusions made in this SA, probably via a USQ process.

~Lockheed
Idaho Technologies Company P.O. Box 1625 Idaho Falls, ID 83415
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5.3 Evaluation Findings

) There are no open issues with respect to the SA Section 5

5.4 Conclusions

Section 5 of the SA adequately meets the requirements of the criteria listed above.

6.0 SECTION 6 - CONTROLS

6.1 Description

Section 6 provides the identified and necessary controls required to perform the operations
required by RMCS while ensuring that the risk acceptance guidelines are maintained.

.6.2 Evaluation Criteria

DOE-STD-3009-94, DOE-STD-3011-94, "Interim Guidance for Preparing Safety
Assessments", (REV 2, March 6, 1992), developed by SAIC for DOE as directed by
a letter from Leo Duffy in a memorandum dated May 6, 1992 (Appendix 3), and

~ DOE Order 5480.23

6.3 Evaluation Findings

There are no open issues with respect to the SA Section 6. Rotary Mode Core Sampling
activities will be initially limited to the following four tanks BX-llO, AX-WI, AX-103 and
TY-102 with the proviso that the requirements of the checklist in S~tion 7 of the SA are
met.

6.4 Conclusions

Section 6 of the SA adequately meets the requirements of the criteria listed above.

7.0 SECTION 7 - CHECKLIST ITEMS

o
Section 7 of the RMCS SA provides a checklist of assumptions used as basis for developing
the SA. Therefore, any parameters and/or limits that vary from the checklist should trigger
re-evaluation of the conclusions made in the SA, probably via a USQ process.

~lockheed . .
fdahoTechnologies Company

P.O. Box 1625 Idaho Falls, ID 83415
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(
DOCUMENT REVIEW PLAN

SALT-WELL PUMPING AND RMCS IN FLAMMABLE GAS TANKS

SAFETY ASSESSMENTS

PURPOSE

The purpose of this Document Review Plan is to establish requirements
and responsibilities for the Independent (3rd tier) review of the Safety
Assessments for Salt-well Pumping and Rotary Mode Core Sampling (RMCS) in
Flammable Gas Tanks per Tank Waste Remediation Systems Procedure, TWRS 08-01,
"Safety Documentation Review and Approval" .

. BACKGROUND

A major safety issue at Hanford has been the generation, retention and
sudden release of flammable gases in large waste tanks (500,000 gallons and
larger) containing substantial amounts of sludge and sa1tcake. An Unreviewed
Safety Question was declared and various double shell (DSTs) and single shell
(SSTs) tanks were put on a ·Watch List". Restrictions were placed on
aetivities involving intrusion into the dome space and waste in tanks on the
Flammable Gas Watch List (FGWL). As a result, neither Rotary Mode Core
Sampling (RMCS) for characterization nor Salt-well pumping for interim
stabilization is currently within the Authorization Basis for tanks on the
FGWL. Several Tri-Party Agreement (TPA) milestones are affected by the
restrictions on activities in FGWL tanks. Additionally, the potential exists
for any SST to leak and contaminate the soil around the tank unless the tank
is interim stabilized, since most SSTs are beyond their design life. In view
of the fact that more than 60 SSTs are known or suspected to be leaking, there
is substantial risk in delaying interim stabilization. Characterization also
needs to be performed, especially to facilitate Privatization.

r The purpose of the two SAs to be reviewed is to establish a sound
technical basis for authorizing waste-intrusive activities for tanks on the
FGWL, without undue risk to the public, workers and the environment. The
immediate risk of a def1agration or detonation accident caused by waste
intrusive activities needs to be balanced against the long-term risk of large
quantities of liquid waste releases to the environment, with the potential for
reaching the surface and causing harm to workers and the public.

Substantial progress has been made in the study and understanding of the
physical and chemical phenomena associated with the retention of flammable
gases and their sudden release ("burp") since the declaration of a USQ and
establishment of the FGWL. However, as evidenced by the recent imposition of
controls related to flammable gases on all 177 tanks, understanding of the
phenomena is not complete. Analyses are currently being performed with a view
to removing controls for flammable gases on tanks which are not on the FGWL.

In view of the foregoing, the question of whether waste-intrusive
activities should be authorized in FGWL tanks is a serious one. An
Independent (3rd tier) Review by recognized experts not associated with RL
TWRS is, therefore, considered necessary, even though the activities under
consideration do not involve permanent changes to the tank configuration and
are of a short duration per tank.

1



REVIEW PLAN,
SCOPE

The primary objective of this review 'is to ensure that the document complies
with the criteria and guidelines established in DOE Order 4700.1, Project Management.
System, DOE Order 5400.5, Radiation-Protection of the Public and the Environment, 40
CFR 835, Occupational Radiation Protection, DOE Order 6430.1A, General Design
Criteria, and DOE Order 5480.23, Nuclear Safety-Analysis Reports (as augmented by
DOE STD 3009) as applicable to the grading designated below. The review will
determine if the criteria. and guidel ines for these 1imited duration activities have
been followed; and, if the conclusion that the salt-well pumping and RMCS activities
can be performed without undue risk to public, workers and the environment, is well
supported and presented.

LIMITATIONS

This review covers all sections of the Safety Assessment. The activities for
which authorization is being sought, viz., Salt-Well Pumping and RMCS, involve the
introduction of equipment into the tank waste for a sort duration, and their removal
at the conclusion of the activity. Due to the short-term nature of the proposed
activities, only the following sections of a Safety Analysis Report (SAR) are
included in this SA (deviation authority is Leo Duffy letterd~ted May 6, 1992):

• Executive Summary

• Description of Activity

• Hazard Identification

• Hazards Analysis

• Accident Analysis

• .Required Controls

REVIEW TEAM

The DOE-RL TWRS Management Systems Division (MSD) with the concurrence of the
Environmental, Safety and Health Division of the Ric~land Operations Office (ES&H)
will commission, coordinate, and support the Independent Review Team (IRT) review of
the SAs. The IRT shall report to the MSD through the IRT Chairman. The MSD, as an
independent oversight division of TWRS, has no responsibility for tank farm
operations and did not draft any portion of the SAs.

IRT members must be experienced in one or more of the safety related subject
matters addressed in the SAs. They must have sufficient experience with safety
analyses similar to the SAs to be considered industry experts. Members are
qualified for the panel based on their industry experience and backgrounds. In
particular, the following specific experience is required in the IRT (though not
required of each IRT member):

• hazard identification, methodology, and assessment, including event
trees I

• hazard classification as described in DOE Order 5480.23, "Safety
Analysis Reports·

2



• hazard and accident analysis format and content, as stipulated in DOE
Order 5480.23, "Safety Analysis Reports", and 00E-STO-3009:

• accident selection from hazard'analysis

• radiological and toxicological accident assessment and methodology.

• knowledge of hazards associated wit~the storage and
transportation of radioactive and mixed wastes at Defense nuclear
facilities

Each IRT member participating in review of the SAs should have the following
minimum ,ualifications: . .

• Minimum Bachelor of Science degree in engineering/physical s~ience

(preferably Masters)

•

• Ten to Twenty years experience in the commercial or federal nuclear
industry or non-reactor nuclear industry. A minimum of 5 years
involvement with deterministic and/or probabilistic accident safety
analyses.

Knowledge in one or more of the following areas:

Heat transfer
Chemistry/chemical reactions
Thermodynamics
HVAC
Criticality
Source term dispersion mechanisms, including airborne release fractions,
release rates, respirable fractions, etc.
,tructural analysis (concrete/steel), including seismic

A chairman of the IRT review team will be appointed by MSD with the.
concurrence of DOE-RL ES&H. '

Proposed members of the IRT may be. suggested by OOE-RL or OOE-HQ. However,
the IRT chairman is under no obligation to follow these suggestions. Selection of
review team ~embers are subject to the concurrence of MSO and OOE-RL ES&H. The
review chairman shall submit individual qualification statements for each team
member to the MSD for OOE-RL review and concurrence.

The IRT chairman shall insure that each reviewer is independent of:

project activities sponsoring the document;

project activities that result in direct involvement with document
development, and;

other reviews of the document

REVIEW ASSIGNMENTS

The IRTchairman shall identify the scope and extent of each individual
reviewer's review assignment(s).

3
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SCHEDULE

The substantive independent review shall be completed and all review comments
, shall be transmitted to MSD within two weeks following actual receipt of the

document by the IRT chairman. For planning purpos~s, the Salt Well Pumping SA will
be available for third tier review on or about April 15th. The RMCS SA will be
available on or about March 20th. The IRT chairman shall be allowed 10 working
days from the receipt of the revised SA to verify-final comment closure and issue a
draft Safety Evaluation Report (SER) to MSD for administrative review. The final
SER shall be provided to MSD within two working days of receipt of MSD's
administrative concurrence with the draft SER.

GENERAL REQUIREMENTS

All review comments are to be documented on the Review Comment Record (RCR)
Form (Attachment A or electronic Form WEF 011 on HLAN). Satisfactory disposition of
each individual reviewer's comments shall be confirmed independently by the
individual reviewer's signature or initials on the disposition record.

The IRT shall conduct one round of comment closure reviews following
-submission of the initial IRT review comments. This review shall evaluate the
acceptability and adequacy of each proposed comment closure. A written response
shall' be provided MSD identifying all disposition comments found to be unacceptable
by the· IRT and the technical basis for reject. Final closure of comment responses
which require a modification of SA text shall not occur until the IRT chairman
verifies that the required text modification(s) have been incorporated into the SA
and have been found acceptable (redline/strikeout verification of SA is allowed).

The IRT chairman shall submit a final SER, which at a minimum, shall include
the material content identified in attachment B. A separate SER shall be produced
for each SA reviewed. Additionally, each SER shall include one copy of the SA as
last reviewed by the IRT for the purpose of establishing a baseline document
control.

The IRT chairman shall submit a quality'assurance plan to MSD which details
the method of review, conflict/comment resolution process, reviewer qualifications
and review assignment(s), administrative controls, and review criteria (see Safety
Assessment Checklist below).

REVIEW CRITERIA

The review criteria have been established by the guidance and requirements .
provided in the aforementioned DOE Orders (see SCOPE SECTION), DOE guidance, and
related federal environmental, safety, and health laws. A Safety Assessment
Checklist (Attachment C) has been developed for optional use to aid in addressing
the applicable criteria. Major elements of the established criteria consist of
description of the safety analysis/evaluation process, description of the hazard
categorization, accident analysis and risk acceptance, safety equipment and
features, safety classification, and general document quality. The IRT chairman may
modify Attachment C or develop an independent checklist as part of the IRT quality
assurance plan .

.J
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TITLE: REVIEW AND APPROVAL OF NUCLEAR
SAFETY DOCUMENTS

Nunber: RLP 5480.23
Effective Date: DRAFT H
Exhibit: 8.1 - Sht 1 of 2

Page: 16 of 43

EXHIBIT 8.1
- Recommended Format and Content of SERs -

Overall content of the SER shall be based on a graded approach as described in
DOE 5480.23. An SER being written in response to an individual phase or stage
of SAR development, USQ, or JCO shall be commensurate with the scope of the
related Safety Documentation. An SER may be in the form of a formal report, an
attachment to a formal DOE transmittal, or may be· part of the text of a formal
DOE transmittal.

In general. an SER is expected to follow the format and content provided below:

a. COVER/CONCURRENCE PAGES - Title of document and concurrence
signatures. Non-concurrence or differing professional opinion by
review team members should be indicated (non-concurrences and/or
differing opinions should be documented in an Appendix. to the SER).

b. EXECUTIVE SUMMARY (optional) - This section is intended to provide an
overall summary of the facility and the associated risks. As such,
this section is a crucial part of the SER in presenting the results of
the DOE review and therefore should be largely self contained. If the
5ER is of relatively short and of limited complexity, an executive
summary may not be warranted.

• Reason for change. revision. or new document
• Brief description of facility, including history if pertinent
• Description of DOE review process
• Important findings and conclusions
• Description of additional controls, conditions for approval, and

any restrictions on operations
• A statement of adequacy. Include discussion of any team member

non-concurrence or differing professional opinion
• Recommendations of acceptability, including a statement that the

Facility can operate safely, without undue risk to the health and
safety of the public, workers, and the environment.

c. Table of Contents

d. Remaining sections of the SER should be based on format determined by
author of SER, typically reflecting the chapters/sections of the
subject Safety Document. Description of the review methodology and
review team is typically presented as part of the discussion of the
first chapter/topic. The following should be addressed for each
chapter/topic:

• Brief description of intent and content of the chapter/topic
• Presentation and discussion of findings
• Conclusions and conditions for approval (acceptability of the

activity or operation in terms of risk to the health and safety
of facility workers, co-located workers, and the public).
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e.

f.

- Recommended Format and Content of SERs (Cont'd) -

. Include any non-concurrence or differing professional opinion by
review team members (non-concurrences and/or differing opinions
should be documented in an Appendix).

Summary of any conditions for approval, including:

• Clarification of the safety basis as described in the Safety
Document;

• Requirement for preparation and submittal of additional analyses
or data;

• Commitment to system design changes or additional operational
1imitations;

• Additional programmatic or institutional commitments to certain
administrative controls, including maintenance, testing,
surveillance, and training provisions;

• Changes and/or additions to OSR/TSR.

Appendices

• Acronyms
• Review team members and resumes or biographies
• Review plan/review basis'
• Team member concurrence/non-concurrence sheets (team members who

have differing professional opinion are expected to document
concerns and disagreements; these should be acknowledged in the
conclusions section of the SER and in the Executive Summary).

)

g. Attachments

• Review comments and resolutions (RCRs are adequate).



SAFETY ASSESSMENT CHECKL 1ST

Some Genera] Considerations, Merits, and Reservations

The attached checklist, developed by the Department of Energy (DOE) Richland Operations Office (RL)
Tanx Waste Remediation System eftVRS) 'Plogl3lll httegution Division (PRl), and Westinghouse
Hanford Company (WHC) Safety Analysis and Engineering (SA&E) is intended to be used as an aid in
preparing and reviewing Safety Assessments (SAs) prepared by TWRS contractor/participants pursuant to
criteria and guidelines established in DOE Order 4700.1, Project Management System, DOE Orders
6430.1A, General Design Criteria, and WHC-CM-4-46, Nonreaetor Nuclear Facility Safety Manual, and
are based on many DOE Orders, DOE guidance, and related federal environmental, safety, and health
laws. - .

The checklist provides columns for Myes," "no," and not applicable rN/A") responses. If desired, notes
on document adequacy and other comments can also be entered. Generally, the questions are phrased so
that a "yes" answer is preferable to a M no" answer. Note that not all questions will apply to all SAs; the
questions should be adapted to the particular circumstances presented by the proposed action. Consider
also the use of the "graded approach"- depending on the extent and potential hazard of a given facility,
some reduction in coverage under each area or combination of subjects may be acceptable in the SA.

In providing this product, RL-TWRS recognized that a document cheCklist, while it may have value to the
contractor/participants, will also have limitations. A carefully applied checklist may help experienced
preparers and reviewers avoid overlooking required or recommended items. It may help preparers and
reviewers ident;jfy needed analyses and discussions. It may provide a record of an internal review. On
the other hand, each DOE proposal presents unique circumstances and potential impactS, and the
preparation and review of SAs does not reduce to a single formula or checklist. No document checklist
can be universally comprehensive or complete. No document checklist should be relied upon as the only
way to build quality into a DOE safety analysis process. No checklist can be a substitute for the original
laws, regulations, and guidance documents. No checklist can ensure that the SA will be adequate under,
and in full compliance with, DOE Order 5480.23 and associated standards. The RL-TWRS
contractors/participants should also bear in mind that addressing generic items on a checklist alone may
not lead to a 'SUfficiently rigorous analysis of potential impacts for a specific safety issue. Further,
checklist items are not always of equal importance or weight. If a known, obvious hazard is not
addressed, a SA is generally inadequate; however, if full accident analyses are omitted, it is not a critical
matter in terms of document adequacy. In short, a checklist should not be a replacement for good
judgment.

Finally, this SA checklist is not intended to promote the rote generation of standardized documentation,
nor promote an ethic focused on minimal compliance with DOE Orders and standards. It cannot induce
or measure whether the methods of safety analysis are systematically applied or whether resources are
appropriately allocated, or whether management/decision-makers utilized SA results in decisions and
whether those decisions result in the protection of the worker, public, and environment. Generation of
safety documents will not by itself foster daily excellence in worker, public, and environmental safety. In
the long run, the focus should be on the ultimate "product" of the safety analysis process: quality
decisions, stewardship of resources. and safety to the total community. .

DOE RL-TWRS
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SAFETY AsSESSMENT CHECKLIST

Document Title: Reviewed By:

Document Number: OfficelPhone:

Document Date: Date:

~ Adequacy Evaluation
Yes No N/A Page and Comments

. SUMMARY

Does the summary address the entire SA?
(Consideration by the reviewers must be given
to status in the project life cycle - DOE Order
4700.1)

Does the summary discuss the design basis
accidents (DBAs), and risk-dominant accident
scenarios that have been analyzed, and the
measures taken to eliminate, conuel. or mitigate
the consequences of these accidents? (DoeS this
include a discussion or statement specific to
critiCaIity?)

Does the summary describe the potential
hazards that have been addressed?

Does the summary clearly define the facility,
including its physical and institutional
boundaries, distinguishing it from other DOE
facilities or operations outside the scope of the
analysis and clearly define those external
functions, such as utilities or external support
organizations.

In projects which modify or interface with
existing facilities, does the statement of purpose
and need discuss:

any new types of accidents which
were not possible before?

any synergistic effects?

any increased probabilities or
consequences, or otherwise, alter the
scenario for accidents previously
analyzed?

8
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Adequacy Evaluation

Yes No N/A Page and Comments

DESCRIPTION OF THE SAFEIT ANALYSISIEVALUATION PROCESS

The safety analysis process is iterative and is
used. to establish and m~ntain the safety basis
throughout the project life cycle. Does the
safety analysis process used:

---
describe the design to systematically

. identify necessary systems, sO'Uctures,
and components (SSCs) that prevent or
mitigate unacceptable releases of
radioactive and/or hazardous material;

analyze a new or existing facility to
verify that the design adequately
performs the identified safety
functions during normal and accident
conditions;

systematically detenDine the safety
function{s) of SSCs;~

identify as non-binding, preliminary
technical safety requirements and/or
administrative controls as possible
mitigations to consequences

Does the SA aid management in insuring that
major safety considerations (technical and
compliance) are incorporated early into the
project life cycle?

Does the SA evaluate the functional
design criteria (FOe) and is it issued
concurrently with the conceptual
design report (CDR) as part of the
budget validation package for the
project?

Is the need for new safety
documentation and modifications to
the existing safety documentation
identified in the SA?

DESCRIPTION OF THE HAZARDS

Was the operation broken down into
components or modes to be analyzed?
1bis can be SSCs, processes,
operating modes, etc.

Were proposed non-binding safety
class SSCs and their basis for
designation determined? (i.e., SEL)

Were the hazards and/or hazardous
conditions present described? The
following descriptions should be
considered:

9
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Adequacy Evaluation

Yes No N/A Page and Comments

Energy sources (these sources include
energy forms which could contribute
to the release and exposure of
radiological and/or otherwise
hazardous materials resulting in
biological damage) - natural -phenomenon. electrical, gravitational,
pressure, ionizing radiation. non·

o ionizing radiation. linear, rotational,
potential, kinetic, radiant,
fire/explosion, criticality, airborne
acoustic radiation, noise, static
magnetic fields, subfrequency static
electric fields, etc.)

Hazardous Materials - those materials
that are toxic, explosive, flammable,
corrosive, or otherwise physically or
biologically threatening. ..,

Typical Classes of Hazards -. fire/explosion, loss 'of
containment/confinement, injury to
personnel, criticality, interfaces
between steps, components, systems,
and nearby facilities, maintenance,
natural phenomena, exposure to
radiation and/or other hazardous
materials, operational failures and
their impact on the facility.

Consequence - state in qualitative
terms, the impacts to the health and
safety of the workers, members of the
public, and the environment.

Engineered Features and .'
Administrative Controls - identify and
d9CUIIlent any engineered features

,

(providing safety function) andJor
administrative controls for which
credit may be taken to detect, prevent,
reduce the frequency of, control,
and/or mitigate the stated
consequences.

Does the SA identify the need for additional,
detailed analysis for each item identified in the
hazards identification process above using the
following:

Designate scenarios that have an
annual probability of less than 10" as
wbeyood extremely likelyw.

Identify events with programmatic
impact only or with DO significant
safety consequence.

10
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Adequacy Evaluation

Yes No N/A Page and Comments

Identify credible accident scenarios
which must be evaluated to assure that
risks presented are adequately
analyzed and managed.

Segregate the remaining event
sequences according to the frequency -
range. Within each category, group

. common types of events. Select the
scenarios which are expected to result
in the most significant consequences.
These scenarios are selected for
further evaluation in the accident
analysis.

N:0TE: The methods selected depend upon the
stage of facility design, and the types of hazards
being analyzed.

ACCIDENT ANALYSIS AND RISK ACCEPTANCE

For·each event sequence:

Have all postulated sequences of
events which could lead to the most
significant consequences been
evaluated?

Have bounding consequence values
been identified?

Have the quantity and characteristic of
radionuclides and hazardous materials
available for release been defined to
acceptable standards and guidelines?

Have all assumptions for the
mechanisms and extent of release
through the mitigating barriers been
defined?

Have the potential consequences to
onsite and offsite receptors been
determined?

Have the frequencies of the stated
scenario event sequences been
evaluated?

Have the environmental impacts been
determined?

Has the adequacy of the design to
effectively perform the identified
function(s) been demonstrated?

Has the acceptability of the risks
(consequences) been evaluated?

11
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Adequacy Evaluation
Yes No N/A Page and Comments

Has the accident analysis process,
basis, and assumptions and
conclusions been appropriately
critiqued to ensure that the project is
representative of the work to be
perfonned? -

SAFETY EQUIPMENT AND FEATURES

Does the SA refer to Safety class items and their
design to withstand the effect and be compatible
with, the environmental conditions associated
with operation, maintenance, shutdown. testing,
and accidents?

Does the SA demonstrate how the design of the
facility shall reduce the consequences of noIJDal
and DBA events by incorporating ALARA
design concepts?

Does the SA provide an assessment of the
desjgn against potential nuclear criticality?

SAFETY CLASSIFICATIONl

Have safety class designations been made in
conjunction with the analysis of consequences
from hazards, natural phenomena, and
postulated accident scenarios?

Have the safety class designations been assigned
the highest applicable safety class?

Has the safety classification criteria
determination (at the system and major-structure
level) been included in the preliminary safety
documentation (e.g., the SA)?

Have determinations for safety classification
.,

been based on the nature of the safety or
environmental protection function?

Have determinations for safety classification
been based On the requirements of DOE Order
6430.1A Section 1300-3.2 Safety Class Items?

1 Applicable only as determined by current preliminary design
requirements.

12
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Adequacy Evaluation
Yes No N/A Page and Comments

Safety class items are systems, components, and
structures, including portions of process
systems, whose failure could adversely affect
the environment or the safety and health of the
public. Specifically, safety class items are those
SSCs, with the following characteristics:

.--"-

Those whose failure would produce
" exposure consequences that would

exceed the guidelines in DOE Order
6430. lA, Section 1300-1.4, Guidance
on Limiting Exposure of the Public, at
the site boundary or nearest point of
public access

Those required to maintain operating
parameters within the safety limits
specified in the Operational Safety
Requirements (OSR), Interim Safety
Basis (ISB), Interim OSR (IOSR). during normal operations and
anticipated operational occurrences

Those required for nuclear criticality
safety

Those required to monitor the release
of radioactive materials to the
environment during and after a DBA

Those required to achieve and
maintain the facility in a safe
shutdown condition

Those that control the safety class
items described above

DOEmC 11603, Rev. I, presents .,

examples of safety classification of
plant systems, structures, and
components in its appendices;
however, for comparable sections in
DOEmc 11603, Rev. I, and DOE
6430.1A, the design criteria in DOE
6430.1A shall govern.

Are the Safety class items subject to
appropriately higher-quality design, fabrication,
and industrial test standards and codes such as
those specified in Section 0106, Regulatory
Requirements. and Section 0109, Reference
Standards and Guides, to increase the reliability
of the item and allow credit to be taken for its
capabilities in a safety analysis. Safety class
items shall be designed to the American Society
of Mechanical Engineers (ASME) Boiler and
Pressure Vessel Code (Section III) or to other
comparable safety-related codes and standards
that are appropriate for the system being
designed.

13



Adequacy Evaluation
Yes No N/A Page and Comments

Safety class and non-safety class items shall
comply with Section 0140, Quality Assurance.
The design of systems, components and
structures that are not safety class items shall,
as a minimum, be subject to conventional
industrial design standards, codes, and quality

~

standards. Failure of these items shall not
adversely affect the environment or the safety
and health of the public. In addition, their
failure shall not prevent safety class items from
performing their required functions.

Does the design ensure that a single failure
does not result in the loss of capability of a
safety class system to accomplish its required
safety functions? To protect against single
failures. the design shall include appropriate
redundancy and shall consider diversity to
rnjojrnjre the possibility of concurrent
common·mode failures of redundant items.

SafetY class items shall be designed to withstand
the effects of. and be compatible with, the
environmental conditions associated with
operation, maintenance. shutdown, testing, and
accidents. The environmental capability of
equipment shall be demonstrated by appropriate
testing. analysis. and operating experience, or
other methods that can be supponed by
auditable documentation. or a combination of
these methods.

Equipment qualification shall provide assurance
that safety class items will be capable of
performing required safety functions under DBA
conditions. The qualification shall demonstrate
that the equipment can at least perform for the
period of time that its safety functions are
required. Subsequent equipment failure, after its
safety function is no longer required, may be
allowable.

Safety class items shall be designed to allow
inspection, maintenance. and testing to ensure
their continued functioning, readiness for
operation. and accuracy. Ancillary equipment,
such as pumps, blowers, motors, compressors,
gear trains, and controls, shall be located in an
area least likely to be contaminated.

The design shall include provisions for periodic
testing of monitoring, surveillance. and alarm
systems. In addition, the design shall provide
the capability to test periodically, under
simulated emergency conditions, safety class
items that are required to function under
emergency conditions.

14
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Adequacy Evaluation
Yes No N/A Page and Comments

All system for which credit is taken to meet the
criteria of.)OE Order 6430. lA, Section
1300-1.4.2, Accidental Releases, shall be
in-place testable in teIIllS of pressure, filtration
or removal efficiency, alarm capability, leak.
resistance, and the like. Safety class items shall ---be designed to be testable on a regular schedule.

Struc~s, systems, and components that
provide for nuclear criticality safety shall be
designed as safety class systems and be capable
of performing their criticality safety functions
during and following design basis accidents and
events.

Risk and vulnerability analyses can be used to
identify targets that are essential to ensure the
operability of safety-class items and the security
of critical programs or facilities. In addition,
cost-benefit analyses can be conducted to
identify efficient and cost-effective measures to
meet site-specific safeguards and security
requirements. Targets shall be prioritized so as
to determine those to be afforded the greatest
level of security in accordance with the graded
safeguards and security approach.

FORMAT. GENERAL DOCUMENT QUAUTY, USER-FRIENDLINESS

Is the SA written precisely and concisely, using
plain language. and without jargon?

Is the SI system of units used (with English
units in parentheses) to the extent possible?

If scientific notation is used, is an.explanation
provided?

Does the SA use appropriate significant figures?

Are the units consistent throughout the
document?

If regulatory terms are used, are they consistent
with their regulatory definitions?

Are visual aids used whenever possible to
simplify the SA?

Are technical terms defined?

Is the SA grammatically correct?

Are abbreviations and acronyms defined the first
time they are used?

Is the use of abbreviations minimized to the
extent practical?

15



· Adequacy Evaluation
Yes No N/A Page and Comments

Do the appendices support the content and
conclusions contained in the main body of the
SA? Is information in the appendix consistent
with information in the main body of the SA?

Is information in tables and figures consistent
with information in the text and appendices? ~

OVERALL CONSIDERATIONS/INCORPORATION OF SA VALUES

If the Environmental Assessment (EA) adopts,
in whole or in part, this SA d9CUD1Cnt prepared
by Westinghouse Hanford Company, has DOE
independently evaluated the information used?

Does the SA appropriately use incorporation by
reference? IsIare the inCorporated document(s)
up-to-date?

Do the conclusions regarding potential impacts
support the information and analyses presented
in the EA1

Although not required, will there be follow-up
to deteIIDine if the analyses w.ere accurate and
that the mitigation measure are implemented?

PROCEDURAL CONSIDERATIONS

Does the SA make reference to a more
comprehensive safety assessment/analysis as
more definitive design information is available?

16
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RE?\.Y TO

~Ti'NOF: EM-:36:Calley:FTS 233-7417

memorandum
Department of Energ'

MAY 6 i992

Manager, DOE Richland Field Ofrica

Guidance for Preparation of Safety As~essments

Attached for your usa is interim guidance for the preparatlon of safsty
assassments to support proposed actions to address unreviewed safety
questions (USQs) and other priority safety issues related to high-level
radioac~ive waste storage.

TO:

DAre

~(Jct'r~IJ.' '~. ~
. '~~:. /~~~:/

VtJ rtl7·1Q1 • • (1'

United States Government

Historically, these safety assessments have been untimely and of
inconsistent quality. In an effort to' improve them, the EM staff has
prepared the attached dInterim Guidance for Preparing Safety Assessments,d
Revision [2], dated March 6, 1992. This guidance was originally pre~ar=d

in draft form in September 1991, and reviewed by the OOE'Richland Ficid
Offic! (RL), Westinghouse Hanford Company (WHC); Office of Environmental,
Safety and Health (EH); and the Office of Nuclear Safety (NS). ihe views
and comments of those organizations have been incorporated into the intar~m

guidance. We view this as a dynamic document and plan to make whatever
future changes ara necessary to make it compatible with our ex?erienc: in
applying the guidanCe to the sifety assessment preparation and appr~val

process.

It is our intent that this gUidanca will prOVide the needed continuity in
the preparat~on and raview of safety assessments. You are directed to use
this guidance in the preparation of all safety assessments related to high
level waste tank safety. My staff contact for this action is Harry Calley
(Fl'S 233-7417).

~et=?7'~-
Leo P. Duffy --~r-r''rl-------
Assistant Secretary for Enviro mental

Restoration and Waste Management
Attachment

cc w/attachment:
oR. Gerton, OOE-RL

Po(. I,;ommitment Comtt.'/

.;

1,,
MAY ,1 2 1992

'&\w.hlllnd Operations Orfr'(L

~. .' .... -' - .
.... ;. ::40_~'" "':"'--:":'". ~'~"":':..'":."'''':. i .' ......: .•.~.;:~ .•. ;- -~<~:~ t:'l::";.!:~:-:";- .-,:~:-.;;",:..::.,::,,:; ·<~Vr!:.~,,_' .. ~·~.:;~·:~.:":'7~';''''';:=I...~~t;~:~:.:;-r.:rr;r~';':Jf.;''~~~



·.j
."

IN'I'ERI&! GUIDA.~CE

FOR

PREPARlNG SAIt'EI'Y ASSESSMENTS

Oeveloped for u. S. Depar~ent Q~ Ene:qy .
Riqh-Lavel Radioactive wasta :~ ~ask 2crca

Revision [ :2 ]

Ku'ch 6, 1992

c. C. Rer:inq-tQn
J. R. PeL.~u.9'

scienc. Applications Inte~&tiQnal cO~Qration

. ..

I •

, •• ' •• ... , •• t1'.~ ,.',_,....."... ~.~;; ~ --- --:._.. "C.....~. __ ~- "."



.-'

~"TERIM: GUIDA.l~CE FOR PREPARING A
SAFETY ASSESS1'~~

INTRODUCIlON

I •
As is in~icatea ~y the title, cevelop~ent of this paper, has
cQn~inueQ ~oward improving ~e guidance for sa~ety Assess~ents.

This revision of tiis "INT:ER:tM GUIDANCE!t L,c:::r::orates new t..":l.inkinc
that has developed and addresses the ex;ectatlcr.s of ~~e SA 
reviewers WQO are ultimately responsIble for c:::n~~rence or
approval ot the assess:ents. In addition past quid~~ce related
to addressinq the Scope of ~e action aceressed by ~~e S~, has
been expanded to more tully treat t..~e need fer completing an
~~qineering Evaluation of Alternatives prior to beginning ~~e

prepara~ion of a SA.

The guidance into~ation pres~~ted below is cr;anized as follows:

1. "G.u1eral Guidance" related to the ove::.-all dc~~ent

2. "specific Guidance" or;~~i%ed ac::::r=;~g to t..~e S~

c::::nte-~t ~cpics ...hich re:l.a~n unc=.anged. They are:

1.0
2.0
J.O
4.0
S.o
6.0

SCOPE ,
DES~~T!ON OF ACT!ON
!DENT!FIC~!ON OF EA~S
HAZA:RD ANALYSIS
CONSZQUENCE OF ACCIDESTS
CONTROLS

1
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In addition to being ~echnically accurate and co~plete, the SA
bust be wri~":en ..,ith the audience in mind. The FtL.~Qse of ~e
SA is to CQ~vince ~~e decision make~s ~~at the proposed ccu=se
of ac~ion is.necessary, and that you have logically and
systematically identified and aCdressed the safe~y issues
involved.

i
A Safety Asse.ss:iJlen-:' is net intended to convince t..~e reviewer t.b.at.
the s~ject situation is the best action, ac~ivity or I •

modification to acc~mplish its goals whether the goals be
economic, production related or iDprcvinq safe~y. Ncr is a
sa~ety Asses~ent intended to be an engineering study .here
various options are evaluated and. t..."le best selectee.. The
engineering study ae.d=essinq t.he options and t..""e. selec,,:ioI". ot' tr.e
action, activity, or :Odificaticn best. sui~ed to meet ~e needs
of the program is entitled, an ~~qine~inq Evaluation of
~t~tives. It is usually completed prior to ~e SA and
referanced in the SA. A. Safety Assess::l1ent is a safety analvsis
to support a tem~cra--y activity or to cover a s~all sl~a~icn
until the satety analysis/SAll.. is updat.ed to envelop it. As SUQ,
a Safety Assessm~~t has s~lar qeals and should utilize an
a~proach s~ila: t~ ~at of a safety analysis/SAR. Tr.e goal is
to sys~~atically identi~y the hazards of a sit~ation, dQscribe
and analyze measures taken to eliminate, c~nt=ol or ~it.igata

identified hazards and to ~~alyze po~~~tial acciden~s and ~~ei=

associated risks (nOE Ord~ 5480.5 (l».
,

When possible, the SA should be developed as a stand-alone
doc.m.en't.. When usi.r.c re.ferences, avoid ~e use ef in-ce.rnal ::e:.cs
\ib.ic:h. are not readily available to t.=l.e reac.e::-. wnen possible,
info~aticn necess~/ to su~oc~ ~e conclusions presen~ed should
be at~acbed as appendices.

1.0 BCOP'!

Thasection on SCOPE describes ~e action that requires ~e

safety assess:ent (SA) to be w~itten. T~e section is
prefaced by a brief discussion o~ ~~e EACXGaOUND of ~~e

activity, telling vhy t...~is pa~i~~la= sUbjec": recuires
attention (e.g., HLW tanks are generating hYdrog~n] and t~e
action to be addressed by ~~is SA [e.g., Means should be L~

place to ensure that ~e concentration of hydroge."1 in ~~e

tank re:::tlains low~ can t.=le lov~ fl~ability limit].

All of the. intcr:ation ~at identities ~e neee. for ~e
specific proposed action and de~ines the action itself,
snQu~d ~e included in order to provide ~e full scope of
ccnsidera~ion needed.ey reviewers in evaluatinq ~B SA.
Altarnative =urses ot action tQ accomplish tb.e d.esired

2
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resul~ ~ust be considered. The alternative o~ no ac~icn
should ~e ccnside=ed and addressed as appropriate. The
met.~Qdolcgy used in identifying alternatives ~~d ~~e bases
for selactinq the prefe:~ed course of ac~ion to be pro;csed
in the S~ shQuld be dOCUJnentec:i at t."le ti=ne that. an
Engineerinq Evaluation of Alte=~atives (EEA) is prepared.

Ideally, the ~~ should be-Co~pleted prior to the
prepaJ:'aticn of t.~e S~. The various sections of the EL~ can
then be used in developL~g related sec~ions of the SA and .
the Environmen't.al Assess:ment. ell) (See Attach.1:lent 1). An"
effe~tive ~ will contain in~c~ation tha~ is needed by ~e

SA reviewe:'s to judge the adequacy of. t."le total S~. !t .ill
identify the prcDl~ to'be addressed by the proposed action.
It will demonstrate that. the basic safety mechanis:ns rela~ec

to the prcbla. are understood and that specific safe'ty
mechanis:ns re~irinq con~ols have been ida~'t.ified. An
et~ective EEA .ill present c=iteria for ~cosing among
alternatives. c=iteria =elated to the areas ot Safety,
Envircr~ental, S~"ledule, and Tec~olcgy considerations ar.~

cQn5t=aL~ts sho~d be included as a~~ro~riata. All viable
alte--natives for ac~ion aspres~~ted-by-theproblem should
be ider.tified. The identified alte-~atives should be
analyzed to dete-~L.e~~e po~ential tor Oaza:ds Which coul~
lead to the release of radioactive ~aterial, c~n~ainmen~

desradation, or toxic gas releases. Finally an ef=e~ive

LEA will d~ons~ate ~a~ ~e c~~Farison of al~a~a~ives was
based u~cn consideration of the iden~i=ied c=iteria.- I .

%.0 DES~~~ION OF AC~!ON

The section on O::S:SOU:?~!ON OF AC':'ICN ida"1tities feasil:ile
al ter::1atives to imclement ~e selected course of ac~icn, ar.~

eS~aDlisbes ~e c=ite=~a !cr evalua~ing alte-~atives.

The Sd shOUld ~en evaluate the ~pl~en~L~q alter~at.ives

and justify the one selected. T~is section shOUld detail
the steps necessary to ac::omplish the selected i::l'plEU:l.entinc;
alternative, includinq preparation, exeeuticn, and recov~i.
Factor:; to consider in oe desc=iption include prog:r:alI1 and
process requi.:'ements and the physical and schedule '
const=aints like.ly to be ~et.

The degree of detail in ~~is section ~ust =e SUfficient t~
iae.nti.ty a.ll ct t.."e ele:.en~s of any potential hazard t.~at is
descri~ed in Se~ion 3.0. Maps, layouts, drawinqs and
procedures should be used to clarity items described in this
see:io:l •
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The sec~ion on I~~IFI~TION OF ~s should clearly
identi~y all potential hazards related t~ the'prcposed
a~ivi~y. The hazards should be based on a func~ional

analysis of ~~e processes involved, and on environmental,
~aterials fabrication, deqradation processes, and inspe~ion

and monitcrinq consideratiOns related to equipm~~~ and
facili~ies. .

Iden~i~ication of Hazards should be based on an analysis ~f

the tasks involved in installation, operation, and remcval
(as appropriate) of equi~ment and/cr material in ~~e

facili~y. The analysis ~hould be st~ed after reViewing
the work plan and understanding ~e possi~le e!tects and
inte::a~ions of the activities and the physical and chem.ical
phenomena in the facility being analyzed. Hazards t~ ~e

consid~red include:

release of radioactive material due to a spill or
pressurization

generation or:=elease of !l~able qases with
potential for ignition

pressurization of po~ions of the facility ca~sed
by exothe-~ic =eac~ions or oth~ means (e.q.,
s~eam explosicns)

j
breacl1inq of a .ta.nk caused by c::r=osion,
embrittlement, defo~tion, reo;eninq le~~

pathways, or c=~inations of ~e above

reduction of facility st-~c~al integrity
impa~inq safet"J

creatinq and releasL~q toxic gases

application of e~e--nal L~luencas suc~ ~s:

• addition of ene:gy to the tank sys~ems,

includinq impa~, triction, aqitation,
ult=asound, iqni~ion ene=;y

• creation of chemical or physical
reac~ion by additions or inta~ixinq of
tank contents

• seis~ic hazards, as appropriate

c~anqinq the physical or chemical phenomena
oc:::urrinq in the tank to initiate any of the
hazards identified

The hazard identi:eicat1on tadmique used. and the results
should be c1esc=ibed. The hazards typically associated with

4



high-level was~e t~~ sa~ety should ce given e~ra

consideration when identi~yir.g pe-~in~~t ha:ards. In dci~g

so, consideration should ce given to ~e tollowir.g:

Tank ~ontents

• burning fl~abl~gases or organic vapors

~ ex;losion of gas mi~es

• explosion caused by liquid cbe.mic~l reac~l.or.sfl'
radiolytic rea~ions, and s~eam genera~icn

• temperat~e exc~sions

Tank st;=-..;c:tu::-al intea:-i ty .

\....
.~.

• cor:osion, ~rit~le=ent, defc~ation, re-oper.L~g

leak pa~~ways, and mUltiple failure
considerations .

d • 't'Hazar -lDl ;ators

• addition of energy to the tank syste:s, includL~g

impa~, t=i~icn, agitation, ult=~sound, igni~icn

ene:gy

•

•

c=eation of ~e~cal or physical reac~ion by
additions or i~~e-~ixinq of tank contan~s

5eis~c hazar:s, as appropriate

The section on ~~ A.~YSIS should address ea~~ of ~~e

hazards identi.!ied· L"1 Section 3.0 relative to thei:
potential severity". rac-:crs include poteni:ial tor
oc:ur:re%1CQ (probabilit1 a.nd magnitude of ~e.a:t anci jeoparc.y
ot vital equipment)" ccnside:ation shcu.ld be given to
enviZ'onmental, materialS, fabrication, and deqradaticn
precesses, and inspection and monitorinq practices as ~~ey

impact: failure tlCees and !raqility analyses of system.
components, and ~e tC1:al system.

s.o CONSEQUZNC~ 07 ACC!D~S

The section on CONSZQttENC~ 07 ACCIDENTS should consider
safety and system effec-~ caused by accid~~ts related to ~~e

potentia.l hazards. Appropriate use 1l1ay be 1l1ade of computer
codes whi~~ have been cencbmarked, verified, and validated.
The c~nsequence eva.luation addressin~ exposure of site
workers and "e::1e public to raciiation should 'be expressed in
tar.:as CIt commicac1 ef!ec-:ive dose eqnivale.nce. The
consequence aval~aticn addressinq. toxic envirorments should

s
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~e expressed in tar:s ot ;~cediate danger to life and
health.

6 • 0 COllTROLS

The section on COUTRoLS should specify ~~e controls
dete-~ed by the hazard analysis ~~at are necessary and
sU£ficient to eliminate or reduce the consequ~~ces of the
hazard..

Controls should be desc=i~ed as fcllo~s:

Give the basis fer ~~e selection ot ccnt=ols,
includinq ccnsid~ation of alte--natives and the
tactors that resulted in the tinal decision. The
Safety Assess~ent should document the analysis
that demonst=a-e.es that t1:le cb.osen controls are
effective in cont=ollL~q risk.

Desc=:.l:le s~ecial operational requi=~~~ts, tbe
basis for special needs, and ~e means for thei=
implementation. This cateqory may include
identification ot hold poin-e.s for adminis~ative,

satety, or quality assurance con~ol.

Cescribe any special equipment require~ents
identified by the assess~~~t. Include design
conside..~tiens to ensure its ccn~i~ution to
safety durinq ~e activity.

For each potential haza--d havL~q siqnificant
conseauen~es, L~dicate the means to be utilized to
uonitor the efficacy of ~e cont:ols ~~at are
necessary fer. prevention and mitigation of ~~e

hazards assooiat~d with operation safety
requir~ents wi~ thei::' associated safety l~its

and limitinq conditions for operation.

Previde a :eans ter evaluatinq the status of
parameters related to ~e cont:ol.

CQnsi~er the potential for interaction bet~een

potential hazards and their individual means of
control that ~y inc=ease or decrease safety.

6
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SA/EA DEVElOPMENT GUIDANCE
I • ENGINEERING EVALUATION OF ALTERNATIVES

1.' Assess probl em 5. Develop
criteria

2.

3.

Identify need for action

Identify alternatives

6.

7.

Compare alternatives

Describe selected
alternative

__J

4. Identify hazards for alternatives



o

SA/EA DEVELOPMENT GUIDANCE
II - SAFETY ASSESSMENT

(Parens 1dentify relevant sections of the Engineering Evaluation of
Alternatives (EEA) development)



1.

SA/£).. DEVEl.OPMENT GU·. ~ANCf
III - ENVIRONMENTAL A~·:SSHEHT

Prepare introduction ..:.A 1. 3; SA 1)* { .
2. Ident1'fy need for act~'n (EEA. 2)

3. Desc~;be selected alt~·~ative (EEA 7)

4. Identify other altarn~tives c~nsidered (EEA 3)

5. Identify affected environment
(From Safety Analysis ~apcrt)

. (Parens identifY relevant sections of the ~,gineering Evaluation of
Alternatives (EEA) and Safety Assassment· (SA) development)
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REVIEW COMMENT RECORD (RCR) 1. Date 3. Review No.

5/10/96

2. Project No. 4. Page
1

ASAFETY ASSESSMENT OF ROTARY MODE CORE SAMPLING IN FLAMMABLE GAS SINGLE SHELL TANKS

HANFORD SITE. RICHLAND WASHINGTON

\ /.1/9" (' ,jrl~/L~<:"V I'll T I':)L7 f.:tj' Y Y V I' / - y V V II ;

12. Item

din 1
xvi
gen
E

13. Comment(s)/Oiscrepancy(s) (Provide technical justification for
the comment and detailed recommendation of the action required to
correctl resolve the discrepancy Iproblem indicated,)

Several of the Acronyms are not consistently presented or
have editorial problems with them. These include the
following;

mj~imum ignition surface temperature
~'permissible-exposure limit time-weighted average
II unreviewed ~afety Question

14.
Hold
Point

15. Disposition (Provide justification
if NOT reauired.)

Accept - text will be scanned and
acronyms made consistent.

I --_

~"
\ /

/
--,/

~

16.
Status

COfTITIent Coding
S Significant. o Optional. E Editorial
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REVIEW COMMENT RECORD (RCR) 1. Date 3. Review No.
5110/96--

2. Project No. 4. Page
2

The SA itself states that adding
a tank not currently considered
per the approved list will
require a revision to the SA.
This does not make the SA
incomplete nor does it improperly
apply the USQ process .

Administrative controls and
mitigating procedural 
requirements necessary to meet
guidelines are identified in
Section 6.0.

The purpose of the SA was to
establish a proper authorization
basis for RMCS operations.

l{ gj~ ./ -' ,--r;p...-/hfiJ (i>~".7_ 1 Cr

&-..' /......J;:"...../-'.1' .fi t "~J~4
.! cb

)

Design features necessary to meet
't.:; P. ri sk gui de1ines are identifi ed in

~,)l; ',y-" Section 6.0. The Safety
7//r' 55 f. s b ~¢:-rC) ~ . Equi pment List (SEL>. in WHC-SD-

" fl//" ~r-·/.,.e 7 WM-SEL-032. reflects the
"0 0 r:"k.J1'/ .-) requirements of Section 6.0 and

/w-(!:-- J ~r I r;: J identifi es the safety
.5 / lit If;,.-~ c.. ~i)'( classification of credited design

't'-V // ~'-1_c I od':' features. The SEL (WHCJSD-WM-
r'f'P /! ;;':.-£L.. l~tJ{~ SEL-032) will be added as a

If) :-:1.- 7 ./ t frt eference to the SA.
fIX" :r-

511 )i{~..J. ;,... J.--,~J

I., :;jft,,/ !;~JjJ,( ~
t'

The Accidents analysis section of this document is very
well developed. However. key issues such as mitigating
procedures. controls. and safety systems and components
have not been developed. This approach at presenting a
safety document for final approval and expecting the
completion of its essential components through the USQ
process primarily circumvents and defeats the purpose of
developing and writing a Safety Analysis Document. As
such. the SA is incomplete. and suggests an improper
application of the USQ process.

!

~

NH 1
Gen
S

.~

Comnent Coding
S Significant. o Optional. E Editorial
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3

NHl For those tanks on the approved
Gen list in Appendix g. this SA iss the authorization basis against(continued) which future operations.

including USQ screening. will be
based.

The approach is top down. that is
(1) perform a safety assessment
that establishes all required
necessary and sufficient controls
and includes any unresolved or
open issues. (2) implement

, Levell controls via change to
the appropriate IOSR. (3)
implement Level 2 and 3 controls
in OSO's and procedures. (4)
resolve all open or unre~Olved

" --' items per directions cle rly
>;:;:: ~ -.,-tL 1..'-' H. L I AI•.'P Ie tr'f:E ~ stated in the SA. and (5) perform- . c', "

/0 T l::, .... • h-J,'t"" tPif an Operational Readiness Review). '" . /,.., I)~ Ie:., •-I.-f ~( J. '. and (6) obtain OOE-RL approval5;\'~fT.I ;;) '-... _ ~~ .~

'.... -', Ie- . prior to initiating operations.'\ '.

'¥

~

Conment Coding
S Significant. o Optional. E Editorial
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4

(

NM2
[)tee Sunmary

GEN
S

NH3
1·2
1.2
o

14(/

~4-

The SA must identify the mechanism(s) by which the open
items such as undeveloped new procedures. unidentified
Safety Systems and Components. and specific test results
(Bureau of Mines) will be evaluated with respect to DOE
Orders and Standards to became part of this SA and
support the TWRS ISB. As such. the ASA is incomplete.
and it is an improper application of the USQ process.

~ (lJ'''j-'tl'A-l.t-- 1- 0 11.111 - I I~() tv rfouos

This section states that a representative tank with
bounding conditions was chosen by performing a
preliminary screening process. The criteria for decision
making should be included in this description.

----

Items 7.1 through 7.7 are now
complete. Section 7.0 now
cODsists onlVof a pre.
oRerational evaluatjon checklj~.

Mechanisms are prOVided to verify
adequacy. Actions are identified
up to and including new analysis.
evaluations. or revisions to the
SA. Currently the Bureau of
Mines (BOM) tests have been
completed and the hydrogen
monitors are qualified per SA
reauirements.
Bounding tank selection is
discussed in Appendix C. Brief.

~
f criteria will be added

t .')..;
\

Following text added:

"The screening process considered
important tank parameters such as
retained-gas amount. meas~red
dome flammable- and toxic-gas
concentrations. the observed or
anticipated gas-release amount.
and the waste type. Among the
SSTs on~ne FG~L lank A-I01 was
found to maximize the parameters
of interest.

"

Cooment Coding
S Significant. a Optional. E Editorial
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din 2
2-2

2.1.1
Tbl 2-1

o

OOE Orders 5480.7 and 6430.1A have been superseded by DOE
Order 420.1. The SA should reflect the current DOE
Orders even though they have not been incorporated in the
new contract with the Contractor.

Excerpting from Interim Policy
Statement DOE P 450.2 (9-29-95)
"Policy Statement on the
Identification Implementation and
Compliance with EnVironment,
Safety. and Health Requi rements" :

"Transition To Rules And Revised
Orders

The Department is replacing a
number of its Orders with new
rules and revised Orders. The
resulting transition must be
managed so as to assure adequate
protection throughout: consistent
with maintaining adequate
protection, costs and binefits
should be considered
appropriately.

Even though many ES&H Orders will
be canceled as corresponding
rules and revised Orders are
issued, cancellation of these
Orders does not. by itself.
modify or otherwise affect any
contractual obligation based on
the canceled Orders.
Requirements in canceled Orders
which are incorporated and
implemented in a contract will
remain' in effect until the
contract is modified to delete
those requirements.

Conment Coding
S Signi ficant. o Optional. E Editorial
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din 2
2-2

2.1.1
Tbl 2-1

o
(continued)

BEl 1
2-2

2.1.1
S

/.' .(r
S.l.t ('1,',

CRv""t'
t) "V"

BEl 2
2·3

2.1.3
S

,

/ ---(t-t -r: PA
8 ;' L/"\ J,:j;oJff

~
\' r.<tl' J
'- _// IVo}-Jl~ £.0. 1

A list of DOE Orders is NOT "principal health and safety
criteria". They may contain design criteria. safety
criteria. and so on. some relevant. some not. The I II
principal health and safety criteria are those criteria 15- V~
which will be used in this document to determine which
risks and consequences from normal. abnormal. and
accident conditions are acceptable. and which require ~..
safety class (class 1. 2. or 3) fixes. ~~

A/eC""D '1 u At/t't:.c-JoV /~/ ~~---

"/fk5A-F'e-rr:t' ~6,'c.> I ~-n-.;:e>/ ,lA/'£' t-U pc!JS, i/~/6-N',c ~ ~
~ /Nt!- ~(<,;;. tf: t!/;!:.~~ <:; I '" e:7/ -A/I"~ r.V "-Ie - t: ,,1/1 ~ ~ at: L
A~ 7J15eu~5'C'D 1-</.5 .:~-u.J S; .

None of the bullets listed under the opening sentence are
criteria. Please prOVide the criteria promised.

{)V

Also these are the DOE orders
that were applicable to the
design at the time .. Tills will be
cl .. . the text.

'2- • t. ~ (Sectio .0.2 as modified. Nt0
including e 2-1 ..

Accept - Retitle 2.1.1 as DOE
Safety and Design Requirements
and prior to Table 2-1 add the
sentence. These orders were
helpful in developing the
criteria outlined in 2.1.2.
2.1.3. 2.1.4. and 2.2.

The risk criteria are given in
PlHC-CI".,.4 4i and di scussed in
Section 5.0 of the SA. Hodifying
the title will avoid confusion.
Accept - The sentence will,be
revised to: "by qualitatively
considering the following."
Quantitative criteria are also
given. In this section we
present general criteria used by
WHC. Some of these are used in
the rest of the document as is.
for example 25% of LFL to decide
if there is a flammability
concern.

~

Cooment Coding
S Significant. o Optional. E Editorial
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7

BEl 4 The sentence at the top is a judgmental statement under a The observations were important
22j43 Criteria Section. Please delete. ~ in establishing the 25% LFL

'E' criteria and need to remain as
~ \ explanatory text.

m-- --- All of the material on page 2-4. including 12.1.3 and This Section (now~ and
- 12.1.4 have promised safety criteria. but the only thing ~O~4) have been revised.

,.I e..\k.? I that appears is criteria related to establishing a tank Criteria are now referenced but
(.(,.(1' classification scheme. Whereas that is interesting. and t

. .,...{;. of value somewhere else. it does not help with this 2.0.3 are now considered - I ~rt'

AI'y.vP (;. /document if one were to look for the principal health and 'qualitative observat~r}.t"9 ,T't';"tt,1
I safety criteria. which arernissing. ft5. If i/,Ll- ,rJ

of.

Accept - sentence should state
less than 25% LFL hydrogen
equivalent.

tJl{.

The first sentence in the second paragraph seems to be at
odds with Tank Farm Safety Criteria. It is apparent from
many other tank farm documents that one of the principal
safety criteria is that the tank dome vapor space always
have less than LEL for H and I believe it is <2%.
Anything higher is an off-normal or accident mode. This
sentence says that the Safety criteria is that it have
less than 25% H~. which says that 24% Hz is considered
safe. Please flX this sentence.

BEl 3
2-3

2.1.3
E

~o~. The safety criteria of organic watch list tanks specifies Table cited was not germane and L

~-~ that the level 3 tanks (unsafe) are defined as not has been deleted. o~6_~
Tbl'2-2 meeting level 2 requirements. This implies there are 5"~~ ~I<: .~.srf1- s~..---1:-

o three variables that could be judged to define a level 3 I~ elt:ll~ '-r~Il-" s .
tank which are: less than 5 wU TOC. less than 17 wU --/I-w f\ \...\c;I -?D 1,J· q //,"
moisture. and greater than 90°C. I don't think that it wA'ct-' ~\.-p'" (V\.
is intended that all three criteria be used to judge the _ f~ ,~
level 3 Watch List tanks. Levell tanks are defined as 1.)C
haVing less than 5 wit TOC. The specific criteria used 1----

to define the level 3 tanks should be specifically
defined.

Comnent Coding
S Significant. o Optional. E Editori al
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BEl 6 These four categories have no category for tanks that The third item considers tanks
2·5 exhibit episodic gas-release behavior. that potentially exhibit episodic2.2.1
0 gas release. There is only one

SST in this category (A-IOI).
d- There is no data to suggest that

SSTs exhibit episodic releases.
There is however a concern that
they could. See Appendix L also.

BE I 7 The first two sentences tell the reader that there is Accept - "Very scarce" will stay.
2-5 "some very scarce. limited." data available. That seems ;>{C- "limited" will be deleted.2.2.2
E to have more qualifiers in a row than necessary.

BEl 8 "free-standing" liquid. This would imply an unsupported Accept - The sentence will be
2-6 column of water. last seen when Moses crossed the Red reworded.2.2.3 Sea. I suspect that some term from the hydrologists. c:>~E like "perched" supernatant would be more accurate and

descriptive.
BEl 9 On page 2.7. the heat of combustion is referred to as Accept - heat of reacti6n on page
2·7 heat of combustion. on the next page it is called heat of of.- 2-8 will be changed to heat of2.2.4
E reaction. The term heat of combustion is correct. combustion.

BEl 10 line 9 from top of page. It is not "potential hazards". Accept - Hazard will be changed
2-8 but "potential consequences" which are increased. ole:. to consequences.2.2.4
E

BEl 11 Is it correct that 6.5 feet of earth covering was used Accept - Yes.
2-8 for "Heat dissipation"???
2.3 o(e
E Primary Reason: shielding

Secondary Reason: heat
dissipation

~

COllI11ent Coding
S Significant. o Optional. E Editorial
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5110/96

2. Pro.1ect No. 4. Page
9.

Note Figure 2-1 is a schematic.
Aschematic is a broad.
diagrammatic presentation. A
detailed civil engineering
drawing was not .intended.

However. an improved schematic
was added with representative
dimensions .

The engineering drawings are
available for the reviewers.

~". ";!8-<'<>'''-''''''' /AJI""'~~\ 0 f'V' / f uv, l:7t:"o 13'1 I~ ~
. /' 1Ze'"",,' 7//'-:<"':-" T p:~

,/ ;::,"'..... ~ OLD f=i- 
,.)iJ/tI...vA':>

BEl 12
2·9
2.3

Fig. 2.1
E

Please insert a drawing that an engineer could find
acceptable. This tank is out of scale. lop-sided. and
probably inaccurate.

(

,"1 -v-l "
1/ AJ

rO:U

10'1~ _.J1 \.
C d 12/l .. (fY
../ \ (..t'

'Ic.:

din 4
2-8
2.3
last
o

This section describes that the HEPA filters are The loop filter seal is on the
protected by a small loop seal to'protect against a t k breather inlet HEPA. The
plugged filter. This is also potential for an pr ence of the RMCS does not
unmitigated release of radioactive and hazardous material inc ease the probability of loop
if the loop seal is unintentionally voided of the seal se 1 failure and reduces the
material or needed to relieve the pressure from a plugged Q obability of unmitiga~ed

filter. This potential accident scenario should be elease (due to the presence of
included in the safety analysis of system operation. I the exhauster) in the event of a

, loop seal failure.

'~ A -rA lv-l-~ C""'"f ltWt=Y I~!.reft-
c.o l,u 12-t-17~T vJ \\,rt L,..OD P $~
,C::/y,~G. ~ s~ !if' d",,~7J

A-'7 ft f'011:'" T Jl'rt.-~v erJ / .

...

COl11Tlent Coding
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From the description of the various components associated The difficulty in understanding
with the core sampling operation. it is difficult to this system is understood.
understand how the components of the drill string Section 2.0 and Appendix A
interacts with each other. This information is essential provide some detailed drawings,
for the reviewer to determine the potential accident that however. without the use of video
can occur with the drilling operations. Detailed tape or direct field observation
diagrams/drawings of the component interfaces should be it is difficult to fully
provided. Examples of the interfaces needing further comprehend the operation of the
definitions include the quadralatch. the pintle rod, the RMCS system. WHC staff would
pintle rod/rotary valve. the grapple clasp. the welcome the opportunity to show
mechanical remote latch, etc. For example. it is not the reviewer(s) how the system
clear from the discussion/drawings, how the mechanical performs.
remote latch is used to interface with the sampler to ~.
insert/remove the new samplers aS,the drilling progresses "'0/ 1/ 'Section 2.0 tries to give minimum
or to retrieve the samplers following the completion of ')V\ /~esign information and defines
the core sample drilling. the system in a general sense.

~ References and adequate WHC
-::t! -I pi design documentation arEl

).1(" ~& l=".avai1able to the reviewer.
(lllJltlT) -. ~. ')
JIo'"". s £: I .WHC wi 11 assemble a drawing set

'f-or use by revi ewers. .

The sentence that says the load cell is designed to shut
off the motor with a "maximum load" of 250 lb. This is
grammatically incorrect. That sentence says it would not
shut it off with a load of say 300 lb. Recommend. "...
if the load eQuals or exceeds 250 lb."

-~

Accept - 'but' will be changed to
t:!:) t:::... I 'and' :

..t,

Accept - wi 11 stri ke "with a
maximum load of" and replace with
"if the load equals or exceeds
250lbs."

~

It should be a"but" is an inappropriate conjunction.
simple statement of fact - "and"

din 5
2·9
2.4
yen
S

BEl 13
2·11

2.4.1
E

BEl 14
2-11

2.4.1.2(3)
E

COIIIllent Coding
5 5i gnifi cant, o Optional.
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E Editorial
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Accept - The volume of the drill
string is important but we always
assumed that if there is a spark
in the drill string no matter
what the volume and gas
composition is the flame will
propagate into the waste. This
is conservative. However, the
requeste~will be added (now
Sectiorr'2111.1[

flo ~e.H $'~ l,j
4-;f~....,-r- ~ -t1'?:V'~
~ ;".-n..l.::f t<; ~fn L I\'ff\.. cE: ...Y~ -- -...d·...A-Jsr1L'-- (.,Ii' E:. -

;h~ _~~eri c1 ..~ 15 n(M identified in

~.j) ,.v"~'.J. ..s,;/'-:rl.~~ . I' ,

()~ K ~,~---.. 'hFA-e~ --

tJ~~ TO . J
pf1btlll7~ I

5.:A .

'L
O'~

BEl 16 The description of the drill rods is unacceptable. The
2 42il~(4) hydrogen burn and explosion are based on the volume and
.. 5 strength of the drill rod. Although the 00 is given. the

volume can not be calculated and 'neither can the burst
strength. Please add also the 10. the nominal wall
thickness. the minimum wall thickness (in the vicinity of
the threads), and the tensile strength and fracture
toughness.

BEl ~\ The drill teeth are a safety feature of the system.
~_..) However the teeth are "proprietary" NOT OK! This is

2.. IS·~-ID( the Safety Analysis document. If the Safety Analysts

Jl don't know what it is made of. I find it hard to believe
~ ~ v~f hat it is acceptable. Being proprietary does not mean
~rr~ ~~-'~hat we sh9u~d be c.ommensUra~lY ignora~t! Provide either
fi' ~ j Y It;he composltlOn of the matenal, propnetar or not, or a

,~.}. ~omRlete p.f~Q~rt.Y_datLSbee-!, showing as a mlmmum ---t -
(~~ u·~~ -nardne~-tensile and compresslve stre g ,melting

9" c£6.... point, and sparking Dotential.

...
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- 12

t
!
f

Accept - Clarification will be
added that the electrically
bonded lifting bail isa· device
that supports the drill string
and never enters the tank.

No preheater controls are
required.

Ol(

After a detailed description of the equipment in Section
2.4x. there was no mention of a "bonded lifting bail.'"
Is this "bonded" as in insured or guaranteed (to
compensate for the proprietary drill bit) or is it bonded
as in glued? and if glued. what kind of glue. Or is it
somehow electrically bonded? The statement obviously
raises more questions than it answers.

din 6
2-19
2,4.2
2nd P

S

BEl 25
2·29
2.5.2

Bullet 1
o

This section describes the exhauster system which Failure of the water tube
includes an air preheater to maintain the humidity of the preheater does not result in a
air to be no greater than 80%. What controls are placed hot spot and cannot' cause
on the operation of the preheater for the operation of ignition of· flammable gases.

·the exhauster system? If the preheater fails. does this Failure of the preheater could
.nmp1y that the exhauster must also be shutdown? The result in saturated HEPA filters.

\1~/{'imp1ications associated with a system failure should be Airstream humidity i's constantly

\A
\ ~ escribed in this section or provide a reference to where monitored and an alarm is
~L ~ the operational limitations are provided. Loss of generated when the level exceeds
t. 11. \>\ preheater is not one of the items i~ent ifi ~d i~ Section ~.- B~%. To further rotect agai nst
\r--' 2.5.5.3 that would cause an automat1c termwatlOn of the (8 a e e ower lS

e
/ \)exhauster. A failure of the preheater could be either in 0 V( ) imited to nine inc es r

. ~ leak of the HX to the filter system which could result in ; ~ pre _. e HEPA filter
,~. '- Ip1ugging the filter or a failure of the HX to operate manufacturer states that the

() that would result in excess tank humidity getting to the ~~ filters will remain intact and
. filter. thus causing the filt~r to plug. The control/51 ~ ~aintain effectiveness at 10

for the preheater shou1 d be dl scussed. ../" It'-' lnches of water pressure
,JtvJr.J~· di fferenti a1.

/ .{Pr

of,

~OIMlPnt.~~din9'
..... ,..., _ .L..! _.~ _ ., r r-l.:.L_._':_'
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BEl 26
2-30

2.5.3.1
Bullet 1

5

din 7
2-36

2.5.5.2.2
5

A key component is the gas monitor. The system can not
be operated without it. Later. (table 4-10). it is
identified as a credited control. There is no mention of
the gas monitor in the system description. or in the
diagram (Fig 2-13) accompanying this paragraph.

This section specifies the limits on the rotational speed
of the drill at 55 rpm and the down force limit at 750
lbf.\ This is not consistent with the limits specified in
Appendix Nwhich specifies the rotational limit of 40 rpm
and the down force limit of 650 lbf for drill strings of
greater than 45 ft. The limits should be consistent
throughout the report. This same comment applies to the
information presented in Table 2-7.

Accept - A brief description of
the gas monitor will be added to
Section 2.0 with reference to

~ppendiX U (added as 2.3.3).

The gas monitor design criteria
are discussed in Appendix U.
These limits are for different
problems.

55 rpm and 750 lbf in conjunction
with purge gas flow are to I~
control drill bit temperature ~
(Level 1 Hardware Control
6.6.4.1).

The 40 rpm and 650 lbf are to
compensate for a potential
buckling problem with a long
drill string (Level 3
Administrative Control 6.9.12.4).

NM 4 The document should speci fy which procedures and controls IThe document specifies all

~
l-3~_4 will.ensu~e implementa~ion of the necessary actions ~ ~ ~~. necessary controls in Section

i :. ) out11 ned 1n these sect lOns . iI""". u; {A 6.0.

/~/ ~1V ~

~
. . "" This section states that "Restart following off-normal /

{J - 6 } \~incidents should be performed in a way consistent with
'5' (; -') ,'the requirements of the Interim Safety Basis." Even

~~.~ ~~~ though thi~s necessary~is not a sufficient
CI,L' .I..~ iSJ~eot.j iRe applicable anct-awrov rements in
'(. ,'-" >.; ~ ft11e ISB should be identified in the section in table
~v - ormaL ----------

J

Applicable and approved
requirements are identified in
Section 6.0.

Thi s -SA and IOSR' s will be
implemented via a revision to the
ISB. >i

Comment Coding
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Data used in the estimation of
reliabilities are obtained from
standard industry literature and
documented in (Appendix Dand E)
and prOVide a logical derivation
to the approach. They are '
available to the reviewer. -

Accept - Appropriate reference
documents will be cited.

ransportation of this equipment,
lo~side the tank farm boundary is)'\

~~arly outside the purview of .:
lhe safety assessment. ~/

7!J. .

#
~

~ .~e,T ~~"1tIA\ s-rtl'N
17

lj) tU11 rrts> J.S.,.t? ~ ~1'''' rt..-tJt14. ~-r-• ,'c_ _ ...,..., .....-JL I rrv> IH-c;; ~i c·'''flrT >-

tIP p t.-<l.-AR.>'--"- , <H<' F!&rl'.-.-i:>

~p~.

&1

Flammable gases. in the context
of the safety assessment. are
mixtures of Hz and oxides.

Oxygen will be added as an
~ xidizer.

{' ~ , 0 ci rcumventi on of Safety
Jp- \ ~alysis Review process is
(-/1'1 'p}J/ ...jntended. See response to NM 1

((1 ,f~ JGEN and NM 2 Exec Sum GEN.
1 r (/' '

Y" J'Y!
\ (~

E Editori aln nnt i nni11

First Paragraph. states '" "frequency determination did
not include a detailed failure-rate evaluation. but
qualitative frequency estimates are provided." This is a
legitimate approach. however. the SA should prOVide a
logical derivation of the values presented more than
"engineering assessment".

For chemistry consistency. recommend that Oxygen be added
to the list of flammable gases. since it is abundantly
present; then. under the right hand column group first
the "flammable fuel gas" and then the oxidizers.

This section states that "the hazards associated with
transportation of the rotary-core drilling unit or its
auxiliary equipment from the tank farm or its ultimate
decontamination and disposal are not considered.
Transportation of the cask where core samples are stored
is also not considered." The SA should identify which
approved document evaluates these activities and
conditions. Otherwise this presents a problem with
"Interfacing" between activities and facilities. and
consequently introduces non-evaluated scenarios and
associated riSKS.

See NM 1 Gen and NM 2 Exec Sum Gen Above. This approach
circumvents the Safety Analysis Review process by
omitting essential issues from the SA and leaving them
for ~eview at a later date under a USQ. As such. the SA
is incomplete. and it is an improper application of the
USQ Drocess.

NH 8
3-5
3.2
S/

O\~

BEl 17
3-2

Table 3-1
E
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BEl 27
J-B

Table 3-3
Row 6

o

BEl 28
3-10

Table 3-4
Row 5. C3

E

din B
4-6

4,1.1.3
o

din 9
4-10
4.1.3

E

Comment BEl 15 was made in response to a failure to
identify the drill bit material. In this table the teeth
are incorrectly identified as (brass-based). Since brass
is a generic name for a wide variety of copper-zinc
alloys. it is non-scientific to refer to a brass-based
alloy. This table refers to , 4.2.6. which correctly
refers to the drill bits as bronze (a correct and valid
term) and also equally correctly as copper-based. It is
recommended that a proper description (sintered bronze
with tungsten bits) be incorporated into 12.4.2.4. and
ther¢after use either bronze or copper based unless more
detail is warranted.
"maintain continuous in contact"? How should it read?

This section specifies that the exhauster air stream is
preheated with a hot water heat exchanger to preclude
condensation from occurring on the HEPA exhaust filter.
It is not apparent that the increased likelihood of the
plugging of the HEPA filter due to leaks from the heat
exchanger has been taken into consideration. (See
comment din 6).

\\ This section specifies that leak size for pit to riser is

J
assumed to be no bigger than 1 in. It should be

\ clarified what is meant by 1 in. In Table 4-3. it states
~ that ".. less than 1 in.-effective leak diameter". If

this is what is meant. then it should be used throughout
the text.

tJ\V

dE:::

eo(--

otC-

Accept - It will be changed to
copper-based.

Accept - Sentence revised to
"maintain continuous contact".

Yes. this has been taken into
consideration. The benefit of a
non-electrical water heater far
exceeds plugging the HEPA filter.
which event would cause exhauster
shutdown. an uncommon but
anticipated event.

Accepted - text will be scanned
for consistency and changed to I"
effective leak diameter.

."

Corrment Coding
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din 10
4-21
4.2.3

S

;I
;, I l. ~
tJ

Several of the frequencies presented in this section are
not supported by the logic or assumptions used to derive
the frequency values. Differing frequency values can be
found in some of the Appendi ces (D and E). It is I fYfL-
recommended that the detailed information and assumptions
be provided in the SA. Some of the probability numbers
appear to be extremely small. Justification of these
numbers needs to be prOVided.

Accept - Appendix Dand, E'will be
reexamined and appropriate
justification provided as
necessary.. ~
z~o-f&-b B1:::>$

t..f. Z.:5

There is no need to change out
filters until the 100mR limit is
reached or the pressure
differential limit (5.9 inches
w.g.) across the filter bank is
exceeded.

din 11
4-40
4.4.2

S

o.if~

din 12
4-51
4.8.1

S

This section states that aluminum. bronze. and teflon are As stated on page 4-25 if the
know? to be incompatible with some of the wastes. In Bureau of Mines (BOM) tests
Sectlon 4.2.6. it states that the drill bit is made of indicate no ignition, then the
sintered bronze. What compatibility tests have been run ~cdent frequency with this
to determine the compatibility between the waste and the rietary material is
drill bit? This information should be supplied in the considered zero. BOM tests are
SA. Chapter 2 should prOVide a description of material I;r~, .n~o:w~c:o=m~p~le~t=e~. ------------~
used for the construction of the various components so 17 I'
that the reviewer can determine the compatibility of / ( Material compatibility has also
components has been adequately addressed. ~v~I9' ~ been demonstrated by the

V[i N . 0 riP evaluation of historical
-" -.-,~\ I.l. "'·:;'.1.'7f1' J,,/4 . information. ._'

...... - ,- ~

The assumptions used to determine the maximum release As long as filter housing 'contact
from a HEPA filter failure is based on the loading from dose rate is less than the 100mR
the drilling operations associated with one tank. This limit (specified in 6.9.6.5), the
implies that the exhaust HEPA filter must be changed out value for the maximum release as
after each tank drilling operation to maintain the safety postulated in the SA would not be
analysis within limits. This requirement should be exceeded.
incorporated into the administrative section of the IOSR ~
to ensure that it is accomplished.

04
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/
~. ~ ')' .

f'
",.

B£l 29 HThe rubber seal that girths" is not shown/discussed in Accept - It is described in 2.4.3
4-46 the system description section '2.xx. (page. 2-21). The word 'seal'4.6,2(1) b~

0 will be changed to 'frisbee'.

BEl 30 The low frequency does not impact the hazard. Change in
OIl.-

Accept - change hazards to risks.
4-46 frequency changes the Risk.4.6.2(2)

£

BEl 31 HThe stress from this impact" can not trace the impact Last sentence of previous
4-48 being addressed. paragraph discusses risers being4.6,4(2) eo':"-£ \ driven into the tanks.

The stress reference to is the
result of these impacts.

:

din 13 This section specifies the Radiological Risk Guidelines As stated in 5.1.1.
5-2 that were used in the evaluation of the safety or the5.1.2 Core Drilling Operations. The most restrictive of the Revision 3 of the Risk Guidelines
s ( risk guidelines cited were used in the safety evaluation. were used per the direction of

~\\ ~owever. some more restrictive limits are being proposed, '(?- DOE-RL. More stringent
primarily for the onsite workers. How much im~act on the guidelines have not been
safety analysis results if the more stringent imits were analyzed.
imposed? 17b k: t+~ """k1).r-

tr ~\A.A.....,.lI-~_ "") ..c::noJ \;J.) 'th e.-t\-
...~\':..~l)~
~ST "i"'>~ \...t....'t>e-:t:>

,,J ~ kJL~ , .------

<tIfts $~"/,~P'~ ~.,.. srfr"!}
",F- ~? ~ plAJ"<!S' .

..
Conment Coding
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Implementing the Section '6.0
controls and completing the
Chapter 7 items makes the SA
complete for the tanks specified
in ADoendix G.

If changes to the SA are
required. review and approval
will be by DOE-RL.

See NM 1. NM 2. and NM 6 ~\.5~.~~NM. \. NM 2.

f)· tZ . \1- ~ ~y:t~
.J tl

This section requires that "If additional Levell
Controls are found to be necessary as a result of actions
needed to close the open items. the SA must be reviewed
and approved prior to operations." 1) How will this be

. implemented. and which authority/expertise will make this
determination? 2) See NM 1. NM 2. and NM 6 above. This
de facto makes this document incomplete for the planned
activity.

The selection of the size of the releases during drilling I I~requency Category VS. Frequency
operations is based on event probability; smaller l1Range was discussed on page 5-3.
releases having a higher probability of occurrence. The
event probability ci~sociated with the size of the release ~v The words "anticipated",
.is provided in Table 5-7. However. in Table 5-8 the I' (, ",unlikely" etc. are used to

-'!-events are classified as "anticipated". "very unlik.ely", J define the gas release event
etc .. that do not correspond to the calculated frequency ~ /, during the accident itself.
of occurrence should be provided. An explanation of the l 3~ There are other events that must
event classification and how it corresponds with the I~ -'l ~ occur to have a radiological
calculated frequency of occurrence. One would expect ~ \ £lease. These events are
that \the classification and the calculated frequency of I. t l,\~ 'oiscussed in the text and their
occurrence would be in direct correlation with one ~ fJt failure probabilities are given
another. It is difficult to rationalize an anticipated/f &I 1 in the table.
event ha ving a frequency of occurrence on the order of n. '~J! tJV
2E-6/yr. . ~~///

NH 10
7-2
7.7

~.v

dIn 14
!i·8

tbl 5-7
S

NH 9
7-1

7. O. 7,1.
7.2
5

COlMlent Coding
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Appendix A is used for screenin
purposes. Table 3-1 summarizes
the hazards.

04

£.-rfl. 1\W e-~ cfr- ~ h"--, ~Irt--{~~_~<; , lll'1~~ . I :fil'''' ,...,) . '"'7

--- -
7J.b;lM.fri1-V~ :Z:-()~n )'4l?'b ,i<J TA-B'~ A....~ Do Nt>1
POL.L9\..D 11tt:~-H.A.J ,,.-r..O+J eJ=- t/-Ag}.:Jz:::D ~Nc2"V ""J
SE:C-l'~ ~.I.z.. NI=-7J"ik.,:"7Z- D~ Tl'r8~ $--1 7)~~
Tth= oSp~ Ft L.- ,.+ A "3. ktC-c'"7 5 ~S~/~ ~~

" II 1--:- II
C-\~--y\AI.c...kL~ ~. JMK- ...v11'5~)K

Considering the checklist shown in this section. the ~. -.2~ The checklist itself wi.ll
reader can infer that an SA must be performed for each I ~ 1'b stipulate the mechanism for
FG/RCMS activity on any other tank. or treat these ~~~ adding an additional tank.. This
act i vit ies as USQs. The mechani sm for the intended eLI...... ' kf~ echani sm is covered in 4.2.3 of
approach should be clearly delineated. ~ y..;zRv(, A-DV,f1dl ppendix G (page G-15) and

#. ~VIP Administrative Control 5.31.1 of
~I~ the IOSR.

NM 13~~.'~irst Bullet. The type and quantity tt hazards are not
~-~ ~ (V . hown in Table A-5. "Chemical Reactio s" and "Tank
~ Waste" do not describe type or quanti y of a hazard .

NM 11
]-3
7.lr-----

D

• \\ • "' ~-\l .I, .' I I lv'
l,,'U"" / ~ 2~ .,I.> .... •.J..:'

. I )" "> .k. -r. vI·t";!. r~I~ ~
1'1,)1. (.. \ C..9
• ,~IJ.,I<
~l'

NM 12 See NM 1. NM 2. and NM 6. The SSCs. preventive and See NM 1 and NM 2 (at '/ :>~1ri-;
~f~'~, -rnitig.ative procedures should be an integral part of t~ c . '. . ar ttpo ~ ~-rJ.

(lsvPa"t SA. \ I).c6 ~~ PO'deC faCl~ltY' nor ~ 1,)' &l>"
51. IMI7,,~<r operating an merg. c~responsefc;' &'1/.-
• ~ • I )Z..6~~procedures e no ln lntegralo ~, <~ part of th safe- y assessment),

COlTlTlent Coding
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NM 14
A-6
2.0
S

BEl 35
6-04

3.3(2)
E

This section concludes that "bump drilling mode was
eliminated from the operation." The SA should delineate
the controls or procedures that implement this exclusion.

There appears to be either an error in this paragraph or
it is simply unclear. If the definition of "diameters"
remains constant. than it is impossible to have the
concentration drop from 8% to 2.4% to 0.6% and then
increase to 1.2% at distances of O. 18. 2.2. and 36
source diameters. respectively. Asketch could solve
most of the mis-understanding.

Bump drilling mode is outside the
safety envelope established by
the SA. .

These modes of operation were
proposed. They are not
physically possible 'due to design
controls and administrative
requirements.

Section 2.0 intentionally does
not mention bump mode or slow
rotation modes that were
identified during the initial
hazards identification study.
They are not going to be used.
Therefore. they are not defined

. in Section 2.0. This SA only
addresses the operations defined
in Section 2.0.
Accept - The centerline
concentration drops from 2.4% to
1.2%. The concentration of 0.6%
is at a radial distance at 18 0
axial distance. The sentence
will be revised to .. "the
concentration at the 18 0 axial
distance drops to 0.6% at a
radial distance of 2.20 from the
jet centerline."

...

o\v

I'

COlTl11ent Coding
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~~~he appropriate requirements have
v __een stated in Sections 6.0 and

~~ ~:O. Section 6.0 requirements
~.. will be added to the IOSR and

then put into lower tier controls
and procedures.

The SA should provide the ratiQna~d basis for assuming / The rationale and basis for
that the releases from tank-lOl-SY are~bounding for the M tV) assuming that gas releases from
FG/R~CS activities. ~ / \ 1 t.fl (J Tank 101-SY are boundi ng are

/" 1__ }.)O, \ ~'- . contained in AppendiX L.

c'-) . l ' ~ -.. ) '0/ 'The worst gas release is observed
L ,~..A 1-;· in tank lOl-SY. As discussed in

"X~li''''~ Appendix L. SST gas releases are
A4~~ expected to be much smaller and
(~.~ slower. Based on the data we

have the bounding number is given
in the aDDendix.

NM 16
8-8
4.1
S

NM 15 This section describes and calculates consequence to
8-5 equipment exposed to a flammable atmosphere. The second
~h:;.-.. paragraph on page B-5 sti pul ates _positionjng. of equipment

Y/, __ duriog_the.actiVitY.,; This preventive approach is
. [...... legitimate, however. the SA should also indicate the

() . controls and procedures which will ensure and implement
this oreventive aooroach.

"'
Corn:nent Coding
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NH 19 IThe last statement in thi s section concerning AX-101
~~~ should be re-evaluated in view of comment NH 18 above.
s (
C,\'f..-.

See response to NM 17 and 18
(also the verification step of
assuring hydrogen equivalent gas
concentration is < 1000 ppm prior
to initial RMCS operations
verifies this steady state).

Gas release event is relatively
fast. Chemical processes'
effecting gas generation rates
are s The gas released
during a GRE is the gas that is
stored in the waste prior to the
GRE. Therefore. the'composition
of stored gas is a good measure
of the com osition of as during
a GR e composition prlor 0
~GRU s.-the-.conceLO,, _

During a GRE the release of the
stored gas is the'concern and not
the gas asit is being generated.

RMCS operations were not
contemplated during transient
events.
See response to NM 17. The SST
data are used conservatively to
bound the composition of the gas
that is stored in the waste for a
long time.)

v

--.....

j/J1:-r<:r:- I ~ ,<It:> , ..ID, c~"'~'I?#r
,.)J\ I oF c.:::; ../ « L I i3 ;:. ~-, ~'C"JIJD'~ ,(;)J 57

<A'I'L e--YfS"" .' ;.-- .

"\\

The discussion. methodology. and results summarized in ~ ,
Table C-3 are based on Steady-State conditions. These do
not necessarily represent conditions during and after a
GRE. The SA should evaluate this concern.

The second bullet states" The species ratios do not
change with time or bubble location in the waste." This
is correct only under steady state conditions but not
after a GRE since the production rate for each of these
species is unique and different. Consequently. the added
assumption that they are in at constant proportions is
also not always true. The SA should address this
concern.

NM 17
C-3
3.1
S

NM 18
C-5

Tallie C-3
S !
0' ~"

I

{) ,U,-

~
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7"~;?

96 m3 is the released gas volume
and 1s not 100% hydrogen. It was
assumed that there is 60% ammonia
in the released gas. Remaining
40% includes 88.1% hydrogen as
indicated in AX-lOl. Thus.
hydrogen concentration becomes
35%. If 96/1415.8 is multiplied
by 35% we have 2.4% hydrogen in
the dome.

Calculations are based on
conservative waste temperatures.
Pressure does not effect the
adiabatic burn calculation
because specific heat of ideal
gas is only function of
temperature. The initial dome
pressure was atmospheric. The
ignition temperature is not used
in this calculation. When a burn
is assumed. a spark with an
ability to ignite is considered
regardless of its origin.
Ignition temperature is only a
concern when there is a hot spot
somewhere in the system.

~
{! !/-t'J1Lrs r-r.> 5'{cr.LJ 71HJ=- 6:i1'15 ~f/ i&lt7,b..-,.I '\

~ ''''-~{,<. ; ...

IlV €Y1-i/JNl1-ncntl ~ ,,~~ Ih-t.,~'
(j}--/Jz. '/1-1~ ,qL::-lG7l~G" c:;.,,'~ ~
l3 r 73e-...,-T\2"z.... c-:-L/tfi-t ,Nt..::-P /lVIt~ 5"If

<-xr. ev'c-"'?.J 77kr- (.L:'~ en-:: P/~
- I (

tLYbr-L-<'-o. e ,- {.LG~-"::",;r-...

Sustained reactions in a gas are a function of
composition. pressure and temperature. The over-pressure
is also a function of temperature. Please provide
temperature information. initial and calculated final
temperatures. and ignition temperatures.

.s~&' A-n'IJ-4~ ~Y/~.D t!.4-t.-S.

/1/tT -r;n(T //1/l7 1 t..A-1'<l;S .I/iIrl-r 7fk:;r /&" ".J.-7/-./

~1tcJ6-~~ /5 A ~~ to":=- ,r1Z"e~-.-...,

J. fYllH tin ~P&71/Z7'S 70 /",.u I h:e>,v:" ~j3 ~
-v c/oc)"'c... ,1/.-7 /J-r~51'/-t.77JC ,:;'/~~ 7)h:r

I (., '" 1 Tl177-/ ~~ J ~ - .... S"sD <Dc... Tf/'; .I.(1~~e.J
.s.~) .-'3<: 1'</~~b7'Z:~ ",,(.//'o,<,{ tcv~.

The data in 1 3 and 4 can not be reconciled. In 1 4 it
states that 96 mJ of hydrogen is equivalent to 2.4%. In
, the dome volume is assumed to be 1415 mJ

; but. 96/1415
= 6.78%.

/

-" -_ .......,

BEl 36
ColO
4.0
S

BEl 37
ColO

4.0(3.4)
S\v

\~~
\y~ erV'iJ

/ V'-,
0 1

f\.

~
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I'
BEl 38
C·10

4.0(4)
S

It is stated that the adiabatic burn will give a pressure
of 35 psia in a 2.4% H2 burn. Using 57.8 kcal/mole (241
kJ/mole as on page C-6. 8.8. 6.9. and 7.07 cal/mole-K for
the specific heat of water. nitrogen. and oxygen.
respectively. and 6.6% by volume hydrogen. and an initial

\\ dome air-space temperature of 50 C. this reviewer
\'\--Lcalculates a peak temperature of 590 C (the ignition

l temperature of hydrogen in air from the Handbook of
~ Chemistry and Physics) and an final pressure of 37 psia.
~ Using similar assumptions. a 4% mixture would result in a

presture of 30 psia. still enough to fail the tank. The
issue is not whether or not an over-pressure sufficient
to fail the dome is possible. but in reprodl,cjble and
traceable statements in the text.

Slection C.4 (page C-16) was
argely rewritten. .

S~ A-'1T~ -rcnl, ~D
cM-t-S . A$.

tyl~'" ~.,;1>rc?YvI ~.!> ,Ai le-;t.1
'T:>i?"~c,. , 1".> L.d

>4
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osition. Autoignition
temperatures may be around 4000

s' .. .

In order to cause a burn we need
three things. fuel. oxygen. and
energy (spark) to ignite. Spark
can be created by electrical.
mechanical. etc. devices. In
this SA we are mostly concerned
with the frictional 'sparks.
electrical sparks. impact related
sparks. etc. These have enough
energy to ignite hydrogen. One
needs only 0.01 mJ (electrical
device) to ignite H2. One other
way to start combustion is to
exceed autoignition temperature
as the reviewer points out. The
autoignition temperature is only
concerned when there is a hot
spot created by friction or
something else .. Autoignition
temperature is pressure dependent
but a15Q.J:hanQes with

~ f) l~ ,;....... J -( 0 0
0 c. oee--r:J

at- p,~1 r- S..,~ lfd.l
.~ ,

...

mixtures. The Rressure effect is
somewhat irrelevant because we
have always atmos~heriC eressu~es

~
~f or slightly fess han thls value

in the dome. The flame
) propagation after ignition is

mostly concentration dependent.
There are only a few accidents in
the SA concerning the
autoignition temperature
(frictional heating of the riser

E Editorialo Ontional.

_____,./ c/ () ( ,i-vtto , '" tliT I

j/(If 0 eZ'~ tJ
--It~\p~ptt /IY"",P
1Jp,J ~I S"(I(I!r •'" t- cP'
~ pryYI rh P/Y

Following the above comment. the flame/gas-explosion
literature was revisited. It is very clear that the
mathematics of flames and explosions is far more
complicated that the description in Appendix C. Clearly.
one must be careful in describing terms and conditions.
And the state variables are pressure. volume (or mole
percent). and temperature. The resolution of the problem
discussed in the previous comment is that ignition
temperature is a function of pressure. At a pressure of
about 5 torr. the ignition temperature is 400 C. that is
the Uowest temperature at which a hydrogen oxygen flame
can propagate. At 1 atmosphere. the ignition tenlperature
is 550 to 590 C. The 4% LEL is not energetic enough to
raise the temperature to 550 C. Additional factors are
the ignition temperature falls in an oxygen rich (air)
atmosphere. The 4% and 400 C are safe limits under
essentially any conditions. However. one can not use the
minimum ignition temperature of 590 C. and the
concentration that will produce that temperature to
calculate an over-pressure and attribute it to an
administratively low 2.4% hydrogen concentration. Please
include a few standard graphs which show ignition
temperature as a function of pressure and concentration.
and computed temperatures and pressures as a function of
hydrogen concentrations such that the document will be
technically accurate. (See attached Reference Figure)

Df! 39
(·10

4.0(4lb
5

Corrment Coding
<:; <:;innifir;:mt



\. (-)
~.

REVIEW COMMENT RECORD (RCR) 1. Date 3. Review No.
5110/96

2. Project No. 4. Page
26

--

It is agreed that gas and water
distributions are poorly
understood.

This section refers to the
interstitial gas and liquid
stored in the gas retaining
layer. and does not address the '
macro stratification in the tank.'
This section estimates the total
volume of gas available to burn

hot spots are cooled a~d
prototypical experiments showed
no ignition due to -both
frictional sparks and
autoignitiontemperature. Lower
flammability limits is also
different for mixtures. It goes
down with addition of NH3.

Additional clarity has been
provided through a re-write of
most of Appendix C. The
information presented is
accurate.

--

\9
~~

--
E Editori a1o Ontinnc11

C'

The next to last pa graph of this section assumes that
"gas and water are omogeneously distributed." This
assumption cannot e true since we know that the waste is
stratified in th tanks. and that the gas is collected
below a stratif'ed layer and the supernatant liquid
(water) is abov this layer. Case in point is the "roll
over" or GREs 0 served in tank 101-SY.

~,s"'- J-t..JJe--r~v>rJ!fqW
~ 1«11..0 / 'Ir~L..A
C~tI~ n -b

-r4- 0 ld h."-'"~ ,,--J~
1'hoK Ti- __ "t 00·c.. G. G,.... p-........ l'~

~l. -;-.6"9 OOL ~ Pd~f/.....:..<.·
NH 20
(-12
,s',O

S

~~;\l
o d ...
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The results in this section specifies some results for
the failure to trip drill string on excessive rpm. It is
not clear if this includes the dual trip value of 55 rpm
for less than 45 ft and 40 rpm for OS lengths greater
than 45 ft. This should be clarified in the SA.

din 15
0-6

Tbl 0-1
'5

din 16
D&[
gerf6)

din 17
[-4

Tb1 E-1
row 3

E

55 rpm relates to temperature of
drill bit (Level 1 Hardware
Control 6.9.12.3). .

40 rpm relates to drill string
V Ibuckling (Level 3 Administrative
~ Control 6.9.12.4).

Structural limits are not
controlled automatically but

\ I I manually using by administrative
controls as indicated in Sections

~ 6.0 and 4.0.

There are twelve items that were 'modeled to perform a ve ppendix 0 estimates reliability
systems reliability analysis. The results of the t?~ ased on f~ult trees given in SA
analysis is provided in Table 0-1 for the frequency of J references. Appendix E uses the
the initiating event and the probability of subsequent ~ ~~ r~iability numbers and estimates
failures. However. there are no details or assumptions .h~ JO ~e frequency of accident using
used in deriving the results. For the SA reviewer to G~' \{V/~ tevent trees per activity.
assess the results. these details are needed to be /)~ 0~~l~1 ~~ ~~culations are available to the
included in the SA description. Some of the results ~~ ~,~ ~ / ~viewer and include all·the
appears to be questionable on the low side and needs to ~~~IV ~~ necessary information.
be substantiated with more information. Appendix E jus~i \~".; t ~ .
repeats the same results. 'r- ~~J ~~..... ,
This row discusses the leaking riser penetration Accept - text will be amended to
releases. Under the controls credited for mitigative "less than 1" equivalent .
action. it states "limit leakage from all unused .-K/ diameter."
risers/pits to less than 1 in". Is this a hole size. an ~
area (units). or the amount of vacuum needed to be
maintained? The control measure needs to be clarified.

"
Conunent Coding
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BEl 40
G-02
2.0

Bullet 2
S

01

As stated in Comment BEl 39. the auto-ignition See response to BEl 39, ~ ~

temperature is a function of pressure. The 400 C i~~~~

temperature is applica~le to about a 5 ~or~ ~ressure ~~ ~~4 ~~ ~
system. The atmospherlc pressure auto-lgnltlon ~~I ~~~o~v~ IV
temperature is above 500 C. . ~~ * /

The paragraph following Eq-G4 is unsupported. Biot is hey are defined in. the text.
undefined. k is undeJined L ~nd time constant is.. jE
undefined. t- ~ .." '""1 e:=- ~O-f\..l~,-t)-o-I 'r ~

'" &:l ~-Fl ,..L~--'t:::> ,

Thi sl sentence needs help. "... the mole fraction '" be b1L- Accept - change It mole fracfion
zero" is not good English. Elsewhere in this section be It to mole fraction is " and It

"be" is used incorrectly. be one It to It is one ".

~~/rt
q.; 3~
~~ EQsG-~

BEl 18
J-02

Para 3
E

BE I 19
J-03

Para 3
E

BEl 20
J-I0

Para 3
o

BEl 21
J-IO

3.2(3)
E

B£l 22
J·n
(2)
£

Middle sentence" ... hydrogen caused by thermal gradients
... " should have the word "diffusion" after "hydrogen"

Agree. Independent calculation by this reviewer confirms
the calculated over-pressure.

a problem with pl~ral "distance"

"beyond" is a poor choice of preposition, since 20% is
"beyond 18%" and that is not what is meant.

Ole...

<.:) .t:::...

0A::::....

blf

Accept.

No action required.

Accept - will change to singular.

Replace 'beyond' with 'greater
than' and changed to < 18% and>
58%.

~

Comment Coding
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etonab1e concentration is
·.....obtai nable in the dri 11 stri ng if

there is a waiting time. The
minimum time to reach the minimum
detonable concentration is
determined. and a control is
provided to eliminate the
flammable gas from drill string.
Therefore. there is a relation
between the time and
concentration.

",//
//

;/!:~ ~,~~~' ~ y~~
l ,.to"1' ~l..\.. ~~ IM~ ~""~'

S~i~J "-(0-ffi i~
s <73 v.:;LJ~

-rl.rl<~' ~- f' "'~ L- j~
.... '1 J.-~ <G ~,......-'-~..:-.

~

I
I
\

J ~\1~" J~ )v) "'. / Jcr-
"-~-/vr-"11 ~ S)

/\ PjJ 13 IJ/f'/1/0

The logic supporting the conclusion that "any burn in the
drill string may detonate" is inadequate. There is a
problem with an undistributed middle. The argument
presented is: A- Concentrations between 18% and 58%
hydrogen detonate. (agree) B - Hydrogen concentration
can reach 18% in 30 minutes. (agree) Therefore. C - All
burns will detonate. (disagree!) B has nothing to do ["
with A. This faulty argument is then made the e' .,'
conclusion of the Appendix - see 1 3.3 below (BEl 24). //

BEl 23
J-ll
(2)
5
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fifth Conclusion

The last sentence will be revised
and "partial dome collapse" will
be eliminated. .

May detonate is not unsupported
and the unknowns associated with

·FGT's make it a prudent
conclusion until more data can be
obtained.

Section 3.2 presents arguments
(Ref. 9, 10) why detonati'on is
likely. The geometry (diameter
and length) is SUitable for the
wave speed to reach detonation
wave speed (Ref. 9). Ref. 10
presents studies detonation issue
in H2-N20 mixtures to determine
necessary concentration etc.

The words "and cause parti al dome'
failure" have been deleted from
the text. ~

The conclusion section contains 6 conclusions. The first
four address over-pressure and rate of pressure rise.
This reviewer has no argument with those conclusions.
The fifth conclusion is that Many burn may detonate
because the rate of pressure rise is very high during the
detonation". That is an unsupported statement and is
worse logic than made in the body of the Appendix (see
comment BEl 23 above. The final conclusion is totally
unsupported and appears for the first time ill the' Final Conclusion Supported by
conclusion paragraph - Consequently, the structure of the last paragraph of 3.2
drilll string may fail a~l!se-partial-dGl1le fa-:ll'lr..e! ~.

The document should present facts and documents to ~ he relation between drill string
support the statement that a 15 bar over-pressure in a ! / 1/ etonation is established in
confined volume of approximatel~J20 liters in a 4 Ml ())~ Appendix I, first bullet under
chamber would collapse the dome// It has not even been 2.1.
shown. in this appendix that a hydrogen detonation would
cause failure of the drill stringpr

. ~1~1 .
~~~..~

-1~ C\ \ ~
b~~-

BEl 24
J-ll
3.3
S

I

~
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BEl 24 The main conclusion is. that if
J-ll there is enough concentration in3.3 the drill string and sparks

(contInued) detonation "may" occur. This

0 .accident was used to estimate the

(
boundi ng re1eases. . The necessa ry

SJ controls were also 'determined to
prevent hydrogen accumulation in
the drill string. -

i There was also a concern about a
detonation wave propagating into
the waste as a detonation or

, deflagration wave. Nonetheless.
it is agreed that a dome
structural damage is a step taken
without further structural
analysis. However. a detonation
in the drill string must be

- mitigated regardless of the
extent of the structural damage .

...
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While the rate of gas generation
is a function of the radiolytic
load. the gas retention is more
f a function ~ s'cal
ro erties. For a given set Of
roper les. larger waste volumes')

would retain larger.~moun~ of .
gas. -- IA t......·-

~

The actual statement in 1.0 of
Appendix L is "The proba~ilistic
model is merely intended for use
in comparing the bounding
consequences against the WHC Risk
Guidelines that require a
realistic estimate of frequencies
and allow for qualitative
estimates for phenomena for which
there are a lack of data".

-~rive is not the operative word.---.... h reo

Appendix Ldefines the
probability of a GRE and of
exceeding the LFL in the dome.
The frequency of accidents are
determined in Section 4.0.

E Editor; alo Optional.

f! /A .// - oj ""/.;-t'ff'J fPl if O~ oJ';; 7 v

., i>O-rr-,N ff

The fifth paragraph of this section postulates that "...
the retained gas volume is proportional to the waste
volume" and concludes" no GRE during intrusion into the
tanks would be interpreted as encouraging." The retaine
gas volume is actua11 y proport iona 1 to 1) the /
concentration of beta and alpha emitters in the waste .
layer adjacent to water and radio1ytica1ly deco~posing
waste. 2) the water volume. and 3) the layering
characteristics of sediments both above and below the
water-Sr-gO and Cs-17 interface. The Sr-gO/Water
interface produces hydrogen gas. The Sr-gO. Cs-137
interface with the balance of the waste produces the
other gases.

This section claims to derive "realistic accident
frequencies". It should include a
description/methodology on how they could be derived
without full identification of the required mitigative
controls. procedures. and of SSCs.

NM 21
L-l
1.0

(Item 3,)

NM 22
L-4
2.1
o

®
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Accept - The text will be'
clarified for a given release
volume, saying that a larger

~~mmonia fraction in the release
~ I9aswould imply smaller hydrogen

fraction. Thus, a larger release
volume is needed to reach the
LFL.

d1n 18 Aquantitative likelihood for a gas release volume and ~It~~
~-~ gas release rates are discussed in this section. There ~ 1

~~~ are two comments regarding this discussion. l ~

1) the terms used to describe the likelihood have
established frequency of occurrences assigned to them for
radiological risk guidelines (See Section 5.5.1), and the
frequency of occurrence used in the gas release .....

/ likelihood does not use the same frequency of occurrence ~(l~~
.(b ranges. Whe~e~e~ these. terms are used. they should have l ....~ ~ ~

.-/ the1same deflnltlOn. Elther make the frequency of t~~~
~. \.. oq:urrences consistent or reclassify the events using ~~e

\,I'" '~' Vr "~other" descriptive terms. l-. ~\u~
',.J I ,-,-'V' ' ~ to01' .3S Q ,'2) the largest gas release that' has been observed in one ~ l~ ~

< ~f \-w of the tanks is 10.000 cubic feet and this release has ~ ~!l\
~.)I..r-" . _ been assigned a frequency of occurrence of less than VIe ~
I, v IJVV til 1E-6. If an event has occurred, then it is difficult to ~\t~O\1

~. I r~! classify the event as havlng such a low fre uency of ~ ~
~A occurrence without providing a better justification for ~ -i
~; the event. .... '1~

~
~.

~~
\t'V'\ •
':'1

i~In this appendix. the bins are
Quant i fi ed based on the ~ ~
probabilities and not frequencies ~ ~
(as done in Section 5.0). ~ ~

NOTE: Tank 101-SY is not on the (~ '1
list of tanks for which the ,~
SA is currently applicable ~ ~
(that is the tank where AN:
10.000 ft3 was observed), i.I':::
Such a releaseis' ~ ~

a.!!1ncr~(hbl-~ ~. .~-- - ..,

.
Table L-l gives the preliminary
bins. The words are used in a
qualitative sense rather than
numerical implications.: Next

.page gives the probability curves
and indicates that probability of
10.000 ftJ release 1S 1E-3.

t ~

The second paragraph of this section states "Adding
ammonia (that is also known to exist) reduces the lFl but
reduces the amount of hydrogen volume in the release."
This statement would be true if the production rates of
the two gases were inter-dependent. and the "gas bubble"
is at atmospheric pressure. However. the pressure in the,
"gas bubble" continues to increase until buoyancy is
achieved. and the total production of each gas is
cumulative (total pressure is equal to the sum of their
partial pressures). The conclusions in this section
should be consistent with this principle.

NM 23
L·l2
3.2
o

.0,
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This section specifies that the 50 ton live load limit is
not exceeded by the RMCS equipment. However. on the next
page, Table N-1. a weight break-down is provided that
indicates that the total potential weight exceeds the
limit by about 9 ton. On page 2-25. a similar table
indicates that the loads would exceed the limit by about
10 ton. Some rationale should be provided to indicate
the acceptability of the loads and the discrepancy ,.
between the tables should be eliminated'--A7n.~~ i.d\c.

fMc pt5 11./ ,'Z:"tald.s:"' $It -
\

This table provides the rotational speed and downward
force limits as determined by the drill string analysis.
The limits are a function of the drill string length.
These limits should be reflected'in Table 2-7 that
provides the operational parameters for the drilling
operation. Only the maximum limits are provided and not
the limits as a function of drill string length. For I
example. the limits for drill string greater than 45 ft. ~
would be less than 650 lbs force and less than 40 rpm.
The limits on the force and rpm should be included in
Section 2 consistent with that provided in the table at
the end of Section 6. pages 6-34.-35 for operation of the
drill string greater than 45 ft.

din 19
N·l
2.1

[

0
, .iI-.
~/

din 20
N·ll

Tol N·2
S

BEl 32
R-4
4.0
E

BEl 33
R-5
4.1

E:

1i ne 7. the 7 is dropped off in 1J1mBa

Last sentence in '1. the power of the number 8.71 has
been dropped. (8.71 [-4 Ci/g).

~

r

Accept - Not all of the equipment
listed in Table N-l is on the
tank. See 4.6.1. ·The
discrepancy between the tables
·will be eliminated.

Only one table is now used and
additional explanation is
provided under static d~
loading. t/ ~-~] 4. -f II-z.. _+-~

~

Accept - line will be added to
Table ~

Accept - text will be modified.

Accept - text will be modified.

...
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The sensors were not intended to
detect toxic gases. The sensors
meet the requirements of Appendix
U.

Both results are above.allowable
limits (100 mr/h). Therefore.
accuracy considering uncertainty
does not change the conclusion.
The necessary controls to
mitigate the event have been
established and are'specified in
Section 6.0. I
WiUl..~J .. ~h

In this section the functional requiremerlt:s for the
flammable and toxic gas sensors is descr~bed. The
sensors described include the Wittaker Cell and the SMC
combustible gas sensor. These sensors would only detect
the presence of combustible gas and would be minimally
effective in detecting the presence of toxic gases. The
SMC detector appears to marginally satisfy the functional
requirements for the combustible gas sensor. The
rationale for the selection of this detector should be
provided in this Appendix. It would seem prudent to
reassess the use of the SMC detector to satisfy t~ ~-------l
flammable gas detection functional reauirements/'

7;/~--rrrLr;;- e-F ,4-;'/;/e-x/D/)C U IS "~/Q'r1c::nu1k- ~~~~~ rttL ~dI;P6$~
1/ ~I " ~ ~ ~rM/~ bi~ .:ssM5o-{l:.S //7/> Se::'-C T{OA..! S.1I-&-u-~ p~/pe /""Jl-r,r- 1\~--d?K}~~f5

fMZI~ ,-&:K'_~__?,~~<'»fZ.S ;4-->..£17 A,- ~uc.-p~ ~ f'kn..J T~ .=<P~"""
~ / #1/:7~~7 l;' b. .r r :5/-A-rl?:s /Al.+r~~ Ted"J< c::;~ IS

;rJV} ~vtJ \~ .

BEl 34
R-5
4.1
o

This reviewer has performed an independent calculation
for the radiation at the surface of the filter housing
and agrees with the magnitude of the number. However the
field at the surface is given to 3 significant figures
(317 Mr/hr). This implied accuracy greatly exceeds the

/
- uniformity of the filter geometry. Fields can be

; expected to vary by as much as a factor of 10 (greater or
\) I \,' less than the 317 mR/hr). depending on the uniformity of

. , deposition and the exact regjon of the filter one isl cm
from. ~ e4\ S ( yo...(j <.. ~, <", ,-t f} cc~
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INTERIM OPERATIONAL SAFETY REQUIREMENTS FOR ROTARY MODE CORE SAMPLING IN FLAMMABLE GAS SINGLE SHELL TANKS

HANFORD SITE. RICHLAND WASHINGTON
12. item I 13. COI11nent(s)/Discrepancy(s) (Provide technical

justification for the comment and detailed recommendation of
the action required to correct! resolve the discrepancy
/problem indicated.)

14.
Hold
Point

15. Disposition (Provide justification if NOT
requi red. ) , -'

16.
Status

din-l
SR

3.7.1.2
S

Acalibration of the hydrogen detector should be Per Section 6.0 of the SA
performed at initial setup at each location and Wittaker Sensor - initial and monthly
every ~onth thereafter. The calibration should SMC Sensor - initial and daily
test tHe shutoff electronics as well as the sensor RMCS Instrumentation- every six months
reading. This includes both the total (including rate of rise in hydrogen
concentration limit as well as the rate of ~~~!~~t~r~i~on~~~:2~:t.t;~~~~concentration increase limit. ~

~

V:-;'~

din-2
SR

3.7.1.3
S

din-3
SR

3.7.4.1
S

The system response time for the Flammabilit-Jl-.. ~<Z.,~~'dhlY one system response time is required
Detector should be tes ted the same ~s' ~9:;Uir d ~./l/ fO~\both sensors. ,Both detectors wi 11 be ~1;\1t])
for the Hydrogen Detector. / ( ......0 \;~ eR~ :..tes ed and cali brated to the sa1J1~ ,~~: ,.

st dard. 4K'1.r ftl.r;r\ (lAfn- , ~

The nitrogen purge flow is supplied ~drill A 6 mont~st was specified after
string purge gas. the riser sleeve annulus. the exa~tning data on purge gas s~ys~_
hydrostatic head of the drill string, the shielded components and function. 1 physic
receiver, and the sample receiver weather cover. ~sign of the system proh' its an

J
~

Bypass to the purge fl ow is infl uenced by each ncorrect hookup. 6 ... v, ./
individual tank setup for the riser sleeve and the ~
drill string purge flow. A surveillance test for he hookup involves diffe ent si ansen
bypass to the purge flow should be performed after qUick disconnect fittings. y one
each setup and not wait for 6 months for arrangement is physically possible. This
determining the bypass flow to these features. 's a design safety feature. ~ ~
This will ensure that the purge flow is installed 51~ De: "))e7<!..t:-t'Qe'\) ,J '.:> .n·
correctly for each tank setup.

I
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din-4
LCO

3.7.5
5

BEI-1
3.7.5

S

The Rotary Drilling Parameters were selected to
prevent an over temperature condition from
occurring during the waste drilling operation.
Other limitations are defined in Appendix Nwhich
need to be factored into e~tablishing limits on
these parameters. Buckling of the drill string
when the drilling greater than 45 ft. puts a limit
on the drill force of less than 650 lbf rather
than 750 lbf. Drill string resonance when
drilling greater than 45 ft. imposes a rotational
frequenty limit of 40 rpm rather than the 55 rpm
specified. The conditional limits for drilling
greater than 45 ft should be factored into the
LCD.

The LCD on the penetration rate should be
clarified to indicate that the penetration rate
commences when the drill string is at the surface
of the waste in the tank.
Action A. ReqUired Action. It appears that the
required action does not prevent the restart into
a potentially dangerous situation. The 10 minutes
is OK. but it seems as if an additional check.
verification. or other evaluation should be made
prior to resumption of operations.

Temperature is not the primary concern
for the drill string over 45 ft.

The requirements for a drill string over
45 ft. are Level 3 (item 6.9.12.2 and
6.9.12.14) and only Levell controls are
in this LCO.

Applicability statement is RMCS Waste
Intrusive Operations which occurs at the I~L
surface of the waste.

(See also previous DIN-4 comment in the
SA comments)

Automatic trips due to the varied nature
of the waste are expected. the lO·min.
wait is to assure bit and associated
waste have properly cooled. On a restart
operators will be expected to exercise ~
all reqUired monitoring and precautions.

No other evaluations are necessary to
operate within the safety envelope
established by the credited design
features and administrative controls.

"'"
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din-5
SR

3.7.5.1
S

din-6
LCO

83.7.1
E

din·7
B3.7.3

A.l
E

(j. t(
I

The surveillance section should specify how many
measurements are required to be operable for each
of the drill string parameter measurements. This
includes the RPM. the force. and the penetration
rate measurements. Is only one required for each?

The first sentence should be revised as follows
n ••• tank in question +s does not exceed 25% ... "

The negative pressure in the tank can only be
restored by the cessation of the exhauster. The
other portions of the RMCS operation will tend to
reduce the negative pressure. such as the purge
flow. This should be clarified in the writeup.

Is only one vacuum breaker required to be
operational on the tanks during drilling
operations?

RPM - SR 3.7.5.1 states:

"There sha11 be dual RPM
measurement sensors both of which
shall be operable when rotating the
dri 11 bi t below the waste surface. It

Down force and penetration rate: Only
one sensor is required.

During the calibration process for RPM.
downforce. and penetration rate sensors
are set at zero and full scale and then
one or more intermediate points are
measured. Therefore. a minimum of 3
points are measured for each sensor.
Accept.

Accept - words will be add~g·to B·3.7.3.

Only 1 vacuum breaker required.
-p.~.'1,3
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REVIEW COMMENT RECORD (RCR) 1. Date J. Review No.
5/10/96

2. Project No. 4. Page
4

din-a
B3.7.4

LCO
o

()·t~

din-9
B3.7.5

APPL
o

din-l0
5.31.10

S

Because the tank purge flow bypass is dependent on
the setup with each tank. the leak rate should be
tied to each tank setup rather than just every 6
months. A faulty setup could significantly
increase the purge flow bypass.

B.3 (E) Change this sentence to read: nA
tempera ture outs ideth~b..olJr1ds of the sa fety
assess~ent T,ust be ggnrrj@F.gg prior to resuming
operat19ns.
This section should describe the "other"
restrictions that must be imposed on the Rotary
Drilling Parameters". This includes the
restrictions imposed by the drill string buckling
and resonance when drilling greater than 45 ft.
These parameter restrictions are just as important
as the ones specified.
It is not clear why the restrictions are imposed
on the vertical height of the exhauster inlet and
not the exhauster outlet. The height of both of
the stacks are important for the proper dispersal
of the potentially radioactive and combustible
gases and the potential for igniting of the
combustible gases.

The unique hookup feature discussed in
din-3 pre~1i\t~J~~lt¥~IS>~P~l~ l'5 r-

"R~UA 'V) E'if't;> I -..J. SJ4.
Accept additlon of words to 6:3 ..

Those are Level 3 requirements. The
current IOSR changes implement the Level
1 changes. Level 3 controls are of
lesser importance that Levell controls.
Level 3 requirements provide defense in
depth and will be implemented into
operating procedures.
The exhauster outlet height is fixed by
design/configuration control.

The restriction proposed by Section 6.0
of the SA is only on the breather filter
inlet that could become the outlet during
various accident scenarios.

'"

2f'I-

CfI'"

Comment Coding
r\ rL...,I:.,n ...... l r rrlitnr;;Jl



~
'-.

i .
\ ,)

.~. .,
I

REVIEW COMMENT RECORD (RCR) 1. Date 3. Review No.
5/10/96

2. Project No. 4. Page
5

din-ll The administrative controls for the Rotary Mode 1. 6.9.6.5 reguires daily monitoring
5.31. Core Sampling should include the additional of HEPA filter housing and
gen requirements that must be met prior to satisfy the changeout at a contact reading of
S assumptions cited in the SA: 1) a changeout of the 100 mr/hr.

HEPA filter on the exhauster outlet following each m:-tank drilling operations (page 4-51) and 2) the 2. 6.6.10.3 covers lighting and
checking on the thunderstorms or lightning within thunderstorms.
the 50 miles of the planned drilling site for the
gotential of drilling operation shutdown (page 4- These are leve~ 3 controls.
n.

1 The current IOSR modifications only
reflect level 1 controls. However.
per the SA. all controls will be

:
implemented via procedures prior to
RMCS operations.
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The rale equation (applying the sleady-slale assumption) is

145

(2-62)

(2-61)
dC , kJk)Cl,

d(~ = kJCR,CiI ,= k3C~ + k
4
+ k s - k

1
(a' - l)C

N

~)

H
Z
-" -@ - i I RSI -01

a' < a~Ii<:al =$ no explosion

The quantity k;(6:' - l)CII is positive; as il.$ value increases it lends 10

d~rease.the denominato~ in Eq. (2-61). The critical value or cr' is given as

kJCN + k 4 + k~

a~lical = 1 + klC
N

a' ~ a~rilkaJ ~ chain-branching explosion

8 EXPLOSION LIMITS

and we have

8.1 Hz-Oz System

EJlplollon LImits

The rale of change or lhe producl concentration is given as

. It is experimentally observed that a pressure vessel containing hydrogen and
'; oxygen under lhe conditions shown in Fig. 2.11 will explode as the pressure is

raised. Intuitively, one would assume that as the pressure is raised, the
i concentration of free radicals would be increased, which would lead to an
\ eiplosion. However, an eJIIplosion is also experimentally observed as the
: pressure is lowered.

However, it is important to 'note that for some actual explosion processes,
. because the concentration of R does not remain small, the steady-slate

~ approximation may not be valid. Other reaction steps may also become
imporlant. The poslUlated reaction kinetics in Eq. (2-58) may not always be

:' applicable during an eJIIplosion.

C\J

''I 1:0'

chain-branching

chain-inilialing

RevIew 0' ChemIcal Klnetlci

k,Cu

1.01 N+ '- 1 == 1019 molecules/cn~

( = 3934 X 10- 8 sec'" 40 pscc

N == 3934

1== Ci4 X 10- 8 sec'" 10- 6 sec == 1 psec

Jr]
R+M-oP

Jr,
M-+R

Jr l
R + M -+ a'R + M·

;;Jf'-1.-- '.:~ (?-.-)

~'N+ I - 1

a' - 1

Solving for CR gives

dell
- = 0 = k,C14 + (a' - l)k zCRCM - kJCRCN - k 4CR - k~CR (2-59) .

d(

Ie
R ~ M ~ chain-terminating (2-58)

Ion wall)

"R -:. nonreactive species

This is still a very fast reaclion.
In general. branched-chain reactions and explosions can be studied by

considering the following chemical kinetics:

This is certainly a very rapid combustion process. In an actual combustion
proccss. not all reactions are chain-branching. Howcver. the reaction rate is
slill very fast even for a very small portion of chain-branching reactions. For a ,
combuslion process in which 1%(a' == 1.01) of the reactions are chain-branch
ing. Ihe time required Cor all lhe molecules in lhe volume to react would be
only

c

or

144



I -,:--- 1;~;, rh ... in hnmchinl!. in the gas

(A)

1'47

(2-63)

)

(dissociation)

Will 1
H02 -+ 2H2 + 02

wall 1 1
H02 --t 2H20 + 402

H + O2 + M -+ H02 + M

H2 -+ 2H + 106 kcal/mole

Suggested by Lewis and von Elbe: 6

H2 + O2 + M -+ H20 2 + M*

L 20H + 51 kcaljmole (8)

Up to this point, H02 is assumed to have no part in chain propagation 0\
. , - •• L .......nll

is added to the scheme. In this reaction the symbol M denotes any third
molecule that stabilizes the combination of Hand 02' Because the metastable
intermediate hydroperoxide radical (H02) is thought to be relatively unreac
live, it is able to diffuse to the wall. H02 becomes a vehicle for the destruction
of frcc valences, and therefore the above reaction is considered a chain-break
ing reaction. With increasing pressure, the frequency of ternary collisions
H + 02 + M increases relative to the frequency of binary collisions H + Oz.
There is therefore a pressure above which the rate of removal of (ree valences
exceeds the rate of (ormation of frcc valences by chain-branching reactions,
and the second explosion limit is established. The destruction of the H02
molecule on the wall can be expressed by the reaction

and after the OH radical is generated,

OH + H2 -+ H20 + H - 15 kcaljmole

H + O2 -+ OH + °+ 16 kcal/mole

0+ H 2 -+ OH + H + 2kcaljmole

The reaction proposed in (A) is more endothermic than the reaction in (8).
However, reaction (8) requires a third-body reaction which is not as likely as .
the dissociation reaction. At low temperatures, therefore, reaction (8) is more
likely, and at high temperatures reaction (A) is more likely.

At high pressures the second explosion limit is approached. The existence o(

the second explosion limit is readily explained if the three-body reaction

Recommended by a number of investig~tors in the 1920s:

ExplosIon LImIts

kinetics:

CJ" ..... - ........1(

,...,JL.t. -~rJ 'IJ~

1-0","'. -'M'~il J.....

Reviewal Chemical KlneUcl

,Ir

Jl 1 -f' Z H L. <oJ r
HJ I' 0" ~ ;}. ~H hlJh r
f/04-0Z'~ #l0J.

~,..t.L'e-1.. ~ tf,tA,t-..i.>

;..J.. CI""~\L (LtJ'"-4. 4
"' 11 L.... ... " I.,,.,' ....
... c..,I .. )

/I 1-°1 ~ 110 2

J/0l. ~ i /Jz.o ~ ~ 0 'L

FIgure 1.11 Explosion limils of a sloichiomclric
hydro@.cn-oxn,cn mixlurc in B sphcrical vcssel.
Firsl and lhird Ii mils arc parlly clluapolalcd.
Firsl Iimil is subjccl 10 crralie chan@.cs. (From
Rcf. 6.)Temp.ralurt, ·C

Pronouncld Elhcl 01

HzO ond HOz .<i.:>~"
I_~:':> ..:... ,·

-..:..: .' .-:... .",,;;, ' ..
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No Explollon '" ..

'" _J I-.......... 11,,1. "~1.41""."......~ ,....,-, ...... "-(;

II 6 L ~ UI. -'f HL.() Z,
L ;1..0#

10· " 1 Iii <I iii iii iii iii 1:]

The lower the pressure, lhe larger the value o( a~rilicl" and hence the smaller
the chance for explosion. However, none of lhese analyses can predict the
exact location o( the explosion limits; they can only explain the mechanism of
reaction in each region.

As the pressure is raised, the rale of production of chain carriers by
gas-phase reaclions increases to the point at which surface deslruclion is no
longer sufficienl 10 prevenl a branching explosion. The lower explosion limit
defines the condition al which chain branching in lhe gas phase is balanced by
chain breaking at the surface.

C2
a~rilicil = (1 + C.) + - and CM 0: PeM

The exislence of explosion limils in a closed vessel can be underslood very
simply from qualitative considerations of competition belwccn.chain-breaking
and chain-branching reactions on surfaces and in the gas phase. Typical
experimenlal results (or hydrogen-oxygen mixlures are ploued schematic~dly

in Fig. 2.12. The first, or lower, explosion limit occurs al roughly the same
pressure over a relalively large temperature range. The lower explosion limit is
determined by a balance between the removal o( chain carriers on the surface
(wall effect) and produclion of chain carriers by gas-phase reaclions. In Ihis
low pressure range, the number of collisions and the rate of production of
chain carriers are both low. From Eq. (2-62) we know that

10
1

10'

r
~

i 10
1

"
=•..
IL
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8.2 CO - O2 System

As shown in Fig. 2.13, mixtures of carbon monoxide and oxygen also exhibil
lhe phenomenon of explosion limits. The chain-initialing reaclion is

(surface)

(surface)H2 + O2~ H z0 2

CO + H20 ~ CO2 + H 2

OJ + CO -+ CO2 + 20 . (very rapid)

M +°+ O2 -+ OJ + M· (exolhermic)

H 10 1 -+ 20H

OH + CO -+ COl + H.

H + O2 -+ OH +°

M + CO +°-+ CO2 + M

Chain carriers are then provided by lhe dissocialion al H102 in the gas phase:

and should be followed by lhe surface reaction in lhe hydrogen-oxygen
reaction

OJ + CO + M -+ CO2 + O2 + M·

II should be noted thallhe behavior of the CO-01 syslem is changed radically
by the admixture of small amounts of H2or HzO. and thatlhe rale-controlling
reaclion mechanism now involves H. OH. Hi. H02• and HzO as well as 0. 01'
CO. CO2, and 03'

The waler-gas reaclion is most probably surface-<:atalyz.ed:

Rate Laws tor Isolhermal ReacUon. Utilizing Dimensionless Parameter. 149

have suggested that the explosion limit is essentially controlled by lhe reaclions

Review of Chemical Klnellc.

M{, = - 9 kcaljmole (exothermic)co + 02 -+ COl + 0.

~

148

At some pressure above the second explosion limit, however. HOz is
assumed to participale in the chain propagalion process according 10 the
reaclion

HOI + Hz --. HZ0 1 + H

.L 20H

H-O-H

0-0-11

so H zO is an ~xcellenl third body for the reaclion given in Eq. (2-63). The
region for pronounced elfecl of H 10 and HOI is indicated in the explosion-limil
diagram. It is useful to note that for T> 6ooD e. H02cannot be stabiliz.ed and
11lere£ore explosion is observed at all pressures.

The treatmenl of explosion limits in now syslems can be worked oul
lhrough an extension of lhe methods developed for closed reaction vessels.

Therefore. above a crilical pressure. lhere is a rapid increase in the number of
radicals. This crilical pressure defines lhe third explosion limit. Now H 20 has a
bond frequency very close 10 lhal of HOz' lheslructures being

This initialing reaclion is hard to acllieve wilhout H2. Lewis and von Elbe6

9 RATE LAWS FOR ISOTHERMAL REACTIONS UTILIZING
DIMENSIONLESS PARAMETERS3

.

N Ir.
f

N

L I/;M, ~ L I/;'M,
1-1 Ir.~ I-I

For lhe sake of brevily. lhe following discussion will be reslricted to a pair 0

opposing chemical reactions. Generalizalion 10 chain reaclions can be mad.
withoul difficulty.

For lhe mosl general opposing chemical reaclions,

As seen in Section 2.5. the net rate of production of species M, is given by 1I
Fll:ure 2.13 EAplosion limits of a s1oichiometric
_.<_l~,~ ............ "n.. i{lp-llxvo~n miX-lure.

l'6'

160

~ I"·" .ft~:Y1e Reaction of I
e CO+02 I

I
CL ~o~--f Ellplo,lon R'lI lon I
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Ignition Temperature, Handbook of Physics and chemistry = 580 - 590 C

Air + 2H2 + 02 -> Air + 2H20 + HEAT
2% H2

air
Reactants Cpo Hf g Hv m molwt vol % mol %

cal/mollK kcallmol kcal/mol mol.

N2 7.28 0 78 28 78
02 0 21 32 21
H2 0 2 2 0.019802

sum 101

PRODUCTS

H20g 8.82 -57.8 9.72 2 18
N2 6.9 0 78 28
02 7.07 0 20 32

delta H = -e16*c16 115.6

delta T = delta H/sum(Cp*m) 165.7966
e21/(b16:18 *e16:18)

Air + 2H2 + 02 -> Air + 2H20 + HEAT
4%H2

air
Reactants Cp Hf 9 Hv m ' molwt vol % mol %

cal/mol/K kcallmol keal/mol mol
.,

N2 7.28 0 37 28 78
02 0 9.961538 32 21
H2 0 2 2 0.040848

sum 48.96154

PRODUCTS

H20g 9 -57.8 9.72 2 18
N2 6.916 0 37 28
02 7.072 0 8.96 32

delta H =-e16*c16 115.6
Ignition Temp =580 C

delta T = delta H/sum(Cp*m) 342.7652
e21/(b16:18 *e16:18) I

Page 1
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Sheet1

Air + 2H2 + 02 -> Air + 2H20 + HEAT
30% H2

air
Reactants Cpo Hf 9 Hv m mofwt vol % mol %

callmollK kcaVmol kcallmol mol

N2 7.28 0 3.714286 28 78
02 0 1 32 21
H2 0 2 2 0.297872

sum 6.714286

PRODUCTS

H20g 8.2 -57.8 9.72 2 18
N2 7 0 3.71 28
02 7.36 0 0 32

5.71

delta H =-e16"c16 115.6

delta T = delta H/sum(Cp"m) 2728.346
e21/(b16:18 "'e16:18)

Vol Change = (moI2/moI1) (delta T/300) 7.734182

Air + 2H2 + 02 -> Air + 2H20 + HEAT
6% H2

air
Reactants Cp Hf 9 Hv m .. molwt vol % mol %

caVmol/K kcallmol kcallmol mol

N2 7.28 0 25 28 78
02 0 6.730769 32 21
H2 0 2 2 0.059293

sum 33.73077

PRODUCTS

H20g 9 -57.8 9.72 2 18
N2 6.916 0 25 28
02 7.072 0 5.7 32

delta H =-e16"c16 115.6
Ignition Temp = 580 C

delta T =delta Hlsum(Cp"'m) 499.9775

Page 2
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e21/(b16:18 -e16:18)

Air + 2H2 + 02 -> Air + 2H20 + HEAT
8%H2

air
Reactants Cp Hf g _ Hv m molwt vol % mol %

callmol/K kcallmol kcal/mol mol

N2 7.28 0 22 28 78
02 0 5.923077 32 21
H2 0 2 2 0.066838

sum 29.92308

PRODUCTS

H20g 9 -57.8 9.72 2 18
N2 6.916 0 22 28
02 7.072 0 4.92 32

delta H =-e16"c16 115.6
Ignition Temp =580 C

delta T =delta H/sum(Cp-m) 564.0504
e21/(b16:18 -e16:18)

At 4% H2, the molar change is 49 moles goes to 48 moles

Delta T =343

Pf/Pi = Mf/Mi .. TflTi = 2.01984
29.69164 psi _.

If I use ingintion temperature of delta T =564 K, =580 C
then I must use 6.6% H2

Pf/Pi =Mf/Mi - TflTi 2.552544
37.52239 psi

Page 3
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Quality Assurance Plan for Safety Documents Independent Review

1.0 INTRODUCTION

This document outlines the qualit7 assurance plan and methods
of review for the independent review team (IRT). This team is
formed to .independently review safety related documents and
procedures to assure compliance with safety standards and
requirements. Consequently, the IRT is independent of influence
from authorship or prior review of documents or parts of documents
presented for its review, analysis, or commentary.

The (IRT) shall be formed in accordance with the charter of
the requesting organization. The charter may specify the scope of
the document to be reviewed, the review criteria, and the review
team qualifications. The documents presented to the IRT will be
reviewed in the' breadth and depth necessary to provide an opinion
on whether significant hazards have been identified, appropriate
mitigating features have been provided, risks were properly
evaluated, and compliance with the applicable requirements as
outlined in the appropriate DOE Orders and Standarps has been
achieved. The review will also be performed in accordance with a
set of review standards and criteria described below.

2 • REVIEW STANDARDS

The review process is intended to verify that the safety
document reviewed ensures compliance with applicable safety-related
statutes, rules, and DOE Orders and Standards, and verify safe
operations where applicable. Consequently, documents shall be
reviewed on the basis of six broad standards of performance:
accuracy, completeness, traceability, consistency, readability, and
functionality. However, design basis accidents are omitted from
the independent review of some safety documents because their
associated facility design basis pre-existed the requirements of
the DOE Order.

Accuracy means that the document is technically and
grammatically accurate. Completeness means that all requirements
are addressed, promised statements are provided, and the document
is complete from an independent view. Traceability means that the
references used in the document exist and contain the promised
information, and that the assumptions and bases made re supported
by the references as required. consistency means that the
statements made and parameters used in the document agree
throughout the document. Readability means that statements made
must be understandable by an educated but novice reader and that
the document is grammatically adequate. Functionality means that
the document satisfies the functional objective of a Safety
Analysis Review by establishing a safety envelope, and justifies

1



the conclusions made therein. These six standards are to be
applied by the reviewers in preparing their comments.

3. CRITERIA FOR REVIEWER INDEPENDENCE

IRT reviewers shall be independent of the document
pr~paration. Reviewers shall not have specified a singular
approach, ruled out a specific approach, participated in writing
the document, performed analyses included in the document or
established any input into the document presented for review.
However I a reviewer with input into part of the document may
evaluate another part of the document where the reviewer's
technical qualifications allow such activity.

4. RESPONSIBILITIES

The responsibility of the IRT members include:

4.1 Review safety analyses and changes in safety analysis
documents to ensure that, where applicable:

a. Appropriate TSRs have been developed, based upon the
described basis and analysis results documented in the
SAR, that will ensure safe operations of the facility.

b. Compliance with appiicable guides, codes, and standards
is demonstrated.

c. Deviations from current DOE design criteria are evaluated
and documented.

d. Potential hazards and energy sources are identified and
that the facility classification as Category 1, 2, or 3
is appropriate.

e. Potential consequences are adequately analyzed.

f. The proposed operation will limit risks to the health and
safety of the public and the employees, and will
adequately protect the environment.

4.2 Assess changes involving criticality and verify the system
remains within the operational safety envelope and satisfies
all applicable DOE requirements.

4.3 Determine if the hazard classification category remains
correct in document revisions and addenda.

4.4 Determine if restart plans are consistent with the applicable
ASA, SA, SAR, FSAR, TSRs, and USQDs.

2
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4.5 Assess if deficiencies in design or operation of structures,
systems, or components affect risk.

5 • REVIEW COMMENT FORMAT AND COMMENT REQUIREMENTS

Comments made by the reviewer (s) shall be technically and
grqmmatically accurate, complete, traceable, consistent with other
comment s made by the reviewer (s), readable by the document' s
author{s), and shall assist the author{s) in making the document
comply with the requirements imposed on the document. The
document's author{s) should be able to understand from the comment
the requirement or technical content that has not been met by the
document, and should include guidance and suggest ions to the
authors for correcting the document accordingly.

Comments shall be prepared using word processing software, and
provided in the format shown in Figure 1. Reviewers shall use
WordPerfect macros provided by the IRT chairman. This will ensure
that comments will be in the required format.

For each comment, the reviewer shall enter their initials, the
Chapter, page, and paragraph numbers to which the specific comment
applies, comment code, and the comment. The initials will be used
to identify individual reviewers after all review comments have
been combined into a single document and sorted. The chapter,
page, and paragraph numbers serve to locate the place in the
document text where the comment applies, and provide a means of
sorting and organizing the combined comments of all reviewers. The
comment code and comments are discussed in the following
paragraphs.

The comment code indicates the level of concern that the
comment should generate. Comments shall be classified as
significant (S), optional (O), or editorial (E). No other codes or
notations may be used to classify comments.

Significant comments have safety significance related to the
technical content of the document and require additional
explanation or description to ensure an adequate safety basis.
Significant comments will be resolved before the IRT will issue a
final safety evaluation report (SER) without comment. The
author{s) response to significant comments will be returned to the
original reviewer for evaluation of the response. If there is no
agreement reached on a specific comment and resolution thereto,
then the IRT may issue the SER noting an exception to the comment's
resolution.

Optional comments by their nature do not raise a significant
issue to the safety basis or the communication of the safety basis.
They are related to the technical content of the document and
require additional explanation or description based on the

3
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reviewer's background and experience. Author's responses to
optional comments may be accepted by the IRT Chair without further
consultation with the original IRT reviewer.

Editorial comments identify grammatical or writing structures
that are either incorrect or awkward. Comments shall not be
classified as editorial if the grammatical or structural errors
generate a significant misunderstanding or ambiguity to the safety
basis.

6. PERSONNEL ASSIGNMENTS

Table 1 provides a matrix of review personnel and the chapters
assigned for review to the individual reviewers. The assignments
are made to obtain both technical depth and breath in the review.

7. REVIEW SCHEDULE AND ACTIVITIES

7.1 Author Briefing

Review of the document will commence with an authors and IRT
representative briefing. At this briefing, the authors are expected
to brief the IRT representative on their graded approach, and any
commitments or agreements made with DOE for the document format and
content.

7.2 Initial Reviewers' Meeting - Training

Review of the document will begin after a formal meeting with
the IRT. The chairman will ensure,documentation of the attending
IRT members. He will brief the assembled IRT on the document to be
reviewed and request members who may have a conflict of interest in
reviewing the document to identify themselves.

The chairman will then present the document to the IRT. He
will proceed chapter by chapter through the document asking for and
providing comments as areas in question arise. Refer to the
printed list of reviewer chesklist to raise issues for discussion
(Appendix A) .

7.3 First Review Meeting

A meeting of the IRT will convene at mid-review schedule to
discuss preliminary review comments. The comments, at this
meeting f are expected to be limited to those considered to be
significant or fatal to the safety basis. These consequences will
be transmitted to the author (s) after an appropriate IRT peer
review. This will provide the IRT members and author(s) with an
early trend of the comments, allow the author(s) to give early
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feedback to the IRT, and allow the author(s) time to prepare for
further discussion at the final review meeting, and allow the
reviewers to exchange information. Reviewers will provide the IRT
administrator with electronic copies of their preliminary comments
three working days prior to this first meeting.

7.4 Final Review Meeting

The final review meeting will be held at the end of the
review. The reviewers will provide the IRT administrator with
electronic copies of their final comments three working days prior
to the final meeting. In this final meeting, the reviewers will
review all comments, evaluate all the comments for technical
validity and evaluate the proposed corrections included in each
comment. Rejected comments or proposed corrections will be noted
as such and eliminated from the comments compilation which will be
forwarded to the author(s) for evaluation and disposition. Reasons
for rejecting comments will be documented and recorded in meeting
minutes. The author(s) will be briefed on the compiled comments,
and after receiving their evaluation, the SER will be drafted
incorporating their evaluation and disposition of the compiled
comments.

7.5 Adherence to Schedule

The IRT staff is expected to adhere to the review schedule as
published. If unforeseen circumstances dictate a change in
schedule, IRT members will be notified of the change.

7.6 IRT Review Document Schedule

Meeting minutes will be published for review by the IRT
members within 3 working days following the first and final
meetings. IRT members shall return their comments on the draft
meeting minutes to the IRT chairman within five working days of the
draft issuance. The final meeting minutes will be published with
the SER. The SER will be published within five working days of
final comment resolution or agreement that resolution cannot be
achieved on all comments.

8.0 REVIEW CRITERIA

The review criteria for the document are provided in an
outline format as a series of questions the document should answer
wi th amplifying information. The review criteria have been
extracted from the requirements of DOE Order 5480.23 as annotated
by the charter and as pertaining to hazards analysis and
classification of the facility, and accident analysis. Some
clarifications have been added in some instances.
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8.1 Hazards Analysis

Does the document identify the inventory of hazardous materials
such as radioactive materials, chemicals, "explosives, radiation
sources etc. as necessary to support ~e safety analysis?

Hazard classification for each major hazard.

Overall facility hazard classification.

Analyses of Normal, Abnormal, and Accident Conditions Should
be Based on Cited Hazards.

Hazards Table

Hazards for each facility covered by the document should be
listed in a separate table. A complete list of all hazards
must be given in the document.

Each facility-specific table should contain the following
columns, but not necessarily in the order given below:

1. Hazard Category such as Radiological,
chemical, etc.

electrical,

2. Hazard Description. Identify some specific feature about
the hazard. For example, specific quantities of
radionuclides, specific quantities of hazardous
chemicals, specific electrical hazards, etc.

3. Hazards Assessment. Assessment is a judgement about how
the hazard could contribute to an accident. For example,
information about methods to avoid an incident such as
spills, corrosion, leaks, explosions, etc.

4. Effects or Consequences. Consequences estimate the
potential loss. For example, injury or death, equipment
loss, environmental damage, etc.

5. Preventive Measures. Preventive measures make specific
commitments which, when enforced, will help forestall the
postulated incidents.

Each facility-specific table of hazards should list the
hazards categories by level of risk (Hazard Classification) .
The classification criteria are derived from DOE-STD-I027-92,
and 29 CFR-1910.

Hazards that are standard industrial hazards (SIH) or
that are routinely accepted by the public (RABP) need

6



only be identified in the document, and OSHA controls are
acceptable.

Hazards that lie between RABP/SIH and category 3 hazards
need to be identified in the document, and the safety
commitments shall be discussed and analyzed in the
document.

Category 3 and above hazards need to be identified in the
document and are expected to have technical specification
requirements TSRs associated with them to provide
controls.

Any administrative controls relied on for the
categorization shall be identified and summarized for the
derivation of the TSRs.

Tables 1 and 2 provide examples of hazard identification
and classification for a hypothetical above ground
storage tank containing radionuclides in an aqueous
solution and in a sludge at the bottom of the tank.

7



Table l. Example for Hazard Identification and Classification
for Tank Sludge.

Hazard Hazard Hazard Effects or- Preventative
Category Description Assessment - Consequences Measures

At least Category 3

Radiological 1000 Ci "Sr spills, leaks, area and worker Tank and spill
corrosion contamination containment design,

Inservice tank
inspection.

Electrical None

Chemical 100 ± 1 lbs spills, leaks, area and worker Tank and spill
mercury corrosion contamination containment design,

Inservice tank
inspec.tion.

Less than category 3

Radiological 5 ± 1 g Pu as spills, leaks, area and worker Tank and spill
puo, corrosion contamination containment design,

Inservice tank
inspection.

Electrical None

Chemical 1 ± 0.1 lb As spills, leaks, area and worker Tank and spill
corrosion contamination containment design,

Inservice tank
inspection.

Routinely Accepted by the Public (RABP)

Radiological < 2 nCi/g 13'1CS

Electrical 480 V electrical Electrical Worker injury and OSHA compliance
supply to tank shock death programs.
heater

Chemical None
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Table 2. Example for Hazard Identification and Classification for Tank Liquid.

Hazard Hazard Hazard Effects or Preventative
Category Description Assessment Conseq\lences Measures

At least Category-3

Radiological 500 ± 50 Ci 13'7CS spills, leaks, area and worker Tank and spill
corrosion contamination containment design,- Inservice tank

inspection.

Electrical None

Chemical 2000 ± 100 Ib Cl spills, leaks, area and worker Tank and spill
corrosion contamination containment design,

Inservice tank
inspection.

Low Freezing Liquid freezes Tank Failure Tank design, Class
Temperature lE power supply for

tank heater.

Less than category 3

Radiological None

Electrical None

Chemical None

Routinely Accepted by the public (RABP)

Radiological None

Electrical None

Chemical None

Drowning Tank liquid Worker falls in Worker injury and OSHA compliance
tank death programs.
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8.2 Accident Analysis

The document shall describe a thorough analyses of the
postulated events that could lead to a breach of the principal
health a~d safety criteria. The document shall also identify the
frequency at which these events may occur. It shall establish the
de~ign basis accidents where these have been identified, and
identify the safety systems that must be operable to prevent or
mitigate each identified design basis accident. It shall
demonstrate that the principal health and safety criteria can be
met by the facilities evaluated for all identified design basis
accidents, and to establish the safe operating envelope for the
facilities evaluated. The accident analysis should be based on the
facility description and operation, the identified hazards analysis
and classification of the facility, and the identified principal
health and safety criteria. The accident analysis should form the
basis of the TSR (or ISORs), and may also provide the basis for
personnel training materials and facility management and
organization. Questions that must be addressed are:

Does the document provide a listing of possible event scenarios
that could lead to releases of radioactive or hazardous materials?

Are scenarios provided for each identified hazard?

Are the identified scenarios appropriate for the
facilities evaluated?

Are all possible scenarios identified?

Do the scenarios challenge the release barriers identified for
the facilities evaluated such as waste containers and
buildings?

Does the document provide event frequencies for each of the
hypothetical events?

Are the event frequencies supported by appropriate
analyses or other evidence?

Does the document identify the structures, systems, and
components that are relied upon to reduce the frequency
of occurrence (preventive me~~ures)?

Although design basis accidents are not relevant to this
document, they are included here for completeness.

DABs are accidents postulated for the purpose of establishing
functional requirements for safety-significant structures,
systems, components, and equipment. They are usually used to
demonstrate that the design, when challenged by a postulated
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bounding accident, will not violate the principal health and
safety criteria.

Are design basis accidents (DBA) identified?

Does the document iaentify phenomenologically
similar events bounded by a specific DBA? For
example, explosions may be bounded by an explosion
initiated by a leaking propane heater.

Are phenomenologically dissimilar events covered by
different Dabs? For example, while a propane leak might
bound explosions, fires might be bounded by a diesel
transport fuel tank leaking.

Is each DA supported as a bounding event by appropriate
evidence or reasoning?

Does the document provide a deterministic analysis for each
hypothetical event classified as an operational or design basis
accident?

Are the following issues identified for each analysis in the
document?

Initial conditions
Boundary conditions
Key assumptions
Identification of structures, systems, and components
that are assumed to be operational such as fire
suppression.
Facility design data and. information available.

Reviewers shall review referenced documents such as
engineering design files ...

Do the analyses results demonstrate that the principal health
and safety criteria will be met?

Are the structures, systems and components required to be
operational so as to meet the principal health and safety
criteria consistent with the identification of engineered
safety features in the facility description and
operation?

Do the analyses results indicate any limits (e.g. a
maximum operating temperature) must be satisfied to meet
the principal health and safety criteria? Are the
failure conditions for engineered safety features
identified?

11



9. MECHANICS OF THE REVIEW PROCESS

9.1 IRT Chairman Role

The IRT Chairman shall base the review' and concurrence on an
integrated systems concept. The cha~man shall also provide for
group discussion among reviewers on significant issues regarding
th~ document undergoing review.

9.2 IRT Members Role

a. Perform their review in accordance with relevant DOE Orders
and standards which include references 1-7.

b. Follow the review guidance provided in the Reviewer Checklist
(Appendix A) and the review plan provided with the document at
the time it is distributed. Additionally, feel free to make
any pertinent comment on any item in the document being
reviewed.

c~ Review the parent document (ASA, SA, SAR, FSAR, or TSR) where
available, for compatibility during the review.

l~I""::'"\

\,

d.

e.

f.

g.

h.

i.

j .

Visit the site where the proposed involvement will occur, if
necessary and when possible, to better understand the activity
under review and to obtain a proper frame of reference for
comments.

Provide written comments (disk copy or electronic file
transfer) to the IRT Chairman, normally three days prior to
the scheduled review meeting. Where possible, comments shall
be written using WordPerfect software in a format specified by
the IRT Chairman.

Notify the IRT Chairman if. absence from the scheduled review
meeting is anticipated so that provision for absentia comments
or alternate reviewer arrangements can be made.

Review for factual accuracy and make any necessary corrections
to the draft meeting minutes.

Provide written comments on draft meeting minutes to the IRT
chairman.

Review the author responses to comments, as requested by the
IRT chairman.

Serve, if assigned, as safety process observer during Title 1
design or readiness reviews.
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9.3 Document Review Process

When a document is received by the IRT for review, the
Chairman screens and checks if the appropriate signatures are
attached to the document, the attached graphics are readable, maps
are in appropriate scale, the docume~ is accurate, legible, its
format is correct format, and if there are obvious technical errors
or .shortcomings.

If deficiencies are found in the document, it is returned to
the author to correct the deficiencies. After all deficiencies are
corrected and the document is returned to the IRT, the Chairman
shall:

a. Determine if the document involves fissionable materials, if
so, arrange for review by a member of the Criticality Subcom
mittee.

b. Determine if the review request is complex. If so, arrange
for· the IRT to be briefed on the document by the authors,
normally before scheduling for review.

c. Schedule a review meeting normally two weeks from 'the date the
document is received. Factors that could modify this two week
schedule include: the document's size or complexity, special
scheduling arrangements agreed upon between the IRT Chairman
and the document's manager, or the IRT document review load.

d. Prepare a review plan, the scope of which may range from
simply establishing the schedule and appointing the reviewers
to determining specific review requirements for each reviewer.

e. Prepare a cover letter appointing the reviewers, setting the
review meeting time and location, and specifying the document
review plan. Distribute copies of the cover letter, review
plan, and documents to be reviewed to the assigned committee
members. Send a copy of the cover letter to the document
author (s) .

The IRT Chairman orchestrates the document review by using the
following steps to the extent applicable for the subject document:

a. Personally review the document and prepare written comments.

b. Normally, collect all reviewer comments three days before
review meeting. All comments are to be in electronic format,
when possible.

c. Compile by chapter and page all reviewer comments and make 12
printed copies and one electronic disc copy.
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d. Provide a printed and an electronic disc copy of compiled
comments to the document author, normally two days before to
the review meeting.

e. Convene and preside over the document review meeting. If
unavailable, appoint the alterna~ chairman or, if alternate
chairman is unavailable, another qualified person to preside.
Conduct the review meeting and ensure traceability and control
of the meeting.

f. Moderate the discussion and record all significant comments
raised during the meeting not already on the compiled comment
list. At the end of the review meeting, collect any reviewer
comments not previously submitted.

The following actions provide closure to the review process:

a. Compile review comments and publish draft meeting minutes
documenting the total IRT review comments.

b. Distribute draft copy of IRT document review meeting minutes
to committee members and document author(s) for their review.
(Author(s) will write a response to each comment" and provide
these written comments plus a copy of the revised document
indicating by side-bar where changes have been incorporated,
or a complete rewrite if needed, to the IRT chairman when the
IRT comments have been addressed.)

c. Submit the author's responses to the reviewers for comment if
the author's responses to the reviewer's comments
significantly change the document.

d. Prepare the evaluation report recommending approval or
disapproval of the document.

e. Distribute copies of final meeting minutes, the evaluation
report, and transmittal letter to all affected persons.

f. File a copy of meeting minutes, the evaluation report, and
transmittal letter to the in-process file and close the review
file. A copy of all document review correspondence will be
maintained on file.

Addenda, or documents which have been updated, and
submitted for review, shall be handled as original documents.

re-
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APPENDIX A (Page 1 of 3)

REVIEWER CHECKLIST BY DISCIPLINE

Note Reviewers shall consider but not be limited to the following
items.

1.. Industrial Safety

1.1 Understand and apply the concept of passive barriers
versus active barriers for protection and mitigation
against accidents and energy sources.

1.2 Ensure that all energy sources (electrical, pneumatic,
chemical, mechanical, etc.) have been analyzed for
accident potential and that all credible potential
accid~nts have been completely analyzed.

1.3 Determine if the TSR relates directly to an accident
analysis and that recovery actions and time limits are
included.

2. Industrial Hygiene

2.1 Evaluate control techniques or mitigative actions
specified in the document to assess their viability and
feasibility in reducing or eliminating the potential
health hazards.

2.2 Identify chemical, physical, biological, and ergonomic
stress agents; inadequate operating conditions and
procedures; and faulty facilities and equipment which may
pose a potential health hazard to on-site and off-site
personnel.

2.3 Recommend controls (engineering, administrative, and
personal protective equipment) that will reduce or
eliminate the potential health hazards identified by this
review.

2.5 Assess risk to on-site and off-site personnel by:

a. Verifying exposure level calculations contained in
the document.

-)

b. Evaluating exposure
toxicological data
potential.

levels based upon known
and anticipated exposure
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April 19, 1995

IRT DOCUMENT REVIEW PROCESS

Document Cycle

Procedures:

A new document arrives, copies are sent to reviewers, review
comments are received electronically or on magnetic diskettes. They
are compiled and sent to reviewers the day before the meeting. The
first meeting is attended and draft meeting minutes are issued.
Comments and resolutions are received back. Resolutions are sent to
those reviewers with "S" comments for review. Final meeting minutes
are sent out with the evaluation letter, PC file and hardcopy file
are closed.

A New Document Arrives

A"new document for review arrives with 11 copies from the author.

l. Stamp in date
2 . Set up files (hardcopy file, PC, and diskette)
3. Place one copy of the report in file

--) 4 . Enter in document file schedule for review and first
-," meeting date.

s. Notify IRT members of initial meeting date and time.
6 . Prepare sufficient copies of the document - one for each

IRT member.
7 . Place on tracking schedule

To set up a file folder with 4 folders labeled as follows:

1 REVIEW DOCUMENT
2 MEETING MINUTES
3 RESOLUTIONS
4 FINAL EVALUATION REPORT
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.'-", Receiving and Processing Review Comments

TO PREPARE COMMENTS FOR DISTRIBUTION AT REVIEW MEETING

Reviewers will provide their comments on magnetic diskettes
approximately 1-2 days prior to the .meeting. Comments shall be
written using WordPerfect and the provided macros.

1. File a' copy of each reviewers comments in the PC directory
which you set up for the document.

2. When all comments are received, compile the comments into one
document. Review comments should be sorted by page and
paragraph and have the reviewers ID added as well as page
numbering.

Use the following procedure to sort the comments:

1. Sort using the keys:

N121, A131 N141 A1Sl

This will sort the type of comment within-the numeric
order of the comment.

2 . Make sufficient copies of the compiled comments (IRT
members + 2) and give to the Chairman before the committee
meeting. Make copies for the authors as needed (usually
2 to 5 copies).

3. File one copy of the compiled comments in the file folder.

4. Provide the author of the document with their copies of
the compiled comments two days prior to the review
meeting.

Draft Meeting Minutes

Issued after the first meeting of the committee for document review

1. Make changes to
Chairman/Members.
attachment 2)

the Review Comments as indicated by the
(These Review Comments will be labeled

a.
b.

Count the comments per reviewer.
Count comments by "S" "E" and "0."
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2.
a. Fill in the subject
b. Fill in the introduction paragraph
c. List all attendees from the sign up sheet
d. List those committee members not· present but who have

forwarded comments
e. List those committee members not present
f. Fill in -the comments sections

Dist: See master distribution list

3. Give disk and one hardcopy to the chairman for review.

4. When the revised draft meeting minutes are received back from
the chairman:

5. Finalize the draft meeting minutes (put DRAFT heading on top of
each page)· (IRT - FILE NAME - DATE - DRAFT)

6. Obtain necessary signatures

7~ Distribute copies

8. File copy of Draft Meeting Minutes in letterlog.

Resolutions to Meeting Minutes

Resolutions are received back from the authors.

1. Stamp in.

2. Follow chairman's direction as to action.

3. If resolutions are approved by chairman and approval letter
sent out or placed in file·· - Note on resolution document this
information.

Closed Document Back for Minor Revisions

1.

2 .

3 .

Stamp in document

One copy to IRT Chairman

Follow Chairman's direction

22



· . USODs

1. Document (Unreviewed Safety Question Determination) will be
received by Chairman and reviewed.

2. Chairman will write Evaluation Letter.

3. Set up file, Prepare Evaluation Letter. The Distribution will
be determined by Chairman.

To Close Out A Report - Evaluation Report:

1. Type the Evaluation Report

2. Type draft meeting minutes to final, remove DRAFT header and
change the date but not the letter number. Incorporate any
changes from comments

Dist: See master distribution list

3~ Label attachments according to:

Meeting Minutes - Attachment 1
Comments/Resolutions - Attachment 2
Signature sign-off sheet - Attachment 3
The IRT Chairman may have several attachments to the final
evaluation report. These will be provided by the Chairman
as he desires.

-.. /

4.

5.

6 .

7.

8.

File the attendance rosters with the evaluation report

IRT Chairman signs final meeting minutes AND evaluation report

Make copies and distribute

File Evaluation letter and all attachments under the Evaluation
Letter Number

File a copy of the Meeting Minutes under the Meeting Minutes
Letter Number (do not remove previous DRAFT copy of the Meeting
Minute from the letterlog.
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Letters

receive draft w/disk
get letter # from letterlog file
make corrections and finalize
spell check
save on hard disk
obtain signature
maKe copies'
distribute
file IRT copy in letterlog book
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NAME SECTION/CHAPTER OF DOCUMENT

H. Worle

Meale -B.

E. "Hochhalter

W. Lussie

G. Dinneen

G.Beitel

R. Smith
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Seismic/Struc
tural

Toxicology

.~:..
~' .t ..

< "'.'

•.....::..tv
Name Charge Account Numbers Phone #

v·

H. Worle
B. Meale
E. Hochhalter
W. Lussie
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G. Beitel
R. Smith
N. Morcos

/

6-8963
6-9978
6-1038

,6-1659
6-6318
6-0042
6-9345
6-4926
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Department of Energy
Richland Operations Office

P.O. Box 550
Richland, Washington 99352

EXECUTIVE CORRESPONDENCE
8 6 /S 8 6 1

AUG 3 () 1996

96-QSH-042

Dr A. l. Trego, President
"'~"'£s nghouse Hanford Company
~...~.~,.·c and, Washington

Dear Dr. Trego:

;"1
".,",..,. 1.:::;-)

AUTHORIZATION OF THE SAFETY ASSESSMENT (SA) OF ROTARY MODE CORE SAMPLING
(RMCS) IN FLAMMABLE GAS SINGLE-SHELL TANKS, WHC-SD-WM-SAD-035, REV Oa AND
INTERIM OPERATIONAL SAFETY REQUIREMENTS (IOSR)

The Safety Evaluation Report (SER) provided to your staff documents the
results of the Rl review of the SA of RMCS in Flammable Gas Single-Shell
Tanks. This document is recognized to have been prepared as a graded approach
to compliance with DOE Order 5480.23, and has been determined to be acceptable
for operation of the facility.

By this letter, Rl is authorizing the SER and these documents as the nuclear
safety authorization basis for RMCS in Flammable Gas Single-Shell Tanks at the
Hanford Site.

WHC is expected to implement the requirements of the authorized SA and IOSRs
as soon as is reasonably achievable from the date of this letter. Full

'compliance with the SA and IOSRs is expected and required. The documents are
also expected to be updated and revised to meet changing facility conditions
and operational requirements. You should coordinate your implementation
schedule and plans with the TWRS management.

Please direct any inquiries to me, or your staff may contact,
JacksQn E. Kinzer, Assistant Manager, TWRS, on 376-7591.

H. J. Hatch, FDH

00 NOT WRrTE ON THIS COVER AS IT IS INTENDED FOR RE-USE
RETURN IT W9'"H THE FILE COPIES TO ORIGINATING OFFICE


