
The Deputy Secretary of Energy
Washington, DC 20585

September 8, 2010

The Honorable Peter Winokur
Chairman
Defense Nuclear Facilities Safety Board
625 Indiana Avenue, NW, Suite 700
Washington, DC 20004-2901

Dear Mr. Chairman:

On August 6, 2010, you requested that the Department of Energy (DOE) respond to
questions regarding plans and processes for the Waste Treatment and Immobilization
Plant (WTP) being designed and constructed at the Hanford site. The DOE's responses
to your questions are enclosed.

Enclosure I provides brief position papers on each of the five teclmical issues identifted
in your letter and the Federal Register Notice announcing the Public Meeting.
Specifically, these papers address the following:

1) Changes in safety-related design criteria resulting from modification of the
material at risk;

2) Changes in design strategy to address hydrogen in pipes and ancillary vessels;
3) Criticality safety concerns and other safety-related risks for the pulse jet mixing

system;
4) Reclassification of safety-related systems, structures, and components; and
5) Safety-related design aspects of facilities or modifications of existing facilities

needed to deliver high-level waste feed.

Enclosure 2 provides a crosswalk between these 5 issues and the individual questions of
the 23 provided in the enclosure to your letter. In some cases a specific question may be
listed under more than one of the five issues, since it supports multiple issues.

Enclosure 3 provides the following:

• Definitions of selected key terms (e.g., margin-of-safety, safety-related design
risk) to ensure a common basis of understanding in the responses;

• Detailed responses to each of the 23 questions posed in your August 6 letter;
• Identification of each author, affiliation, and title of responses; and
• As needed, an opening/summary-level statement for selected question responses

based on the need to establish the necessary framework or context for the
response.
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DOE will continue to provide additional support to the Board in preparation for the
Public Meeting. [[you have any nlrther questions, please call me or Dr. Ines RTriay,
Assistant Secretary for Environmental Management, at (202) 586-7709.

Daniel B. Poneman

nclosures

cc: M. Campagnone, HS-l.l
1. Triay, M-l
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The Material-at-Risk (MAR) previously used for the Waste Treatment Plant (WTP) was based on a
hypothetical "Super Tank" concept that assumed the simultaneous presence in the waste of the worst
characteristics permitted by the WTP Contract even though such a waste stream did not exist at the Tank
Farms. The MAR has now been revised to reflect:

1. Additional radioactive waste characterization studies conducted by the Tank Farms and
incorporated into the approved Tank Farm safety basis in 2002;

2. Dynamic modeling of waste processing by the WTP Project to bound the changes that occur in
waste characteristics for the range of processing methods being considered for use at WTP;

3. A better understanding of how the tank farm waste will be transferred to the Pre-Treatment
Facility (PTF) to maximize treatment performance and reduce the overall life cycle; and

4. A commitment to provide a specific administrative control for WTP waste receipt to ensure that
the assumed waste envelope will not be exceeded during facility operations.

New analyses were performed, incorporating the revised MAR, to estimate dose consequences to the on­
site worker and the public from postulated accidents. The new analyses resulted in lower unmitigated
accident dose consequences and the functional classification of some safety SSCs has been or can be
reduced based on these results

Design/Safety Objective

The design and safety controls for the revised MAR ensure that:

I. Key safety class systems in the PTF (i.e., C-5 ventilation system, structural walls, and process
vessel vent and process air systems) are retained to protect the large processing vessels from
damage and, more importantly, to protect both workers and the public from any events that may
occur inside the inaccessible waste processing cells.

2. WTP waste acceptance criteria will be established and waste that will be delivered by the Tank
Farms to the WTP will meet the criteria.

Design/Safety Approach

A MAR task team was chartered by U.S. Department of Energy (DOE) in January 2009 to determine the
appropriate waste feed characterization assumptions as they relate to the safety analysis. The team
evaluated the original contract requirements of the "Super-Tank" concept compared with the actual Tank
Farm waste characteristics to determine the best assumption for the MAR to be used in the safety
analyses.

The MAR task team concluded that the project was using overly bounding process inventories and
recommended revised acceptance criteria for waste feed to the WTP and reevaluation of selected
assumptions and methods used in the accident analysis. The WTP Project accepted the task team
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recommendation to change the model used for radiologicaJ release accident analysis from GXQ to
MACCS2, a DOE toolbox code used per applicable guidance including the 1 cmls deposition velocity.

The WTP Project team implemented the recommendation of the task team and revised the MAR and ULD
based on:

1. An assumption that the two worst case waste fractions in the Tank Farms would be combined at a
design maximum weight percent solids, and

2. A recognition that facility controls would be in place to ensure that the Tank Farms verifies
through sampling each feed batch transferred to the WTP. The Tank Farms must ensure that feed
delivered meets the acceptance criteria and remains below the Unit Liter Dose (ULD)
assumptions in the Safety Basis. WTP will perform trial processing of a waste sample to verify
treatment plans and ensure understanding of the waste response.

Any changes from previously evaluated process plans would be subject to review through the
Unreviewed Safety Question process. In the event the waste cannot be accepted into WTP
facilities as proposed, options to ensure acceptability are available such as blending the waste if
necessary.

While the "Super Tank" MAR may have been necessary at the conceptual design stage for WTP, carrying
its excessive conservatism through the preliminary design process was judged to be diverting design
attention from the real issues posed by the waste that would be received.

The change in MAR and the remaining conservatism are illustrated in the following figure taken from the
November 2009 DOE Safety Evaluation Report (SER) approving the MAR change.
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Using the revised MAR and accompanying changes in analytic methodology, twenty-two bounding
design basis events (DBEs) were analyzed. These events included spills, spray leaks, self-boiling in
vessels, Pulse Jet Mixer overblows, electric load drops, Cesium Ion Exchange accidents, hydrogen
explosions in vessels, and a bounding seismic event. The results of the analyses were used to re-evaluate
the suite ofcontrols selected to mitigate and prevent such events and resulted in revised safety
classifications of many controls based on the reduced unmitigated dose consequences to the public and
co-located workers. Based on the unmitigated dose consequences to the public for some of these accident
scenarios and accounting for uncertainties in the accident analysis, DOE and WTP Project personnel
judged that certain systems should remain with a safety-class designation. The new control strategy based
on the new methodology was approved by DOE in November 2009.

The major elements of the revised strategy are:

1. The revised MAR is based on the two worst waste fractions in the Tank Farms that are combined
at design maximum weight percent solids.

2. The tank fanns ensure that feed delivered to WTP meets the acceptance criteria and remains
below the MAR assumptions in the Safety Basis. Compliance with the WTP acceptance criteria is
verified through a sampling program.

3. Any changes from previously evaluated process plans would be subject to review through the
Unreviewed Safety Question process. In the event the waste cannot be accepted as proposed,
options to ensure acceptability such as blending the waste are available.

4. The Project performs trial processing of a waste sample to verify treatment plans and ensure
understanding of the waste response.

5. The key PTF safety-class systems, defined as the cell walls and C5 ventilation system serving the
cells, are retained and afford robust mitigation for any postulated accidents.

6. Components, subcomponents, or support structures, systems, and components (SSCs) required
for the credited function of these and other safety-class systems (such as the safety control system
for overblow prevention), also remain classified safety-class.

Conclusion

Both DOE and Bechtel National, Inc. (BNI) have high confidence that the use of actual Tank Fann waste
characteristics to detennine the safety basis and control selection for the WTP, will yield a superior
design for WTP that complies with DOE safety policies and ensures the operational reliability necessary
for efficient achievement of the critical waste stabilization mission of the facility.
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Technical Issue

HYDROGEN IN PIPING AND ANCILLARY VESSELS (HPAV)

Liquid high-level radioactive waste stored at the Hanford tank farm produces hydrogen by radiolysis and
thermolysis. If a sufficient concentration of hydrogen accumulated in the WTP pipes or vessels and
mixed in the right proportions with an oxidant, and an ignition source is present, the gas mixture would
ignite. In some cases, the burning gas (deflagration) could transition to a more severe detonation event.
Hydrogen gas hazards in vessels differ significantly from those in piping due to the vessel's much larger
volumes and the usual presence of oxygen in the vessel headspace. The WTP design prevents hydrogen
combustion events in vessels, including ancillary vessels like the pulse jet mixers, using active controls
(purges and vents) that limit gas concentration below the lower flammability limit (LFL). Thus, this
HPAV design issue is focused on the piping systems.

The postulated unmitigated effects of hydrogen combustion events (Le., HPAV events) include various
possible confinement piping system failure scenarios resulting in any of the leak accidents bounded by the
safety analysis with initial control selection in accordance with DOE-STD-3009, Preparation Guide for
u.s. Department ofEnergy Nonreactor Nuclear Facility Safety Analysis, to protect both the public and
workers. The principal control to protect the public, workers, and the environment against the
consequences of postulated confinement piping system failures is the safety-class C-5 boundary and C-5
ventilation system. This control is not being changed. Piping boundary failure in black cells or hard-to­
reach areas would also jeopardize the facility mission due to the limited access for repair. A piping
system failure in the hot cell is considered repairable, but frequent failures in the hot cell could also.
jeopardize the facility mission.

The Waste Treatment Plant (WTP) safety design strategy has been and remains based on design to assure
that the piping and inline component primary confinement function is not adversely affected by postulated
HPAVevents. A previously accepted design approach to manage the accumulation of hydrogen in piping
systems relied on (1) the passive pipe/component boundary where it could be shown that the resulting
strain remained below the elastic strain limit, or (2) active controls (e.g., purge, flush, vent) where the
HPAV event could cause the piping material to exceed the elastic strain limit.

The WTP Project is now revising this design approach to (1) modify the methodology for calculating the
loads and strains resulting from an HPAV event for piping up to 4 inches (nominal pipe size [NPS]), (2)
revise the allowable strain acceptance criteria to allow limited plastic deformation only for hot cell piping
up to 4 inches NPS, and (3) always require active controls (Le., eliminate the use of a strain criteria) for
piping greater than 4 inches NPS. Also being incorporated into this revised design approach is the
understanding that HPAV events in austenitic stainless steel piping do not have the potential to cause
fragmentation, which could damage nearby components. The WTP safety design strategy continues to be
based on design to assure that the piping and inline component primary confinement function is not
adversely affected by postulated HPAV events.

Design/Safety Objective

The design of piping systems in WTP ensures the following:

1. An HPAV event in the piping will not adversely affect the ability of the piping or any nearby
component to perform its intended safety function.
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2. An HPAV event in the piping will not render the piping inoperable such that a difficult and
expensive repair is required which could adversely impact the WTP mission.

3. The design approach should not introduce additional hazards/risks to workers or have significant
adverse impact on WTP operations.

4. The design will facilitate efficient plant operations.

Design/Safety Approach

In 2002, the project initiated actions to address the lessons learned from the Nuclear Regulatory
Commission (NRC) Information Notice 2002-15 "Hydrogen Combustion Events in Foreign BWR
Piping." Actions included development ofa safety design strategy to address the hydrogen hazard in
piping and inline components. In the early stages of the facility design, it was apparent that sufficient
data was not available to support a broad passive control strategy for HPAV that relied on the pipe
capacity to withstand the event. In order to advance the design, active controls were developed that are
intended to prevent the accumulation of hydrogen. In parallel, an extensive program of analysis and
testing was initiated to gather sufficient data to support a broader passive control strategy.

The original design approach relied on deterministically defined active preventive controls for any piping
system in which a conservatively defined "bubble of concern" could cause the piping to exceed the design
code elastic 'limit. Given the conservatisms necessary due to a lack of sufficient data, active control
systems were required for most HPAV affected piping routes. It was recognized during the design
development that some of the controls would directly affect normal plant operations (e.g., interrupt waste
transfers). Additionally, due to space limitations, some controls were located outside the hot cell creating
worker hazards requiring additional protective measures.

In 2008, the U.S. Department of Energy (DOE) decided to re-evaluate the design control strategy that
relied primarily on preventing the accumulation of combustible gasses. This review could now be
informed by the completed active control design. The purpose of the evaluation was to determine if
alternate design approaches for dealing with hydrogen would simplify the facility design, thus providing
higher assurance of safe and reliable operations while protecting the long term availability of the facility.
The WTP Project came to the conclusion that a combination of less reliance on the predominant original
strategy to prevent gas accumulation and more reliance on engineered capacity to withstand HPAV events
affords the most robust design and thus the best assurance of both safety and mission success. This
conclusion was supported by the results of the extensive testing performed during the previous years.

The WTP Project has performed extensive testing involving deflagrations and detonations in piping
systems to understand the applicable loading mechanisms and to support designs that could accommodate
detonation without damage that would impair the confinement function. As a result, the Project has
revised the piping system design approach to (1) modify the methodology for calculating the loads and
strains resulting from an HPAV event for piping up to 4 inches NPS, (2) revise the allowable strain
acceptance criteria for hot cell piping up to 4 inches NPS, and (3) always require active controls (i.e.,
eliminate the use of a strain criteria) for piping greater than 4 inches NPS. Also being incorporated into
this revised design approach is the understanding that HPAV events in austenitic stainless steel piping do
not have the potential to cause fragmentation which might damage nearby components.

Page 2 of 4
Revision 1 - September 7, 2010



TECHNICAL
ISSUE
SUMMARY 2

HYDROGEN IN PIPING AND ANCILLARY VESSELS (lIPAV)

Methods and criteria have been developed to implement this revised design approach, and are based on
the following:

1. Extensive research and testing completed over the past three years to understand and characterize
the physics and phenomena of potential HPAV events. This research and testing has enabled:

a. Characterization of the event types (deflagration and detonation) including their time
dependant evolution and behavior.

b. - Prediction of the response of the piping system to the events.

c. Development of engineering code-based acceptance criteria (ASME B31.3, the Code of
Record, does not explicitly address impulsive HPAV loads, but does provide guidance for
designing for unusual service requirements such as HPAV loads).

d. Development of tools to conservatively assess the frequency and severity of the HPAV
events as a function of the unique characteristics of each WTP piping route.

2. Use of industry accepted models for prediction of piping response to dynamic loads.

3. Use offull scale tests to benchmark the methodology to assure adequate prediction of behavior.

4. Use ofASME Section VIII and ASME Section III in developing acceptance criteria to ensure
safety factors comparable to those in the commercial nuclear industry for these types of
events/loads.

On April 15, 2010, in a periodic report to Congress, the Board expressed concern "that many changes to
the design ofWTP are being approved by the Department of Energy (DOE) prior to the resolution of
numerous outstanding technical issues."

In an effort to resolve these technical issues, the Board suggested a comprehensive, independent,
expert-based review of the safety design strategy for control of hydrogen in pipes, similar in scope to the
external flowsheet review completed in 2006. This led to the formation of the HPAV Independent
Review Team (HPAV IRT).

The HPAV IRT concluded, based on the teclmical review, that the new design approach for HPAV piping
and components is acceptable provided the WTP Project resolves the Findings which will improve the
models, assumptions and methodology, and further stated that there is "high confidence that

• The QRA approach is acceptable for defining loads to be used in design, and there is a low
probability ofexceeding either their frequency or their magnitude.

• The best estimate pipe stresses and strains, computedfrom the defined loads in the manner
proposed by BN!, are not likely to be significantly exceeded.
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• The combination ofQRA load definitions. best estimate piping system response calculalions and
conservative acceptance criteria developed pursuant to the piping ode B31.3 provides a
reasonable balance ofprobabilistic and deterministic elements appropriate for design ofHPAV
piping and components.

The net result ofthis approach to design will be a low probability ofpipe failure ijhydrogen explosions
occur. ..

Conclusion

Both DOE and l3ecbtel National, Inc. (BNI) have high confidence that the HPAV design approach will
yield a superior design for WTP that not only complies with DOE safety policies but will also ensure the
operational reliability necessary for efficient achievement of the critical waste stabilization mission of the
facility.
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Technical Issue

WASTE TREATMENT PLANT PULSE JET MIXED VESSELS ­
MIXING SYSTEM SUMMARY OVERVIEW

Successful operation of the WTP depends on the ability to mix liquids with suspended solids at varying
concentrations and physical properties in process tanks (or vessels) located in the inaccessible black cell
areas of the plant where the design has precluded locating items with moving parts, such as motors and
rotating components.

The pulse jet mixers (PJMs) are the primary means used for mixing process fluids (liquids with
suspended solids) in 38 process vessels in WTP (34 in the Pre-Treatment Facility [PTF] and 4 in the High
Level Waste Facility [HLW]). The PlMs are long cylindrical vessels internal to the process tanks that
draw in fluid by a vacuum and then pressurized with compressed air to eject the fluid back into the vessel
to cause mixing; much like a baster draws in and expels fluid. These devices are very reliable and have
no moving parts, thus eliminating the need for maintenance of this equipment over the life of the plant.
The design of the WTP PJM mixing systems (number and power ofPlMs) is based on the waste
characteristics and the vessel size and geometry.

In 2006, the External Flowsheet Review Team (EFRT) reviewed the WTP designs and identified the
following major issue associated with the vessels containing solids that were designated as Newtonian.

"Issues were identified related to mixing system designs that will result in insufficient
mixing and/or extended mixing times. These issues include a design basis that discounts
the effects oflarge particles and ofrapidly settling Newtonian slurries. There is also
insufficient testing ofthe selected designs. "

In response, the WTP prepared the Issue Response Plan for Implementation ofExternal Flowsheet Review
Team (EFRT) Recommendations - M3. Inadequate Mixing System Design which describes an approach
for issue resolution and defines the issue closure criteria.

During the execution of the Issue Response Plan (IRP), technical reviews with the Defense Nuclear
Facilities Safety Board (DNFSB), the Consortium for Risk Evaluation with Stakeholder Participation
(CRESP), and other external teams have been conducted. Issues identified during these reviews have
been documented and are being tracked to resolution. The primary issues are related to three potential
safety concerns:

• The potential for inadvertent criticality due to the accumulation (collection) of fissile materials;

• The generation of hydrogen due to the accumulation of solids, and

• The potential for PlM overblows (discharge of air from the PlM) due to the inability to control
the PJMs as a result of the accumulation of solids impacting the vessel level detection system.

Design/Safety Objective

The design/safety objective is to demonstrate through testing and analysis that PlM-mixed vessels meet
their specific mixing requirements, including their safety related requirements. Specifically, the U.S.
Department of Energy (DOE) and Bechtel National, Inc. (BNI) is committed to resolving the potential
safety concerns associated with the accumulation of fissile materials, hydrogen generation, and
performance of the vessel level control that could impact PlM operation (overblow events).
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DOE also recognizes that some uncertainty will remain with respect to PlM performance until extensive
experience has been gained through testing of large-scale prototypic PlM vessels and actual WTP
operations. To reduce this uncertainty, vessel inspection and heel removal (solid/liquid slurry in a vessel
below the normal operating level) is an important part of the defense in depth strategy to assure that
excessive solids will not accumulate over the life of the facility. External reviews have documented that
this capability is a prudent engineering design feature for vessels that are expected to be in service for
many years. These features are viewed as defense-in-depth because the test results, analyses and vessel
assessments do not predict conditions of solids accumulation.

Design/Safety Approach

The project will confmn the adequacy of the design by analysis, underpinned by testing. The overall
strategy initiated in 2006, has been to employ a combination of analytical tools, modeling, existing
experimental data, and new testing to evaluate the mixing performance of the WTP vessels. None of
these methods are conclusive on their own; however, the combination of the independent tools employed
and further small and large scale testing will be sufficient to support a strong overall conclusion. As
additional information becomes available, the information is analyzed and vessel performance is
reassessed/updated against the requirements.

The strategy to confirm the adequacy of the design is documented in the Integrated PJM Mixed Vessel
Design and Control Strategy. This strategy document supplements the M3 Issue Response Plan (IRP)
and serves as a roadmap for the disposition of remaining PlM-related technical issues. The strategy
consists of three distinct phases.

• Phase I is the closure of the M3 EFRT issue and achievement of the targeted technology
readiness level based on the IRP. It includes assessment of each PlM vessel against the vessel­
specific mixing requirements and the definition of any required design changes to the vessel or
supporting systems.

• Phase 2 is the closure of additional issues identified with the PJM control (bubblers), suction line
design, and sampling systems. These issues will be closed in part by completion of large-scale
prototypical tests of a Newtonian and Non-Newtonian vessel configuration. Additional technical
issues identified by the DNFSB and CRESP external review groups related to aspects of the
criticality control and gas release strategies will be resolved during this Phase.

• Phase 3 is the completion of the design change process to implement any required vessel or
supporting system changes and confirm the design for the PJM-mixed vessels/systems.
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Phase 1: The closure criteria documented in the IRP related to inadequate PlM mixing were satisfied and
the M3 EFRT issue was closed during August 2010. The Technology Steering Group (TSG) closure
documentation identified potential risks and the following specific recommendations to mitigate the risks:

1) Updating design basis documentation;

2) Small-scale testing to support additional benclunarking of the Low Order
Accumulation Model (LOAM) in Non-Newtonian vessel configurations;

3) Large scale testing to provide additional confidence in full scale vessel performance
and support vessel operations, and

4) Completion of the verification and validation of the computational fluid dynamics
models that will be used for confirmation of the design.

Closure of the M3 inadequate PlM mixing issue indicates sufficient resolution of the technical issues to
continue with the design of the affected vessels. DOE and BNI are identifying the specific vessel
fabrication and installation activities that will be placed on-hold if the required actions are not completed
or do not support the vessel assessments.

The testing and analysis completed as part of Phase 1 also supported resolution of the potential safety
issues associated with the accumulation of fissile material and the potential for criticality. The project's
approach to addres.sing criticality safety is documented in a Criticality Safety Evaluation Report (CSER).
With regard to mixing, the CSER addresses three main concerns: 1) differential settling that could allow
potentially dense particles (Le., those with fissile materials) to concentrate in the solids layer on the
bottom of the tank, 2) inadequate mixing could allow an irretrievable layer of solids to form on the
bottom of the tank with a potentially unacceptable concentration of fissile material, and 3) non­
representative sampling.

Testing and analysis demonstrated that unacceptable accumulation or concentration of fissile material in
the mixing vessel over the life of the project is not likely and that there is no unacceptable change in the
particle size distribution as the material is removed from the vessel. To address the concern with non­
representative sampling uncertainties, the WTP is currently evaluating the use of samples taken to
demonstrate that the feed complies with the WTP Waste Acceptance Criteria (WAC). An update to the
CSER is planned within the next year.

The testing and closure documentation for Phase 1 also included an assessment of the potential safety
issue associated with the accumulation of solids due to insufficient mixing that could result in hydrogen
generation. The assessment was performed for normal operations, as well as conditions in which PJMs
are not operational following a design basis event. To support the assessment, testing was performed to
ensure sediment mobilization to release gas and keep the vessel headspace from reaching the lower
flammability limit following such an event.

The testing and analysis has determined that there is no accumulation of solids that could result in
hydrogen build-up during normal operations. A principal test objective was to assure the ability to clear
solids from the bottom of vessels under normal conditions. Any solids that settle to the vessel bottom
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during normal operations will be mobilized during the next PIM operational cycle (every 2 to 5 minutes).
Following a design basis event, complete suspension of solids is not necessary to mitigate the retention of
flammable gases. Testing and analysis determined the PIM operational sequence and mixing durations
required to ensure that gas can be released from the settled solids layer.

Phase 2: Consistent with the overall Integrated PJM Mixed Vessel Design and Control Strategy, the
need for large-scale integrated testing to support a variety of complex mixing, retrieval, transfer, and
sampling needs has been recognized by DOE and was documented in the TSG closure documentation for
Phase 1. The WTP project has also identified the need for system level testing of selected prototypic
large scale vessels prior to cold commissioning of the WTP to further mitigate remaining PlM risks that
at a high level include, but are not limited to, demonstration of:

• PIM operations over the range of fill conditions, including operation of a fully prototypic control
systems;

• Sampler operations and data interpretation for process control and nuclear safety;
• High solids liquid Non-Newtonian slurry rheology control;
• Particle settling effect in low solids Non-Newtonian slurries;
• Large-scale, post-Design Basis Event (DBE) remobilization; and
• Vessel inspection and heel removal systems.

The combination of the large-scale testing (with realistic simulants) of a fully prototypic control system
and previously performed PIM control system testing will be used to address the potential safety issue
associated with the impact of settled solids on the level detection system and overall control of the PIMs.
Previous testing has shown that the bubbler level and density measurements (level detection system) were
repeatable, consistent, and provided acceptable system control. Testing of prototypic PlMs also
demonstrated there were no overblows in over 9,000 PlM cycles, The PIMs operated predictably without
an inadvertent overblow event, providing confidence in the reliability of the controls and predictability of
the PlM operation.

The scope and schedule for the integrated large-scale testing is currently being developed. The test
objectives and schedule are projected to be established at the end of calendar year 2010.

Phase 3: The design change process has been started based on the recommended design changes
identified during the closure of Phase 1 (M], Inadequate PIM Mixing). The vessel assessments and
design studies (based on test results and data analysis) identified the following modifications:

• Adding additional PIMs to 3 vessels (HLP-VSL-00022 and UFP-VSL-OOOOINB);

• Increasing PlM jet velocity for 5 vessels (FEP-YSL-OOO 17AlB and FRP-000028/CID);

• Changing the PIM nozzle angle for 9 vessels (HLP-VSL-00022, UFP-YSL-OOOO INB, FEP­
VSL-GOO 17NB and FRP-00002B/CID);

• Lowering the suction line to 3" off the vessel bottom for 9 vessels (FEP-VSL-OOOI7NB, UFP-.
0000 IAlB, HLP-YSL-00027AlB, HLP-VSL-00028, and UFP-VSL-00002A1B);

Page 4 of5
Revision I - September 7, 2010



TECHNICAL
ISSUE
SUMMARY 3

WASTE TREATMENT PLANT PULSE JET MIXED VESSELS ­
MIXING SYSTEM SUMMARY OVERVIEW

• Adding vessel inspection and heel removal capability with enhanced transfer capacity for 10
high-solids vessels (HLP-VSL-00022, FEP-VSL-OOO 17NB, UFP-OOOO INB, HLP-YSL­
00027NB, HLP-YSL-00028, and UFP-YSL-00002NB);

• Adjusting vessel operating limits to assure adequate mixing in 3 vessels (HLP-YSL-00022 and
FEP-VSL-00017NB), and

• Performing a decant of Low Activity Waste (LAW) feed in the Tank Farms and dedicating a
transfer line for LAW feeds to minimize the potential for High Level Waste solids to enter LAW
receipt vessels (FRP-YSL-00002NBICfD).

Conclusion

Both DOE and BNI have high confidence that the PlM Mixed Vessel design approach will yield a final
design for WTP that not only complies with DOE safety policies but will also ensure the operational
reliability necessary for efficient achievement of the critical waste stabilization mission of the facility.
This confidence is collectively based on the program of testing and analysis performed, the identification
of design limitations, risks, and uncertainties currently being addressed, and the independent oversight of
the program.
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Technical Issue

RECLASSIFICATION OF STRUCTURES, SYSTEMS, AND
COMPONENTS

Recent project changes resulted in changes to the functional classification of safety-related systems,
structures, and components (SSCs) in the Pretreatment (PTF) and High-Level Waste (HLW) Facilities of
the Waste Treatment Plant (WTP). Key changes driving the reclassification included reduced material at
risk (MAR), improved modeling of hydrogen generation in mixed vessels, and new criteria for hydrogen
in piping and ancillary vessels (HPAV). The reclassification focused attention on both the functional
classification criteria and the details of the accident analyses used by the Project to determine the
functional classification of controls. The concern is to ensure that the Project appropriately identities
SSCs required to perform a safety-related function, and procures and constructs SSCs with a safety­
related function to the appropriate requirements and standards, ensuring that the final Documented Safety
Analysis (DSA) will support startup and operation of the facilities. The current focus is on PTF, but the
methodology is applicable to the HLWand Low-Activity Waste (LAW) facilities as well.

Design/Safety Objective

The WTP design will facilitate safe operations to protect public and worker health and safety, and protect
the environment in accordance with DOE requirements. The design must also support timely treatment of
radioactive waste currently stored in aging, underground storage tanks.

The analytical methods and the criteria applied for control selection and functional classification of WTP
safety-related structures, systems, and components must comply with the set of nuclear safetY
requirements that provide the framework for DOE and its contractors to design nuclear facilities.

A key aspect of this process is the identification of SSCs that are relied upon to either prevent the
occurrence of an accident or mitigate the consequences of an accident that could produce above guideline
consequences to the public (safety-class SSCs) or significant radiological doses to workers
(safety-significant SSCs).

Design/Safety Approach

The approach adopted by the Project to achieve the above objectives includes:

1. Adoption of functional classification and control selection criteria consistent with
DOE-STD-3009, Preparation Guide for us. Department ofEnergy Nonreactor Nuclear Facility
Safety Analysis, a safe-harbor methodology for compliance with 10 CFR 830. The criteria
recognize that the Project predates DOE-STD-1189, Integr(;1tion OfSafety Into The Design
Process, and draws upon emerging practice across the DOE Complex while retaining historical
conservatism where deemed appropriate (e.g., requiring consideration of collocated worker
controls for predicted doses between 25 and 100 rem). Appropriate defense-in-depth is required.

2. Adoption of analytical methods based on applicable DOE guidance, including DOE-STD-3009
and DOE-HDBK-3010, Airborne Release Fractions/Rates and Respirable Fractions for
Nonreactor Nuclear Facilities. Providing justification when alternate methods are used.
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3. Evaluation of comments on the chosen methodology, both to refine methods where appropriate
and to address uncertainty pending resolution. When uncertainties are identified that must be
resolved for the DSA, sensitivity studies are performed to ensure that the chosen control set
would be adequate over the range of uncertainty. Key examples include:

a. Deposition velocity - DOE guidance for the use of the DOE MELCOR Accident
Consequences Code System (MACCS2) atmospheric dispersion model specifies a value
for deposition velocity equal to 1.0 em/sec. The Department's Chief of Nuclear Safety
(CNS) evaluated this usage, found it to be acceptable, and documented in its use in the
CNS Technical Paper, Dry-Deposition Velocity Assumptions Used in Consequence
Modeling at the Hanford Waste Treatment Plant. Subsequently, the Board challenged
the usage of a deposition velocity value of 1.0 cm/sec for the WTP, with its staff
believing that a value between 0-0.3 cm/sec could be technically justified. (DNFSB letter
to Under Secretary of Energy and Chief Health, Safety and Security Officer of
May 21,2010).

The CNS re-evaluated its technical position in light of the Board's comments, researched
the issue further, and still believes that the usage of a default deposition velocity of
1.0 cm/sec for the MACCS2 codes is technically defensible for reasonably conservative
results in the case of unfiltered releases, given the level of uncertainty in the Gaussian
Plume model used in MACCS2 analysis. CNS is revising its previous Technical Paper to
incorporate additional information found in various U.S. Nuclear Regulatory
Commission (NRC) publications and other technical studies. The CNS Technical Paper
will be peer-reviewed by a nationally-recognized expert in radiological risk assessment
and environmental analysis who is suitably qualified to peer-review the paper.

Finally, it should be noted that sensitivity studies for the WTP indicate that equipment
safety classification will not vary whether a deposition velocity of 0.1 cm/sec or 1.0
cm/sec is used in the calculation.

b. Spray leak consequences - in response to comments and an expert conclusion that the
DOE-HDBK-3010 model was based on glovebox conditions and not valid for WTP
application, the Project has developed and documented a new spray leak model based on
a review of literature correlations for validity based on available data for the relevant
phenomenology. A broad range of residual uncertainty has been evaluated to test the
adequacy of chosen controls.

c. Material deposition in vessel headspaces - the Project agrees that the potential for
accumulation of material deposited in vessel headspaces is difficult to quantify and has
assumed sufficient material to be deposited and involved in a postulated unmitigated
hydrogen explosion to eause the public evaluation guideline to be exceeded. This
conservative assumption ensures that key safety-class systems to both prevent and
mitigate explosions are identified for the PTF.

4. The Project has imposed requirements more stringent that those required for safety and non­
safety SSCs at WTP where deemed appropriate for mission reliability. For example, all piping in
black cells and hard-to-reach areas is being designed to the highest seismic requirements (SC-I).
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All welds in black cells and hard-to-reach areas, as well as for HPAV affected piping in the hot
cell require 100% volumetric inspection. These requirements afford added design margin.

5. With respect to seismic design, WTP has chosen the C5 boundary, an SC-I (PC-3) control, that
ensures worker safety for sprays or spills jnitiated by a seismic event that can result in
unmitigated calculated doses above 100 rem to the collocated worker. Such releases are
postulated to occur in the PTF hot cell or black cells. These areas are inaccessible to workers.
Releases of radioactive material in the PTF black cell and hot cells are confined within the C5
boundary. The components that make up this boundary include cell structures, ventilation fans,
ducting, and filters, which are designated safety-class (SC-l). Additional protection (defense in
depth) relative to detecting or confining leaks and spills is provided by the primary vessel and
piping boundaries, seismic shutdown system, pump suction isolation valves, level detection in the
vessel, stainless steel cell liner, leak detection system, and planned operating procedures (e.g.,
monitoring and spill response).

6. The Project recognizes that there are additional functional classification and control decisions that
must be made to finalize the confmement design, but have not yet been incorporated into the
PDSA. Examples and the actions taken to ensure safety in the interim include:

a. Designation of portions of the primary waste boundary as a major contributor to defense
in depth - the spray leak model update identified this as an appropriate change. All piping
downgrades below safety significant are on hold per note 13 in Table 5 of the PDSA
Addendum and this hold will not be lifted until a decision on the safety significant
portion of the boundary is made.

b. Designation of the high level waste suction line isolation valves as safety significant,
SC-I, to ensure their operability when isolation is required -- the seismic design
classification is a design requirement, but its designation as credited for safety has not yet
been made in the PDSA.

c. Leak detection to ensure prompt action to stop a spray leak was identified as an option in
the spray leak report. The Project is evaluating alternatives for using available engineered
features that would support this function and could be added later in the design.

The effectiveness of these requirements is illustrated in the attached figure (see page 4) which depicts the
many barriers afforded by the project's control strategy to protect workers outside the hot cell.
This figure on page 4 provides a simplified depiction of the PTF confinement boundary.

Conclusion

The WTP is performing functional classification of safety-related SSCs in compliance with applicable
DOE policy and guidance. Identified uncertainties are being evaluated in making control selection
decisions. Both DOE and BNI have high confidence that the Project is procuring and constructing SSCs
with a safety-related function to the appropriate requirements and standards, ensuring that the final
Documented Safety Analysis (DSA) will support startup and operation of the WTP facilities as necessary
for efficient achievement of their critical waste stabilization mission.
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Pretreatment Facility
GQnfinemem Design Concept
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Technical Issue

WASTE FEED DELIVERY SYSTEM DESIGN

Delivery of 55 million gallons of waste, currently stored as sludge, saltcake, and liquids in 177
underground storage tanks, to the Waste Treatment Plant (WTP) for treatment will require extensive
facilities, infrastructure, and complex tank farm operations. Currently, much of the tank farm
infrastructure is over 40 years old. Safe delivery of waste over the approximate 30 year operating life of
the WTP will require modifications to existing facilities and the construction of new facilities to ensure
that the Tank Farms waste feed delivery (WFD) systems are ready for WTP commissioning.

Design/Safety Objective

The WFD system design will facilitate timely treatment of radioactive waste currently stored in aging,
underground storage tanks while ensuring safe operations to protect public and worker health and safety,
and the environment in accordance with U.S. Department of Energy (DOE) requirements.

Design/Safety Approach

The Mission Analysis Report (documented in RPP-RPT-41742), also referred as to the River Protection
Project - Mission Analysis Report (RPP-MAR), defines significant programmatic mission challenges·
(cost, schedule and technical adequacy) and provides a basis for a structured framework to evaluate and
understand potential solutions to these challenges. The Tank Farm's hierarchy of documents related to
design activities will control the design activities required to implement potential solutions and also
facilitates development of appropriate safety-related structures, systems, and components (SSCs).

Title to CFR Part 830 requires contractors responsible for a hazard category 1,2, or 3 DOE nuclear
facility to establish and maintain a safety basis for the facility to ensure adequate protection to the public,
workers, and the environment from nuclear hazards. Tank Operations Contractor (TOe) procedure TFC­
ENG-SB-C-Ol, Safety Basis Issuance and Maintenance, describes the safety basis document development
and maintenance process, including amendments to the current safety basis.

It is anticipated that some aspects of the double-shell tank (DST) Upgrades ProjeCt will require an
amendment to RPP-13033, Tank Farms Documented Safety Analysis, to incorporate WFD activities and
operations. As each project scope is defined and hazard analysis for that scope is completed to address
the DOE-STD-1189-2008, Integration OfSafety Into The Design Process, major modification evaluation
questions, the determination will be formalized. Once a nuclear safety basis is established, engineering
supports maintenance of its integrity through implementation of the System Engineer Program in
accordance with DOE 0 420.18, Facility Safety.

Inputs to the RPP-MAR include programmatic requirements from DOE, environmental laws, ORP­
11242, River Protection Project System Plan, (also know as the System Plan) as the technical baseline,
the waste feed interface control document (ICD-19), the TOC, and the TOC Performance Measurement
Baseline (PMB). DOE and regulatory requirements are managed via the TOC and WTP contracts. The
Authorization Basis is another key requirements source.

Deficiencies or challenges identified in the RPP-MAR are targeted for technology development, trade
studies, and/or flowsheet evaluations. The end result of this planning is the scope definition of the
projects necessary to complete the mission. The functions and requirements for each project are flowed

Page I of3
Revision I - September 7,2010



TECHNICAL
ISSUE
SUMMARY 5

WASTE FEED DELIVERY SYSTEM DESIGN

down from the RPP-MAR and further developed in plans (e.g., RPP-40149, Integrated Waste Feed
Delivery Plan) and project specifications.

Issue Background and Technical Status

The mission of the WFD system is to deliver waste feed to the treatment facilities.

• The ORP-11242 (the System Plan) establishes the baseline case that is used as the technical basis
for the alignment of program costs, scope, and schedule, from upper tier contracts to individual
operating plans. Strategic planning is ongoing; therefore, ORP-11242 will be revised periodically
to reflect recent progress, current plans, responses to emergent issues, changes in the regulatory
environment, and budgeting constraints.

• The System Plan also provides input to the RPP-40149, Integrated Waste Feed Delivery Plan,
which outlines how the retrieved wastes will be staged and transferred to the WTP.

• The WFD functional requirements are listed in Appendix A-2.4 of the RPP-MAR (RPP-RPT­
41742).

• Waste characterization activities shall enable certification that the Low Activity Waste (LAW)
and High Level Waste (HLW) feed meets ICD-19 (documented in 24590-TP-ICD-MG-OI-019).

Over 30 Hazard Category 2, Engineering Procurement, Construction, and Commissioning (EPCC)
projects, organized by the Tank Farms operating contractor, are identified to construct and commission
the systems required for using the 28 DSTs to deliver feed to the waste treatment facilities. The work
scope, execution approach, schedule, and cost estimates for each project are described in RPP-40149.
Technology needs are assessed and demonstration work, especially in the area of blending and
characterization, are planned. Consistent with the ongoing approach for implementing single-shell tank
retrieval projects, these projects have been identified as a series of discrete projects.

HLW feed qualification requires mixer pump operation, sample operation, and the necessary DST
infrastructure and safety systems to support these two operations. Specific particle size and density
screening and adjustments are currently not planned for HLW feed; all particle size/density related
screening will be based on critical velocity measurements.

LAW feed qualification requires a sample system and the necessary DST infrastructure and safety
systems to support this operation. LAW feed will be administratively controlled such that solids will
have sufficie~t time to settle in the feed staging tanks prior to delivery to the WTP. LAW feed delivery
systems will be configured such that settled solids are not likely to be entrained in the transfer system.

Feed staging will be planned based on staging WTP Waste Acceptance Criteria (WAC)-compliant feed
tanks with solids concentrations below the prescribed acceptance limits. Feed certification sampling will
confirm WAC compliance (includes critical velocity and rheological properties). If necessary to support
feed certification, any final blending or diluting adjustments will be made. Representative samples of the
LAW feed and HLW slurry will be collected from the feed staging tank a minimum of 21 0 days prior to
planned feed delivery. The sample will be delivered to the WTP-identified laboratory for certification
analysis. Requirements to ensure representative samples are gathered are currently undefined. These
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requirements will be defined through development ofWTP Data Quality Objectives for feed
certification.

The ability to adequately mix and sample waste to meet the WTP acceptance requirements is being
evaluated and will need to be developed and demonstrated. This is detailed in RPP-PLAN-43988, WRPS
Technology Development Roadmap. There may be blending and pretreatment processes that could be
performed to optimize the feed to WTP but those are improvements and are not required to feed WTP.

Feeds sent to the Waste Receiver Facilities (WRFs) will be waste retrieved from single-shell tanks in B­
Complex (B, BX and BY tank farms) and T-Complex (T, TX and TY tank farms). RPP-PLAN-40145,
Single-Shell Tank Waste Retrieval Plan, describes the use of the WRFs. Single-shell tank saltcake will be
dissolved to form supernatant which will then be used in the process to retrieve sludge wastes from the
tanks. Periodically, the retrieved wastes will be transferred to the DST system to be staged for transfer to
the WTP.

Conclusion

DOE and its contractors have systems in place to ensure that safety-related design activities associated
with the Tank Farms waste feed delivery systems will be ready for WTP commissioning. The project's
hierarchy of documents related to design activities also facilitates development of appropriate safety­
related SSCs.
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Enclosure 2

CROSSWALK BETWEEN PRINCIPAL TECHNICAL ISSUES
AND TWENTY-THREE SPECIFIC QUESTIONS1

Principal Technical Issues

(1) Changes in safety-related design criteria resulting fro111 modifications of the material-at­
risk.

Related specific question. - 1

(2) Chang s in design strategy to address hydrogen in pipes and ancillary v els.

Related specific questions - 3,5,6, 7, 8, 9, 10, II, 12

(3) Criticality safety concerns and other safety-related risks for the pul e jet mixing system.

Related specific questions - 13 14 15 16, 17 18 19 20

(4) Reclassification of satety-related system , structur s and components.

Related specific questions - 2,3 4

(5) Safety-related design aspects of new facilities or modifications of existing facilitie needed
to deliver high-level waste feed

Related specific questions - 16 21 22 23

1 Several questions cross-walked to multiple principal issues
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List of Terms

AB

ABAR

APC

ARF

ARR

ASME

BARCT

BBR

BBI

BC

BNI

BOD

BODCN

BOF

BR

CCN

CCPS

CERCLA

CFD

CFR

CIAR

CLUP

CPR

CRESP

CSER

CSL

CSSG

DBE

DCD

DEI

DNFSB

DOE

authorization basis

authorization basis amendment request

additional protection class

airborne release fraction

airborne release rate

American Society of Mechanical Engineers

best available radionuclide control technology

broad base review

best basis inventory

black cell

Bechtel National, Inc.

basis of design

basis of design change notice

balance of facilities

breathing rate

correspondence control number

Center for Chemical Process Safety

Comprehensive Environmental Response, Compensation, and Liability Act of 1980

computational fluid dynamics

Code of Federal Regulations

critical items action report

Comprehensive Land Use Plan

Construction Project Review

Consortium for Risk Evaluation and Stakeholder Participation

Criticality Safety Evaluation Report

criticality safety limit

Criticality Safety Support Group

design basis event

design criteria database

Dominion Engineering, Inc.

Defense Nuclear Facilities Safety Board

U.S. Department of Energy
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List of Terms

DQO

DSA

DST

E&NS

Ecology

EFRT

EQ

FRP

FW

GNNA

He
HGR

HPAVIRT

HLW

HLP

HPAV

hr

HSS

HTF

HTR

ICD

ICN

ISM

ITS

IX

JCDPI

JRMT

LAW

LCO

LFL

LOAM

M3

MAR

MCE

data quality objectives

documented safety analysis

double shell tank

Environmental and Nuclear Safety

Washington State Department ofEcology

External Flowsheet Review Team

equipment qualification

waste feed receipt process system

facility worker

Global Nuclear Network Analysis

hazardous condition

hydrogen generation rate

Hydrogen in Pipes and Ancillary Vessels Independent Review Team

high-level waste

HLW lag storage and feed blending process system

hydrogen in piping and ancillary vessels

hour

U.S. Department of Energy's Office of Health, Safety, and Security

Hanford Tank Farm

hard-to-reach

lnterface Control Document

integrated control network

integrated safety management

important to safety

ion exchange

justification for continued design, procurement, and installation

Joint Risk Management Team

low-activity waste

limiting condition of operation

lower flammability limit

Low Order Accumulation Model

major issue 3

material at risk

Mid-Columbia Engineering
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MR

MRR

NDE

NRC

NPS

ORP

ORT

P&ID

PDBE

PDSA

PIM

PMB

PNNL

PPJ

PRA

PRC-DDT

PSC

PTF

PVP

Q

QAM

QRA

RCRA

RF

RPP

SAB

SAC

SC

SC-

SO

sec

SER

SL

SRD

material requisition

material requisition request

non-destructive examination

Nuclear Regulatory Commission

nominal pipe size

Office of River Protection

Operational Review Team

piping and instrumentation diagram

post design basis event

preliminary documented safety analysis

pulse jet mixer

perfonnance management baseline

Pacific Northwest National Laboratory

programmable protection system

probabilistic risk analysis

pressure reflected deflagration-to-detonation transition

Project Safety Committee

pretreatment facility

pretreatment vessel vent process system

quality

Quality Assurance Manual

quantitative risk analysis

Resource Conservation and Recovery Act

release or respirable fraction

River Protection Project

safety authorization basis

special administrative control

safety class

seismic category

system description

second

safety evaluation report

severity level

Safety Requirement Document

Page iv ofv



Responses to Defense Nuclear Facilities Safety Board Questions

List of Terms

SRNL

ss
sse
sQP

wRi

TO

TPoe
TSG

TSR

UD

UFP
ULD

UST

V&V

WAC

WDOH

WFD

WMA

WPRS

WRF

WSGM

WSM'

WTP
ZOI

Savannah River National Laboratory

safety significant

structure, system, or component

software qualified procedure

SOllthwest Research Institute

Tank Operations ontractor

teclmical point of contact

Teclmology Steering Group

technical safety requirement

unit dose

ultrafiltration process

unit liter dose

underground storage tank

verified and validated

waste acceptance criteria

Washington State Department of Health

waste feed delivery

waste management area

Washington River Protection Solutions

Waste Retrie.val Facility

Waste Treatment Plan Site Ground Motion Spectra

Washington Safety Management olutions

Waste Treatment Plant

zone of influence
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1. Introduction

This attaclunent provides the written response to the Defense Nuclear Facility Safety Board Questions
(DNFSB). Summary information is provided for select questions to provide additional details to the
overall question set or information related to previous requests and interactions.

2. Definitions

This section provides standard definitions used by Waste Treatment Plant (WTP) personnel when
responding to questions.

Margin-of-safety For the purpose of this question response package, the margin-of-safety means the
difference between the design limit (e.g., code allowable, test limits, acceptance criteria) of a structure,
system, or component (SSC) and the failure limit. As the project progresses, the margin-of-safety will
evolve to include the basis for umeviewed safety question (USQ) determinations which will be the
difference between the operating level (established in the basis of the technical safety requirements) and
the level at which the credited sse can not be assured to provide its intended safety function.

Safety-related Design Criteria means the requirements contained within the 24590-WTP-SRD-ESH-Ol­
001-02, Safety Requirements Document (SRD). Volume II. These requirements include the safety criteria
themselves which are identified in Sections 1 through 9, the implementing codes and standards identified
in the safety criteria and associated tailoring in Appendix e, and the standards identified in Appendices A,
B, and D through M of the SRD.

Safety-related Systems means the SSCs identified in the safety basis documentation (e.g., preliminary
documented safety analysis [PDSA]), that are credited with providing a safety class (SC) or safety
significant (SS) safety function.

Safety-related design risk as used in this question response package refers to the WTP project and/or
technical risk associated with the implementation of a design that has not yet been confirmed to be
capable of providing its intended safety function. This definition is used in the question response
package for use with the following terms: "safety risk," and "safety-related risk."

3. Regulatory Construct

3.1. Current Safety Basis Document

The DNFSB questions include multiple questions related to the safety basis document for WTP facilities.
This section identifies the current safety basis for each nuclear facility and discussion of the "in process"
change for the Pretreatment facility (PTF).
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The current safety basis documents for WTP facilities are identified in the table below:

Facility Document Number Title

General Information 24590-WTP-PSAR-ESH-01-002-01, Rev 4m Preliminary Documented Safety Analysis to Support
Construction Authorization; General Information

Balance of Facilities 24590-WTP-PSAR-ESH-Q1-002-05, Rev 4g Preliminary Documented Safety Analysis to Support
Construction Authorization; Balance of Facility Specific
Inrormation

Low Activity Waste 24590-WTP-PSAR-ESH-01-002-03, Rev 41 Preliminary Documented Safety Analysis to Support
Construction Authorizalion; LAW Facility Specific
Inrormation

Laboratory 24590-WTP-PSAR-ESH-01-002-06, Rev 4g Preliminary Documented Safety Analysis to Support
Construction Authorization; Lab Facility Specific
Information

High Level Waste 24590-WTP-PSAR-ESH-01-002-04, Rev 40 Preliminary Documented Safety Analysis to Support
Construction Authorization: HLW Facility Specific
Information

Pretreatment Facility 24590-WTP-PSAR-ESH-01-002-02, Rev 4m Preliminary Documented Safety Analysis to Support
Construction Authorization; PTF Facility Specific
Information

The project initiated a change package for the PTF in July 2009 to update the material-at-risk (MAR) (i.e.,
radiological inventory for purposes of hazards and accident analyses) to align with the Tank Farm facility
and update the design criteria for hydrogen in pipes and ancillary vessels (HPAV). The change package
was approved by the U.S. Department of Energy (DOE) in November 2009 with four conditions of
approval (COAs). WTP has completed the agreed to changes to close the COAs (e.g., modified the
urunitigated consequence analysis, developed the WTP spray leak methodology) and revised the PDSA
Addendum, 24590-WTP-PSARA-ENS-09-000 I, Revision 2, Preliminary Documented Safety Analysis ­
Control Strategy Changes for the PTF Facility (PTF PDSA Addendum). While WTP was completing the
required analyses and revisions, DOE transmitted a letter of direction to update the PTF POSA
Addendum (not yet approved) to eliminate the potential for fragmentation hazards that were postulated to
occur as a result of an HPAV event. The directed changes and COA closure required changes will be
submitted to DOE for review in September 2010. The response to DNFSB questions for PTF use this
interim change package all the basis for the response.

Once DOE approves the revised change package, WTP will implement the change in accordance with
established project procedures (Le., authorization basis maintenance and engineering).

3.2. Path Forward for the Pre-Treatment Facility

In addition to the outstanding change package discussed above, WTP has identified the major technical
issues for the PTF (e.g., mixing, design of the process vessel vent exhaust system, HPAV) that must be
resolved to support the final design. A plan and schedule have been developed and implemented into
project planning. The plan provides for a systematic review of the hazards analysis and update of the PTF
design documents (e.g., process flow sheets, piping and instrument diagrams). The systematic evaluation
will be used as the safety basis for the remaining design activities for PTF.
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4. Responses to Questions

Responses to Question 1 were developed by:

Primary authors:

U.S. Department of Energy - Office of River Protection
Ben Harp, Acting Assistant Man.ager for Waste Treatment Plant Integration

Washington River Protection Solutions
Paul Rutland, Mission Analysis & Strategic Planning Manager

Contributing authors:

U.S. Department of Energy - Office of River Protection
Delmar Noyes, Deputy Assistant Manager, Waste Treatment and Immobilization Plant Project

U.S. Department of Energy - Richland Operations Office
Doug Shoop, Deputy Manager for the Richland Operations Office

Hanford Tank Waste Treatment and Immobilization Plant Project
Garth Duncan, Manager of Process Engineering and Technology
Dennis Hayes, Plant Operations Manager

Dan Herting, WTP Chief Process Chemist
George Matis, Commissioning 'Operations Manager

Washington River Protection Solutions
Chris Burrows, Manager, WTP Support

Question 1

Question 1. Compare the Department ofEnergy's (DOE) most recent assessment to previous estimates
ofthe MAR contained in the Hanford tank waste. Provide an introductory explanation ofrecent DOE
activities as they relate to safety ofthe plannedprocess, the site, future workers and the public.

Response 1. The most recent assessment of the MAR in the Hanford tank wastes is the DOE
approval of the current tank farm documented safety analysis in calendar year 2002. DOE initiated
the MAR change to align the WTP with the tank farm to ensure an integrated solution to the retrieval,
stabilization, and processing of the Hanford tank wastes.

The specific MAR assumptions were changed to replace the previous analysis that was based on a
hypothetical "Super Tank" concept which assumed the simultaneous presence of the worst
characteristics in the WTP contract (Specification 7) even though such a waste stream does not exist
at the Tank Farms. The changes reflect:
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• Additional radioactive waste characterization studies conducted by the Tank Farms and
incorporated into the approved Tank Farm safety basis as of 2002;

• Dynamic modeling of waste processing at WTP to bound the changes that occur in the waste
characteristics for the range of processing steps at WTP;

• A better understanding of how the tank farm waste will be transferred to the Pretreatment Facility
to maximize treatment performance and reduce the overall treatment life cycle; and

• A commitment to provide a specific administrative control for WTP waste receipt to ensure that
the assumed waste envelope will not be exceeded.

The changes to the estimated MAR result in changes to the calculated unit liter dose (ULO) values
that are used to analyze dose consequences to the workers and the public. The revised MAR is based
on the combination ofthe two worst tank waste fractions at design maximum weight percent solids.
The strategy includes a recognition that project controls are in place to ensure that the Tank Farms
verifies each feed batch before it is transferred to the WTP.

Prior to initiating this change, DOE chartered a MAR task team in January 2009 to determine the
appropriate waste feed characterization assumptions as they relate to the safety analysis design
criteria for the WTP. The team evaluated the assumptions and concluded that based on substantive
uncertainties in characterization data the project was using overly bounding process inventories as the
basis of design (BOD) of the WTP project. The MAR team recommended revised acceptance criteria
for waste feed to the WTP and reevaluation of selected assumptions and methods used in the accident
analysis for seismic and hydrogen phenomena related events.

Question 1.A Provide a qualitative assessment ofthe variety and quantities ofhigh level radioactive
waste recipes currently isolated in the Hanford underground tanks, and provide an assessment ofthe
relative challenges involved in stabilizing the various formulations.

Response l.A. See the response to question I.A.I for a discussion of the variety and quantity of
waste types. At Hanford several spent nuclear fuel reprocessing technologies contributed to the waste
stored in the tanks. The first of these was the bismuth phosphate process, which used two
reprocessing facilities (B plant and T plant). Another process that just separated uranium was the

uranium recovery process in the U Plant. To more efficiently separate plutonium and uranium, the
reduction and oxidation solvent process was operated for approximately 15 years. An improved
solvent extraction process called PUREX was then developed which used a different organic solvent
and nitric acid, rather than aluminum nitrate in the liquid phase. Three in-tank processes were
subsequently used for separating certain radionuclides. Ferrocyanide was used for this purpose in
some tanks and in U Plant. Subsequent proyesses selectively removed cesium and strontium which
were later converted to salts and stored separately onsite in a number ofhastelloy material "capsules".
The wastes, primarily salts and sludges, are stored in 149 single-shell tanks (SSTs) and most of the
liquids, along with salts and sludges are stored in 28 double-shell tanks COST).

From a MAR perspective, the most challenging waste is the contents of AZ-IOI (PUREX) for solids
and the complex concentrate waste contained in Tank AN-I 07 for liquids. There are a few other
tanks with radioactive material concentrations that contribute to radiological dose resulting from

inhalation, ULD values that are fractions of AZ-I0 I; the rest of the tanks have ULOs at least an order

Page 9 of 209



Responses to Defense Nuclear Facilities Safety Board Questions

of magnitude less than AZ-lOl. AZ-IOI will be blended with other wastes before it is sent to the
WTP. Our current estimate of the performance of the waste treatment mission for different waste
types can be found in ORP-l 11242, Revision 4, River Protection Project System Plan. The System
Plan addresses some challenges involved with treating various tank wastes. The System Plan
addresses the waste based on the best basis inventory (BBI) in which blending ofwaste types are
taken into account. Therefore, the challenges focus on waste constituents such as aluminum,
chromium, phosphate, sodium, sulfate and zirconium as opposed to individual waste types.

The waste composition offeed delivered to the WTP will be compatible with WTP design
calculations. Most challenges identified are associated with minimizing quantities of HLWand LAW
glass that ~ill be produced. This includes uncertainties such as waste composition, liquid-solid phase
partitioning during retrieval or pretreatment, the degree of waste blending in OSTs and glass
formulations. For example sodium and sulfate are challenges in LAW immobilization and aluminum,
sulfate, chromium and zirconium are challenges in HLW immobilization. A few challenges not
related to minimizing glass quantities are pretreatment of complexed waste in tanks AN-l02 and
AN-I07 and properly managing waste with high phosphate concentrations to prevent plugging of
piping and equipment.

Question l.A.l For the purposes ofthis explanation, divide these wastes into process types andprovide
specific estimates as to the challenges and hazards oftransporting them from the tankfarms to the new
waste treatment plant and any distinctions as to processing/stabilization. How has this changedfrom
previous estimates? See also question 22 Waste Characterization in support ofWaste Feed Delivery
below.

Response l.A.!. The variety and quantity of waste types in the Hanford tank farm is documented in
the best basis inventory and the tank characterization reports. The Tank Chara~terizationReports,
with embedded best basis inventory for all 177 tanks including retrieved tanks, were provided to the
ONFSB in the fall of 2009 (response to ONFSB Request #09-34(0), August, 2009). The estimate of
the composition of the waste has evolved somewhat over time as new sample data is collected, but
DOE and its tank farm contractors have had a reasonable understanding of the waste chemical
properties for a long time. The estimate ofthe waste composition is updated quarterly to account for
waste transfers and new sample data. In general, the best basis inventory divides the condensed
phases into three phases called "sludge", "saltcake" and "supernatant". These three "phases" are
further divided into waste types. RPP-8847, The Best Basis Inventory Template Compositions of
Common Tank Waste Layers report divides the waste into 48 waste types for supernatants and
41 waste types for solids (saltcake + sludge). In addition, the tank farm contractor manages some
wastes that are blends of these waste types in the OST system. The concept of waste type will
become less and less relevant over time as waste is retrieved'from the single shell tank system into the
double shell tanks system and co-mingled with other waste. Most tanks at Hanford have more than
one waste type and these waste types are blended together as the waste is retrieved. The variability in
the waste types leads to variability in the glass formulations needed to vitrify the waste. To address
this variability, glass formulation models have been developed to determine glass formulations used
in mission planning analysis. The models indicate that the WTP can produce glass which meets
contract technical requirements from all of the waste in the tank farm (ORP-11242).
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Hazards associated with the transporting of wastes within Tank Fanns and to the WTP are identified
using the TFC-ENG-DESIGNC-35, Revision E, Process Hazard Analyses Determination and
Techniques Screening procedure as new process designs are developed. A preliminary process hazard
analysis was perfonned last year for the waste feed delivery (WFD) system and is documented in
RPP-RPT-43205, Preliminary Process Hazards Analysis ofthe Integrated Waste Feed Delivery Plan.
An update ofthis process hazard analysis is planned for FY2011.

Question l.A.2 Provide current planning estimates on processing (schedule and cost).

Response l.A.2 The current DOE tank fann baseline based on System Plan 4 completes the Hanford
tank farm mission including waste treatment by 2047 and tank closure in 2050. The associated life
cycle cost for this mission is approximately $61.5 billion. Tank Operations Contractor (TOe) is
currently preparing System Plan 6 which will reflect advantages of mixing and blending capabilities,
modifications to PTF and a more predictable waste feed delivery strategy. This may yield
improvements to both life-cycle costs and schedule improvements.

Question l.B Based upon the most recent DOE assessment ofthe reduced material-at-risk what
opportunities has DOE been able to capture in the Waste Treatment and Immobilization Plant (WTP)
design and schedule? Specifically address modifications to the safety related design criteria.

Response I.E. Changes resulting from adjusting the WTP MAR to be consistent with that of the
Tank Fanns are documented in the PTF PDSA Addendum.

There were no changes to safety-related design criteria as a result of the MAR reduction. The
functional classification of select process piping was changed from SC to SS due to the results of the
postulated events with radiological consequences in the unmitigated consequence analysis (24590­
PTF-ZOC-Wl4T-00036, Revision. OB, Severity Level Calculations for the Pretreatment Facility
Based on Updated MAR). The change in the functional classification would allow the design to
consider elimination of redundant trains.

Question i.e With respect to emptying the tanks, completing the stabilization, and closing the legacy
tankfarms-what are the significant unresolved issues that remain unplanned/unfunded (e.g., additional
vitrification; supplemental pre-treatment)? See also question 23 Design Status ofWaste Feed Delivery
system below.

Response l.e. The River Protection Project (RPP) includes a number of challenges that need to be
addressed to reach the desired perfonnance for the mission. These challenges are summarized along
with potential mitigating actions and related details in ORP-11242, Section 7.0, Key Issues and
Uncertainties. This section is divided topically in alignment with TFC-PLN-39, WRPS Risk
Management Plan. Each key issue and uncertainty is linked to the associated assumption or
assertion, potential mitigating actions, and current status.
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Question l.D What are DOE's plans with respect to maintaining the site boundary and restricting access
in the foreseeable future (e.g., until significant reductions in tank waste have occurred)?

Response l.D. The Hanford Site is approximately 586 square miles consisting ofthree major
geographical components: (1) Hanford Reach National Monument, (2) River Corridor, and (3)
Central Plateau. The 2015 Vision for the Hanford Site is a safe and effective cleanup that protects the
Columbia River and includes reducing the active footprint of cleanup to 75 square miles (586 square
miles to 75 square miles) as described in DOEIRL-2010-18, Hanford Site Active Cleanup Footprint
Reduction. The Hanford Reach National Monument is protected by Presidential proclamation in
2000 and encompasses 290 square miles around the Hanford Site. The National Monument cleanup
component is planned for completion in fiscal year 2011. The River Corridor component consists of
approximately 220 square miles and is planned for clean up completion in fiscal year 2015. The
Central Plateau component is approximately 75 square miles consisting of an outer area of 65 square
miles and an inner area of 10 square miles. The outer area is planned for clean up completion in the
2015 to 2020 time period. The finallO square miles, inner area, will be a long tenn waste
management unit. The reduction of the footprint of active cleanup does not mean DOE intends to
physically reduce the site boundaries or excess the land. However, it may result in making some
areas available for DOE's reuse consistent with the existing Hanford Comprehensive Land Plan
Environmental Impact Statement (HCP-EIS) and Record of Decision (ROD) (64 FR 61615), which
established the Comprehensive Land Use Plan (CLUP). In the future, DOE may lease land for
Energy Parks analogous to the lease currently in place with Energy Northwest to operate the
commercial nuclear reactor on the Hanford Site. Consistent with the CLUP, any land lease for the
purpose ofestablishing energy parks would be in the designated "industrial area" south of the Wye
Barricade. As indicated in the DOEIRL-20 10-18, Hanford Site Active Cleanup Footprint Reduction
document and consistent with Comprehensive Environmental Response, Compensation, and Liability
Act of 1980 (CERCLA) ROD documents being developed, the Hanford Site will remain under .
Federal management and control for the foreseeable future and there are currently no plans to change
the Hanford site boundaries or access.

Question l.E Describe the basis ofcurrent knowledge ofHanford tank waste, and where applicable.
how and why confidence has increased in DOE's understanding ofwaste chemistry andprocess
knowledge.

Response 1.E. The basis of the knowledge and our understanding of tank waste radiological and
chemical composition is documented in the Best-Basis Inventory Template Compositions ofCommon
Tank Waste Layers report (See answer to Question LA. I). The change in the MAR was viewed as an
opportunity to align the safety basis documents for the tank farm contractor and WTP while using the
technical infonnation available. The alignment with Tank Farms will facilitate an integrated
authorization basis (AB) used at WTP facilities and was designed to be consistent with the MAR
authorized and analyzed at the Tank Farms.
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Question l.F What is the status ofdeveloping the cold (i.e., with simulants. no radioactive waste) testing
plan and when is it expected to be fundamentally complete? How long does DOE expect to operate the
WTP in a cold test mode before beginning to process tank waste?

Response l.F. The status of the cold commissioning plan is draft. A project approved draft is
available (24590-WTP-PL-OP-05-0002, Revision OB, WTP Commissioning Plan Part B) and was last
updated to support closure of 24590-WTP-PL-ENG-06-0021, Issue Response Plan for
Implementation ofExternal Flowsheet Review Team (EFRT) Recommendations - M9, Lack of
Comprehensive Feed Testing in Commissioning. Under the current project baseline, the WTP is
scheduled to operate in a cold test mode from November 2016 - December 2017. The
Commissioning Plan (24590-WTP-PL-OP-05-0002), WTP Contract Deliverable 5.1 (Table C.5-l.1,
WTP Contract) is due 12 months prior to the start of cold commissioning. To bridge the gap between
today and the issuance of the Commissioning Plan, the project has agreed to and accepted a May
20 I0 Construction Project Review (CPR) action item, CPRJ-6, to produce a WTP commissioning
strategy document.

Question 2. Waste Treatment and Immobilization Plant Safety Design
Strategy

Responses to Question 2 were developed by:

Primary authors:

U.S. Department of Energy - Office of River Protection
Ben Harp, Acting Assistant Manager for Waste Treatment Plant Integration

Hanford Tank Waste Treatment and Immobilization Plant Project
Donna Busche, Environmental & Nuclear Safety Manager

Contributing authors:

Hanford Tank Waste Treatment and Immobilization Plant Project
Todd Allen, Safety Implementation Manager

Mike Delamare, Systems Engineering Manager
Ken Gibson, Safety Documents Lead

George Matis, Commissioning Operations Manager

Tom Patterson, Manager of Engineering
Dave Pisarcik, Engineering Design Support Manager

Page 13 of 209



Responses to Defense Nuclear Facilities Safety Board Questions

2.A Safety-related Design Criteria

The SRD provides formal documentation of the safety requirements and standards resulting from the
WTP Project safety standards and requirements identification process. Structures, systems, and
components (SSCs) that serve to provide reasonable assurance that the WTP facility can be operated
without undue risk are classified as safety SSCs. Implementing codes and standards in the SRD are
specified for SSCs in SC and SS applications.

In addition, the consensus codes and standards in the SRD used in the design of SSCs are linked to SRD
Safety Criteria. This link is implemented through the Integrated Safety Management (ISM) process that
is defined in the SRD Appendix A. These links are controlled to ensure that configuration management
of the linkage to the SRD is maintained at all times.

A key feature of the SRD maintenance process is the ability to effect changes to the SRD (when such a
change is appropriate). SRD changes may arise as a result of design evolution or may be identified
through the hazard evaluation process. Changes of the first type occur when a proposed design position
offers benefits (cost, safety, reliability) but is not in compliance with the SRD as written. Changes of the
second type may result from newly identified accidents or off normal conditions. In either case, all
activities are documented, and no change to the SRD is initiated without a formal review for compliance
with the standards and requirements on which the SRD is based.

Question 2.A.1. Describe the status ofthe safety-related design criteria (24590-WTP-SRD-ESH-OI-00l­
02, Revision 5t, Safety Requirements Document. Volume II (SRD)).

Response 2.A.l. 24590-WTP-SRD-ESH-OI-00I-02, Revision 5t, Safety Requirements Document,
Volume II (SRD) , has been recently published as Revision 5u. At present, there is only one proposed
change currently with DOE for review and approval. This change package was submitted to DOE for
approval in letter CCN 216681, Transmittalfor Approval Authorization Basis Amendment Request
24590-WTP-SE-ENS-l0-0017, Revision 0, Addition of[SA 67.04.01-2006 to the Safety Requirements
Document Volume II.

Question 2.A.1.a) Describe each SRD change since October 1,2008.

Response 2.A.1.a). The following list identifies the changes made to the SRD since October 1,2008.
Ofthe eighteen changes listed in this table, eight involved code and standard changes resulting from
design evolution, five were updates to bring requirements in line with DOE standards, three were
process changes and two were changes in the hydrogen control strategy and acceptance criteria.

Changes to the SRD Since October 1, 2008

Rev Date Description

5d 10116108 Implementation of the wrp Site Specific Ground Motion Spectra into the SRD for Selective Use

Reference: DOE Leiter, 08-NSD-052, 24590-wrP-SE-ENS-08-0097, Revision 0 (CCN 187637)

5e 11121108 Removal of SDCISDSIRRC from the SRD

Reference: 24590-wrP-SE-ENS-08-0066, Revision 0
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Changes to the SRD Since October 1, 2008

Rev Date Description

5f 12/30/08 · Removal of RUREG-97 from the AS
Reference: 24590-WTP-SE-ENS-08-0159, Revision 0 per DOE Letter 08-NSD-077 (CCN 191985)

· Removal of SDC/SDS/RRC from the SRD
Reference: 24590-WTP-SE-ENS-08-Q066, Revision 0

5g 2110/09 · SRD Change to Natural Phenomena Hazards Design Criteria
Reference: DOE Letter 09-NSD-003. 24590-WTP-SE-E,NS-08-0122, Revision 0 (CCN 193661)

· Addition of Specific Administrative Controls into the AS
Reference: 24590-WTP-SE-ENS-08-0163. Revision 0

· Removal of SDC/SDS/RRC from the SRD
Reference: 24590-WTP-SE-ENS-08-0066. Revision 0

5h 3/12/09 New Safety Classification Process for the WTP
Reference: 24590-WfP-SE-ENS-08-0154. Revision 1.

5i 4/10/09 Clarification of Use of AISC M016-89, Manual for Steel Construction in the SRD
Reference: DOE Leiter 09-NSD-018. 24590-WTP-SE-ENS-08-0152, Revision 0 (CCN 196733)

5j 517109 · Applicability of 10 CFR 50.49 and IEEE-323 on the WfP Project
Reference: DOE Letter 09-NSD-030. 24590-WfP-SE-ENS-09-0013, Revision 0 (CCN 198340)

· Removal of the Project Safety Committee (PSC) from the AS
Reference: 24590-WTP-SE-ENS-09-0039. Revision 0

5k 8/28/09 Incorporation of DOE 0 420.1 B into the SRD
Reference: DOE Leiter 09-NSD-033, 24590-WfP-SE-ENS-08-0060. Revision 0 (CCN 204091)

51 9/25/09 Clarification of Section VIII Division land Division 2 Requirements
Reference: DOE Letter 09-NSD-050, 24590-WTP-SE-ENS-09-Q023. Revision 0 (CCN 205736)

5m 10/9/09 Revision of the SRD to Tailor the Requirements to Implement Section 14 of DOE-STD-l066-97
Reference: 24590-WfP-SE-ENS-09-0019, Revision 0

5n 11124/09 • Revisions to Hydrogen Control Strategy Requirements
Reference: DOE Letter 09-NSD-044, 24590-WfP-SE-ENS-09-0089, Revision 0 (CCN 208458)

· Implementation of Current Terminology of 10 CFR 835 into the SRD and PDSAs
Reference: 24590-WTP-SE-ENS-09-0100, Revision 0

50 1120/10 Clarification of the SRD Introduction
Reference: 24590-WfP-SE-ENS-l 0-0001, Revision 0

5p 2/24/10 Revisions to HPAV Acceptance Criteria
Reference: DOE Letter 10-NSD-013, 24590-WTP-SE-ENS-09-0120, Revision 0 (CCN 214109)

5q 3/4/10 SRD Appendix H Cleanup
Reference: DOE Letter 10-NSD-00B, 24590-WfP-SE-ENS-06-0043, Revision 0 (CCN 214405)

5r 3/25/10 Editorial correction in Appendix C.26 changes "inaccessible" to "closed cell (black cell) andlor hard-to-reach"
.Reference: DOE Letter lQ-NSD-OOB (CCN 214405)

5s 4/B/l0 Criterion 4.1-~ Interaction Requirements (Two over One Protection)
Reference: DOE Leiter 10~NSD-019, 24590-WfP-SE-ENS-09-Q074. Revision 0 (CCN 216310)

5t 6/23/10 Clarification of Seismic Testing ReqUirements in SRD, Appendix C.2
Reference: DOE Letter 10-NSD-044, 24590-WTP-SE-ENS-10-0023, Revision 0 (CCN 220309)

5u 8/19/09 • AS Changes Regarding Safe State to Support the Elimination of DOElRl-96-0006 from the WTP Contract
Reference: DOE Letter 10-NSD-052, 24590-WTP-SE-ENS-09-0063, Revision 0 (CCN 222602)

• Removal of DOElRL-96-0003, DOElRL-96-0004, DOElRL-96-0005. and DOElRL-96-0006 from the AS
Reference: 24590-WTP-SE-ENS-09-0069, Revision 0

· Emergency Diesel Generators
Reference: DOE Letter 10-NSD-043, 24590-WTP-SE-ENS-Q9-0084. Revision 0 (CCN 223544)
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Question 2.A.1.a)(1) Which SRD changes were needed to address major changes in the design (pulse jet
mixing, control ofhydrogen, changes to the processflowsheet to address solids precipitation, etc.)?

Response 2.A.l.a)(1). There were two changes to the SRD since October 1,2008 that were made to
provide the safety design requirements for control of hydrogen as follows:

• SRD Revision 5n per 24590-WTP-SE-ENS-09-0089, Revisions to Hydrogen Control Strategy
Requirements; and

• SRD Revision 5p per 24590-WTP-SE-ENS-09-0120, Revisions to HPAVAcceptance Criteria.

The purpose of authorization basis amendment request (ABAR) 24590-WTP-SE~ENS-09-0089was
to revise the SRD to al(gn the requirements pertaining to control ofhydrogen in piping and ancillary
vessels (HPAV). These requirements, as they were documented in the SRD, were developed in the
absence of the detailed analysis and testing needed to fully understand the behavior offacility SSCs
that may be subject to HPAV events. In the absence of detailed analysis and testing the ,resulting
control requirements were necessarily conservative. Analysis and testing conducted since the initial
criteria were developed and documented in the SRD demonstrates that the original control strategies
which had primarily active controls might be able to be replaced with passive controls.

The purpose ofABAR 24590-WTP-SE-ENS-09-0 120 was to revise the criteria for hazardous
conditions in facility piping aqd ancillary vessels to account for the results of testing and analysis that
have been accomplished in the last three years.

Question 2.A.l.a)(2) What was the technical basis for each change identified in (1) above?

Response 2.A.l.a)(2). The technical basis for each change was documented in the safety evaluation
that was completed for each change.

24590-WTP-SE-ENS-09-0089 - Analysis and testing resulted in a better understanding of the correct
application of code requirements to HPAV events. DDT-PRC events are in most cases not possible
for piping configurations typical to the WTP facilities (SwRI Project 18-14165, HPAV Gaseous
Deflagration. Detonation. and Deflagration to Detonation (DDT) Test Program and C-6916-00-04,
Idealized PRC-DDT Pulse Shape Validation), and show that failure modes for piping and ancillary
vessels under HPAV loads do not include fragmentation (Journal ofPressure Vessel Technology,
Comparison ofFracture Response ofPreflawed Tubes under Internal Static and Detonation Pressure
Loading and GNNA-09-004, Fragment Generation from Hypothetical Gaseous Detonation Induced
Explosive Rupture ofHPAVPiping and Components).

24590-WTP-SE-ENS-09-0120 - The criteria for identifying hazardous conditions in facility piping
and ancillary vessels were revised to account for the results of testing and analysis that has been
accomplished in the last three years and documented in WTP report 24590-WTP-RPT-ENG-07-011,
HPAVAnalysis and Design Criteria.
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Question 2.A.I.a)(3) What impact did each change identified in (1) above have on the Pretreatment
Facility (PTF) margin-oi-safety?

Response 2.A.I.a)(3). The change in the HPAV acceptance criteria allows an increase in the
acceptable level of defonnation from events in hot cell piping. The revised criteria and methodology
introduce higher load limits (limited localized strain) for piping in the PTP hot cell that preclude
failure with reduced margin recognizing that piping could be repaired, if necessary. There was no
change in the acceptance criteria, and no decrease in margin-of-safety, for black cell (BC) and HTR
piping. See response to Question 5.E for additional detail.

Question 2.A.I.b) Why was each change necessary given the advanced state ofthe PTP design?

Response 2.A.I.b) In early stages of the facility design, it was apparent that sufficient data was not
available to support a passive control strategy for HPAV. In order to advance the design active
controls were developed. In parallel, an extensive program of analysis and testing was initiated to
gather sufficient data to support an increased use of a passive control strategy. As the results of the
testing and analysis program became available, it was determined that a passive control strategy could
now be implemented into select portions of the design, even at the advanced state of the PTP design.
SRD changes were generated to support future implementation of the passive control strategy.

Question 2.A.I.e) What SRD changes are anticipatedprior to startup (e.g., remaining unresolved safety
issues)?

Response 2.A.I.e) The SRD will be modified, as necessary, to address the findings in the recent
report, 24590-CM-HC4-WOOO-OO 182-01-0000 1, Hydrogen in Piping and Ancillary Vessels in the
Pretreatment Facility ofthe Hanford Waste Treatment Plant. At this time, there are no other
anticipated or planned changes to the high-level safety design criteria defined in the SRD Safety
Criteria in Sections 1.0 through 9.0; however, based on past Project history it can reasonably be
expected that the implementing codes and standards documented in the SRD will undergo some level
of modification to maintain required consistency with the design and selected control strategies.
Currently, there are three proposed or anticipated changes to the SRD related to implementing codes
and standards or clarification of methods. ABAR 24590-WTP-SE-ENS-1O-0017, Addition of
ANSJlISA 67.04.01-2006 to the SRD is at DOE pending approval. Additionally, ABARs 24590­
WTP-SE-ENS-09-0 126, Combustible Loading Program, and ABAR 24590-WTP-SE-ENS-l 0-0016,
Update APIStandard 610 to the Latest Revision and add ASME/ANSI B73.1 and B73.2 as
Applicable Pump Standards, are currently under development and are expected to be fonnally
transmitted to DOE for review and approval. These and future changes to the SRD that arise prior to
start-up will be processed in accordance with established project procedures and approved by the
appropriate authority prior to implementation and use.
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Question 2.A.1.c)(1) What is the technical basis for each anticipated change?

Response 2.A.l.c)(1) For each proposed change to the SRD, a technical basis is developed and
provided to DOE for their consideration during their review and approval of the proposed change to
the SRD. DOE's approval of the change to the SRD via a safety evaluation report (SER) documents
and affirms the adequacy of the technical basis for the proposed SRD change. This same process will
be followed for any changes between now and start-up.

The technical basis for potential changes from the HPAV Independent Review Team (IRT) response
plan will be developed when the complete change package is created. The technical basis for the
remaining proposed changes are summarized below.

(ABAR) 24590-WTP-SE-ENS-l 0-0017 - The SRD does not provide a standard to develop the WTP
for safety instrument setpoints. The addition of ANSVISA 67.04.01-2006 to the SRD was selected to
provide a consistent methodology to develop WTP l!afety instrument setpoints.

(ABAR) 24590-WTP-SE-ENS-09-0126 - Calculation 24590-WTP-UIC-FPW-00005, Combustible
Loading Program. Calculation 24590-WTP-UIC-FPW-00005 evaluated the largest identified fuel
packages in each fire area for their potential thermal impact on tHe overall fire area. Each identified
fuel package was analyzed to estimate a peak heat release rate associated with uncontrolled burning
as a primary fuel package. The resultant peak upper layer temperatures were compared against a
threshold of 300°C (upper layer temperatures in excess of 300°C are considered a high risk for flame
spread and thermal damage to equipment based on ignition temperatures for various fuels [Society of
Fire Protection Engineers (SFPE) Handbook of Fire Protection Engineering, Table 2-12.2, pg. 2-251D
and 500°C (l,lpper layer temperatures in excess of 500°C are considered a high risk for structural
damage [SFPE Handbook of Fire Protection Engineering]). The methodology presented in
calculation 24590-WTP-UIC-FPW-00005 is an industry accepted practice and has been previously
applied at DOE facilities and the WTP by industry experts, Hughes and Associates.

(ABAR) 24590-WTP-SE-ENS-I0-0016 - 1) As pumps are manufactured to only the current and valid
industry standards, it is increasingly difficult to procure pumps to the older version of the standard;
therefore, it is proposed to replace the tailored 1995 version ofAPI Standard 610 currently reflected
in the SRD with the corresponding/applicable tailored 2004 version. 2) Addition of ASME/ANSI
B73.1-2001 and ASME/ANSI B73.2-2003 as acceptable standards for pump confinement will allow
for the procurement of standard industrial pumps for pump applications/areas that are expected to be
changed out on dose limits rather than design life. To minimize high radiation exposure to plant
personnel, when these pumps can no longer be operated due to a drop in efficiency or performance,
they will be replaced with new pumps. rather than maintained to replace worn out internal
components.

Page 18 of 209



Responses to Defense Nuclear Facilities Safety Board Questions

Question 2.A.1.c)(2) What impact will each anticipated change have on the PTF margin-aI-safety?

Response 2.A.l.c)(2) The additions of ANSIIISA 67.04.01-2006 responded to a need for a
consensus standard to address the definition of safety set points. The addition of the standard
establishes the margin-of-safety for this activity.

The update to the latest version of API Standard 620 and addition ASME/ANSI B73.1 and B73.2 as
Applicable Pump Standards will align the project with current industry practice and provides an
appropriate margin-of-safety. The margin-of-safety provided by ASMEIANSI B73.1 and B73.2 may
be lower than the margin-of-safety provided by API Standard 620, but is approp~iate for pumps that
will be replaced periodically.

The change to the combustible loading program was a change in the methodology used to assess fire
temperatures. It did not change the acceptance criteri~ and therefore did not reduce the
margin-of-safety.

Question 2.A.l.c)(3) Describe the expected benefit ofeach anticipated change.

Response 2.A.l.c)(3) The expected benefit for each anticipated change is provided below.

The expected benefit from resolution of the HPAV IRT findings (and resultant change to the SRD) is
implementation of the HPAV design criteria into the design.

(ABAR) 24590-WTP-SE-ENS-I 0-00 17 - The expected benefit is that the WTP for safety instrument
setpoints will be developed consistently for each facility and in agreement with a national standard.

(ABAR) 24590-WTP-SE-ENS-09-0 126 - The expected benefit is that many of the high radiation or
high ambient temperature areas will not have a fire that challenges the boundaries or require the
installation of suppression systems~

(ABAR) 24590-WTP-SE-ENS-I0-0016 - The expected benefit ofthis change is a reduced radiation
exposure to plant personnel by replacing pumps rather than maintaining the pumps and a reduced cost
in procuring pumps designed to B73.1 and B73.2 rather than API 610.

2.A.2 Beginning in late 2008, DOE approved changes to the safety-classification methodology applied to
the WTP design.

Question 2.A.2.a) What changes were made and how did they affect the margin-aI-safety?

Response 2.A.2.a) The changes in classification methodology allow for the possibility of DOE
accepting SS controls for events with consequences between 5 rem and 25 rem to the public and
provide for the possibility of DOE accepting no safety controls for events with consequences between
25 rem and 100 rem to the collocated worker. Changes to the functional classification on this basis
would require justification by the contractor and approval by DOE. This change in the classification
methodology did not change the functional classification of any SSCs and future changes will require
DOE approval. There has been no change in the margin-of-safety as a result of the changes in
functional classification methodology.
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Question 2.A.2.b) Describe the intent ofeach change.

Response 2.A.2.b) The new safety classification methodology was intended to better align the WTP
. methodology with DOE-STD-3009-94 and was a directed change from DOE documented in Letter
08-NSD-057, Contract No. DE-AC27-07RV14136 - Direction to Implement New Safety Classification
Process for the Waste Treatment and Immobilization Plant (WTP).

Question 2.A.2.e) Describe the technical basis for each change.

Response 2.A.2.e) The revised safety classification types reflect the scheme documented in
DOE-STD-3009-94.

Question 2.A.2.d) Describe the consideration given to changes in DOE policy regarding the application
ofevaluation guidelines for the safety classification ofcomponents established in DOE Order 420.1B,
Facility Safety, when modifying the safety classification system for protection ofthe collocated worker.

Response 2.A.2.d) Final changes were made in the safety classification system for the protection of
the collocated worker in conjunction with the PTF PDSA Addendum approved in the DOE SER
(09-NSD-044, Conditional Approval ofPretreatment Authorization Basis Control Strategy Change
Package). These changes aligned the WTP design and control selection process with established
DOE requirements, completing the transition from the contemplated regulation by the Nuclear
Regulatory Commission.

The change is compliant with DOE Order 420.l8, Facility Safety, including the defense in depth
requirements and the need to identify major contributors to defense in depth as SS, governed by
technical safety requirements (TSR). DOE's policy for WTP does not include Change 1 to
DOE 0 420. LB.

Specific criteria for selecting collocated worker protection controls included the 100 rem threshold
that had emerged as the complex-wide practice, but also continued to require consideration of SS
controls below this level (in the range 25-100 rem). In conjunction with the change from computer
codes GXQ to MACCS2 for public dose analyses using the DOE guidance, a constant atmospheric
dispersion coefficient x/Q value of3.5E-3 s/m3 was directed for implementation in WTP analyses.
This value is derived from NUREG-1140, A Regulatory Analysis on Emergency Preparednessfor
Fuel Cycle and Other Radioactive Material Licensees, and is appropriate for large buildings like the
WTP facilities. The decision not to apply the lOO rem criterion as a bright line for WTP is seen to
make this choice even more appropriate, ensuring collocated worker protection in accordance with
DOE policy.
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Question 2.A.2.e) Describe how unmitigated dose consequences to the collocated worker were
calculated and evaluated

Response 2.A.2.e) The unmitigated consequences to collocated workers were calculated using
methodology in DOE-HDBK-301O, Airborne Release Fractions/Rates and Respirable Fractionsfor
Nonreactor Nuclear Facilities. The dose to the collocated worker is express as follows:

Dose = MAR x ARF(or ARR x t) x RF x X/Q x BR x UD

where,

MAR is the material-at-risk

ARF is the airborne release fraction

ARR is the airborne release rate

t is the release duration « = 8 hr consistent with DOE-STD-3009, Appendix A)

RF is the fraction of the airborne release that is respirable

X/Q is the 95% atmospheric dispersion coefficient for a receptor at 100 meters

BR is the breathing rate = 3.33E-4 mJ/sec

UD is a unit dose factor consistent with the MAR.

Unmitigated consequences to the collocated worker are documented in severity level (SL)
calculations, which provide input to the hazard analysis process and the basis for Section 3.4,
Accident Analysis, of the WTP PDSAs. The unmitigated consequences in the severity level
calculations are generic and may require adjustment to reflect specific accident scenarios. For
example, spill consequences may need to be adjusted for the spill height assumed in a specific
accident scenario; the consequences of an overblow event may need to be adjusted to reflect the
number of devices involved in a specific scenario. The design basis events (DBE) calculations
documented the evaluations of postulated accident sequences and consider mitigated consequences as
well as unmitigated consequences. The DBE calculations are summarized and referenced in Section
3.4, Accident Analysis, of the facility PDSA. The unmitigated consequences reported in the design
basis event calculations may be from the SL calculation or may be developed independently.

The PDSA submittals from 2003 through 2008 reported unmitigated consequences based on
radiological inventories derived from the contract feed specifications, atmospheric dispersion
coefficients that considered no depletion due to particle settling or building wake effects, and airborne
release fractions and respirable fractions that were generally consistent with the recommendations of
DOE-HDBK-301O. Calculation 24590-PTF-ZOC-WI4T-00002, Revision. OF, Revised Severity Level
Calculations for the Pretreatment Facility, evaluated unmitigated consequences used in those
submittals.

In early 2009, DOE made a decision to revise the radiological basis for the WTP safety analysis to
align it with the basis used in the tank farm safety basis. DOE also directed that an atmospheric
dispersion factor ofJ.5xlO,J sec/mJ be used to calculate collocated worker doses. 24590-PTF-ZOC­
WI4T-00036, Revision. OA, Severity Level Calculations for the Pretreatment Facility Based on
Updated MAR, calculated collocated worker consequences using the release fraction and respirable
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fraction values that were used in 24590-PTF-ZOC- W14T-00002 but incorporating the following
changes:

• The unit dose factors and stream densities were changed to reflect the results documented in
calculation 24590-WTP-ZOC-W14T-00020, Design Basis Event Pretreatment Facility Drop of
Radioactive Materials;

• The X/Q at the location of the collocated worker was changed to 3.5E-3 sec/m3 as directed by
DOE. This value is derived from NUREG-1140 for large structures (similar to WTP facilities);
and

• Hydrogen consequences were evaluated on the basis of the amount of hydrogen generated in
1,000 hours rather than a stoichiometric hydrogen-air mixture in 50% of the vessel volume. This
change was made for consistency with the time frames in SRD Appendix B, Section 2.1.3.

The DNFSB staff and DOE reviewers raised a number of issues related to the release fractions and

models used in 24590-PTF-ZOC-W14T-00036, Revision. OA, Severity Level Calculationsfor the
Pretreao/lent Facility Based on Updated MAR.. 24590-PTF-ZOC-W14T-00036, Revision OB,

incorporates changes responding to DNFSB staff and ORP comments. Specifically,

• The consequences of vessel headspace explosions in large vessels with significant solids content
are evaluated to be > 25 rem to the public.

• The entrainment coefficients for boiling and steam/air overblow events are increased by a factor
of2 and a factor of 10, respectively.

• Spills are modeled to reflect bounding spill heights rather than a generic 3 meter spill height.

• The spray event airborne release are analyzed using the methodology described in 24590-WTP­
RPT-ENS-lO-OOl, Methodology for Spray Leak Scenarios (refer to the response to 4.A.2.).

Question 2.A.2.t) What impact will each change to the safety classification system have on PTF safety­
related systems, structures, and components (SSCs)? Describe which SSCs were affected by the changes
in classification system including the impact on component quality level and safety-related design
criteria.

Response 2.A.2.t) At the time the change was implemented, a review of SC and SS SSCs was made

and it was concluded that there would be no changes in classification due solely to the new safety
classification system. There was no impact on the component quality levels. This review was

documented in CCN 187620, Impact ofNew Classification Scheme. The changes in the safety

classification system from DOE letter 08-NSD-057, Direction to Implement New Safety Classification
Process for the Waste Treatment and Immobilization Plant (WTP) have been implemented at the

WTP.

Question 2.A.3 Describe the status ofthe Basis ofDesign (24590-WTP-DB-ENG-OI-OOl).

Response 2.A.3 The BOD identifies design criteria that serve as a design basis for the WTP. It

addresses the process that converts waste to glass, environmental regulation, Hanford site

characteristics, design requirements by engineering discipline, design codes and standards, and other

requirements to be applied to the design. The BOD does not contain all WTP design criteria, but is
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used in conjunction with documents containing the nuclear safety rt<quirements (such as the SRD),
and other design criteria documents (e.g., environmental permits, interface control documents).

Changes to the BOD are processed using Basis of Design Change Notices (BODeN). The change
proces~ is controlled by procedure, and requires evaluation of all affected design organizations, the
Environmental and Nuclear Safety (E&NS) organization and the DOE. The current version of the
BOD is 24590-WTP-DB-ENG-OI-00I, Revision IP, Basis a/Design. There are two approved
changes to the BOD that have not been incorporated as follows:

• 24590-WTP-BODCN-ENG-IO-0006, Use a/Waste Treatment Project (WTP) Site-Specific
Ground Motion (WSGM) for PTF Power Manipulator Cranes and Cable Reels, dated
May 27,. 2010; and

• 24590-WTP-BODCN-ENG-09-0027, Heat Tracing Remote Indication and Facility Network
Infrastructure System (FNJ) Fiber Optic Cable Laterals, dated June 25, 2010.

Question 2.A.3.a) Describe each change to the Basis ofDesign since October 1, 2008.

Response 2.A.3.a) The BOD changes are normal and expected while design activities progress.
Changes were made to clarify requirements update codes, apply specific seismic standards to selected
equipment, address issues ofdesign evolution, and to address specific issues (e.g., HPAV). The
BODCNs made since October I, 2008 are itemized in the table below.

Document Approva Purpose of Change
Number I Date

24S90-WfP- 10/2108 Revision of Black Cell and Hard-to-Reach Area NDE Requirements. Modify Section 16
BODCN-ENG-08- and 17-Weld Nondestructive Examination [NDEI ReqUirements In Black Cell And Hard-
0008 To-Reach Areas

Requirements changed to reflect the necessity for Non-active Parts, components and non
moving equipment parts In HTR areas to be welded and checked by non-destructive
examination per ASME B31.3-1996(all welded construction shall be used for piping and
vessels).

24S90-WfP- 10/7/08 SUPERCEDED - Revise Welding ReqUirements In Black Cells And Hard-To-Reach
BODCN-ENG-06- Areas. Modify Section 17 • Weld Nondestructive Examination Requirements in Black
0007 cells and Hard- to-Reach areas. Section 17 will be eliminated and BC and hard-to reach

area nondestructive examination requirement will be incorporated in Section 16.

Page 23 of 209



Responses to Defense Nuclear Facilities Safety Board Questions

Document Approva Purpose of Change
Number I Date

24590-WTP- 11/5/08 Significant Design Requirements - Interim Approval for Implementation and
BODCN-ENG-08- The following criteria shall replace the criteria outlined in Section 1.4 of reference 1
0009 Definitions of Significant change of the WTP BOD

· Design requirements cited in the Bechtel National, Inc. (BNI) Contract

• Design requirements provided by DOE in writing

· Environmental permitting requirements from State Law and Regulations, the
Dangerous Waste Permit Application, Notices of Construction, Prevention of
Significant Deterioration, etc

· WTP site characteristics, including climatic, geotechnical, and natural phenomenon
data

· Allowable process and atmospheric temperatures, pressures, now rates, for design
conditions

· Applicable codes and standards, regulations and guidelines

• Any requirement that can alter the performance of safety of the WTP

• Any requirement that is a result of or can alter a significant facility design change to
the AB of the WTP

The following BOD Sections are considered in their entirety

· Section 4, Site data

· Section 5, Safety

• Section 7, Control Philosophy

· Section 13, Fire protection

• Section 14, Environmental

• Section 16, Black Cell

The following paragraph shall replace Section 1.5, Interim Approval for Implementation
(tAl)

24590-WTP- 11/17/08 Environmental Basis of Design CCN:184926 Updates references and removes revi~ion

BODCN-ENG-07- numbers so that the reference will not become outdated. Updates the control technology
0016 equipment to match the requirements from the environmental permits

Incorporates requirements from the permit for vaults (applicable for the Pretreatment
facility outdoor process condensate tanks radioactive liquid waste disposal system) and
double walled tanks (not currently in the design)

24590-WTP- 11/17/08 Allow Selected Vessels and Breakout Pots to Use WSGM. Change incorporates
BODCN-ENG-08- coordinated references for the use of WSGM. The technical justification shall focus on the
0011 remaining design margins that will be provided if WSGM response spectra are used.

Document lists the first set of components, some of the process vessels, for which it is
beneficial to use WSGM

24590-WTP- 1/8/09 Correction to Steel Manual Reference. Corrected title when referencing AISC M016
BODCN-ENG-09-
0001

24590-WTP- 3/13/09 Allow Selected Components to Use WSGM. Approval to use WSGM on selected
BODCN-ENG-08- components ofCNP, FEP, TLP, HLP and UFP systems
0013

24590-WTP- 3/13/09 Use of WSGM for PTF Hot Cell Equipment and Ancittary
BODCN-ENG-08- JumperslEquipmenf/Components. The scope of approval includes all major PTF Hot
0014 Cell (room P-0123) equipment, ancillary equipment and components including piping,

jumpers, support frames, mounting attachment, inline components, instruments, etc.,
between and including the hot cell embeds and the hot cell/BC pipe anchor locations
(which define the qualification break between the hot cell and BC piping)

24590-WTP- 5/4/09 Treatment ofCodes and Standards in the BOD
BODCN-ENG-Q8- • Remove outdated references
0007 · Clarify discussion of the standards identification process and its basis and record

documents

• make uniform the disciplines presentation of their applicable codes and standards

24590-WTP- 5/4/09 Additional Hard-To-Reach Piping Details In Chapter 16. Clarifies reqUirements for the
BODCN-ENG-09- outer pipe of dual containment pipe lines located in HTR areas within WTP
0007
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Document Approva Purpose of Change
Number I Date

24590-WfP- 5/28/09 Implementation ofRequirements from the Prime Contract Revision. Replace the term
BODCN-ENG-08- ·stress corrosion cracking" with "caustic stress corrosion cracking" on page 6.6, update
0012 maximum transfer rate·for HLP-VSL-00027 NB to 55 gpm in Table 6-2, and update

Section 6.11.2 (G2 module run'values) with the quantities of HLW waste and LAW waste
in the feed vector.

24590-WfP- 5/28/09 Clarify Light Switching Criteria and Common Path of Travel Egress Lighting FixtureS.
BODCN-ENG-09- Clarifies the switching of lighting loads that will ocCur on a regular basis to be through the
0008. use of local light switches or rated circuit breakers, add JESNA standards, clarifies that

Plant operations will determine location of switches, add battery backup.

24590-WfP- 6/11/09 Clarification ofDescription ofMe/ter Cell Embeds in Chapter 6. Codes and Standards in
BODCN-ENG-09- Chapter 10. Provides clarification to the requirements for Melter cell embeds in Chapter 6
0006 and updates codes and standards in Chapter 10 '

24590-WTP- 6/11/09 Allow The Use of WTP WSGM for Mechanical Systems Equipment and Components.
BODCN-ENG-09- Some equipment from CNP, CXP, DIW, FEP, HFP, HOP, HLP, NAR, PJV, PSA, PVP,
0010 PWD, RDP, PLD, SHR and UFP systems was approved for use ofWSGM

24590-WfP- 7/8/09 Align BOD With Current WTP Alarm, Security Access And Waste Tracking Philosophy.
BODCN-ENG-08- BODCN changes the requirement to annunciate Category 1 and Category 2 alarms on
0019 the integrated Control Network operators control panel; they will be annunciated on

individual panels within the control rooms (Main Control Room, Standby Control Room,
and Facility Control Rooms) or though the public address system and other changes for
alarm systems

24590-WfP- 10/26/09 NQA-1 Reference. Proposed to remove ANSIIASME NQA-1 FROM Revision10 of BOD.
BODCN-ENG-09- Section 1.8 of BOD refers to QAM, which includes NQA and applies to entire BOD,
0013 Citation of QAM in Chapter15 of BOD may cause confusion

24590-WfP- 11/6/09 Use of WSGM for HLW Power Manipulator Cranes and Cable Reels. Allows the use of
BODCN-ENG-09- WSGM bUilding response for the design of HLW crane Power Manipulators and Cable
0015 Reels

24590-WfP- 11/17/09 Minimum Conductor Size for Vendor Support Equipment, Removal of SC Switchgear
BODCN-ENG-09- Buildings and Updated egress Light Battery Size. Smaller conductor size may be utilized
0012 as long as adequate over-current protection is provided.

24590-WfP- 1212109 Revision to Table 12-1 to Include PTF Control Building Compressor, Chitted Water
BODCN-ENG-09- Equipment, and HVAC Equipment Room Internal Conditions. Clarified/specified
0016 temperature conditions if PTF chiller plant and control building.

24590-WfP- 1218/09 Offgas Capacity Rated for 2 Melters. Modify BOD so that the exhausters in the LAW can
BODCN-ENG-09- be downstream of all off gas abatement equipment.
0018

24590-WfP- 12115/09 Instrumentation Signal and Power Supply Grounding. Clarification of instrumentation
BODCN-ENG-09- installation requirements.
0022

24590-WfP- 117110 Revise References In Section 15. Clarify requirements and requirement bases for
BODCN-ENG-09- melters
0019

24590-WfP- 1/21/10 Mechanical Design Criteria for Diesel Fuel Oil Storage Tanks. Reference to NFPA30
BODCN-ENG-09- shall be changed to ANSI/UL 142. The BODCN updates the codes and standards used
0014 for design of diesel fuel oil storage tanks

24590-WfP- 2/22110 Continuous Air Monitor (CAM) Locations
BODCN-ENG-09- Clarification of the need for CAMs to be located inside of the rooms to get representative
0023 samples

24590-WfP- 3/3/10 Use ofWSGM for Selected Pretreatment Facility (PTF) and High-Level Waste Facility
BODCN-ENG-09- (HLI,oV) Heating, Ventilating, And Air Conditioning (HVAC) components. Some HVAC
0011 equipment from PTF and HLW systems was approved for use ofWSGM

24590-WfP- 3/16/10 Alignment of Piping Design Requirements With PDSA Addendum Revision for Seismic
BODCN-ENG-09- Changes. Specifies the use of SC-I methods to evaluate pipe and certain isolation
0020 valves, Also specifies use of SC-III methods for certain SSCs recategorized from SC to

SS.
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Document Approva Purpose of Change
Number I Date

24590-wrP- 3/16/10 HPAV Analysis and Design Criteria. This BOCDN includes the detailed implementation of
BODCN-ENG-10- piping design criteria .approved by Reference 1. In addition the request is made to close
0001 Condition of Approval (COA) No. 41 of ABAR request.

24590-wrP- 4/21/10 DOE 1066 Equivalency and BOD Clarification
BODCN-ENG-09- . Update of Section 12, Ventilation Basis of Design, to provide consistency with the
0025 DOE-STD-1066 Equivalent safety approach to High Efficiency Particulate Air Filter

fire protection.. Exception is also needed in Section 16.4.1.1 regarding socket welding in lieu of full
penetration welds for instrument connections to piping adjacent to remote HEPA
filter housing in PTF and HLW, provided that 100% radiographic testing of the socket
and·weld is performed for additional assurance of the gap recommended by ASME
B31.3

24590-wrP- 4/21/10 Steam/Condensate Isolation. Section 11.6.6 shall be modified to read" Steam and
BODCN-ENG-09- condensate from steam used to heat radioactive process streams shall be contained in a
0026 secondary closed loop system whenever it is not consumed by a process stream

24590-wrP- 4/26/10 Bolted And Threaded Connections in the Black Cells For the Evaporators. Update in
BODCN-ENG-09- black cell design requirements to support PTF facility evaporator demisted pad
0028 maintenance. Bullets in Section 16.4.1.1 shall be modified for clarity: all welded

construction shall be used for piping and vessels.

24590-wrP- 5/24/10 Clarification of Outdoor Design Temperature. The change is related to the applicability of
BODCN-ENG-10- the minimum and the maximum of ambient air temperatures identified in Table 4-4,
0004 Hanford Site Climatological Data.

24590-wrP- 6125/10 Heat Tracing Remote Indication and Facility Infrastructure System (FNJ) Fiber Optic
BODCN-ENG-09- Cable Laterals. Changes in electrical design criteria in BOD to agree with other
0027 requirements do'cuments

24590-wrP- 7/19/10 Approval of the Use of WSGM and Concurrence on Basis ofDesign (BOD) Change
BODCN-ENG-10- Notice 24590-WTP-BODCN-ENG-10-0006, Use of the WSGM on Pretreatment Facility
0006 (PTF) Power Manipulator Cranes and Cable Reels.

Use of WSGM for design of PTF Power manipulator Cranes and Cable Reels.

Question 2.A.3.a)(1) Which changes to the Basis ofDesign were needed to address major changes in the
PTF design (e.g., pulse jet mixing, control ofhydrogen)?

Response 2.A.3.a)(1) One BODCN was needed and approved since October 1,2008 to address the
categories of interest (Le. HPAV, MAR, Waste Feed). 24590-WTP-BODCN-ENG-1O-000l, HPAV
Analysis and Design Criteria, was approved on February 19,2010. This change introduced methods
and criteria to be applied to design when addressing HPAV. The methods and criteria previously in
use were not contained in the BOD.

Question 2.A.3.a)(2) Why was it necessary to make each ofthe changes identified in (1) above?

Response 2.A.3.a)(2) 24590-WTP-BODCN-ENG-I0-000l was needed to update methods and
acceptance criteria for HPAV analysis.
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Question 2.A.3.a)(3) What was the technical basis for each change identified in (1) above?

Response 2.A.3.a)(3) The technical basis for this change to add Appendix C (new) is described in
detail in the BODCN enclosure (I) (>500 pages). To summarize, the technical basis for the change
was the analysis and testing completed over an approximate three year period as described in the
BODCN enclosure.

Question 2.A.3.a)(4) What impact did each Basis ofDesign change identified in (1) above have on the
PTF margin-aI-safety?

Response 2.A.3.a)(4) The changes in 24590-WTP-BODCN-ENG-lO-0001 had no impact on the
margin-of-safety for BC and HTR piping. The change reduced the existing margin-of-safety for hot
cell piping, but the margin-of-safety provided is consistent with the applicable design standards. The
revised criteria and methodology introduce higher load limits (limited localized strain) for piping in
the PTF hot cell that preclude failure with reduced margin recognizing that piping could be repaired,
if necessary. The impact on margin-of-safety from the changes in HPAV criteria are addressed in
detail in the response to question 5.E.

Question 2.A.3.a)(4)(a) Describe the impacts.

Response 2.A.3.a)(4)(a) As indicated above in the response to Question 2.A.3.a)(4), the impacts on
the margin-of-safety are described in detail in the response to question 5E. The new design approach
is consistent with applicable codes and standards.

Question 2.A.3.a)(4)(b) How was the impact, or lack ofimpact, determined?

Response 2.A.3.a)(4)(b) The proposed changes were developed to ensure an adequate margin-of­
safety. In the BC there was no change in the acceptance criteria, and therefore no impact on margin­
of-safety. The allowance for permanent plastic deformation in the BCs is very low (0.2%). This
strain is accepted as the elastic limit (yield stress) for the material. The BCs are the locations least
likely to ever experience a hydrogen event since there are no operational components like pumps,
valves or instruments that create potential sources of electrical or mechanical ignition. In addition,
the possible ignition source due to thermal reactions is very low since the temperatures and pressures
that WTP operates at are considerably lower than the critical conditions for auto-ignition,

In the hot cell the revised criteria provide a lower margin-of-safety against the failure limit. The
'allowance for permanent plastic deformation in the hot cells is higher but still maintains substantial
margin to pipe failure. Also, the hot cells are remotely accessible for maintenance and jumper
replacement should failure occur.

In order to develop the new criteria and methodology, BNI and DOE performed extensive testing and
analysis over a three year period, as described in enclosure 1 to BODCN 24590-WTP-BODCN-l0­
0001. As explained in the enclosure, the testing and analysis showed that the piping could w-ithstand
multiple high-level events without deformation.
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Question 2.A.3.a)(4)(c) Describe why it was acceptable to proceed with the change (technical
justification) in cases where the design change had the potential to adversely impact the PTF margin-of
safety?

Response 2.A.3.a)(4)(c) In the hot cell the revised criteria provide a lower margin-of-safety against
the failure limit. The revised criteria and methodology introduce higher load limits (limited localized
strain) for piping in the PTP hot cell that preclude failure with reduced margin recognizing that piping
could be repaired, if necessary.

In order to develop the new criteria and methodology, BNI and DOE performed extensive testing and
analysis over a three year period, as described in enclosure I to BODCN 24590-WTP-BODCN-I 0­
0001. As explained in the enclosure, the testing and analysis showed that the piping could withstand
multiple high-level events without deformation.

Question 2.A.3.a)(S) Why was each change identifiedin 3.a) above necessary given the advanced state of
the PTF design? Describe the expected reduction in design and/or operational complexity from each
change.

Response 2.A.3.a)(S) In early stages ofthe facility design, it was apparent that sufficient data was
not available to support a passive control strategy for HPAV. In order to advance the design active
controls were developed. In parallel, an extensive program of analysis and testing was initiated to
gather sufficient data to support a passive control strategy. As the results of the testing and analysis
program became available, it was determined that a passive control strategy could now be
implemented into select portions of the design, even at the advanced state of the PTP design. BOD
changes were generated to support selective implementation of the passive control strategy.

Question 2.A.3.b) What changes to the Basis ofDesign are anticipated prior to startup?

Response 2.A.3.b) Anticipated changes are understood to be those that are currently proposed and
being considered for approval as described in the Design Criteria procedure (24590-WTP-3DP­
004B-00001, Design Criteria). The table below itemizes the known anticipated changes at this time.
Other changes, not yet identified, may be proposed and processed as controlled by procedure.
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Anticipated Changes to the Basis of Design

Document Initiation Purpose of Change
Number Date

24590-WTP-BODCN- 6/5/2008 Design Criteria for Ambient Air (Temperature) - BOD Section 12, Section
ENG-08-0006 12.4.1.1, Environmenta/ Qualification External Air Temperature Requirement

Addition

This change is necessary beca.use: (1) The Environment Qualification (EQ)
external air temperatures proposed by this BODCN are not currently In the
Design Criteria Database: and (2) the EO external air temperatures proposed by
this BODCN need to be explicitly stated in the BOD for all disciplines 10 correctly
apply design and qualification requirements.

24590-WTP-BODCN- 11/18/2008 Fire Rated Seal Penetration Clarification
ENG-08-Q015 To align with the following requirements:

· International Building Code, 2000 Edition, Section 712.3.1.2 through-
penetration firestop system. Through penetrations shall be protected by an
approved -penetration firestop system Insta.lled as tested in accordance with
ASTM E 814 or UL 1479.

· NFPA 801, Standard for Fire Protection For Facilities Handling Radioactive
Materials, (2003 Edition) Section 5.6.3 Penetration seals provided for
electrical and mechanical openings shall be listed to meet the requirements
of ASTM E 814, Fire Tests ofThrough-Penetration Fire Stops, or UL 1479,
Rre Tests of ThrouClh-Penelration Fire Stops

24590-WTP-BODCN- 8/20/2008 Fire Rated Seal Penetration Clarification. Same as 24590-WTP-BODCN-ENG-
ENG-08-0026 08-0015

· Update 13.6.2 Structural Fire Protection Criteria, 3rd Paragraph to align with
the following requirements:

· International Building Code, 2000 Edition, Section 712.3.1.2 through-
penetration firestop system. Through penetrations shall be protected by an
approved -penetration firestop system installed as tested in accordance with
ASTM E 814 or UL 1479

· NFPA 801, Standard for Fire Protection For Facilities Handling Radioactive
Materials, (2003 Edition) Section 5.6.3 Penetration seals provided for
electrical and mechanical openings shall be listed to meet the requirements
of ASTM E 814, Fire Tests of Through-Penetration Fire Stops, or UL 1479,
Fire Tests ofThrough-Penelration Fire Stoos.

24590-WTP-BODCN- 8/1212009 Impact of New Classification Scheme. Update MS code information
ENG-09-0017 Clarify lhe types of documents listed, correct the titles of documents, and added

guide for relief systems and standard for sealless pumps.

24590-WTP-BODCN- 11/5/2009 Clarify Requirements For Decontamination - Eliminate High Pressure Steam and
ENG-09-Q024 C02 for Crane Decontamination. Implements a change in decontamination

requirements approved for lhe ORO.

24590-WTP-BODCN- 2/25/2010 (ncorporation of DOE 0420. 1B - Updates and Clarifies Fire Safety Requirements
ENG-10-0002 1) The updated DOE 0 420.1B Facil1ty Safety (instead of DOE 0 420.1A) is

required inlhe SRD 24590-WTP-SRD·ESH-01-001-02.
2) DOE Guide 420.1-3, Implementation Guide for DOE Fire Protection and
Emergency Services for Use with DOE 0-420.1 B, Facility Safety shall replace
DOE Guide 420.1/440.1, Implementation Guide for Use with DOE Orders 420.1
and 440.1 Fire Safety
3) Clarify fire safety requirements
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Anticipated Changes to the Basis of Design

Document Initiation Purpose of Change
Number Date

24590-WTP-BODCN- 3/26/2010 As Received Waste Feed Particle Size And Density
ENG-10-0003 Three of the External Flowsheet Review Team (EFRT) concerns were associated

with the physical properties of the Hanford waste particle sizes and densities and
how WTP designs would handle these wastes. The EFRT issues were:
M1 - Plugging in Process Piping
M2 - Mixing Vessel Erosion
M3 - Inadequate Design of Mixing Systems
The M1 and M2 issues have now been closed and the particle size and density
to be used for closure of M3 has been defined. Hence, it is appropriate that the
particle size and densities used in each of these closure packages, that were
joint agreed to by WTP and DOE, be captured in the WTP BOD.
Different bulk density values are used of design of pumpinglline sizing and for
mixing due to the different design methods/correlations used for each
application.
This formally documents the upper rheology bound for washed and leached
waste used in the design ofWTP.

24590-WTP-BODCN- 4/14/2010 Drain Unes from PTF Control Building - C1 drain lines from PTF Control Bldg to
ENG-10-0005 C2 drain lines in PTF bldg. Allow drain lines connection between C1 and C2

areas while providing adequate protection for cross contamination.

24590-WTP-BODCN- 5/6/2010 Update: HPAV Analysis and Design Criteria. P&IDs of the ASX, CHW, CNP,
ENG-10-0007 CRP, CXP, FEP, FRP, HPS" HLP, NLD, PCW, PJV, PSA, PVP, PW, PWD,

RDP, RLD, TCP, TLP, & UFP may required design changes as each system is
analyzed for the HPAV loads.
Procurements Specifications for ASX, CHW, CNP, CRP, CXP, FEP, FRP, HPS,
HLP, NLD, PCW, PJV, PSA/ PVP, PW, PWD, RDP, RLD, TCP, TLP, & UFP
may need to be revised to add or remove items/requirements due to the new
HPAV design criteria

The intent of Appendix C was to limit its application to 4-inch (in) nominal pipe
size (NPS) pipe and smaller. However it was never explicitly stated in the
Appendix C BODCN. This change is meant to clearly communicate that intent.

Provides instruction for using the dellagration pressure as the design pressure
for HPAV affected systems with dellagration events. These events tend to be
more numerous than the originally expected and therefore will be treated as
occasional loads or operational loads depending on their frequency.

24590-WTP-BODCN- 5/10/2010 Reinforcement Plates for Vessel Modifications - Addition of Reinforcing Pads for
ENG-10-0008 Black Cell and Hard to Reach Vessels. 1) 16.4.2.1, first paragraph, Page 16-5,

new bullet following current second bullet. Provide information regarding the
design of internal attachments to the head and shell

24590-WTP-BODCN- 5/10/2010 Seismic Interactions ofPiping - Allow Use of WSGM for Certain Pipe. Seismic
ENG-10-0009 wording on connection of piping and equipment and building structures update in

Sections 7.3.711, Page 7-12; 10.2.15; 13.5.1.3, third paragraph, seventh bullet,
Page 13-7; B.3

24590-WTP-BODCN- 5/10/2010 Addition of Reinforcing Pads for B/ack Cell and Hard to Reach Vessels. Same
ENG-1 0-001 0 as 24590-WTP-BODCN-ENG-10-0008 16.4.2.1, first paragraph, Page 16-5, new

bullet following current second bulieU/Provide information regarding the design
of internal attachments to the head and shell

24590-WTP-BODCN- 5/25/2010 C/arify-Permit BARCT ReqUirements. Sections 14.3.3 through 14.6 revised to
ENG-10-0011 clarify WTP established Best Available Radionuclide Control Technologies

(BARCT) identified in the Radioactive Air Emissions Air Permit Approvals
(WDOHa, WDOHb, WDOHc, WDOH 2007).
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Of the anticipated changes, two are relevant to the topics of interest:

• 24590-WTP-BODCN-ENG-10-0003, As Received Wa,ste Feed Particle Size and Density; and

• 24590-WTP-BODCN-ENG-10-0007, Update: HPAVAnalysis and Design Criteria addressed the
categories of interest (Le. HPAV, MAR, Waste Feed). This change clarifies the previous BODCN
(24590-WTP-BODCN-ENG-10-000I, HPAV Analysis and Design Criteria) by limiting the
application of Appendix C to pipe of 4 in NPS and smaller and provides additional requirements
for the Code design pressure by considering deflagration pressures as either nomial or occasional
pressures as defined by ASME 831.3, Process Piping. In addition, this change may be impacted
by the findings in the recent report, 24590-CM-HC4-WOOO-00182-01-00001.

These anticipated changes are in draft. They will be subject to a review and approval process defined
by 24590-WTP-3DP-G04B-0000 1. This process could result in alterations or denial of the change.
Thus, the assessments below may be affected by the results of this process.

Question 2.A.3.b)(1) What is the technical basis for each anticipated change?

Response 2.A.3.b)(1) The technical basis for each anticipated change is summarized below.

24590-WTP-80DCN-ENG-lO-0003 (Particle SizelDensity): The design basis particle size and
density for the WTP feed is based on the currently available data An initial analysis was conducted
based on samples from seven waste tanks (AW-103, AY-I01, AY-I02, AZ-I02, C-I04, C-I07, and
SY-102) and reported in RPP-9805, Values ofParticle Size, Particle Density, and Slurry Viscosity to
Use in Waste Feed Delivery Transfer System Analysis. The approach for the study was to select a
conservative (upper bound) solids density value and realistic values (best estimates) of particle sizes
and slurry viscosities. As noted in the report, "The selection approach for these three waste properties
is expected to support a reasonably conservative assessment for the waste feed delivery transport
system."

Section 3 of the report (RPP-9805) describes the approach to developing the particle size analysis
which is summarized in Table 3-2 for the mean, 95% upper (UL) and 95/95 tolerance limit (TL)
particle size distributions. Section 6 of the report recommends the use of the Mean particle
distribution and states that the 95/95 TL distribution was not recommended. The WTP has selected
the 95% UL distribution as the design basis which provides ad~itional conservatism when compared
to the recommended Mean particle size distribution.

Section 4 of RPP-9805 describes the approach to developing a solids density based on the data from
the seven tanks listed above as well as tank AZ-lOl. Section 6 then recommends "For particle
density, in the absence of direct measurements of the agglomerated solid density, the value 2.9 glml is
recommended." The WTP has selected the particle density of2.9 glml which is conservative when
agglomeration of the particles is considered.

In addition to RPP-9805, the report WTP~RPT-153 (24590-101-TSA-WOOO-0004-114-00021),
Estimate ofHanford Waste Insoluble Solid Particle Size and Density Distribution has been reviewed.
WTP-RPT-153 includes composite particle size distributions representing the waste in up to 19
Hanford waste tanks. The report (Section 5) also developed and evaluated four particle size and

Page 31 of 209



Responses to Defense Nuclear Facilities Safety Board Questions

density distributions. Figure 1 in document 24590-WTP-ES-ENG-09-001, Determination ofMixing
Requirements for Pulse-Jet-Mixed Vessels in the Waste Treatment Plant. compares these results for
particle size to the particle size distribution (95% UL) from RPP 9805. In both cases (particle size
and solids density), the RPP-9805 report bounded the WTP-RPT-153. As such, the design basis has
remained based on the RPP-9805 report. However, the maximum particle size listed in RPP 9805
was a d99 particle of 310 microns for the 95%UL particle size distribution. Consistent with the data
evaluation for the sonicated case (Table 5.0.1) in WTP-RPT-153, the dlOO particle size was selected
as 700 microns.

24590-WTP-BODCN-ENG-10-0007 (HPAVl": The technical basis for this change to revise
Appendix C was described in detail in the BODCN Enclosure (1) (24590-WTP-BODCN-ENG-I0­
0007, Update to HPAV Analysis and Design Criteria). In summary, this is a change that clarifies the
scope of Appendix C (limiting it to 4 inch NPS and smaller) and adds requirements for the design
pressure based on the deflagration event (as required by B31.3). As'described in the responses to
2.A.3.a), the technical basis for the Appendix C change is provided in 24590-WTP-BODCN-ENG­
10-0001. HPAVAnalysis and Design Criteria, summarizes the analysis and testing completed over a
three year period. Other potential changes and associated bases may be developed after the findings
of 24590-CM-HC4-WOOO-OO 182-01-00001.

Question 2.A.3.b)(2) What are the potential impacts ofeach anticipated change on the PTF margin-o.f­
safety?

Response 2.A.3.b)(2) The technical basis for each anticipated change on the PTF margin-of-safety is
summarized below.

24590-WTP-BODCN-ENG-I0-0003 (Particle SizelDensity): This BODCN documents parameters
that were not previously defined in the BOD and are not defined in the current WTP contract. The
maximum particle size and density used to close M3 is a significantly more conservative number than
previously used for assessing pulse jet mixer (PlM) mixed vessels. The values in the BODCN have
been agreed to with DOE as the appropriate values to use for design going forward.

This BODCN is expected to result in design changes that increase the margin-of-safety.

24590-WTP-BODCN-ENG-I0-0007 (HPAV): As explained in 2.A.3.b)(I), the anticipated ch~nges

are:

• A limitation in the scope of Appendix C, which does not the affect margin-of-safety; and

• The addition of requirements to consider deflagration pressures when setting design pressure,
which does not change the margin-of-safety as it relates to design margin, since it uses the B31.3
Code limit for static pressure.
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Question 2.A.3.b)(2)(a) Describe the potential impacts.

Response 2.A.3.b)(2)(a) The technical basis for the potential impacts is summarized below.

24590-WTP-BODCN-ENG-10-0003 (Particle SizelDensity): This BODCN will result in changes to
vessel mixing systems, such as increased numbers ofPlMs per vessel, increased PlM nozzle size, and
changes to PlM orientation. (For more discussion, refer to the response for question 13.B.4.a). As
indicated above in the response to Question 2.A.3.b)(2), these changes are expected to increase the
margin-of-safety.

24590-WTP-BODCN-ENG-10-0007 (HPAV): As indicated above in the response to Question
2.A.3.b)(2), the anticipated BODCN has no impact on the margin-of-safety. The new design
approach is consistent with accepted codes and standards.

Question 2.A.3.b)(2)(b) How was the impact, or lack ofimpact, determined?

Response 2.A.3.b)(2)(b) The impact, or lack of impact, is summarized below.

24590-WTP-BODCN-ENG-l 0-0003 (Particle SizelDensity): As indicated above in the response to
Question 2.A.3.b)(2), criteria were not previously defined. The resulting changes in design are
expected to improve the margin-of-safety.

24590-WTP-BODCN-ENG-10-0007 (HPAV): The anticipated change limits application of
Appendix C and sets design pressure in accordance with accepted codes and standards. As indicated
above in the response to Question2.A.3.b)(2), there is no impact on the margin-of-safety. The new
design approach is consistent with accepted codes and standards.

Question 2.A.3.b)(2)(c) For each anticipated change, describe the justification to proceed with the
change, in cases where there are potential adverse impacts to the PTF margin-of-safety?

Response 2.A.3.b)(2)(c) The technical basis for justification to proceed with the change, in cases
where there are potential adverse impacts to the PTF margin-of-safety is summarized below.

24590-WTP-BODCN-ENG-IO-0003 (Particle SizelDensity): As indicated above in the response to
Question 2.A.3.b)(2), the change in criteria has no adverse impact to the margin-of-safety.

24590-WTP-BODCN-ENG-10-0007 (HPAV): As indicated above in the response to
Question2.A.3.b)(2), in terms of design margin, there is no adverse impact on the margin-of-safety
based on the anticipated change.

Question 2.A.3.b)(2)(d) Why are the anticipated changes in the Basis ofDesign necessary given the
advanced state ofthe PTF design? Describe the expected reduction in design and/or operational
complexityfrom each change.

Response 2.A.3.b)(2)(d) The reason the anticipated changes in the BOD are necessary given the
advanced state of the PTF design, and the expected reduction in design and/or operational complexity
is summarized below.
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24590-WTP-BODCN-ENG-IO-0003 (Particle SizefDensity): The BOD changes were necessary at
this stage of design due to the completion of the M3 mixing issue. The maximum particle size and
density used to close M3 is a significantly more conservative number than previously used for
assessing PlM mixed vessels. The values in the BODCN have been agreed to with DOE as the
appropriate values to use for use in the design. This change is not expected to reduce either design or
operational complexity.

24590-WTP-BODCN-ENG-IO-0007 (lfllAV): The BOD changes are necessary to: :

• limit the scope of Appendix C to 4 in NPS and smaller piping, consistent with the testing that has
been done; and

• add requirements to consider deflagration pressures when setting design pressure, since
deflagration has charactedstics of a static pressure.

Question 3. Pretreatment Facility Safety

Responses to Question 3 were developed by:

Primary authors:

U.S. Department of Energy - Office of River Protection
Ben Harp, Acting Assistant Manager for Waste Treatment Plant Integration

Hanford Tank Waste Treatment and Immobilization Plant Project
Donna Busche, Environmental & Nuclear Safety Manager

Contributing authors:

U.S. Department of Energy - Office of River Protection
Vic Callahan, Director, Nuclear Safety Division

Hanford Tank Waste Tre~tmentand Immobilization Plant Project
Todd Allen, Safety Implementation Manager
Russell Daniel, Production Engineering Manager

Mike Delamare, Systems Engineering Manager

Garth Duncan, Manager of Process Engineering and Technology
Dennis Hayes, Plant Operations Manager -

John Hinckley, Integrated Safety Management Lead

Andy Larson, Safety Analysis Manager

George Matis, Commissioning Operations Manager

Mark Medsker, Pretreatment and High Level Waste Facilities Nuclear Safety Supervisor

Jeff Monahan, Project Engineering Manager, Pretreatment Facility

John Olson, Manager, Process Engineering Design

Tom Patterson, Manager of Engineering
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Dave Simpson, Technical Issues Manager

Washington River Protection Solutions

Chris Burrows, Manager, WTP Support
Paul Rutland, Mission Analysis & Strategic Planning Manager

Question 3 deals with two subject areas. The first is reduction of design and operational complexity of
the WTP, and the second is management of safety-related risk.

Application of safety controls is required to address hazards and accidents that can have unacceptable
consequences to the public and to the workers who may be exposed to the consequences of these hazards
and accidents. The analysis of the hazards and accidents and the subsequent identification of controls is,
by necessity, a conservative process. Early in the project life-cycle when the design uncertainties are
larger, more conservative analyses are performed. As the WTP design and the safety analysis has
matured the design uncertainties have been reduced by testing and analysis. An initiative was undertaken
to address existing conservatism in light of the maturing design, testing and analysis performed for the
WTP, and knowledge of the waste that the WTP will receive for processing. An expected outcome of
these initiatives was that the severity of the hazards and accidents at the WTP would be shown to be less
than originally analyzed, allowing the number of required safety controls to be reduced. The reduction in
the number of safety controls, or changes from active to passive safety controls would have a beneficial
impact on the long-term operation of the WTP.

Due to the nature of the WTP project where design and construction are occurring in parallel, risks that
can impact the design and construction need to be identified and a strategy developed to address the risks
while allowing design and construction to continue.

Question 3.A In late 2008, DOE began an initiative to reduce the complexity ofthe PTF design.
Describe the basis for reducing the complexity ofthe PTF design, the results ofthis effort, and
management controls necessary to prevent the final design from becoming too complicated to operate.

Question 3.A.l When and how did Bechtel National, Incorporated (BN!) determine that the PTF design
was overly complex?

Response 3.A.l In November 2008, BNI completed the incorporation ofHPAV active controls into
the committed design. The committed design raised concerns on the design/operational complexity
(e.g., the number of controls, plant availability, initial understanding of the potential TSRs).

A committed design provides the design information needed by other disciplines to complete
downstream design activities. The process is performed on a system basis and is considered
completed for a system when the design information needed by the down-stream disciplines,
including P&IDs (piping and instrumentation diagrams), component information system lists, and
supporting committed calculations, is complete and supported by issued documentation. Committed
design P&IDs may be utilized to support purchase ofequipment and issuance of isometrics.
Committed design typically will include "unverified assumptions" that are tracked to subsequent
resolution, Le., assumptions underpinning the design that will be confirmed before design completion.
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A WTP sponsored technical issues review team (Letter No. CCN 192416, M. K. Robinson to
Distribution, Sensitive - WTP Project Technical Issues Review: November 19, 2008) composed ofoff
project URS and BNI perso~el questioned assumptions driving controls and the impact ofthose
controls on WTP. The team's review included pre-read packages of existing project information,
presentations from issue resolution leaders, and follow-on discussions with key technical staff. Some
of the controls were judged to impair operational reliability and introduce additional worker safety
risk.

Question 3;A.2 What three PTF systems were the most complex and how was this determined?

Response 3.A.2 Reviews focused on representative systems with examples of the range of HPAV
active controls being utilized and no attempt was made to determine which systems were the most
complex.

Question 3.A.2.a) Describe the details for each system, including a description ofthe overly complex
aspects ofthese system designs, and how this was determined

Response 3.A.2.a) As an example, for the Operation Review Team (ORT) review (E-mail, CCN
201910, T. B. Ryan to Distribution, Transmittal ofOperational Review Team Final Report), the
Ultrafiltration Process (UFP) system was selected by WTP because it included a range of HPAV
controls that were proposed for installation in the Pretreatment Facility. A hard copy of the UFP
sketches (UFP Feed Preparation Loop, Post HPAV/MAR Study) provided to the ORT are included in
the references.

Question 3.A.2.b) Describe the operational complexity that resultedfrom the original design.

Response 3.A.2.b) As an example, for the ORT review (CCN 201910), the UFP system was selected
by WTP because it included a range ofHPAV controls. The WTP Project position in these
discussions was that no single HPAV control was complex, but due to conservative assumptions for
HPAVanalyses, many controls for UFP would be required. The number of HPAV controls was
viewed to represent an administrative burden on the PTF operating staff.

There are also cases where the design requirements drove design complexity, specifically related to
the fragmentation phenomena. The UFP system has a power flush feature to flush the ultrafilters.
The flush function became SC over the postulated concern that fragmentation of the SS UFP system
could adversely impact the SC function ofother systems (specifically other HPAV controls or the
sparge lines at the top of the hot cell). To meet the single failure criterion for the operation of the
flush valve, the design requirement was that the valve that supplied the flush required redundancy.
This change required the valve that isolated the UFP system from the flush system to be redundant
with a back-up air purge. It was not possible to keep these valves in the hot cell on ajumper due to
space limitations, so the valve had to be relocated to bulges which are an expansion ofthe hot cell in
an isolated structure intruding into an operating area. This led to a condition where the flush line
would also contain waste creating a long dead leg where there was not one in the previous design.
That dead leg became the basis for how often the system required flushing, limiting the operation of
the filter loop.

Page 36 of 209



Responses to Defense Nuclear Facilities Safety Board Questions

Question 3.A.2.c) Describe how BNIproposed to remove the complexity.

Response 3.A.2.c) The WTP described the approach for addressing the MAR and HPAV initiatives
in 24590-PTF-RPT-ENS-09-001, Pretreatment Facility - Overview ofthe Approach to Update WfP
Authorization Basis. This document described the strategy and roadmap for updating the PTF safety
basis. In general, the approach was to address maturation of system designs in the PTF, new
information regarding HPAV that had been developed through additional testing and analysis, and a
revised evaluation of material at risk with the expectation that some safety controls could be
reclassified or removed. Once the evaluation was completed, the safety basis would be updated using
established change control processes, which include approval by DOE.

Question 3.A.2.d) Describe the potential impacts on operations from removing the overly complex
aspect~ of~he design (including changes in classification ofsafety-related SSCs).

Response 3.A.2.d) Refer to response 3.A.l for a discussion of complexity. The project will evaluate
the potential to reduce the controls while still maintaining plant safety as its primary goal as described
in response to Question 3.A.8. Removal of active controls demonstrated to be unnecessary can help
simplify operations and enhance safety focus.

Question 3.A.2.d)(1) Will operation ofthe PTF be more or less flexible due to changes in design?
Describe the impact changes in design had on operationalflexibility.

Response 3.A.2.d)(1) Based on design progress to date and the expected changes, it does not appear
that flexibility will be significantly affected. In some cases, operational efficiency for non-routine
operations may be diminished, in order to realize a reduction in dead legs.

For example, the original design for the PTF hot cell envisioned the use of pump discharge manifolds
with valves to allow a control room operator to switch from a routine transfer path to a alternate or
non-routine transfer path. Although this allows a great deal of flexibility in facility operations, from
an HPAV perspective it results in piping dead legs in front of the closed valves. The initial treatment
of dead legs based on conservative assumptions required HPAV controls. In some cases, the design
solution may be to remove the use of valves for alternate or non-routine transfer paths to eliminate the
piping dead leg. To use an alternate or non-routine transfer path would require the removal and
reinstallation of hot cell jumpers; which represents a manageable reduction in facility flexibility for
non-routine operations. On t~e other hand, flexibility for routine operations would improve because
of piping dead leg removal and the removal of line flushes for HPAV could eliminate flushes which
would interrupt routine transfers. In this example there is an engineering decision to be made
between facility flexibility and HPAV controls.

Question 3.A.2.d)(2) Has the availability and maintainability ofthe systems changed? Describe the
impact changes in design had on availability and maintainability.

Response 3.A.2.d)(2) The original HPAV controls depicted on approved design documents have not
been incorporated into the Operations Research (OR) model, which is the tool used to compute
facility availability. The availability and maintainability of existing and future HPAV controls has
not been assessed.
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Question 3.A.2.d)(3) Have there been changes in mean time to failure and mean time to repair?
Describe the impact changes in design had on mean time to failure and mean time to repair.

Response 3.A.2.d)(3) A change to mean time to failure or mean time to repair of individual
components is not anticipated. However, it is observed that when the number of components
increases, then so does the number of failures in a given interval of time. Consideration must be
given to ensure that the allowed time to repair under potential TSRs is greater than the mean time to
repair.

Question 3.A.2.d)(4) Has there been an impact on the margin-aI-safety? Describe each impact on the
margin-aI-safety.

Response 3.A.2.d)(4) See the response to question 2.A.l.a)(3) above relating to the hot cell design
criteria. Changes are evaluated prior to their implementation through existing processes to
demonstrate that safety is maintained:

Question 3.A.3 How did DOE determine that the PTF was too complex to operate?

Response 3.A.3 DOE did not make a formal determination that the PTF was too complex to operate.
In 2002, the project initiated actions to address the lessons learned from the commercial nuclear
industry by implementing design improvements of the PTF to manage the accumulation of hydrogen
in piping under such unusual conditions. The design approach relied on deterministically defined
active preventive controls for any piping system in which a conservatively defined "bubble of
concern,"and its subsequent ignition, could cause the piping to exceed the Code elastic limit. Given
these conservatisms, active systems were required for most piping routes, including some active
systems provided solely for combustible gas control, some that introduced potential operational errors
(e.g., inadvertently open vent valves on pump suction lines leading to pump cavitations), some that
add to the plant design a path for process waste to enter areas outside the thick walled cells meant to
protect the workers (e.g., inadvertently open flush, vent or air purge lines), and some that required
planned waste transfers to be interrupted mid-batch (pump timers). The number of safety controls in
PTF grew between 2002 and 2008.

In 2008, DOE decided to re-evaluate the design control strategy that relied primarily on preventing
the accumulation of combustible gasses in significant quantities. The purpose of the evaluation was
to determine if alternate design approaches for dealing with hydrogen would simplify the facility, thus
providing higher assurance of safe and reliable operations while protecting the long term availability
of the facility. The Project came to the realization that a combination of the original strategy (to
prevent gas accumulation) and a new strategy (to withstand some of those accumulation and ignition
events) afford the most robust design and thus the best assurance of both safety and mission success.

To validate this new strategy for the project, DOE initiated a review of a passive option for a simpler
design for more reliable operations as an alternative to the complex active system design. DOE
chartered two task forces early in 2009 to determine whether alternate design approaches for dealing
with hydrogen would simplify the facility, thus providing higher assurance of safe and reliable
operations while protecting the long-term availability of the facility.
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• The first expert task force assessed the design requirements for hydrogen, weighing whether the
degree of conservatism being provided for safety unduly increased operational complexity of the
facility, thereby decreasing operational reliability and safety. The team issued a report
CCN 01897, WTP - Control ofHazards Associated with Hydrogen Accumulation in Piping and
Ancillary Vessels: Alternative Evaluation and Design Approaches.

The report concluded that "A substantial amount of testing and analysis has now been
accomplished to understand HPAV-related phenomena allowing the project to implement the
recommendations [ofthe report] ...". The report included several recommendations to use the data
gained through testing to re-evaluate and reduce the conservatisms in the analysis models to
realize a change in control approach that could result in operational control reductions and design
feature changes.

• The second task force assessed whether an overly conservative prescription of the MAR was
causing the functional safety classification of systems to be inconsistent with the actual level of
risk portended by the facility. The task force issued a report, The Impact ofMaterial at Risk
(MAR) and Hydrogen in Piping and Ancillary Vessels (HPAV) Initiatives at the Waste Treatment
Plant.

The report concluded "...that there are significant advantages in operability, maintainability, and
constructabilityas a result of the proposed [MAR] changes."

Question 3.A.3.a) When and how was the determination made?

Response 3.A.3.a) See the response to question 3.A.3.

Question 3.A.3.b) Describe the method/process/criteria used to make this determination.

Response 3.A.3.b) See the response to question 3.A.3.

Question 3.AA Describe actions taken by DOE and BNI to ensure that removing design complexity does
not adversely impact the PTF margin-of-safety.

Response 3.A.4 As stated in Section 2 of this document, for the purpose of this question, the
margin-of-safety is interpreted to mean the difference between the design limit (e.g., code allowable,
test limits, acceptance criteria) of a SSC and the failure limit. The processes are in place at the WTP
to review changes to controls to assure that safety is maintained. A specific example of this is
provideq in the response to question 2.A.l.a)(3). This process includes review of the hazards and
accidents associated with the change to identifY the necessary controls and update of the AS, which
includes DOE approval of control changes prior to implementing the change.

Question 3.AA.a) Did reducing the PTF design complexity require changes to the safety design strategy
for the PTF (e.g.. Hydrogen in Pipes and Ancillary Vessels [HPA V)) ?

Response 3.AA.a) Changes were made to the SRD to address the modified HPAV criteria (see
response to Question 2.A.l.a)(1». The changes to HPAV are a result of testing and research into the
hydrogen phenomena as documented in 24590-WTP-ENG-07-011, HPAV Engineering Analysis

Methods and Criteria.

Page 39 of 209



Responses to Defense Nuclear Facilities Safety Board Questions

Question 3.A.4.b) Describe each ofthese changes and their impact on risk to the worker and public.

Response 3.A.4.b) The revised HPAV criteria have been established based on new analysis and
testing. Application of the criteria is through an established hazards and accident analysis process
that evaluates the hazards and consequences of the hazards and establishes controls to address the
hazards. Any changes resulting from application of the HPAV criteria will then be documented in
accordance with the AB change control process, which includes approval by DOE. Specific changes
are described in the response to Question 2.A.l.a)(I).

Question 3.A.5 Describe the changes in the preliminary documented safety analysis (PDSA) necessary to
support removal ofdesign and/or operational complexity from the PTF design.

Response 3.A.5 No changes were made to the PTF POSA, 24590-WTP-PSAR-ESH-OI-002-02,
Preliminary Documented Safety Analysis to Support Construction Authorization; PTF Facility
Specific Information, to directly address design or operational complexities. Changes to the PTF
POSA were made to address a reduction in MAR, HPAV analysis methods, and a small number of
accident analysis methods, which are documented in an Addendum to the PTF POSA, 24590-WTP­
PSARA-ENS-09-0001, Preliminary Documented Safety Analysis - Control Strategy Changes for the
PTF Facility. The changes made in the Addendum have been augmented by directed changes to the
methodology of evaluating possible interaction effects from HPAV explosion events, as documented
in DOE letter IO-NSO-055, Directed Change to the Preliminary Documented Safety Analysis (PDSA)
Affecting Hydrogen in Piping and Ancillary Vessels (HPA V) Control Strategy for Pretreatment (PTF)
and High Level Waste (HLW) Facilities). The net effect of the changes set the framework for the
potential reclassification of some SC SSCs to SS or non-safety, resulting in the possible reduction of
redundancy of safety SSCs and elimination of some safety SSCs no longer required. Since these
changes were not targeted at reducing design or operational complexities, no evaluation has been
performed regarding reduction of complexity.

Question 3.A.5.a) Did any ofthe necessary changes to the PDSA impact the margin-of-saftty for the
PTF? Ifso, describe the impact.

Response 3.A.5.a) See response to 2.A.l.a)(3).

Question 3.A.5.b) Have changes to the PTF PDSA to reduce operational complexity impacted the
complexity ofthe safety basis?

Response 3.A.5.b) See response to 3.A.5. The changes to the PTF POSA have not yet been
incorporated so the final assessment on possible impacts to the complexity of the safety basis cannot
be determined.

Question 3.A.5.b)(1) Describe each change to the PTF PDSA needed to reduce operational complexity
and its impact on the PDSA.

Response 3.A.5.b)(1) See responses to question 3.A.5, 3.A.5.a, and 3.A.5.b, above.
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Question 3.A.S.b)(2) Are all ofthe necessary PDSA changes complete?

Response 3.A.5.b)(2) See response to 3.A.5 above. PTF POSA changes related to MAR and HPAV
initiatives have not yet been approved by OOE or implemented. However, the framework for those
changes exists in the PTF PDSA Addendum, pending closure of outstanding COAs and resolution of
HPAV technical issues.

Question 3.A.S.b)(3) Ifnot, are the impacts to the PDSA known? Describe the potential impact(s).

Response 3.A.S.b)(3) Not all impacts are known as some technical inputs are still being determined.
Inputs from the Quantitative Risk Analysis (QRA) will have to be reviewed when the tool is complete
to identify the initial conditions and assumptions that will need to be protected in accordance with
OOE-STD-3009, Appendix A.

There are several major technical issues that have not yet been adequately addressed in the safety
basis (and possible design basis) for the PTF. The hazards analyses of systems affected by resolution
of major technical issues in PTF have been planned consistent with design development to ensure a
systematic hazards analysis review of possible system upsets for the baseline system design as well
as the proposed design changes. In the future, updated urunitigated and mitigated analyses will be
incorporated in the POSA, as needed, and the control strategy will be refined.

Potential impacts are unknown at this time.

Question 3.A.S.b)(4) Did the PTF technical safety requirements (I'SRs) change as a result ofremoving
design and/or operational complexity? Describe the changes.

Response 3.A.S.b)(4) There are no TSRs developed for the PTF. Preliminary TSRs were identified
in Chapter 5, Derivation ofthe Technical Safety Requirements in 24590-WTP-PSAR-ESH-OI-002­
02, Preliminary Documented Safety Analysis to Support Construction Authorization; PTF Facility
Specific Information.

WTP prepared an integrated change package to document the AB changes that aligned the MAR with
the tank: farm facility and updated the design requirements for hydrogen in pipes and ancillary vessels
(HPAV). The safety basis portion of the change package was documented in the PTF POSA
Addendum This document updated the unmitigated analysis and associated changes to the control
strategy. The impacts to future TSRs for the PTF were not addressed as part of that document. A
direct page change to Chapter 5 of the POSA was also provided in the integrated page change to
communicate to users that Chapter 5 may have outstanding addenda that could affect the descriptions
(e.g., controls, safety function, performance criteria, etc). The impact to the future TSRs will be
evaluated when WTP implements the updated unmitigated analysis into the PTF POSA. At that time,
the accident analyses will be updated (as needed), the control strategy will be refined, and the
derivation ofTSRs will be updated accordingly. This method ofhandling potential TSR impacts is
also described in the PTF POSA Addendum, Section 3.2.
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Question 3.A.S.b)(S) Is the resulting set ofTSRs more or less complicated than the set ofTSRs that
existed prior to removal ofdesign and/or operational complexity?

Response 3.A.S.b)(S) The level of complexity (e.g., number of limiting conditions for operation
(LeO), specific administrative controls (SAC), etc.) ofthe future PTF TSRs is not known at this time.
It is expected that as the systematic evaluation of hazards continues on the systems comprising the
PTF, additional information will be gained that will provide insight into the level of complexity
associated with the selected control suite. The schedule of system evaluations is being planned as
part of the project planning.

Question 3.A.S.b)(S)(a) How is this measured (e.g., number ofTSRs, number ofsafety-related SSCs,
number ofadministrative programs, or some other means ofcomparison)?

Response 3.A.S.b)(S)(a) There have been no metrics established to track or monitor the complexity
of the TSRs.

Question 3.A.S.b)(S)(b) How havejirst ofa kind design approaches to remove operational complexity
(e.g., use ofquantitative risk analysis [QRAJ), impacted the complexity ofthe safety basis (i.e., TSRs)?

Response 3.A.S.b)(S)(b) First ofa kind design approaches such as the QRA have not impacted the
complexity of the safety basis because they have not yet been evaluated using the criteria of
OOE-STO-3009, Appendix A or used in the plant design. As such, any design solutions have not
been evaluated through the established safety basis development process. It is expected that any first
of a kind design approach that would potentially impact the safety basis would be incorporated into
the appropriate safety basis developed process procedures and approved by the appropriate approval
authority prior to Project use.

The new approaches are discussed in WTP report 24590-WTP-RPT-ENG-IO-008, Quantitative Risk
Analysis ofHydrogen Events at WTP: Development ofEvent Frequency-Severity Analysis Model. and
24590-WTP-RPT-ENG-07-011, HPAV Engineering Analysis and Design Methods. The new
approaches have only re-enforced the importance of the system design processes of not only
analyzing normal plant operating but systematically evaluating the upset or off-normal conditions that
result in the accumulation of hydrogen.

Question 3.A.S.b)(S)(c) If the impacts from usingjirst ofa kind design approaches on the safety basis
are not yet known, when will they be known?

Response 3.A.5.b)(5)(c) It is expected that any first of a kind design approach that would potentially
impact the safety basis would be incorporated into the appropriate safety basis developed process
procedures and approved by the appropriate approval authority prior to Project use. WTP is

forecasting the QRA tool incorporate the HPAV IRT recommendations and be available for design
use on January 2011. The full impact will not be known until each of the estimated 450 routes has
been analyzed (24590-WTP-RPT-ENG-IO-021, Hydrogen in Piping and Ancillary Vessels
Implementation and Closure Plan).
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Question 3.A.S.b)(S)(d) Describe the technical basis supporting the decision to reduce operational
complexity?

Response 3.A.S.b)(S)(d) In the early stages ofsystem design for hydrogen events, conservative
assumptions were established with regard to the accumulation of hydrogen, the structural response to
hydrogen events and the progression of hydrogen events as deflagrations, detonations and/or the
deflagration to detonation transitions. These conservative assumptions were used over the
development ofthe current system design before the detailed analysis and testing information gained
in the last several years was available. An example of the early conservatism is that all hydrogen that
is generated in a pipe route, which is typically 200 - 300 feet long with multiple different high points,
was assumed to accumulate in a single location and not at a high point, but at the lowest point of the
system which establishes the highest starting pressure due to hydrostatic head of the fluids in addition
to system pressure. These early conservatisms resulted in system design requirements that included
multiple controls, which by themselves did not constitute operational complexity, but resulted in an
operational burden due to the anticipated control set. An example of such a control set is a pump
timer that has been included in the design on a batch transfer operation that requires the transfer to be
secured and the system flushed multiple times before the entire contents of the vessel can be
transferred from one tank to another in the process. This pump timer control increases the number of
operations that Operations staff must conduct, increases the number of cycles the control valves will
experience and requires more water in'the processes. The compounding effects of these numerous
controls is that the controls experience higher wear conditions and plant availability is reduced
requiring a longer period of time to process waste.

Since the time when the early assumptions were made, additional testing was perfonned, expert
elicitation was solicited and analysis methodologies have matured to allow unwarranted
conservatisms to be revisited based on improved understanding of the phenomena and consequences
of the hydrogen event.

Question 3;A.S.b)(6) What has been the net effect on the technical aspects ofthe safety basis and the
PDSAfrom removing design and/or operational complexity?

Response 3.A.S.b)(6) No evaluation ofthe net effect on the technical aspects to the safety basis has
been completed. The PTF PDSA Addendum implements MAR and HPAV changes. The technical
inputs that changed in support of the PTF PDSA Addendum are:

• The source tenn for use in accident analysis has changed (24590-WTP-ZOC-WI4T-00020, Unit
Dose Factors for Use in Updated MAR Accident Analysis).

• The hydrogen generation rate (HGR) analysis has been revised (24590-WTP-M4C-VllT-OOOll,
Calculation ofHydrogen Generation Rates and Times -to Lower Flammability Limit to Support
Seismic and Severity Level Assessments).

• The unmitigated consequence analysis has changed to reflect the revised source tenn and HGRs
(24590-PTF-ZOC-WI4T-00036, Severity Level Calculations for the Pretreatment Facility Based
on Updated MAR).

• The safety-related design criteria for HPAV events have been revised (24590-WTP-SRD-ESH­
01-001-02.
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• The safety classification of select SSCs has changed as a result of the unmitigated consequence
analysis, as described below.

• The mixing requirements in select vessels have changed as a result of the revised hydrogen
generation review, as described below.

It should be noted that further changes to the PTF PDSA Addendum and supporting documents are being
made to address uncertainties identified in the preparation of the existing PTF PDSA Addendum.

Specific net changes are:

• Process Vessel Vent Exhaust System (PYY) / Pretreatment Vessel Vent Process System (PVP)
system has been assigned an active SC function to provide an active vent path for vessel purges
(24590-WTP-PSARA-ENS-09-0001, Table 2). The vessel vent high efficiency mist eliminatory
(HEME) has been reclassified from SS to SC for confinement to support the PYV/PVP active
function. (24590-WTP-PSARA-ENS-09-0001, Tables 2 and 5)

• SC mixing in seven vessels is now provided through a specific administrative control which
includes engineered features rather than a dedicated SC mixing system (24590-WTP-PSARA- .
ENS-09-0001, Section 2.4.1). These vessels are FRP-YSL-00002A1B/CID, PWD-YSL-00033,
PWD-YSL-00043, and PWD-YSL-00044.· -

• The confmement function of selected vessels and piping up to and including the isolation valve
has been reclassified from SC to SS. These vessels are: CNP-YSL-00003, CXP-YSL-OOOO1,
FEP-YSL-OOO17AlB, FRP-YSL-00002A1B/CID, HLP-YSL-00022, HLP-YSL-00028, HLP-YSL­
00027A/B, PWD-YSL-00015/16, PWD-YSL-00044, UFP-YSL-OOOOIA/B, UFP-VSL­
00002A/B, and UFP-YSL-0062A/B/C. (24590-WTP-PSARA-ENS-09-0001, Tables 2 and 5)

• The confinement function of the DOE HLW inner transfer pipe had been revised from SC to SS.
(24590-WTP-PSARA-ENS-09-000 1, Tables 2 and 5)

The complete set of SSC reclassifications and removal of controls has not been determined.

Question 3.A.5.b)(7) Has reliance upon Specific Administrative Controls (SAC) increased or decreased
as a result 0/reductions in complexity; has reliance upon engineered controls increased or decreased as
a result o/reductions in complexity? Are there any cases where engineered controls have been replaced

- -

with SACs?

Response 3.A.5.b)(7) There was one new SAC imposed in the PTF PDSA Addendum (24590-WTP­
PSARA-ENS-09-000 1, Section 2.4.1) for mixing in seven vessels. The original control was that SC
mixing was to be provided. During development of the PDSA Addendum, the time to lower
flammability limit (LFL) in these vessels was detennined to be substantially above 1,000 hours and
the mixing function would be provided by a SAC, as allowed by the SRD Appendix 8. The SAC will
have provisions to agitate the waste within the calculated time to LFL. In support of the SAC, the
PIM and piping to an out-cell connection point remain SC and SC-I. In this instance, there has been
an increased reliance on a SAC and decreased reliance on engineered controls. Further, as the revised
HPAY criteria are fully applied, identification of appropriate controls (e.g., engineered,
administrative, passive design features, etc.) will be consistent with the control selection criteria
established by the SRD Appendix B.
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Question 3.A.5.c) Describe the critical elements for DOE's system for maintaining control over the
consistency ofthe design and safety bases. How are these elements intended to maintain consistency
between the design and safety bases? Provide one example.

Response 3.A.5.c) The process for maintaining the design and safety basis consistent is provided by
the Contract implementing Standard 9 requiring BNI to follow ENS-ENG-IP-O 1, WTP Authorization
Basis Management. This procedure requires the Safety Basis to be maintained current within 60 days
of any design changes, whether approved by the contractor (Part 1 Safety Evaluation) or DOE ABAR.
For the Part 1 Safety Evaluations, DOE is notified monthly of the previous months' contractor­
approved changes and reviews the Part 1 Safety Evaluations and documents the results of the review
in the Operational Awareness Database. For those changes approved by DOE, BNI notifies DOE by
email that the changes have been incorporated within the 60 day time frame. Yearly assessments are
performed to evaluate BNI performance to the BNI implementing procedures for maintaining the
safety basis current/consistent with the design. The most recent assessment of the maintenance
process associated with the BNI safety basis is captured by 10-NSO-051, The Us. Department of
Energy, Office ofRiver Protection (ORP) Assessment ofBechtel National, Inc. (BNI) Authorization
Basis (AB) Maintenance Program. There were no findings associated with this assessment but there
were two observations regarding completeness ofdocumentation.

Question 3.A.5.d) Are the current PTF design and PDSAfully consistent?

Response 3.A.5.d) the PTF is consistent with the POSA. However, it is not consistent with the
POSA addendum, since an update to the document must be approved by DOE and implemented.
Safety basis documents are "leading" design changes. Prior to release of specific design media,
documents are required to align with the AB documents (which includes the POSA).

Question 3.A.5.d)(1) Has the projectfina/ized the processjlowsheet? For example, changes in the pulse
jet mixing design potentially impacted the process jlowsheet; have these impacts (or others) been fully
incorporated into the design and safety bases?

Response 3.A.5.d)(1) No. The project has developed the plan and schedule to systematically review
the results of mixing tests to update process flowsheets, P&ID and the safety basis documents.

Question 3.A.S.d)(2) Have the changes from revising the HPA V safety design strategy been fully
incorporated into the safety and design bases? Ifnot, what changes are required and when will these
changes be complete?

Response 3.A.5.d)(2) The SRD and the BOD have had some revisions to reflect the HPAV safety
and design strategy. Changes made to these two criteria documents reflect a relaxation of the
acceptable strain limit for replaceable piping, and a more detailed description of an acceptable method
to determine what the strain would be in a postulated HPAV event. HPAV control strategy
requirements documented in the PTF POSA Addendum for the PTF remain essentially unchanged
from their POSA counterparts.
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Some changes are expected to ultimately be made to the actual facility design, but no such changes
have yet been made. These changes will arise from one of three sources:

• elimination of the fragmentation assumption;

• revisions to the severity levels of pipe sprays and leaks; and

• the results of application of the QRA.

Changes to the safety basis documentation are needed to update the PTF POSA Addendum to show
the final fragmentation criteria. The BOD will be evaluated for further changes based on the changes
to the PTF PDSA.

Changes made as a result of elimination of the fragmentation, assumption will be limited to
reclassification of some ..- but not all -- HPAV controls currently classified as SC to SS or non-safety.
These controls have previously been classified as SC because of the assumption that fragmentation of
the route piping or in-line components could disable vessel mixing and hydrogen purge systems,
leading to a vessel explosion. DOE has provided a letter of direction to modify the POSA Addendum
to modify the previous accident analysis methodology (l0-NSO-055, Directed Change to the
Preliminary Documented Safety Analysis (PDSA) Affecting Hydrogen in Piping and Ancillary Vessels
(HPAV) Control Strategy for Pretreatment (PTF) and High Level Waste (HLW) Facilities).

Changes made as a result of revisions to the severity level calculation may result in reclassification of
some HPAV controls designated as SS to non-safety. It is expected that these changes will be
limited to HPAV controls aSsociated with the LAW piping and inline components. HPAV controls
designated as non-safety that are found through the ISM process to present a significant worker
exposure hazard from potential reverse flow from pressurized process piping into C3 area flush or
vent piping will be eliminated from the design.

The QRA could be used to determine loads imposed on piping systems more accurately than
deterministic methods. Prior to use of the QRA in that fashion, inputs and assumptions made to
support the QRA will be thoroughly and systematically examined to determine the need for TSR or
safety SSCs. Implementation of the HPAV IRT team findings and recommendations is ciocumented
in a response plan, 24590-WTP-RPT-ENG-I 0-021, Rev 0, Hydrogen in Piping and Ancillary Vessels
Implementation and Closure Plan which also establishes the timeframe for implementation.

3.A.S.e) If the PTF design and POSA are not fully consistent:

Question 3.A.S.e)(1) What remains to be done to align the PTF design and the PDSA?

Response 3.A.S.e)(1) The PTF POSA and the PTF POSA Addendum, are continuing to evolve as the
uncertainties identified in the original PTF POSA Addendum are addressed and the revised HPAV
design criteria are implemented. The process for bringing the PTF PDSA and the design into
alignment requires that the hazards and accidents associated with the proposed changes be evaluated,
the PTF POSA updated and the design modified to reflect the updated PTF POSA. The work
necessary to bring the PTF POSA and design into alignment is:
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• Address uncertainties from,the PTF POSA Addendum and reissue the analysis that supports the
POSA (e.g., severity level calculation);

• Perfonn the hazards analysis of design changes committed in the PTF POSA Addendum
(i.e., PVVIPVP system);

• Complete the implementation of the revised HPAV design criteria;

• Revise the PTF POSA to implement the PTF POSA Addendum and supporting documents; and

• Issue the design implementing the approved changes to the safety basis document authorized for
implementation (i.e., PTF POSA or PTF POSA Addendum

The AB maintenance process for the WTP does not allow design to be issued ahead of changing the AB,
unless otherwise approved by DOE.

Question 3.A.5.e)(2) When will the design and safety bases be fully consistent?

Response 3.A.5.e)(2) As part of the ongoing project planning update process, the schedules for
completing the work to bring the POSA and design into alignment are being developed.

Question 3.A.5.e)(3) Which PTF system designs are not consistent with the current PDSA? Describe why
the system design is not consistent with the current PDSA and provide the basis for each inconsistency.

Response 3.A.5.e)(3) The design of the PVP/PVV system is not consistent with the credited safety
function in the POSA Addendum.

The AB which includes the PTF POSA and the PTF POSA Addendum leads the design in that the
design or changes to the design may not be issued unless the design is in alignment with the AB. In
cases where design has already been issued, changes in the PDSA may introduce inconsistencies
between the POSA and the issued design. In these cases, the inconsistency is identified, documented
and resolved. ,The process to control implementation of AB requirements (new or modified) is
described in procedure 24590-WTP-30P-G04B-OOOOt:

Question 3.A.5.e)(4) For the PTF systems that are not consistent with the current safety basis, is BN!
authorized to continue to procure safety related SSCs?

Response 3.A.5.e)(4) New design documentation and procurements can only be issued if DOE
approval is received (the current mechanism for requesting DOE approval is the justification for
continued design, procurement and installation (JCOPI» or the conflict in the upper level documents (
PDSA, SRD or BOO) is resolved. Where changes impact existing procurements, the affects are
addressed on a case by case basis.
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Question 3.A.S.e)(S) For the systems that are not consistent with the current safety basis, which have
components in fabrication?

Response 3.A.S.e)(S) The PVPIPVV system is consisten\ with the current PDSA requirements for a
passive vent path. However, once the POSA addendum is approved and implemented, the PVPfPVV
system will be inconsistent with requirements that changed the safety function from SS to provide an
active vent path for vessel purges and to provide confinement and filtration of PVPfPVV exhaust
during normal and upset conditions (24590-WTP-PSARt\-ENS-09-0001, Section 3.2, Table 3). The
PVP scrubbe.r (PVP-SCB-02) has been. partially fabricated. There are a number of items already
delivered. They are:

• Scrubber Recirculating Pumps (PVP-PMP-OIA/OIB)

• HEME Drain Collection Vessel (PVP-VSL-OI)

• HEME Drain Vessel Pumps (PVP-PMP-02AJ02B)

Other components such as filters/housings, fans and other inline components have not yet been
procured.

Question 3.A.S.e)(S)(a) Does the lack ofconsistency impact component design criteria?

Response 3.A.S.e)(S)(a) Yes. The requirements cannot be implemented into the system design as
originally conceived when the requirements were established.

Question 3.A.S.e)(5)(b)1fthe lack ofconsistency impacts component design criteria has the fabrication
ofthese components been placed on "hold" until the safety basis and design are consistent?

Response 3.A.S.e)(S)(b) The PVP scrubber is the only major component that is awarded and not
delivered. The fabrication is not progressing and is on hold for other design issues (revised ground
motion (RGM) analysis) and due to other higher WTP project priorities with the supplier. WTP is
working to develop an alternate safety strategy and also working with the supplier to develop a design
solution. The components which have been delivered are not anticipated to be impacted.

Question 3.A.S.e)(6) Ifa decision is made to proceed at risk (prior to assuring design and PDSA are
consistent) with fabrication and/or installation, describe how that risk is quantified (in terms ofschedule
and cost) and communicated to DOE.

Response 3.A.S.e)(6) Procedure 24590-WTP-GPP-SREG-002, E&NS Screening and Authorization
Basis Maintenance, Section 3.2 requires quality affecting (Le., Q) engineering design media
(e.g., calculations, drawings), material requisitions, specifications, and supplier submittals to be
consistent with the approved AB (Le., safety basis documents and the SRD). Section 3.1.2 of the
procedure itemizes the WTP AS documents and Appendix 2 of the procedure lists documents
required to be screened for consistency.

In the event the document being screened is not consistent with the AB, Section 3.2 of the procedure
requires the documents to be reconciled.
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[f the documents cannot be reconciled in time to support the project baseline, the procedure allows the
preparation of a justification for continued design, procurement, and installation (JCOP£) in advance
of the documents being reconciled. Performance of a JCOP[ is the current process for requesting
permission from OOE to proceed with design, procurement, or installation activities in advance of a
formal safety basis change. 24590-WTP-GPP-SREG-002, Section 3.l2 describes the JCOP[ process.

The risk associated with moving forward with the design is not typically quantified in terms of cost
and schedule. Only the schedule imperative (24590-WTP-GPP-SREG-,002, Appendix 6, questions 3,
4, and 5) for moving design ahead of the POSA and an evaluation of the consequences of moving
forward are normally addressed by the established process.

If the risk of moving forward with the design exceeds the project threshold of $1 million as defined in
paragraph 4.2.2, procedure 24590-WTP-GPP-PTF-003, Project Risk Assessment and Management,
then the risk will be managed under the project risk management program as described in the same
procedure. This process is illustrated on figure 7-4 of 24590-WTP-GPP-PTF-003.

Question 3.A.6 Does the current PDSA meet all the requirements of10 Code ofFederal Regulations
(CFR) Part 830? Ifnot, describe the requirements that are not met and what is being done to address
these deficiencies? It there are cases where the requirements are ambiguous or poorly defined, provide
details ofhow the ambiguities ajftct the project?

Response 3.A.6 The PTF POSA and the PTF PDSA addendum are compliant with the requirements
of IOCFR830, Subpart B, Documented Safety A~alyses. Both documents present the safety basis for
the PTF. The POSA was prepared in accordance with the Rule required safe harbor methodology,
OOE-STO-3Q09, Preparation Guide for us. Department ofEnergy Nonreactor Facility Documented
Safety Analyses. The PTF POSA Addendum (and supporting calculations) were prepared consistent
with the safe harbor methodology. However, it has not been implemented into the PTF POSA. This
practice is acceptable and governed by procedure.

Implementation of the QRA tool will be consistent with the Rule required safe harbor methodology.
Nuclear safety will review the QRA when release for use to identify the initial conditions and
assumptions required to be protected by TSRs as specified in OOE-STO-3009, Appendix A.

WTP has prepared procedures to govern the development and maintenance of the Authorization Basis
as required by lOCFR830, Subpart A, Quality Assurance Requirements. The PTF has planned and
scheduled an effort to complete the systematic evaluation of the mixing results. That activity will
lead to updates of the process flowsheets, P&IDs, model runs and complete the systematic evaluation
of hazards. This process is required by lOCFR830, Subpart B. Given the significance level of the
change, WTP will be developing a temporary process to use in lieu of existing procedures. The
procedures as written would not allow release of an updated flowsheet, P&IO, etc without an update
to the safety basis documents. The hazards analysis can not be completed without the revised process
flow diagram and P&ID. The temporary process will modify existing WTP procedures and outline
the requirements to govern the resolution of major technical issues. The POSA will undergo one
revision at the end of the resolution of the major technical issues.
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If the Project needs to procure or install SSCs prior to the updated PDSA being reviewed and
approved by DOE, a JCDPI will be prepared in accordance with established procedures (and
lOCFR830.206) and submitted to DOE for approval.

Question 3.A.7 Describe how EN! determined the resulting impact on operational complexityfrom
changing the PTF design.

Response 3.A.7 See the response provided to question 3.A.2.c).

Questio'n 3.A.7.a) Which operating procedures have been developedfor the PTF?

Response 3.A.7.a) No operating procedures for PTF have been completed at this time. The WTP is
early in the process of developing operating procedures for the PTF . Currently, Plant Operations
staff are performing noun naming and preliminary task analysis for PTF systems. The task analysis,
when completed, will identify the specific activities required to operate the system. In the future,
procedure sections will be developed from the task analysis.

Question 3.A.7.b) Provide a list ofthese procedures and describe the design basis.

Response 3.A.7.b) See response provided to question 3.A.7.a). The current approved design is used
to perform the task analysis. Documents used to perform the task analysis include: safety basis
documents, process flow diagrams, mechanical flow diagrams, mechanical handling diagrams, piping
and instrumentation diagrams, ventilation and instrumentation diagrams, main electrical single line
diagrams, plot plans, architectural drawings, general arrangement drawings, engineering
specifications, system descriptions, vendor manuals and documents, and logic drawings.

Question 3.A.7.c) Describe the degree ofcomplexity in the current procedures.

Response 3.A.7.c) As stated in the response to question 3.A.7.a), no operating procedures have been
developed yet; however, when procedures are developed, DOE-STD-l029-92, Writers Guide for
Technical Procedures, will be used to minimize complexity.

Question 3.A.8 Based on the current state ofprocedure development, is the PTF too complicated to
operate? Describe how this was determined. Describe steps taken by BN! and DOE to ensure that the
final design is not too complicated to operate.

Response 3.A.8 In 2002, the project initiated actions to address the lessons learned from the
commercial nuclear industry by implementing design improvements of the PTF to manage the
accumulation of hydrogen in piping under such unusual conditions. The Project has not yet
developed operating procedures for PTF. Based on the current issued design with active HPAV
controls, there is an administrative burden on the operating facility staff that is being addressed as
described in the response to question 3.A.3.

At a senior management level, the WTP project has established a Safety Input Review Committee
(SIRC) in accordance with 24590-WTP-GPP-SANA-Oll, Safety Input Review Committee, to review
significant proposed changes to the safety basis.
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Plant Operations staff are integrated with the design review process per 24590-WTP-3DP-G04T­
00913, Review ofEngineering Documents, 24590-WTP-3DP-G04T-00913. Plant Operations line
management participates in review and approval of operati~gprocedures as described in 24590-WTP­
CPRO-ADM-OOO 1, Operations Procedure Administration.

The design guide that defines the processes that will be used to determine what HPAV controls are
necessary is 24590-WTP-GPG-M-0065, Quantitative Risk Analysis Data Collection Process. From
the results of the system analysis that provides results qn the frequency and severity of potential
hydrogen events, the piping is then analyzed in accordance with design guide 24590-WTP-GPG­
ENG-0143, HPAV Stress Analysis Design Guide. These processes still require a multi-disciplinary
team to evaluate the design, operations, fault conditions and recovery plans for each HPAV-affected
pipe route when evaluating the impact of accumulating hydrogen.

As the design matures and procedures are completed to support TSR surveillances and nonnal
operations, Plant Operations Line Management review of each watc~ station duties and
responsibilities will confinn control strategies. Simulator drills will validate Line Management
decisions on watchstander duties and responsibilities.

In summary, to ensure the final design is not too complicated to operate:

• The SIRe provides senior management review of significant proposed changes to the safety
basis.

• Plant Operations staff are integrated with the design review process.

• Plant Operations management reviews and approves operating procedures.

• A multi-disciplinary team evaluates each HPAV-affected pipe route.

• Plant Operations management reviews watchstation duties and responsibilities.

Simulator drills will be used to validate management decisions on watchstander duties and
responsibilities.

Question 3.A.8.a) What metrics are in place to monitor the effectiveness ofmanagement controls
necessary to prevent the final design from becoming too complicated to operate? When were the metrics
developed and implemented?

Response 3.A.8.a) No quantitative metrics are in place. See 3.A.8 for programs and processes being
used to monitor the effectiveness of management controls to ensure that the final design is
appropriately informed by an operations perspective.

Question 3.A.8.b) Describe each metric, how the metric is tracked, and the measured effectiveness of
each (if known).

Response 3.A.8.b) See response provided to question 3.A.8.a).
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Question 3.A.8.c) What actions are taken in response to unacceptable metrics?

Response 3.A.8.c) Actions are not taken in response to quantitative metrics. Actions are taken in
response to the identification of complexity during normal work processes.

As previously noted:

• The SIRC provides senior management review of significant proposed changes to the safety
bas(s.

• Plant Operations staff are integrated into the design review process.

• Plant Operations management reviews and approves operating procedures.

• A multi-disciplinary team evaluates each HPAV-affected pipe route.

• Plant Operations management reviews watchstation duties and responsibilities.

One of the following options or a combination of these options would be considered to address a
complexity challenge:

• Additional resources or redistribution of watchstander duties

• Automation

• Revision of the control strategy

• Changes to the design

• Changes to procedures.

Question 3.A.9 Has DOE documented the lessons learned resultedfrom the design being too complex to
operate?

Response 3.A.9 No, there has not been a Lessons Learned submitted to the official Lessons Learned
program.

Question 3.A.9.a) Describe each lesson learned.

Response 3.A.9.a) No, there has not been a Lessons Learned submitted to the official Lessons
Learned program.

Question 3.A.9.b) Describe what was done to communicate these lessons learned to other Department of
Energy-Environmental Management projects and other DOE organizations.

Response 3.A.9.b)No, there has not been a Lessons Learned submitted to the official Lessons
Learned program.
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3.B Management of Safety-related Risk.

BN! and DOE have a number ofprocesses in place to manage technical andproject risks. Describe these
processes, their intended objectives, and the methods ofmanaging techniC(l1 and safety risk.

The WTP management of Risk is defined in two project documents: 24590-WTP-PL-PR-OI-003, Risk
Management Plan, and 24590-WTP-GPP-PTF-003, Project Risk Assessment and Management. A brief
summary of each is provided here:

• 24590-WTP-PL-PR-OI-003, Risk Management Plan
This Risk Management Plan (RMP) describes the strategic approach for assessing and managing
threats and opportunities (both referred to as risk in this plan) for the WTP in accordance with
DOE 0 413.3A, Program and Project Managementfor the Acquisition ofCapital Assets and the
associated manual DOE M 413.3-1, Project Managementfor the Acquisition ofCapital Assets.

The objective of the RMP is to provide a systematic process for BNI to maximize the probability and
consequences of positive impacts while minimizing the probability and consequences of adverse
events. The risk management process described in this plan is implemented by procedure
24590-WTP-GPP-PTF-003, Project Risk Assessment and Management.

• 24590-WTP-GPP-PTF-003, Project RiskAssessment and Management
This procedure implements the RMP and contains the minimum requirements for assessing and
managing threats and opportunities (both referred to as risks in this procedure) for the WTP project in
accordance with DOE 0 413.3A, Program and Project Managementfor the Acquisition ofCapital
Assets and DOE M 413.3-1.

WTP does not identify or manage risk on the basis of safety function and therefore does not use the term
safety-related in association with Risk. See the response to question 3.B.1.

Question 3.B.1 Describe the processes in place for the management ofWTP critical safety-related design
risk.

Response 3.B.1 WTP manages the cost and schedule risk to the project associated with the
implementation of a compliant design that meets the design and safety requirements. In assessing
that risk it is taken in context with a design that has not yet been confirmed to be capable of providing
its intended safety function.

Procedure 24590-WTP-GPP-PTF-003, Project Risk Assessment and Management describes the
process for the identification and management or risk on WTP. Risks are classified on the basis of
their probability of occurrence and consequence impact level (cost). Procedure section 4.2 and Table
4-3 Risk Level Determination explain how risks are classified on WTP. Risks with an overall risk
level determination of High are automatically selected as Critical risks to be managed. Moderate
risks included in the top contributing threats to 80% of risk realization are also selected as Critical
risks. However, other risks may be selected as Critical risks by the Project Risk Manager or Joint
Risk Management Team (JRMT) for additional management attention based on additional criteria
such as:
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• Is the scope of the risk significant to the project?

• Does the risk require high priority mitigating actions that require Senior Management
involvement?

• Are the mitigation activities for the risk significant (e.g. scope, cost, schedule)?

• Is the potential consequence of the risk event near-term?

Procedure Section 4 describes the processes to Identify (4.1), Quantify (4.2), Risk Handling (4.3), Define
Impacts (4.4), and Monitoring, Reporting, and Closure (4.5).

Question J.B.1.a) Describe the process to manage critical design risks and the need to develop, when
required, alternate designs for risk mitigation.

Response J.B.l.a) As described in the response to Question 3.B.l, the process to manage design risk
is described in procedure 24590-WTP-GPP-PTF-003, Section 4.2 describes the processes for
identifying critical risks. Procedure Section 4.3 describes the process for selecting a risk handling
strategy, which includes Avoid, Mitigate, or Accept. When the expectation is that the Probability of
occurrence cannot be eliminated, the focus of the risk handling approach is to reduce or mitigate the
impact ofthe risk occurring. This does not mean that the likelihood of occurrence cannot be reduced.
Rather, it is recognized that the likely outcome is that the risk cannot be prevented from occurring.
Based on this determination, the risk handling strategy and Risk Response Plan (RRP) scope is to
focus on elimination and/or minimization of the impact if the risk occurs. If appropriate to the risk
handling strategy, the risk response plan may include the use ofan engineering study to evaluate
alternate solutions to an engineering problem and formulate mitigation methods. Engineering studies
on WTP are performed in accordance with procedure 24590-WTP-3DP-G04B-OOOI6, Engineering
Studies. The performance of the study and results would be tracked on the Risk Sheet as Actions with
assigned Action Lead and Forecast finish dates. See Project Risk Assessment and Management
Section 4.3.2.

Procedure Section 4.5 describes the processes for Monitoring, Reporting, and Closure of a risk. Risk
tracking ensures that RRPs are effectively implemented and executed. The assigned Risk Lead is
responsible for tracking individually assigned risks from identification to final resolution and closure.
Key (critical or otherwise selected by the JRMT) risks are reviewed at least monthly during Area
Project Reviews and/or Integrated Project Team (IPT) review meetings.

Question 3.B.l.b) Is BNI currently carrying alternate designs forward as a means of risk mitigation?

Response 3.B.l.b) No alternate designs are currently being pursued as a means ofrisk reduction. For
all current risks, alternate designs may have been studied as a risk mitigation action, but a single
design solution is selected and carried forward for risk mitigation.

The risks that propose design changes as a means of risk mitigation for PTF systems, structures or
components include:

• ENG-048, Capital and Schedule Risk for DOE Standard 1066 Compliance

• ENG-DO, Revised Safety Strategy based on MAR and HPAV Evaluations
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• ENG-136, Decontamination Issues Associated with Relocating Equipment in R3/C3 Areas

• ENG-l37, Ash Fall Design Impact

• ENG-143, PTF Control Building ITS Chilled Water and Support Systems

• ENG-lSI, PVP-PVV Impacts from M3, Solids Entrainment, etc.

• ENG-156, Mixing System Design Implementation (under development)

• PET-I27, "Technical Maturation ofCNP/CXP is Inadequate"

• DOE-047, "Technical Maturation ofCNP/CXP is Inadequate - Equipment Option"

Question 3.B.l.b)(1) Ifyes, describe each design alternative and the risks these alternatives are intended
to mitigate.

Response 3.B.1.b)(1) See response to question 3.B.l.b).

.Question 3.B.1.b)(2) For each alternative design, what information (e.g., tests, evaluations) is required
to determine which design alternative to pursue?

Response 3.B.1.b)(2) See response to question 3.B.l.b).

Question 3.B.l.b)(3) When will all the decisions related to these design risks be complete?

Response 3.B.l.b)(3) See response to question 3.B.l.b).

Question 3.B.l.b)(4) What is the likely impact on each part ofthe high-level waste treatment system (i.e.,
waste retrieval, waste feed qualification, pretreatment, and vitrification) from implementing alternate
designs later in the project?

Response 3.B.l.b)(4) It is expected that there will be no impact on WTP's ability to meet contract
requirements to receive, pre-treat, vitrify and qualify waste products resulting from implementing the
design changes proposed for risk mitigation. See response to question 3.B.l.b).

Question 3.B.2 Describe the parts ofthe PTF design that have the greatest safety-related design risk.

Response 3.B.2 See response to 3.B.l. WTP does not identify or manage risk on the basis ofsafety
function and therefore does not use the term safety-related in association with design risk. The design
risks associated with safety-related systems is managed in the overall risk management program as
described in the response to 3.B and in 24590-WTP-GPP-PTF-003.
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The projects risks with the greatest design risks that are associated with safety-related systems
include:

• ENG-l30, Revised Safety Strategy based on MAR and HPAV Evaluations

• DOE-Oa1, Design Authority Hydrogen In Pipe and Ancillary Vessels (HPAV) Case not accepted

• ENG-lSI, PVP-PVV Impacts from MJ, Solids Entrainment, etc.

• ENG-I37, Ash Fall Design Impact

• ENG-lS6, Mixing System Design Implementation (currently under development)

Question 3.B.2.a) Describe the impact and the safety-related risks resultingfrom the revised HPAV
safety design strategy and the resolution ofpulse jet mixing design issues on each part ofthe high-level
waste treatment system.

Response 3.B.2.a) Since the implemented design will be consistent with the safety basis, there is no
risk directly related to safety. The impact of the project risks are detailed in individual Risk
Assessment Sheets per 24590-WTP-GPP-PTF-003. Refer to the response to question 3.8.2 for a list
of the design risk sheets that pose the greatest impact on PTF cost/schedule.

Question 3.B.2.b) Describe the impact safety-related risks have on plant operability. How were these
impacts determined and how are they being managed?

Response 3.B.2.b) See response to Question 3.B.2. WTP does not identify or manage risk on the
basis ofsafety function and therefore does not use the term Safety-related in association with design
risk.

The projects risks with the greatest design risks that are associated with safety-related systems
include:

• ENG-130, Revised Safety Strategy based on MAR and HPAV Evaluations

• DOE-OOl, Design Authority Hydrogen In Pipe and Ancillary Vessels (HPAV) Case not accepted

• ENG-lSI, PVP-PVV Impacts from M3, Solids Entrainment, etc.

• ENG-137, Ash Fall Design Impact

• ENG-IS6, Mixing System Design Implementation (currently under development)

Question 3.B.2.e) Describe the potential impact these safety-related risks have on the feed delivery
system. How are these impacts determined and how are they managed?

Response 3.B.2.e) See response to Question 3.B.2. WTP does not identify or manage risk on the
basis of safety function and therefore does not use the term Safety-related in association with design
risk.

Potential impacts from a revised safety strategy are not expected. Controls are still required for
sampling to verify compliance with waste feed acceptance criteria.
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Potential impacts to the design of the feed delivery system from the pulse jet mixing design are not
anticipated. The current WTP design has the ability to dilute the feed stream or modify the rheology
of the feed stream once it is transferred to the WTP. The only potential impact is on the number of
batch transfers that may be required.

Question 3.B.2.d) Describe the potential cost and schedule impacts on each part ofthe high-level waste
system resultingfrom safety-related risks in the PTF design.

Response 3.B.2.d) The Risk Management Plan, 24590-WTP-PL-PR-OI-003, defines the WTP risk
program which estimates commercial costs and schedule impacts associated with implementing the
project plan, including major technical risks. Because the implemented design will be consistent with
the safety basis, there is no risk directly related to safety. The forecasted realization value for the
design risks is included on the Risk Assessment Sheets in the individual risks under the Residual
Forecast. Refer to the response to question 3.8.2 for a list of the design Risk Sheets with the greatest
impact on PTF cost/schedule.

Question 3.B.2.e) Describe any safety-related design risks that will not be resolved until "cold"
commissioning.

Response 3.B.2.e) At present no safety-related design risks, other than some aspects ofPJM mixing
as discussed below, have been identified that would require cold commissioning to close the risk.

The potential risks associated with the pulse jet mixing systems have been documented in the
Technical Steering Group CTSG) M-3 rssue Closure records. The specific safety-related design risks
are associated with limiting solids accumulation, release of gas, and the control strategies for
criticality and hydrogen mitigation.

• CCN 208996, Technology Steering Group - Issue Closure Record - Partial Closure EFRT Issue
M-3 (Closure Package CXP-VSL-00026a/B/C), Inadequate Mixing System Design

• CCN 214951, Technology Steering Group -Issue Closure Record - Partial Closure EFRT Issue
M-3 (Closure Package Volume 2, Solidi Free And Resin Storage Vessels), Inadequate Mixing
System Design

• CCN 221575, Technology Steering Group - Issue Closure Record - Partial Closure EFRT Issue
M-3 (Closure Package Volume 4, Low Solids Containing Vessels), Inadequate Mixing System
Design

• CCN 204767, Technology Steering Group - Issue Closure Record - Partial Closure EFRT Issue
M-3 (Closure Package Volume- 5, PWD-VSL-00033/43/44), Inadequate Mixing System Design

• CCN 220452, Technology Steering Group - Issue Closure Record - Partial Closure EFRT Issue
M-3 (Closure Package Volume 6, FRP-VSL-00002A1B/C/D), Inadequate Mixing System Design

• CCN 220453, Technology Steering Group - Issue Closure Record - Partial Closure EFRT Issue
M-3 (Closure Package Volume 7, UFP-VSL-OOOOI AlB), Inadequate Mixing System Design

• CCN 220454, Technology Steering Group - Issue Closure Record - Partial Closure EFRT Issue
M-3 (Closure Package Volume 8, HLP-VSL-00022), Inadequate Mixing System Design
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• CCN 220455, Technology Steering Group -Issue Closure Record - Partial Closure EFRT Issue
M-3 (Closure Package Volume 9, FEP-VSL-00017A1B), Inadequate Mixing System Design

• CCN 211816, Technology Steering Group -Issue Closure Record - Partial Closure EFRT Issue
M-3 (Closure Packaging Volume 10, RLD-VSL-00007), Inadequate Mixing System Design

These closure records also document the recommendations to mitigate the identified risks.
Specifically, these closure records recommend that a large scale test be performed prior to cold
commissioning. With the conduct of this test, the remaining risks that can not be closed until cold
commissioning will be associated with the integration of all 38 P1M mixed vessels with the control of
the facility support systems (e.g., air and vent systems). Scaled testing prior to cold commissioning
can not be utilized to minimize these risks.

Question 3.B.2.e)(1) What are the potential cost and schedule impacts from carrying these safety relafed
design risks into cold commissioning? For example, conSider the Pulse Jet Mixing System:

Response 3.B.2.e)(1) Potential cost and schedule impacts range from no impact due to improved
performance during cold commissioning, to requiring in-place modifications of the impacted vessels
and potentially the support systems. WTP is mitigating the potential risks associated with P1M
mixing systems with the conduct of large scale testing and using a heel removal system and access
ports to further mitigate the risk associated with PJM mixing systems. In addition, process control
strategies are being evaluated to further mitigate the risks associated with the PJM mixing systems.

Question 3.B.2.e)(1).a Iflarge-scale pulse jet mixing tests were delayed until cold commissioning and
the pulse jet mixing design did not perform as anticipated-what are the potential cost and schedule
impacts from carrying these risks to that time?

Response 3.B.2.e)(1).a Based on the potential impacts identified in the response to question
3.B.2.e)(1), WTP does not plan to delay the large scale pulse jet mixing tests until cold
commissioning.

Question 3.B.2.e)(1).b What is the range ofpotential impacts to the PTF ifthe Pulse Jet Mixing System
design does not perform as anticipated?

Response 3.B.2.e)(1).b The recommended pulse jet mixing system design is based on the best
available knowledge of waste currently in the Tank Farms. In addition, the current design and
operation of the WTP will control the pertinent waste conditioQs as it is received through pre­
qualification and as it is processed through the WTP. The potential impacts if the PTF does not
perform as anticipated range from being able to process the waste at higher concentrations than
currently projected (improved performance and thro~gh-put rates) to requiring additional time to
adjust (such as heel dilution / cleanout) for a limited amount of feed, expected to be less than 5% of
the total batches (decreased performance), see the response to question 21.A.2 b). In all cases, the
potential impacts are associated with process requirements (plant through-put) and will not impact the
safety-related functions.
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Question 3.B.2.e)(1).c What is the range ofpotential impacts on the ability to vitrifY tankfarm wastes,
consistent with the current plan, if the Pulse Jet Mixing System design does not perform as anticipated?

Response 3.B.2.e)(1).c No impacts on the ability to vitrify tank farm waste have been identified due
to the pulse jet mixing system design. As discussed above, potential impacts (e.g., improved or
decreased performance) are associated with the PTF through-put.

Question 3.B.2.e)(1).d What is the range ofpotential impacts on the feed delivery system from the pulse
jet mixing design not pelforming as anticipated?

Response 3.B.2.e)(1).d Potential impacts to the design of the feed delivery system from the PIM
design are not anticipated. The current WTP design has the ability to dilute the feed stream or modify
the rheology bfthe feed stream once it is transferred to the WTP. The only potential impact is on the
number of batch transfers that may be required.

Question 3.B.2.e)(2) What alternate means are available to resolve these safety-related design risks
earlier?

Response 3.B.2.e)(2) As discussed above, the use of large scale testing prior to cold commissioning
has been recommended by the Technical Steering Group to mitigate technical risks associated with
the M3 Issue closure. In addition, the completion of the computational fluid dynamics (CPD)
verification and validation (V& V) and the completion of the vessel performance calculations to
support the confirmation of the pulse jet mixed vessel design will mitigate the potential risks.

Question 3.B.2.t) For those areas ofthe design with the greatest safety-related risk, how closely coupled
is design and construction (duration between approval ofthe confirmed design and construction).

Response 3.B.2.t) At present no safety-related design risks, other than some aspects ofPIM mixing,
as discussed previously, have been identified that would require cold commissioning to close the risk.
The implementation of the additional PJMs, as recommended from M3 issue closure, puts the vessel
analysis and design of the changes, fabrication, and vessel delivery/installation closely coupled, on or
near the critical path.
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Question 4. Waste Treatment and Immobilization Plant Safety
Analysis

Responses to Question 4 were developed by:

Primary authors:

U.S. Department of Energy - Office of River Protection
Ben Harp, Acting Assistant Manager for Waste Treatment Plant Integration

Hanford Tank Waste Treatment and Immobilization PlantProject
Donna Busche, Environmental & Nuclear Safety Manager

Contributing authors:

U.S. Department of Energy - Headquarters

Richard (Chip) Lagdon, Chief of Nuclear Safety for Energy

Hanford Tank Waste Treatment and Immobilization Plant Project

Todd Allen, Safety Implementation Manager

Brad Erlandson, Environmental Manager

Andy Larson, Safety Analysis Manager

Mark Medsker, Pretreatment and High Level Waste Facilities Nuclear Safety Supervisor

John Minichiello, Vessels and Piping Technical Manager

Tom Patterson, Manager of Engineering

Question 4.A Accident Analysis Calculations

Question 4.A.l What value will be usedfor deposition velocity in calculating unmitigated dose
calculations? Provide the technical basis for this value that justifies its use as being representative ofthe
Hanford Site and WTP-specific conditions?

Response 4.A.l The value used in the WTP safety analysis for dry deposition is 1 em/sec.

The revised WTP transport analysis uses the DOE MELCOR Accident Consequences Code System
(MACCS2) atmospheric dispersion model default transport value for deposition velocity equal to
1.0 em/sec. The Department's Chief of Nuclear Safety (CNS) evaluated this usage, found it to be
acceptable, and documented in its use in the CNS Technical Paper, Dry-Deposition Velocity
Assumptions Used in Consequence Modeling at the Hanford Waste Treatment Plant. Subsequently,
the Board challenged the usage of a deposition velocity value of 1.0 em/sec for the WTP, with its
staff believing that a value between 0 - 0.3 em/sec could be technically justified. (DNFSB letter to
Under Secretary of Energy and Chief Health, Safety and Security Officer of May 21, 2010)
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The CNS re-evaluated its technical position in light of the Board's comments, researched the issue
further, and still believes that the usage of a default deposition velocity of 1.0cm/sec for the MACCS2
codes is technically defensible for reasonably conservative results in the case of unfiltered releases,
given the level of uncertainty in the Gaussian Plume model used in MACCS2 analysis. CNS is
revising its previous Technical Paper to incorporate additional information found in various NRC
publications and other technical studies. The CNS Technical Paper will be peer-~eviewed by a
nationally-recognized expert in radiological risk assessment and environmental analysis who is
suitably qualified to peer-review the paper.

Finally, it should be noted that sensitivity studies for the WTP indicate that equipment safety
classification will not vary whether a deposition velocity .of 0.1 em/sec or 1.0 em/sec is used in the
calculation.

Question 4.A.2 Discuss the technical basis for the WTP-specific methodologyfor spray leak scenarios.

Response 4.A.2 The WTP specific methodology for spray releases was developed based on literature
reviews and subject matter expert review. The details are provided in Sections I through 3 of 24590­
WTP-RPT-ENS-l0-001.

Question 4.A.2.a Describe the technical basis supporting the WTP-specific methodology.

Response 4.A.2.a The WTP specific methodology for spray releases was developed based on
literature reviews and subject matter expert review. The details are provided in Sections I through 3
of 24590-WTP-RPT-ENS-l 0-001.

Question 4.A.2.b What are the results from the DOE requested review ofthe WTP-specific methodology
for spray leaks by DOE's Office ofHealth. Safety, and Security (HSS). Jfthe results are incomplete, when
will the HSS review be completed?

Response 4.A.2.b The Office of Nuclear Safety Policy and Assistance (HS-21) within the Office of
Health, Safety and Security (HSS) has been performing a review of the WTP-specific methodology
for spray leaks utilizing the support of consultants from the nuclear industry including experts from
the Information Systems Laboratories (a company which provides technical support to the U.S.
Nuclear Regulatory Commission).

A draft technical analysis supporting an Information Notice to the DOE complex has been developed
and is under initial stages of HS-21 management review. The analysis and Information Notice should
be completed by the end of October 2010.
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Question 4.A.3 What specific accident analysis research would improve the accuracy and certainty of
the WTP Sqfety Analysis and provide the worker and the public greater confidence in the calculations?

Response 4.A.3 The calculations that support the WTP safety analyses have been reviewed to be
accurate and consistent with the chosen methodology. WTP has identified several additional
tests/research that would provide a higher confidence in the postulated consequences.

• Spray events. The correlations available to predict aerosol production from sprays are based on
experiments with spray nozzles of various configurations using pure liquids. The experimental
conditions are not representative of breaches that might be induced in process piping/vessels
carrying WTP wastes. As discussed in 24590-WTP-RPT-ENS-1O-OOl, the correlation selected
for use in the WTP safety analysis was judged to he conservative. Testing could confirm this
judgment and provide a basis for predicting the consequences from spray events at WTP that is
based on conditions that are representative of WTP conditions.

• Waste entrainment from sparger airflow or fluidic device overblows. There are uncertainties
related to entrainment coefficients appropriate for WTP wastes. This uncertainty has been
addressed by adopting conservative entrainment coefficients derived from experiments with
relatively dilute solutions. These results may not be representative of entrainment from WTP
waste. Additional testing could provide a basis for entrainment coefficients derived from liquid
more representative of WTP wastes and justify removing unnecessary conservatism in the safety
analysis.

4.B PTF Primary Confinement Design

Question 4.B.l Describe the safety design strategy for the PTF confinement boundary.

Response 4.B.l The confinement strategy for the PTF follows the SRD, Appendix A, Section 5.1 by
providing primary confinement including vessels, piping, and a dedicated vessel ventilation (system
PVP/PVV). The design intent is that the primary confinement systems prevent and mitigate potential
releases from waste processing activities. However, PTF design does not rely solely on the primary
confinement systems. For events that could challenge the primary confinement systems, secondary
confinement is provided by the C5 boundary and the C5V ventilation system.

Question 4.B.2 Describe the active andpassive features ofthe PTF primary confinement creditedfor

safety purposes.

Response 4.B.2 The features credited for nuclear safety are described in the PTF POSA Addendum,
24590-WTP-PSARA-ENS-09-0001, in Tables 2 and 3. The SSCs that contribute directly to a
confinement function are listed in Tables A and B (see below). Note that support systems, such as
electrical power to exhaust fans, were not listed but should be considered as indirectly contributing to
the confinement function. Tables A and B indicate whether the SSC is considered primary or
secondary confinement, the functional classification of the SSC as presented in the PTF PDSA
Addendum, and whether the SSC is active or passive.
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Question 4.B.3 Describe the safety classification and quality levels for each credited safety feature.

Response 4.B.3 The safety classification of credited features that are part of the PTF primary
confmement boundary are described in the PTF PDSA Addendum and reiterated Tables A and B
below. The items identified as SC and SS features are designated Q, per procedure 24590-WTP-3DP­
G04T-00905, Determination afQuality Levels.

The tables below present the results from the PDSA Addendum.

DNFSB Question 4 Table A:

Primary and Secondary Confinement SSCs Listed in Table 2 of the PTF PDSA Addendum

SC System Credited Safety Function Primary or Functional Active or
(Major Components) Secondary Classification Passive

Facility structures including Provide secondary confinement of Secondary SC Passive
cells, filter cave, pit, and tunnels radioactive materials.

C5V ductwork, stack and stack Provide secondary confinement of Secondary SC Passive
structural frame aerosols and vent path.

C5V HEPA fifters Provide filtration of radioactive Secondary SC Passive
materials.

C5V fans and safety controls to Provide secondary confinement of Secondary SC Active
transfer to standby fan aerosols.

Provide air for cell purge to prevent
hydrogen accumulation during large
hoUSC spill.

C5 filter High dp alarm Warn plant operators to allow Secondary SC ActiVe
actions to be taken to protect filters
from rupture caused by high dp.

Vessel headspace purge air Provide pathway for air purge, Primary (vessel Varies according Passive (vessel
piping, now inslruments, and dilution, and venting of Newtonian vent portion) to vessel vent portion)
PVP/PW piping, collection vessel headspace to prevent Hz serviced - see
header and in-bleed piping, and accumulation. Table 5 of
vent connections to C5 vessels Addendum
Including C3/C5 isolation valves

CNP and FEP Evaporator Prevent post seismic disruption of Primary SC Passive
Separator Condensers Shells H2 vessel purge air pathways,
and Piping spread of contamination into C3

areas from PVP blowback.

CNP Rectifier Shell and Piping Prevent post seismic disruption of Primary SC Passive
H2 vessel purge air pathways,
spread of contamination into C3
areas.
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DNFSB Question 4 Table A:
Primary and Secondary Confinement SSCs Listed in Table 2 of the PTF PDSA Addendum

SC System Credited Safety Function Primary. or Functional Active or
(Major Components) Secondary Classification Passive
High Active Process Yessels Prevent spills of large quantities of Primary Varies according Passive (vessels
and Isolation Yalves, including high activity process liquid into the to vessel - see and piping)
piping between vessels and the HotCel!. Table 5 of
valves Addendum Active (valves)
CNP-YSL-OOOO3

CXP-YSL-OOOO1

FEP-YSL-00017A18

FRP-YSL-OOOO2A18/C/D
HLP-YSL-00022

HLP-YSL-00027A1B

HLP-YSL-00028

PWD-YSL-00015/16

PWD-YSL-00044

UFP-YSL-OOOO1A1B

UFP-YSL-OOOO2A1B

UFP-YSL-OOO62A1B/C

DOE HLW Inner Transfer Pipe Provide confinement of high activity Primary See Table 5 of Passive
process liquids. Addendum

Vessel vent primary and Provide confinement. and filtration of Primary SC Passive
secondary HEPA filters, and vessel aerosols.
piping to the filter cave wall Provide PYP/PW vent path for
(section of piping necessary to hydrogen mitigation.
protect the C5Y boundary)

Yessel vent HEPA filter high dP Protect vessel vent HEPA filters from Primary SC Active
alarm rupture caused by high dP.

PJV piping, flue, and HEPA Provide a flow path and filtration for Primary SC Passive
filters, in-line component fluidics exhausts.
housings inclUding primary and
secondary filters, and demisters

Yessel ventilation system fans, Provide active vent path for vessel Primary SC Active
vent path, control systems, purges
electrical power, and other
necessary support SSCs
(excludes portions of the system
that can be bypassed or is not
necessary for the function)

CNP evaporator separator Prevent evaporator piping rupture Primary SS Passive
waste confinement boundary and sudden air intrusion, resulting in

CNP-EYAP-oOOO1 burp, or waste carryover to the Cs
evaporator nitric acid rectifier.

DOE HLW Outer Transfer Pipe Capture leaks from inner pipe and Secondary SS Passive
direct them to PTF Hot Cell Drain
SSCs.
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DNFSB Question 4 Table A:

Primary and Secondary Confinement SSCs Listed in Table 2 of the PTF PDSA Addendum

SCSystem Credited Safety Function Primary or Functional Active or
(Major Components) Secondary Classification Passive

High Active Process Piping and Prevent spills of large quantities of Primary Varies according Passive
Yalves high activity process liquid into the to vessel - see

CNP-YSL-OOOO3 Hot Cell. Table 5 of

CXP-YSL-OOOO1 Addendum

FEP-VSL-00017NB

FRP-YSL-OOOO2NB/C/D
HLP-YSL-00022

HLP-YSL-00027NB

HLP-YSL-00028

PWD-YSL-00015f16

PWD-YSL-00044

UFP-VSL-00001NB

UFP-YSL-OOOO2NB

UFP-YSL-00062NBfC

PYPfPW piping and Provide confinement and filtration of Primary SC Passive
components inside the C5 areas PYPfPW exhaust during normal and
from the vessel vent HEME upset conditions. Maintain integrity
housing inlet to the vessel vent of C5V boundary. Provides vent
primary HEPA inlet, piping and path for forced air purge of vessels.
components downstream of the
filter cave wall through the
secondary

Yessel vent HEME boundary Provide confinement and filtration of Primary SS (element) Passive
and element PVPfPW exhaust during normal and

upset conditions. Maintain integrity SC (boundary)
of PVP boundary. Provides ven~

path for forced air purge of vessels.

Shield doors, SPADs, bulk Provide shielding for protection from Secondary SS Passive
shielding, and shielded hatches direct radiation. Protect facility

confinement function.

Vessel overflow piping for SS Provide confined pathway for vessel Primary SS Passive
process streams overflows to the ultimate overflow

vessel to minimize aerosol
generation.

High Active Process bulge Protect wor1<ers from a direct Secondary SS Passive
enclosures, drain and ventilation radiation and inhalation hazard by
piping (Le., PVP-BULGE-OOOO1 routing leaks from bulges to C5

PVP-BULGE-OOOO2 areas.

PVP-BULGE-00014

CRP-BULGE-OOOO1

ASX-SMPLR-00015

ASX-SMPLR-00017

ASX-SMPLR-00019

ASX-SMPLR-00020

ASX-SMPLR-00025)

Cs IX Columns (H2 Hazards) Provide primary confinement of Primary S8 Passive
(8S) process materials and to maintain an

intact connection with the CXP
hydrogen mitigation collection piping,
and dilution systems.
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DNFSB Question 4 Table A:
Primary and Secondary Confinement SSCs Listed in Table 2 of the PTF PDSA Addendum

SC System Credited Safety Function Primary or Functional Active or

(Major Components) Secondary Classification Passive

Cs ion exchange feed cooler Provide primary confinement Df Primary SS Passive
and UFP Heat exchangers process liquids, the release of which

to CHW system could exceed
radiation exposure standard (RES)
to facility workers.

CNP and FEP evaporator Prevent process fluids from leaking Primary SS Passive
separator reboller tubes into the steam condensate systems,

and causing a direct radiation hazard
in occupied areas.

Hot cell berm, scupper drains, Direct liquid spills and vessel Secondary SS Passive
high active vessel overflow and overflows in hot cell to the ultimate
drain piping to ultimate overflow overflow vessel, and HLW effluent
vessel, and HLWeffluent transfer vessel to minimize aerosol
transfer vessel and sealpot generation and control gross

flooding of hot cell.

DNFSB Question 4 Table B:

Primary and Secondary Confinement SSCs Listed in Table 3 of the PTF PDSA Addendum

SS System Primary or Functional Active or

(Major Components) Credited Safety Function Secondary Classification Passive

CNP evaporator separator Prevent evaporator piping rupture and Primary SS Passive
waste confinement boundary sudden air intrusion, resulting in burp, or

CNP-EVAP-oOOO1 waste carryover to the Cs evaporator nitric
acid rectifier.

DOE HLW Outer Transfer Capture leaks from inner pipe and direct Secondary SS Passive
Pipe them to PT Hot Cell Drain SSCs.

High Active Process Piping Prevent spills of large quantities of high Primary Varies Passive
and Valves activity process Iiqu'id into the HDt Cell. according to

CNP-VSL-QOOO3 vessel- see

CXP-VSL-OOOO1 Table 5 of

FEP-VSL-00017A1B
Addendum

FRP-VSL-OOOO2A1B/C/D
HLP-VSL-00022
HLP-VSL-00027AlB

HLP-VSL-00028
PWD-VSL-OOO15/16

PWD-VSL-00044

UFP-VSL-00001 AlB

UFP-VSL-OOOO2A1B

UFP-VSL-OOO62A1B/C

PVP/PW piping and Provide confinement and filtration of Primary SC Passive
components inside the C5 PVP/PW exhaust during normal and upset
areas from the vessel vent conditions. Maintain integrity Df C5V
HEME housing inlet to the boundary. Provides vent path for forced air
vessel vent primary HEPA purge of vessels.
inlet. piping and components
downstream of the filter cave
wall through the secondary
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DNFSB Question 4 Table B:

Primary and Secondary Confinement SSCs Listed in Table 3 of the PTF PDSA Addendum

SS System Primary or Functional Active or

(Major Components) Credited Safety Function Secondary Classification Passive

Vessel vent HEME boundary Provide confinement and filtration of Primary SS (eleme(1t) Passive
and element PVP/PW exhaust during normal and upset

conditions. Maintain integrity of PVP SC (boundary)
boundary. Provides vent path for forced air
purge of vessels.

Shield doors, SPADs, bulk Provide shielding for protection from direct Secondary SS Passive
shielding, and shielded radiation. Protect facility confinement
hatches function.

Vessel overflow piping for SS Provide confined pathway for vessel Primary SS Passive
process streams overflows to the ultimate overflow vessel to

minimize aerosol generation.

High Active Process bulge Protect workers from a direct radiation and Secondary S8 Passive
enclosures, drain and Inhalation hazard by routing leaks from
ventilation piping (I.e., PVP- bulges to <;5 areas.
8ULGE-OOOO1
PVP-BULGE-OOOO2
PVP-BULGE-00014 .

CRP-BULGE-OOOO1
ASX-SMPLR-00015

ASX-SMPLR-00017
ASX-SMPLR-00019
ASX-SMPLR-00020

ASX-SMPLR-00025)

Cs IX Columns (Hz Hazards) Provide primary confinement of process Primary S8 Passive
(SS) materials and to maintain an intact

connection with the CXP hydrogen
mitigation collection piping, and dilution
systems.

Cs ion exchange feed cooler Provide primary confinement of process Primary S8 Passive
and UFP Heat exchangers liquids, the release of which to CHW system

could exceed RES to facility workers.

CNP and FEP evaporator Prevent process fluids from leaking into the Primary S8 Passive
separator reboiler tubes steam condensate systems, and causing a

direct radiation hazard in occupied areas.

Hot cell berm, scupper Direct liquid spills and vessel overflows in Secondary 5S Passive
drains, high active vessel hot cell to the ultimate overflow vessel, and
overflow and drain piping to HLW effluent transfer vessel to minimize
ultimate overflow vessel, and aerosol generation and control gross
HLW effluent transfer vessel flooding of hot cell.
and sealpot
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Question 4.B.4 Describe the unmitigated dose consequences to the public and collocated workers from

radioactive releases postulated to occurfrom a breach in the primary confinement boundary.

Response 4.BA The unmitigated dose consequences for breaches in the primary confinement­
boundary for bounding streams are presented in Table 1 of the PTF POSA Addendum. The
development of the consequences and the consequences for the bounded streams are discussed in
calculation 24590-PTF-ZOC-W14T-00036, Revision OA. Note t hat this calculation (24590-PTF­
ZOC-WI4T-00036) is being revised to address DOE and ONFSB c~mments. Consistent with the
response to Question 4.B.2, the primary confinement boundary is comprised in vessels, piping, and
the dedicated vessel ventilation system. The events in Table 1 of the PTF POSA Addendum that
represent breaches of that boundary are included in this response as Table C.

Question 4.BA.a) What initiating events can result in a breach ofthe primary confinement boundary?

Resp()Dse 4.BA.a) In the unmitigated analysis, failure ofthe primary confinement boundary is
postulated to occur due to a number ofevents. Such events include mechanisms internal- to the
primary boundary such as corrosion, erosion, and HPAV explosions, as well as forces external to the
primary boundary, such as a seismic event or adverse interaction with another system. Initial controls
have been identified to address each of these failure mechanisms.

Question 4.BA.b) What are the unmitigated dose consequences from breaches in the primary
confinement boundary?

Response 4.BA.b) The unmitigated dose consequences for breaches in the primary confinement
boundary for bounding streams are presented in Table 1 of the PTF POSA Addendum. The
development of the consequences and consequences of bounded streams is discussed in calculation
24590-PTF-ZOC-W14T-00036, Revision OA. The results are summarized in the PTF PDSA
Addendum and in Table C below. Note that this calculation (24590-PTF-ZOC-WI4T-00036) is being
revised to address DOE and ONFSB comments.

Question 4.B.4.c) Which accident scenarios result in unmitigated dose consequences above the
evaluation guidelines?

Response 4.BA.c) The unmitigated dose consequences for bounding accident scenarios are presented
in Table I of the PDSA Addendum, 24590-WTP~PSARA-ENS-09-0001,Revision 2. The public
exposure guideline is exceeded for hydrogen explosions in vessels. The collocated worker exposure
guideline is exceeded for vessel spills, pipe leaks, self boiling, PlM overblow, hydrogen explosions in
vessel, and ion exchange (IX) column reactions events. Both exposure guidelines are exceeded for
seismic hydrogen explosions and the colocated worker exposure guideline is exceeded for seismic
spills. Safety controls are provided to prevent or mitigate events with unmitigated consequences that
exceed the guidelines. The functional classification, SC or SS, of these controls is based on the
unmitigated consequence of the event and the function of the control in accordance with SRD
Appendix A. The safety controls are assigned natural phenomena hazard (NPH) categories in
accordance with SRD Safety Criterion 4.1-3.
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Ques tion 4.B.5 Describe the strategy for meeting defense-in-depth requirements from DOE Order

420.1B, as applied to the design ofthe PTF primary confinement.

Response 4.B.5

According to DOE Order 420.18, Section 1-3.b.(2), defense in depth must include all ofthe following

(a) choosing an appropriate site;

WTP is situated on the Hanford site as close as practical to the waste to be retrieved and treated. The
WTP site is also as remote from public populations as possible and will be under Hanford Site
support services and infrastructure.

(b) minimizing the quantity ofMAR;

Waste volumes have been seleoted to provide only enough margin to meet mission goals-of a 40-yr
lifetime for the facilities to process the specified Tank Farms wastes.

(c) applying conservative design margins and quality assurance;

The WTP is designed to consensus codes and standards. The design codes and standards selected for
Safety SSCs are listed in the SRD. These codes and standards provide conservative design margins.
The quality assurance provisions on WTP are graded in accordance with an item's importance to
safety and mission in accordance with the project 24590-WTP-QAM-QA-06-001, Quality Assurance

Manual.

(d) using successive physical barriers for protection against radioactive releases;

The PTF design provides multiple confinement boundaries: a primary confinement boundary
consisting of process vessels, piping, and vessel ventilation system; a secondary confinement
boundary consisting of the process cells and C5V exhaust system; and a tertiary confinement
boundary consisting of the area surrounding the process cell and the C3 V exhaust system.

The PTF design incorporates provisions that protect the primary and secondary boundaries from
events that could challenge their integrity. Examples include the following:

• Provisions to control accumulations of flammable gases in process vessels and piping

• Provisions to relieve pressure transients in vessels and piping

• Provisions to assure that the waste received at WTP is consistent with the facility design bases

• Provisions to control reagents added to the waste

• Provision of multiple sources of power and working fluid for critical active systems

(e) using multiple means to ensure critical safety functions needed to­

1 control processes,
2 maintain processes in safe status, and
3 confine and mitigate the potentialfor accidents with radiological releases;

Page 69 of 209



Responses to Defense Nuclear Facilities Safety Board Questions

The WTP will be operated by trained personnel in accordance with written procedures. The WTP
design includes engineered control systems to support its operation. WTP uses normal control
measures in the integrated control network (ICN) to provide oversight of systems and processes. The
ICN includes automatic and operator control provisions along with oversight interlocks and alarms to
provide reliable control. ICN monitoring and alarms affqrd the opportunity for early warning to halt
deviations from normal operations. Also, the programmable protection system (PPJ) provides
independent safety oversight of parameters and conditions in the event that the ICN fails to properly
regulate the system or process being monitored~ The PPJ system has complete override capability
over the ICN and takes action to place the system or process into a safe status and maintain that safe
status, ensuring waste material is confined and accidents prevented or mitigated. The PPJ system is
SC, with fully redundant trains to meet the single failure criteria.

As noted under item (d) above, WTP incorporates multiple confinement boundaries which include
provisions to mitigate the consequences of releases into the facility.

(t) using equipment and administrative controls that:

1 restrict deviation from normal operations,
2 monitor facility conditions during and after an event, and
3 provide for response to accidents to achieve a safe condition;

In addition to the ICN control system, operator actions to maintain normal operating conditions, and
PPJ oversight discussed above, provisions for post accident monitoring are required for WTP systems
and processes to ensure sufficient information is available to operators in the control room to ensure
that a safe condition has been achieved and can be maintained.

(g) providing means to monitor accident releases as required for emergency response; and

Post-accident monitoring and a dedicated incident command post within the main control building, as
well as a dedicated standby control room, ensures acceptable monitoring and response capability.

(h) establishing emergency plans for minimizing the effects of an accident.

WTP will have a general emergency response plan in addition to facility-specific emergency response
and alarm response procedures. Commitment to an emergency response program is expected to be
identified as a general programmatic administrative control in the TSRs.

Question 4.B.6 What requirements are applicable to the PTF design for the detection ofleaks from the
primary boundary?

Response 4.B.6 The requirements that are applicable are contained in 24590-WTP-OB-ENG-O 1-00 1,
Section 14.10.1.2, General Secondary Containment System Design Requirements and Performance
Standards for a dangerous waste tank system. BOD requirements are derived from Washington State
Dangerous Waste Regulations, (WAC) 173-303-640(4), Tank Systems, Containment and Detection of
Releases. The PTF POSA and Addendum do not credit leak detection as a SC or SS function.
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forPTFCd Acciddin!!:UBTable C - - - -- -- --

Hazard/Accident Bounding Source Term
Public Receptor Collocated Worker Primary Credited Control Strate!lies'

dose (rem) PSL dose (rem) CSL SSC· Classification

Radioactive Material Drops
Waste drum or Contaminated Waste drum cask

SSObiect 9.00E-02 PSL-5 8.60E+01 CSL-2 C5V confinement
Vessel Spills HLP-VSL-00028 2.40E-01 PSL-4 2.24E+02 CSL-1 Vessel confinement 5S

CNP·EVAP-00001 (collocated
Vessel Sprays worker) 9.83E-04 PSL-5 1.02E+OO CSL-4 Vessel confinemene SS

HLP-VSL-00028 (public)
Pipe Sprays HLp·VSL-00028 1.12E-02 PSL-5 1.04E+01 CSL-3 C5V confinement S8
Pice Leaks 150 oom for 8 hours 1.38E-01 PSL-4 1.28E+02 CSL-1 C5V confinement SS

Self-boiling HLP·VSL-00028
Vessel vent

SS2.51E-01 PSL-4 2.35E+02 CSL-1 confinement

1,40ne PJM Overblow in Mode 1 UFP-VSL-00002B times 6
1.78E-01 PSL-5 1.66E+02 CSL-1

Vessel vent
SS

PJMs confinement

1.40ne PJM Overblow in Mode 2 HLP·VSL-00028 times 8 PJMs 2.14E-01 PSL-5 2.00E+02 CSL-1
Vessel vent

SS
confinement

One RFD overblow CNP-VSL·OOOO3 1.59E-03 PSL-5 3.25E+OO CSL-4
Vessel vent

SS
confinement

Sparger overblow HLP-VSL-00028 9.29E-02 PSL-5 8.67E+01 CSL-2
Vessel vent

SS
confinement

CNP-EVAP-00001 (Collocated Vessel vent
Steam Ejector Overblow worker) 5.45E-02 PSL-5 6.54E+01 CSL-2

confinement
SS

UFP·VSL-00002B (Public)
Crush/Impact of PJM/RFD HEPA filter 25 filters 2.00E-03 PSL-5 1.83E+OO CSL-4 C5V confinement SS
Crushllmpact of Vessel Vent HEPA

5 filters 5.75E-04 PSL-5 5.05E-01 CSL-4 C5V confinement SS
filter
Crushlimpact of PJM/RFD HEME unit 2 HEME units 8.06E-04 PSL-5 7.36E-01 CSL-4 C5V confinement SS
Crush/Impact of Vessel Vent HEM!::

2 HEME units 2.48E-03 PSL-5 2.18E+OO CSL-4 C5V confinement SS
unit

Hydrogen Explosion in Vessel HLP-VSL-00028 >25.00E+OO PSL-1 >1.00E+02 CSL-1
Hydrogen mitigation

SCVessel vent exhaustS
Ion Exchange Column Runaway CXP-IXC-00001 (loaded resin

2.35E-01 PSL-4 4.33E+02 CSL-1 Emergency eliJtion SS
REDOX Reaction bed)

Ion Exchange Column Fire
CXP-IXC-OOOOI (loaded resin

2.13E-02 PSL·5 4.33E+Ol CSL-2 Emergency elution SS
bed)

Ion Exchange Column Hydrogen CXP·IXC-OOOOI (loaded resin
1.07E-03 PSL·5 t,92E+00 CSL-4 Hydrogen mitigation SS

Explosion bed)
RDP-VSL-00002A (resin

Spent Resin Vessel Spill
from one un-eluted column is

2.19E-04 PSL-5 4.47E-OI CSL-4 Vessel confmement7 SS
accidentally transferred to the
vessel and then spilled)

Seismic Spill Total soill of all vessels I.05E+OO PSL-4 9.93E+02 CSL-I Vessel confmement SS

Seismic Hydrogen Explosion
Hydrogen explosion in vessels

>25.00E+OO PSL-I >l.OOE+02 CSL·I
Hydrogen mitigation

SC
at 1.000 hours post eanbauake Vessel vent exhaust8
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1. For the PIM [pulse jet mixer) overblow and filter crush/impact scenarios, the SLA doses are presented on a per PIM or per filter basis and are multiplied by the number ofPIMs or filters/units
involved in the event as indicated in the following JisL For other rypes of overblows, the SLA calculation presents a total system overblow that accounts for all units in the vessel.

• UFP·VSL-OOOO2B has 6 PlMs per 24590·PTF·M6·UFP·OOOI0007
• HLP-VSL·00028 has 8 PIMS per 24590-PTF-M6-HLP-00006007
• PJM/RFD [reverse flow diverter] (system PJV) number ofHEPA filter is 25 per PTF PDSA Section 3.4.2.1
• Vessel vent (system PVV) number ofHEPA mters is 5 per PTF PDSA Section 3.4.2.1
• P1MIRFD (system PN) number ofHEME ftlters (actually demisters) is 2 per PTF PDSA Section 3.4.2.1
• Vessel vent (systemPVV) number ofHEME filters is 2 per PTF PDSA Section 3.4.2.1
2. This column identifies the primary control strategy to meet functional classification requirements for the bounding event. In all oases, at least two physical barriers are provided: primary

confInement provided by the vessels and piping, and secondary confmement provided by the facility ventilation systems with at least one barrier credited as SS.
3. Radioactive material drop events were not covered in the SLA calculation. The consequences presented are taken from the existing Design Basis Event sections of the PTF PDSA and do not

incorporate any ofthe revised accident analysis inputs.
4. The two PlM modes refer to different air flows depending on·the height of waste in the vessel. If the waste level is high, for example, greater pressure is needed in the PIM to achieve the same exit

velociry through the nozzles. The fWO cases evaluated cover the range ofPIM operation.
S. Deleted
6. Note that the C5V system and boundary are not credited for events that would require them to be SC. However, they are designated as SC for confmement to address uncertainty in the sp:'ay leak

analyses as described in Section 2,7.
7. Vessel confmement includes process piping out to and including the seismic isolation valve.
8. Active function of the vessel vent system (pVPIPVV) is credited to provide a vent path for vessel purges.

NOTE: Table 1 represents summary level information on bounding consequences, overall control strategies, and minimum functional classifications. Detailed consequences are presented in the SLA

calculation and actual functional classifications of SSCs are presented in Tables 2, 3, 4, and 5, below. In some cases, actual SSC functional classifications might be higher than listed in Table 1

because of uncertainties.
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Question 4.B.6.a) Describe the perfonnance characteristics of the PTF leak detection system from the
Basis of Design.

Response 4.B.6.a) BOD Section 14.10.1.2 contains the following requirement: "Provide a leak­
detection system that will detect the failure of primary tank: system or the secondary containment
system, the presence of any release of mixed or dangerous waste, or accumulated liquid in the
secondary containment system within 24 hours of a leak (WAC 173-303-640[4][c][iii]). Note:
Ecology has interpreted this requirement to mean the detection of 0.1 gallons per hour based on
dangerous waste pennit condition IlL 10.E.9.e. ii."

WAC 173-303-640[4][c][iii] does not identify a leak rate to be detected in 24 hours. Ecology used a
underground storage tank (UST) tightness testing requirement as th~ basis (40 CFR 280.43(c)) for 0.1
gallonslhour pennit condition.

There are no nuclear safety functional requirements for the PTF leak detection system.

Question 4.B.6.b) Given the non-Newtonian character ofsome fluids in the PTF, what is the technical
basis supporting the as-designed leak detection system's ability to meet the Basis ofDesign requirements
for leaks involving thesefluids?

Response 4.B.6.b) The PTF leak detection system is not specifically credited to prevent or mitigate
postulated consequences from liquid loss of confinement events (Le., leaks). The facility structure
and liner in the BCs and hotcell are credited for confinement of liquid spills.

Question 4.B.6.c) What other features ofthe PTF design, relative to detecting or containing leaks and
spills, serve a defense-in-depth function?

Response 4.B.6.c) Defense in depth relative to detecting or confining leaks and spills is provided by
the primary vessel and piping boundaries, seismic shutdown system, pump suction isolation valves,
level detection in the vessel, stainless steel cell liner, leak detection system, operating procedures
(e.g., monitoring and spill response), and secondary confinement provided by the C5V system and C5
boundary.

Question 4.B.6.d) What are the performance requirements ofthese features?

Response 4.B.6.d) There are no nuclear safety perfonnance requirements specified for the leak
detection system. The stainless steel cell liner has recently been credited to provide a confinement
function in a working [SM.

The remaining features identified do have defined nuclear safety performance requirements described
in Chapter 4 of the PDSA. The established functions will be updated to reflect the POSA Addendum
at the next revision.
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Question 4.B.7 Describe the consideration given DOE policyfor design ofthe confinement boundary
established in DOE Order 420.1 B, in the current seismic design specification for piping and vessels for
protection ofcollocated workers.

Response 4.B.7 Chapter I, 3.b.(4) requires that hazard category 1,2, and 3 nuclear facilities with
uncontained radioactive material must have the means to confine the uncontained radioactive
materials to minimize their potential release in facility effluents during normal operations and during
and following accidents. Confinement design considerations must include

(a) for a specific nuclear facility, the number, arrangement, and characteristics of confinement
barriers as determined on a case-by-case basis;

(b) consideration of the quantity, form, and conditions for dispersing the radioactive material- in the
confinement system

(c) use of engineering evaluations,. tradeoffs, and experience to develop practical designs that achieve
confinement system objectives;

(d) the adequacy of confinement systems to perform required functions as documented and accepted
through the PDSA and DSA.

The PTF design provides multiple confinement barriers as described above in the response to
question 4.B.5

The WTP hazard and accident analyses consider the quantity, form, and conditions for dispersing the
radioactive material in the confinement system as evidenced in calculations 24590-PTF-ZOC-W14T­
00036, 24590-PTF-ZOC-'Y14T-00002, and the accident analyses described in Section 3.4 of the
PDSA.

The design of the WTP confinement systems is still evolving but it is informed by engineering
evaluations, and experience and will achieve confinement system objectives.

Chapters 3 and 4 of the approved WTP POSA demonstrates the aQequacy of the confinement systems
to perform their required functions.

The NPH categorization ofSSCs on WTP is as specified in SRD Safety Criterion 4.1-3. The
provisions of Safety Criterion 4.1-3 comply with the requirements of DOE 0 420.1B, Chapter IV,
and are consistent with the guidance in DOE-STD-1021-93 Chapter 2.0.

DOE G 420.1-2 states that "When safety analyses determine that local confinement ofhigh-hazard
materials is requiredfor worker safety, PC-3 designation may be appropriate for the SSCs involved. "

The WTP design is consistent with this statement. Releases of highly radioactive material may occur
in the PTF hotcell or BCs. These areas are inaccessible to workers. Releases of radioactive material
in the PTF BC and hot cells are confined within the C5 boundary. The components that make up this
boundary include cell structures, ventilation fans, ducting, and filters, which are designated SC
(24590-WTP-PSARA-ENS-09-0001). In addition, for added protection, WTP has committed to
designing all piping and vessels inside the BCs to the SC-I requirements (BOD, Sections 16.4.2.1 and
16.4.2.7), and to designing the hot cell pump suction isolation valves for the vessels listed in
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Appendix B.4 of the BOD to the SC-I requirements. Designing these SSCs as SC-I provides
additional assurance of confinement in SC-I events.

The policies established in the April 15, 2009 memorandum from James Owendoff" Chief Operations
Officer for Environmental Management, Implementation ofDOE-STD-1189, Integration ofSafety
into the Design Process in Environmental Management Activities do not apply to WTP per
Attachment 2 to that memorandum.

Question 4.B.7.a) For those piping systems, inline components, and vessels that are currently
designated with a lower seismic design requirement, what consideration was given to revising the
seismic design requirements to be consistent with DOE's stated expectations (i.e., a higher seismic
design requirement when neededfor collocated worker protection)?

Response 4.B.7.a) The applicable DOE criteria and expectations are described above in response
4.B.7, and the WTP design is consistent with those criteria and expectations. The WTP design
protects the worker with an SC-I barrier: the physical structure (walls, slabs) of the cells and the
C5V exhaust System.

The design philosophy for WTP has always been to locate passive elements of the primary
confinement in an inaccessible BC and to place active in-line components that fonn part of the
primary confinement boundary in a hot cell where they are accessible only via remote
maintenance. This maintenance philosophy dictates the use ofjumpers in the hot cell to allow
removal of inline components. A worker is not pennitted in either the Be or hot cell areas. The
functional classification of the confinement function of the hot cell piping has always been SS, or
lower. Consistent with safety criterion 4.1-3, these features are designated SC-III (PC-2) or
lower. This, coupled with the SC-I barriers noted above, provides adequate protection for the
workers and the public and achieves the DOE expectations for local confinement of high hazard
materials.

Question 4.B.7.a)(1) Describe the expectations from DOE policy and how they are addressed.

Response 4.B.7.a)(1) The expectations from DOE policy that apply to WTP are discussed in the
response to 4.8.7. These include the suggestion that a PC-3 designation may be appropriate for local
confinement. As further discussed in the response to 4.B.7.a) above, the WTP design addresses this
expectation with an SC-I confinement barrier and a commitment to design to SC-I requirements all
BC vessels and piping, and the high activity vessel pump suction valves.

Question 4.B.7.a)(2) Describe the technical basis for determining that a higher seismic design
requirement was not needed to protect collocated workers.

Response 4.B.7.a)(2) As explained in the response to question 4.B.7. protection of the worker is
consistent with DOE G 420.1-2. by providing an SC-l (PC-3) barrier between the worker and the
hazard. In addition, for added protection, WTP has committed to designing all piping and vessels
inside the BCs to the SC-I requirements (24590-WTP-DB-ENG-01-001, Sections 16.4.2.1 and
16.4.2.7), and to designing the hot cell pump suction isolation valves for the vessels listed in
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Appendix B.4 of the Basis ofDesign to the SC-I requirements. Designing these SSCs as SC-I
provides additional assurance of confinement in SC-I events.

Question 4.B.7.b) Ifthe unmitigated dose from an accidental release ofradioactive material to the
collocated worker is above the established evaluation guidelines what consideration was/is being given to
revising the seismic design requirementsfor those components?

Response 4.B.7.b) As explained in the response to question 4.B.7., protection of the worker is
consistent with DOE G 420.1-2. by providing an SC-1 (PC-3) barrier between the worker and the
hazard, which prevents the dose from being above the established guideline. In addition, for added
protection, WTP has committed to designing all piping and vessels inside the BCs to the SC-I
requirements (24590-WTP-DB-ENG-01-001, Sections 16.4.2.1 and 16.4.2.7), and to designing the
hot cell pump suction isolation valves for the vessels listed in
24590-WTP-DB-ENG-01-001, Appendix BA to the SC-I requirements. Designing these SSCs as
SC-I provides additional assurance of confinement in SC-I events.

Question 4.B.7.c) In the PTF hot cell, describe design alternatives being developed to address the
release ofradioactive material due to a seismic event.

Response 4.B.7.c) There are no additional design alternatives necessary to address release of
radioactive material in the hot cell resulting from seismically induced damage. See the response to
questions 4.B.7 above.

Question 4.B.7.c)(1) Describe the critical performance characteristics ofthese design alternatives.

Response 4.B.7.c)(1) As noted above there are no additional design alternatives under consideration.
The performance requirements for the existing provisions are to isolate the high activity vessels in a
timely fashion and to accommodate the aerosols released in the event. The detailed requirements are
still being developed.

Question 4.B.7.c)(2) Does the design alternative provide an equivalent margin-ol-safety as would be
provided by a higher seismic design requirement when neededfor worker protection?

Response 4.B.7.c)(2) As noted above there are no additional design alternatives under consideration.

Question 4.B.7.c)(3) Describe the results ofthe analysis to determine that the design alternative
provides an equivalent margin-ol-safety.

Response 4.B.7.c)(3) As noted above there are no additional design alternatives under consideration.
Therefore, no such analysis exists.
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Question 5. Hydrogen in Pipes and Ancillary Vessels

Responses to Question 5 were developed by:

Primary authors:

U.S. Department of Ene"rgy - Office of River Protection
Ben Harp, Acting Assistant Manager for Waste Treatment Plant Integration

Hanford Tank Waste Treatment and Immobilization Plant Project
Greg Ashley, Project Technical Director

Contributing authors:

U.S. Department of Energy - Office of River Protection
Ben Harp, Acting Assistant Manager for Waste Treatment Plant Integ~ation

Greg Jones, Nuclear Safety Specialist

CH2M HILL Plateau Remediation Company
Steve Additon, DOE Consultant

California Institute of Technology
Dr. Joseph Sheperd, DOE Consultant

Questions 5 through 12 are related to the WTP safety design strategy to assure that piping and ancillary
vessels are not adversely affected by postulated hydrogen events (deflagrations and detonations). These
events are referred to as "HPAV" events. The WTP safety design strategy for HPAV events has been, and
continues to be, the provision of engineered features based on two options: I) conservative design of the
primary process fluid boundary to withstand HPAV events without compromise (passive
accommodation); or 2) the addition of active systems designed to limit the accumulation of hydrogen to
levels where the piping is not challenged by HPAV events. In either case, the goal is to provide high
confidence of low probability of failure of the primary process fluid boundary due to an HPAV event.

The questions refer to the "revised HPAV safety design strategy" that is being implemented now to make
passive accommodation practical in pipes up to 4 inches (nominal pipe size [NPS]) in diameter
(approximately 80% of pretreatment piping affected by HPAV events). The responses are based on the
DOE approved SRD, the BOD, and other supporting documents as noted in the individual responses. The
revised HPAV safety design strategy is the result of insights gained through extensive testing and analysis
performed by the Project to first understand and then to conservatively quantify the effects of an HPAV
event on the WTP piping systems. The revised criteria and methodology are significantly more rigorous
than previous requirements, including the requirement to consider: 1) potential for multiple events over
the plant life, 2) multiple classes of events, and 3) previously unrecognized load components such as hi"gh
frequency pressure oscillation. The revised criteria and methodology also introduce higher load limits
(limited localized strain) for piping in the PTP hot cell that preclude failure with reduced margin
recognizing that piping could be removed and repaired, if necessary. In the event of a leak or spray in the
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hot cell, the confinement design, including the C5 ventilation, ensures that the public and the worker are
adequately protected. The revised HPAV criteria and methodology provide required assurance that the
primary process fluid boundary is protected without requiring installation of additional active engineered
controls that are judged to impair operational reliability and introduce additional worker safety risk.

Question 5.A Describe the current (revised) HPA V safety design strategy, and describe the anticipated
changes prior to cold start up.

Response 5.A The Waste Treatment Plant falls under the provisions of DOE Order 420.1 B, Facility
Safety. This Order amplifies and supports the ovetarching requirements of 10 CFR 830, Nuclear
Safety Management. Specifically, the safety case for WTP is required to integrate safety with design
to "include multiple layers of protection to prevent or mitigate the unintended release of radioactive
materials to the environment, otherwise known as defense in depth." Designers implement defense in
depth by using multiple barriers to prevent the release of radioactivity to the environment and by
designating a set of SC structures, systems and components (SSCs) and other hazard controls to
protect the public. SC SSCs are coupled with a set of SS SSCs and other hazard controls to protect
workers and reinforce defense in depth. For HPAV the facility most affected by any revisions to the
design strategy is the Pre-Treatment Facility (PTF). PTF piping, components and vessels comprise a
first barrier to release of radioactivity, while the confinement building and associated systems for
controlling and filtering releases offer a second barrier.

With the outer boundary ofPTF having been chosen as a SC control as the predominant barrier of
defense in depth, DOE has determined the PTF safety case to be consistent with this guidance. The
outer or predominant means of mitigating uncontrolled releases consists of the building structure,
including the cell structure (BCs and hot cell), and the C5 ventilation system. The C5 ventilation
system would channel airborne particulate release within the cell structure to a common exhaust
header where contamination would be removed by two stages of high efficiency particulate air
filtration. Both the cell structure and the C5 ventilation system are designated as SC SSCs for
ultimate confinement. The hazards being addressed by the HPAV occur within this SC confinement
boundary.

As for the safety-related design objectives of HPAV piping and components in particular, DOE has
determined that these piping and components are to be designated SS for defense in depth. The WTP
safety design strategy is based on design to assure that the piping and inline component primary
confinement function is not adversely affected by postulated HPAV events. The functional
requirements and performance criteria for design ofHPAV piping and components involve: 1)
conservative design of the primary process fluid boundary to withstand HPAV events without
compromise (passive accommodation); or 2) the addition of active systems designed to limit the
accumulation of hydrogen to levels where the piping is not challenged by HPAV events; or 3) a
combination of I) and 2). Selection among the two approaches or some combination of the two is
guided by engineering analysis, operating experience and DOE guidance that exhibits a preference for
preventive over mitigative controls and passive over active controls.

The revised safety design strategy is implemented through the Basis ofDesign, 24590-WTP-DB­
ENG-OI-OOI, Appendix C, Revision lp, which includes the use of a QRA tool to objectively evaluate
options for hydrogen hazard management on an individual pipe-route basis. The QRA was not
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developed by BNI to justify the "as is" safety of an existing facility or to support the selection of
events for consideration in the safety analysis. Rather, it is a design tool used to assess options for
assuring compliance with the safety and reliability functions and performance criteria for piping and
components potentially subject to the accumulation of explosive hydrogen mixtures.

[t is anticipated that the piping analysis may show a current pipe route design does not meet the Basis
0/Design criteria. For example, a schedule 40 pipe may need to be increased to schedule 80 or a
pipe support may require a heavier structural member. It is also anticipated that as the analyses
demonstrate that certain piping runs meet the design criteria, active controls (piping, valves,
instrumentation, and bulges) will be removed from the design. These are the types ofchanges
anticipated in the design prior to cold startup.

Question 5.B To what extent, ifany, has DOE determined that gaseous deflagrations/detonations within
the WTP primary confinement barrier (p;'ocess piping systems and components) are acceptable in the
WFP design? Describe the basis supporting this determination and the extent to which it will be
incorporated into the WTP design. Is this a change/rom the pre-2008 design acceptance criteria, and if
so. why was this change necessary?

Response S.B DOE approved HPAV functional performance requirements in the Preliminary
Documented Safety Analysis Addendum with a SER issued November 2,2009 that detennined
gaseous deflagrations/detonations within the WTP Pretreatment Pacility process piping systems and
components are acceptable if specified functional performance criteria are mel. The pre-2008 design
acceptance criteria also determined that gaseous detlagrations/detonations within the process piping
systems and components were acceptable if specified functional perfon11ance criteria were met, and
allowing deflagrations/detonations under certain conditions is not a change to the pre-2008 design
acceptance criteria. However, there have been changes made to the specified functional performance
criteria.

The pre-2008 design acceptance criteria stipulated a functional performance criterion of no significant
piping system deformation (i.e., less than 0.2% strain). The revised BC/HTR functional perfonnance
criteria remain consistent with the pre-2008 practice with two clarifications: (I) certain loads need not
be combined absolutely if it can be shown they are not simultaneously imposed, and (2) appropriate
strain rate dependent yield stress may be used wiij1 justification. The approval of these changes is
attributed to insight from the HPAV testing program.

For the hot cell remotable piping, the functional perfonnance criteria has been changed to allow for a
50% load increase in the vicinity of a detonation (permits up to an estimated strain of 2.5%-2.8%).
The approval of tllis change was based on maintaining appropriate margin to piping failure, the
estimated improbability of cumulative damage from events occurring in a single location (large
margins remained after a single event), and the fact that remotable piping in the hot cell is designed to
be replaceable.

These changes were considered necessary because the insights gained from the experimental program
indicated that the pre-2008 criteria were overly conservative and biased the design process
iLlappropriately toward requiring active preventive systems in instances where passive
accommodation would be adequate and preferable.
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In a second SER issued February 15,2010 (lO-NSD-013), DOE approved substantially revised

HPAV piping design criteria proposed for inclusion in the SRD following their review and
acceptance by outside experts in the ASME B31.3 code and its application in the nuclear industry.
These criteria implemented the functional performance requirements adding significant necessary
sophistication to pre-2008 methods, which used overly simplified the loading mechanisms and
neglected fatigue, for example.

Question S.C Identify other defense nuclear facilities that allow gaseous deflagrations/detonations in
process piping systems that form the primary confinement boundary. Ifknown, what is the safety design
strategyfor these facilities?

Response S.C Defense Waste Processing Facility (DWPF) and H Canyon designs at the Savanna
River Site, have been evaluated to allow for gaseous deflagration/detonations in process piping. The
safety design strategies for these facilities have not been provided as part of this response.
Additionally, Los Alamos National Laboratory (LANL) DYNEX, with which the DNSFB is very
familiar, is specifically designed to maintain its pressure boundary when subjected to repeated
deflagrations/detonations. Criteria developed for these facilities provided important insights/guidance
to inform the WTP.

Question S.D DOE approved the HPAV safety design strategy allowing permanent plastic deformation
ofpiping (bulging) in the PTF hot cell. Why is this design approach preferable?

Response S.D BNI recommended this allowance for the hot cell anticipating that it would affect the
practical capacity of some piping routes to passively accommodate potential h.ydrogen combustion
loads. This recommendation recognized the inherent ductile capacity of the design and materials of
construction utilized for the hot cell piping and components coupled with the low probability of the
postulated HPAV events. In acceptil1g this recommendation, DOE concluded that meeting the
revised functional performance criteria that allowed limited deformation in the hot cell would
preclude failure. In addition, any incremental risk of piping failure due to allowing this limited
deformation in the hot cell, where repair was clearly possible, was warranted if it obviated active
preventive systems on that route. Neither BNI nor DOE knows yet whether there are any such
examples. As ofthe writing of this response, the specific analyses to identify these situation have not
been performed.

It is not necessarily the case that allowing limited deformation in the hot cell represents any increased
risk of piping failure. Review by external experts has noted that when the reliability of active
controls is considered, designing piping to passively withstand the HPAV event may reduce the risk
of piping failure. Given the conservatism in the HPAV design criteria, DOE views the trade-off as
one between an extremely unlikely need for a readily accomplished repair, versus an additional active

system with the potential both to disrupt operations significantly and to require additional equipment
to be installed in enlarged bulges, posing some increase in worker hazards.
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Question S.E Describe the safety-related benefits from allowing permanent plastic deformation to piping
systems from gaseous detonations. What impact on the margin-qfsafety resultedfrom allowing this
design approach? How was the change in the margin-oj-safetyjustified?

Response S.E "Safety-related benefits" cannot be ascribed to one particular element of a design
criteria. The design criteria "in total" are developed to meet specific safety, functional and
perfonnance objectives. Engineering design must be based on an understanding of the safety hazards
and operational goals of the plant and then must apply codes and standards as required. As discussed
in the response to questions 7.A and 7.A.l, the design provisions that allow for plastic deformation of
piping are consistent with the guidance provided in the ASME code for unusual circumstances and
events. One aspect of the change in approach is to detennine if the project can replace an active
control or barrier with a passive control or barrier, which is the preferred method of control. The
preference of passive design over active controls is defined as DOE in DOE-G-420.1-1, Section 2.1.1,
and DOE-STD-3009 page A-S. The proposed changes were developed to ensure an adequate margin­
of-safety. In the BC there was no change in the acceptance criteria, and therefore no impact on
margin-of-safety. The allowance for pennanent plastic defonnation in the BCs is very low (0.2%).
This strain is accepted as the elastic limit (yield stress) for the material. The BCs are the locations
least likely to ever experience a hydrogen event since there are no operational components like
pumps, valves or instruments that create potential sources of electrical or mechanical ignition. In
addition, the possible ignition source due to thennal reactions is very low since the temperatures and
pressures that WTP operates at are considerably lower than the critical conditions for auto-ignition.

In the hot cell the revised criteria provide a lower margin-of-safety against the failure limit. The
allowance for permanent plastic deformation in the hot cells is higher but still maintains substantial
margin to pipe failure. Also, the hot cells are remotely accessible for maintenance and jumper
replacement should failure occur.

In order to develop the new criteria and methodology, BNI and DOE performed extensive testing and
analysis over an approximate three year period, as described in enclosure 1 to BODCN 24590-WTP­
BODCN-lO-OOO 1. As explained in the enclosure, the testing and analysis showed that the piping
could withstand multiple high-level events without deformation.

There are still numerous conservatisms in the new analysis and design criteria that ensure adequate
design margin as discussed in 24590"WTP-RPT-ENG-07-011, HPAV Engineering Analysis and
Design Methods, Appendix I. Appendix I is not an exhaustive listing of conservatisms, but those
considered major items in ensuring that sufficient margin exists for the hydrogen events that could be
potentially encountered during the operational life of WTP. Added confidence is ensured by the use
of a Q-designated quality level for material being used in HPAV-affected piping and components and
all welds receiving full volumetric inspections.
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Question S.F What alternatives did DOE evaluate prior to deciding to allow permanent plastic
deformation?

Response 5.F. DOE has considered the design options consistent with the safety design strategy
described in 5.A. The specific design alternatives are: 1) conservative design of the primary process
fluid boundary to withstand HPAV events without compromise (passive accommodation); or 2) the
addition of active systems designed to limit the accumulation of hydrogen to levels where the piping
is not challenged by HPAV events; or 3) a combination of 1) and 2). The criteria established are
consistent with the necessary understanding ofthe safety, functional and performance requirements of
the design. Selection among the approaches is guided by engineering analysis, operating experience
and DOE guidance that exhibits a preference for preventive over mitigative controls and passive over
active controls.

Question S.G Does DOE anticipate the possibility ofleakage out ofthe primary confinement barrier as
a result ofa boundary breach resultingfrom gaseous deflagrations/detonations, and ifso how will the
leakage be confined and mitigated? What alternatives were cons!dered?

Response 5.G Yes, there is a low probability for leakage out of the 'primary confinement barrier, but
design criteria for HPAV in 24590-WTP-DB-ENG-O 1-00 t Basis ofDesign, Section C, provide
adequate assurance that a breach due to a gaseous deflagration/detonation will not occur. Section 16
of the BOD provides added assurance that a breach will not occur in the BCIHTR areas and includes
more stringent requirements above those in ASME B31.3 for all welding, and examination of
BCIHTR piping.

Any leakage that does occur will be confined within the boundary of the C5 area (essentially the non­
manned areas of the facility) and mitigated through the design of the structure and ventilation system
including filters.

Other alternatives, such as double-walled piping would not mitigate other potential causes such as a
leak from a PUREX connector in the hot cell. Confinement within the boundary ofC5 provides for
the safety of the collocated worker as well as public safety.

Question S.H From a safety perspective, why were the other alternatives inferior to allowing permanent
plastic deformation or leakage ofthe primary confinement barrier?

Response S.H As stated in S.F above, DOE has considered the design options consistent with the
safety design strategy described in S.A. The specific design alternatives are: 1) conservative design
ofthe primary process fluid boundary to withstand HPAV events without compromise (passive
accommodation); or 2) the addition of active systems designed to limit the accumulation of hydrogen
to l~vels where the piping is not challenged by HPAV events; or 3) a combination of 1) and 2). The
criteria established are consistent with the necessary understanding of the safety, functional and
performance requirements of the design. Selection among the approaches is guided by engineering
analysis, operating experience and DOE guidance that exhibits a preference for preventive over
mitigative controls and passive over active controls.
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DOE concluded that meeting the revised functional performance criteria that allowed limited
deformation in the hot cell would preclude failure. Any incremental risk of piping failure due to
allowing this limited deformation in the hot cell, where repair was clearly possible, was warranted if
it obviated the need for active preventive systems on that route. As of early September, the specific
analyses to identifY such situation have not been performed. It is not certain that allowing limited
deformation in the hot cell represents any increased risk of piping failure. Review by external experts
have noted that when the reliability of active controls are considered, designing piping to passively
withstand the HPAV event may have reduced the risk of piping failure. Given the conservatism in
the HPAV design criteria, DOE views the trade-off as one between an extremely unlikely need for a
readily accomplished repair versus an additional active system with the potential both to disrupt
operations significantly if mis-operated and to force additional equipment to be installed in enlarged
bulges posing some increase in worker hazards.

Question 6. Potential Impacts on the WTP Mission from Hydrogen
Explosion in WTP Piping

Responses to Question 6 were developed by:

Primary authors:

U.S. Department of Energy - Office of River Protection
Ben Harp, Acting Assistant Manager for Waste Treatment Plant Integration

Hanford Tank Waste Treatment and Immobilization Plaut Project
Greg Ashley, Project Technical Director

Contributing authors:

Hanford Tank Waste Treatment and Immobilization Plant Project
Dennis Hayes, Plant Operations Manager

George Matis, Commissioning Operations Manager
Jeff Monahan, Project Engineering Manager, Pretreatment Facility

Tom Patterson, Manager of Engineering
Mike Wentink, Technical Issues Manager, HPAV & 1066

Question 6.A Describe the design features capable ofdetecting def/agrations/detonations in process
piping and inline components in the PTF (e.g.. black cell and hot cell)?

Response 6.A There is no plan to add design features specifically dedicated to detecting hydrogen
events in process piping and inline components in the PTF. Certain features in the design may provide
indication of a possible hydrogen event such as pressure detectors, level detection systems and
weepage of liquids at jumper connections (detected by remote cameras); however, these types of
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events (e.g., pressure spikes, jumper leaks in the hot cell) are expected to occur during plant
operations and could be unrelated to hydrogen events.

Question 6.B Recovery from leaks and spills from process piping

Question 6.B.l What design features aid in the recoveryfrom a leak in the black cell (e.g., the ability to
isolate process piping in the black cell, existence ofredundant flow paths)?

Response 6.B.l BCs contain sumps with level detection to support waste removal should a leak
occur significant enough to communicate fluid to the sump. Sumps also include a provision to allow
video examination of the sump contents to aide in detennination of the leak source. Provisions are
made to provide access points into BCs should unforeseen maintenance or plant improvements
become necessary. Such entrance points would not be designed for routine operations or
maintenance, and would be used only in extraordinary circumstances and would involve robotics, not
personnel entry (CCNs: 100140, 117871,091022 and 24590-WTP-DB-ENG-OI-001, Basis of
Design).

The design of piping in the BCs includes requirements (24590-WTP-DB-ENG-OI-00l Section 16)
that minimize the potential for a leak. Potential actions reguired for recovery have not been
developed at this time because the circumstances would be extraordinary.

BC vessels have piping that runs to wall nozzles in the hot cell. This provides some capability to
reconfigure transfer paths to and from the vessel using jumpers to allow limited operations (or
bypassing the vessel) depending on the need.

The project determined that redundancy for all vessels has not been a facility functional or design
requirement. However certain vessels/unit operations, such as ultrafiltration, ion-exchange, feed
receipt evaporation, HLW product storage, LAW feed receipt have a level of redundancy as part of
the overall flexibility in the design. It should be noted that potential impacts on facility throughput
have not been evaluated if these alternated flow path were utilized.

Question 6.B.1.a) What design features restrict the amount ofprocess fluids releasedfrom the primary
confinement boundaryfollowing a leakfrom a black cell pipe?

Response 6.B.l.a The design features that could be utilized to restrict the amount of process fluid
released from the BC primary confinement boundary (vessels and pipe) are the vessel level indication
and the sump and sump level indication. These level indications could be used to tenninate transfer
of process fluids to a vessel in a cell with a high sump level indication. The sump would then be used
to return the process fluid to the Plant Wash and Disposal (PWO) system. A leak that includes sludge
could result in solids settled on the BC floor after liquid removal by the installed sump. The method
of solid removal and wash down of the liner plate would be determined in recovery planning. The
cell design and C5 ventilation (both SC) provide assurance that the consequences of the leak are
mitigated and that there are no unacceptable consequences to the public, the environment and the
collocated worker. The design for piping in the Be (24590-WTP-DB-ENG-OI-00I Section 16 for
Be piping and Appendix C for HPAV criteria) minimize the potential for a leak in the BC by limiting
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the maximum strain allowed and designed using all welded, fully volumetrically examined,
cOImections on process piping. No additional design features are deemed necessary.

Question 6.B.l.b) What are the immediate recovery actions necessary to isolate and limit the loss of
materialfrom the primary confinement boundary?

Response 6.B.1.b) Though not formally documented at this time, immediate recovery actions could
be taken upon receipt of a high sump level indication/alarm and/or an abnormal vessel level
indication inconsistent with expected vessel level. These actions would include termination of
transfers (stop specific pumps), isolation of vessels using the hot cell isolation valves and initiating
transfers away from the suspected leak. Once the leak is isolated, the waste would be directed to the
sumps and ejected to the PWD system. A leak that includes sludge could result in solids settled on
the BC floor after liquid removal by the installed sump. The method of solid removal and wash down
of the liner plate would be determined in recovery planning.

Question 6.B.1.c) What is the potential maximum volume ofradioactive material that could be released
from the primary confinement boundary?

Response 6.B.l.c) The project has not developed an estimate at this time of the maximum volume of
material that could leak from the primary boundary (vessels and piping) prior to completion of
recovery actions to isolate and limit the leakage of material. Bounding assumptions have been made
in the PTP safety basis for the unmitigated consequences of loss of primary confinement. These
assumptions form the basis for selection of safety-related controls (the control strategy) for the PTP
facility to assure that the public, the environment, and the worker are protected from the
consequences of a failure of process vessels or piping

Question 6.B.2 What is the estimated cost and process interruption required to fully recover from a pipe
leak in the black cell (e.g., the repair ofdamaged equipment and a return to operations)?

Response 6.B.2 The design requirements for piping in the BC (24590-WTP-DB-ENG-OI-OOl
Section 16 and Appendix C for HPAV criteria) are intended to provide reasonable assurance that
leaks will not occur. Therefore, estimates of costs and process interruptions associated with BC pipe
leaks have not been developed.

Question 6.B.2.a) Describe the potential actions required in recovery (e.g., spill clean-up, repair of
piping. inspection ofimpacted components).

Response 6.B.2.a) Recovery actions and procedures have not been documented at this stage of the
project. Specific recovery actions would be determined contingent on the BC event and would be
evaluated for consistency with the safety basis through the application of the Unreviewed Safety
Question process. General initial actions would likely include: declaration ofan event; notifications;
assessment of event consequences; and system stabilization. Inspections could be conducted
remotely with robotics, borescopes, cameras and use ofthe hot cell in-cell bridge crane with power
manipulator to view from the hot cell side of the BC. Failure of piping or vessels is not expected.
Access to the BCs is limited and is discussed in 6.B.l and 6.B.2.b. The design requirements for
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piping in the BC (24590-WTP-DB-ENG-01-001 Section 16 and Appendix: C for HPAV criteria) are
intended to provide reasonable assurance that leaks will not occur.

Question 6.B.2.b) Describe restrictions on recovery posed by the limited accessibility to a black cell
(e.g., limited inspection capability, congestion, potentially high radiation dose).

Response 6.B.2.b) BCs are closed cells where access is not planned during facility operation or
scheduled shutdown periods (BOD, Section 16.2). They are located in WTP operating facilities
which require a 40-year design life (Contract, C.7.(a)(l». Provisions are made, however, to provide
access points into BCs should unforeseen maintenance or plant improvements become necessary.
Such entrance points would not be designed for routine operations or maintenance, and would be used
only in extraordinary circumstances and would involve robotic, not personnel entry (CCNs: 100140,
117871,091022 and 24590-WTP-DB-ENG-01-001).

Question 6.B.2.c) Describe the results ofDOE's evaluation ofthe cost and operational impacts from
recovery.

Response 6.B.2.c) The potential range ofoperational events that may require recovery actions has
not been developed yet. Therefore, DOE has not performed an evaluation of the costs and operational
impacts from such events.

Question 6.B.2.d) What are the potential hazards for workers attempting to conduct repairs in a black
cell (e.g., potential radiological exposures)?

Response 6.B.2.d) As described in the response to 6.B.2.c) there has been no fonnal evaluation.
However, if a repair in a BC were required, the repair work would be done remotely (e.g., robotics,
manipulators, etc) without operator entry to ensure worker protection from radiological hazards.

Question 6.B.2.e) How were potential worker hazardsfactored into DOE's approval ofthe HPAV safety
design strategy? Describe the rationale for accepting the potential hazards to workers.

Response 6.B.2.e) The basis for DOE's approval of the HPAV safety design strategy is contained in
two SERs. The SER attached to DOE letter 09-NSD-044 (CCN 208458) in November 2009 provided
conditional approval of the HPAV control strategy. Pages xviii, 37, and 38 of the SER contain DOE's
consideration of potential worker hazards. A subsequent SER on the topic issued in February 2010,
which was attached to DOE letter 10-NSD-013 (CCN 214109) and approved changes to the BOD,
contains text associated with consideration of potential worker hazards on page 16.

Question 6.C ifa hydrogen detonation significantly damaged a hot cell pipe or component' (e.g., the
component is no longer operable, or a breach ofprimary confinement occurs) describe the worst case
consequences to facility operations.

Response 6.C The worst case consequences to facility operations are judged to be similar to those
that would be encountered for normal equipment failures. The design requirements for HPAV piping
and components are to ensure primary confinement. Some components may also be required to
perform an active function, such as valve closure. Designing the piping and components in
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accordance with the HPAV criteria defined in the SRD and the BOD will preclude a breach of
primary confinement and component inoperability (if that is a required function).

Question 6.C.l Describe the potential actions required in recovery (e.g., spill clean-up, repair of
piping, inspection ofimpacted components).

Response 6.C.l As expected, recovery actions and procedures have not been documented at this
stage of the project. However, hot cell recovery actions are expected to be consistent with those
necessary to perform normal maintenance of failed hot cell equipment. Hot cell maintenance is
designed for remote operations. Specific recovery actions would be detennined contingent on the hot
cell event and would be evaluated for consistency with the safety basis through'the application of the
Unreviewed Safety Question process.

Inspections could be conducted with the multiple cameras located on the in-cell bridge crane with
power manipulator or robotic devices to verify equipment status, leakage, and damage to hot cell
components. Damaged components could be flushed, removed, and transported to decontamination
and maintenance locations for repair/disposal. Spare jumpers may not be available in every case.
New jumpers could be fabricated based on dimensional record information.

Following removal and replacement of the equipment necessary to ,resume operation, it is expected
that the equipment will be decontaminated to allow inspection necessary to determine the cause of
failure. Failure of piping or vessels is not expected.

Question 6.C.2 Describe restrictions on recovery posed by the limited accessibility to the hot cell (e.g.,
inspection capability, congestion, potentially high radiation dose).

Response 6.C.2 Personnel access to the Pretreatment hot cell is not planned due to its classification
as a C5/R5 area. Equipment within the hot cell is designed for remote access and recovery (BOD,
Section 11.8.3.3). Recovery actions are described in the response to question 6.C.l.

Question 6.C.3 Describe the existing capability to remotely repair piping and components in the hot
cell.

Response 6.C.3 Remotable hot cell jumpers which contain piping and components would first be
removed from the hot cell with the hot cell crane. Once a jumper is removed remote decontamination
and repair or replacement would then occur in the decontamination maintenance cave (Room P­
0123A). The hot cell maintenance area contains maintenance stands, manipulators, a
decontamination soak tank, size reduction equipment, viewing windows, tooling, and a separate 5-ton
bridge crane to support decontamination and remote repair/replacement of components in the hot cell.
Equipment in some case may be able to be decontaminated sufficiently for transportation to a
glovebox for maintenance. This concept is similar to capabilities that have been successfully
incorporated and used in the DWPF, a high-level waste vitrifi~ation facility at the Savannah River
Site.
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There is limited installed capability to maintain HTR piping in the hot celL For this reason piping in
the hot cell that is defined as HTR will meet the same design criteria as BC piping as defined per
24590-WTP-DB-ENG-OI-OOI Section 16.2.

Question 6.C3.a) Whatfunctional design requirements specifically support the repair, and mitigate the
effects ofdamage to piping and components in resultingfrom an explosion in the hot cell?

Response 6.C.3.a) 24590-WTP-DB-ENG-OI-OOI contains requirements in sections 9, 11 and 15.
The Operational Requirements Document, 24590-WTP-RPT-OP-OI-OOI Section 9 and 14 also
contains requirements on maintenance of hot cell equipment.

Question 6.C3.b) What is the range ofthe planned PTF repair capability ofpiping and components
damaged by the effects ofexplosions?

Response 6.C3.b) Planned PTF repair capability is limited to remotable components. Please refer to
Question 6.C.3 for a discussion of the existing capability to remotely repair/replace piping and
components in the Pretreatment hot cell.

Question 6.CA Does the planned repair capability specifically address deformation ofpiping and
components?

Response 6.CA Piping and components will be repaired when they no longer meet their functional
requirements. As discussed in 6.C. conditions that warrant maintenance/repair are judged to be
similar to those that would be encountered for normal equipment failures. As discussed in 6.C.I,
following removal and replacement, the component will be inspected to determine the cause of
failure. Inspection will include unexpected deformation, which could be an indication of an
unexpected or unusual event.

Question 6.C4.a) What is the current capability to replace piping and repair or replace inline
components that have been deformed by a hydrogen detonation?

Response 6.C.4.a) See response to question 6.CA.

Question 6.C4.a)(1) Ifan inline component damaged by a hydrogen detonation cannot be removedfrom
the hot cell, what will be the capability to repair components in-place?

Response 6.C4.a)(1) The hot cell is designed such that jumpers (containing components and
piping) are removed from their installed location and taken to the decontamination maintenance cave
(Room P-OI23A) at the far end of the hot cell for repair or replacement. Failure of ajumper that
would preclude its removal is not anticipated. Therefore a remotable jumper that experienced a
HPAV event would be removed and replaced or repaired. Please refer to the response provided to
Question 6.C.3 for a discussion of the existing capability to remoteLy repair/replace remotable jumper
(containing piping and components) in the Pretreatment hot cell.
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Question 6.C.4.a)(2) Ifan inline component damaged by a hydrogen detonation cannot be removed or
repaired in-place, what alternatives are incorporated in the design to bypass the damaged component?

Response 6.C.4.a)(2) Inability to remove a failed remotable jumper (containing piping and
components) is not anticipated. See 6.CA.a)(l). Remotable jumpers (containing inline components)
in the Hot Cell have been designed to be repaired or replaced. BC and HTR piping will meet the
criteria in 24590-WTP-DB-ENG-O 1-00 I, Appendix C.2.2.l, which are intended to preclude their
failure.

Question 6.C.4.b) Describe the results ofDOE's evaluation ofthe cost and operational impacts.

Response 6.C.4.b) Piping that has the potential to experience detonation events will either be
designed to withstand the event or will be designed with active controls to prevent the event, thus
there is no cost or operational impact associated with the detonation event for the piping. Damage
from a detonation to an in line component (seal or seat leakage) may require replacement of the
component; however, that replacement is expected to be no different from the replacement due to
normal service life. Replacing/repairingjumpers and components will be a normal maintenance
activity.

Question 6.C.4.c) Ifmanned entry were required, what is DOE's assessment ofthe hazards, particularly
estimated radiological exposures, for workers entering the 'hot cell to conduct repairs?

Response 6.C.4.c) See response to question 6.C.2.

Question 6.C.4.c)(1) Describe DOE's assessment methods and results.

Response 6.C.4.c)(1) See response to question 6.C.2.

Question 6.C.4.c)(2) How did DOE's evaluation ofthe potential worker hazards impact the decision to
approve the revised HPAV safety design strategy?

Response 6.C.4.c)(2) The HPAV strategy is not based on manned entry into the hot cells. Hot cell
piping is designed to withstand the event or will be designed with active controls to prevent the event.
See response to question 6.C.2 for additional information on the WTP Hot Cell operational strategy.

Question 6.C.4.c)(3) Describe the rationale for accepting the potential hazards to workers.

Response 6.C.4.c)(3) See response to question 6.C.2.
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Question 7. Discuss the Use of ASME Design Codes

Responses to Question 7 were developed by:

Primary authors:

U.S. Department of Energy - Office of River Protection

Ben Harp, Acting Assistant Manager for Waste Treatment Plant Integration

Hanford Tank Waste Treatment and Immobilization Plant Project
Greg Ashley, Project Technical Director

Contributing authors:

U.S. Department of Energy - Office of River Protection
Brad Eccleston, Mechanical Safety System Oversight Engineer

Hanford Tank Waste Treatment and Immobilization Plant Project
John Minichiello, Vessels and Piping Technical Manager
Tom Patterson, Manager of Engineering

Question 7.A Is DOE relying upon ASME B31.3, Process Piping, provisions for the design ofpiping
systems to withstand gaseous deflagrationsldetonations? Ifnot, then upon what consensus design code is
DOE relying?

Response 7.A DOE is using ASME B31.3 (1996) and ASME B3l Code Case 178 for the design of
piping systems to withstand gaseous deflagrations (WTP Report 24590-WTP-RPT-ENG-07-011,
Revision 3, Sections 7.104.1 and 7.104.3). Pending resolution of the HPAV Independent Review
Team (HPAV IRT) comments, stress combination criteria more conservative than ASME B31.3 Code
Case 178 may be used for deflagration stresses.

DOE is relying on the ASME B31.3 (1996) provisions noted in paragraphs 300(c)(3) and 300(c)(5)
for the design of piping systems to withstand gaseous detonations:

(3) Engineering requirements of this Code, while considered necessary and adequate for safe
design, generally employ a simplified approach to the subject. A designer capable of applying a
more rigorous analysis shall have the latitude to do so, but must be able to demonstrate the
validity of that approach.

(5) The engineering design shall specify any unusual requirements for a particular service. Where
service requirements necessitate measures beyond those required by this Code, such measures
shall be specified by the engineering design. Where so specified, the Code requires that they be
accomplished.
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ASME B31.3 does not address the highly impulsive pressure loading due to a detonation event, for

which the peak lasts milliseconds. Since this is an unusual requirement, B31.3 requires the designer
to address it and permits the use of a more rigorous approach, provided the validity of that approach is
justified. This is also consistent with DOE Order 420.IB, Section 4b, which states in part:

All new construction, as a minimum, must comply with national consensus industry standards
and the model building codes applicable for the state or region, supplemented in a graded manner
with additional safety requirements for the associated hazards in the facility that are not addressed
by the codes.

Question 7.A.l What is the maximum plastic deformation allowed ASME B31.3?

Response 7.A.l ASME B31.3 does not specifically limit or address plastic deformation. However, it
contains design provisions that allow for plastic strain. As stated in Paragraph 3l9.2.3(a) of ASME
B31.3:

(a) In contrast with stresses from sustained loads, such as internal pressure or weight,
displacement stresses may be permitted to attain sufficient magnitude to cause local yielding in
various portions of a piping system.

Because detonation loading is not addressed in B31.3, as noted in response 7.A, the provisions of
paragraph 300(c)(3) and 300(c)(5) are used to develop a set of acceptance criteria for the event.
Independent Code experts reviewing this approach specifically noted in their report that the Code
allows for this situation.

Question 7.A.2 What is the maximum plastic deformation allowed by the DOE approved HPAV safety
design strategy?

Response 7.A.2 The current DOE approved plastic strain limit in the BCfHTR piping areas is 0.2%
through wall average strain (WTP Report 24590-WTP-RPT-ENG-07-011, Revision 3, Section
7.104.1, and the SRD, Appendix C, Section 26). Outside the BCIHTR piping areas, as indicated in the
cited references, the current limit is a load limit that results in plastic strains on the order of 2.5% ­
2.8%.

Based on the HPAV Independent Review Team Report, Finding F4-5, BNI will be changing the
acceptance criteria outside the BCIHTR to be a plastic strain limit of 2·.8% through wall average strain
in any single event, with a further limitation that the cumulative plastic strain from multiple events
not exceed 804%. This will be documented in changes to SRD Appendix C-26, the BOD Appendix
C, and the PDSA.
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Question 7.A.3 Does the ASME design code require periodic inspection in piping systems that allow
permanent plastic deformation? Ifyes. how does DOE propose to perform these inspections?

Response 7.~.3 The Code does not address requirements for in-service inspections, as indicated in
paragraph 300(c)(2), ASME B31.3 (1996), which states: .

(2) This Code is not intended to apply to the operation, examination, inspection, testing,
maintenance, or repair of piping that has been placed in service.

However, the Project anticipates there will be in-service inspections of all piping (except in the
BC/HTR areas, which are not accessible) and is evaluating the type and periodicity of these
inspections.

Question 7.A.4 How will DOE determine ifpermanent plastic deformation has occurred?

Response 7.A.4 DOE does not plan to determine if plastic deformation has occurred. The operating
contractor will establish a maintenance program to ensure SSCs are maintained to provide the
required safety and operability functions. At this time the project does not expect to monitor plastic
deformation. The control strategy is to design HPAV SSCs to prevent release of material and protect
the primary boundary.

Question 7.B DOE has approved the use ofstrain-rate-dependent material properties for the WTP
piping design.

Question 7.B.1 Does ASME E31.3 explicitly allow the use ofstrain-rate-dependent material properties?

Response 7.B.1 No, B31.3 does not explicitly provide design guidance for highly impulsive pressure
loading for which strain-rate dependent material properties more accurately represent the piping
behavior. However, as discussed in 7.A.I, B31.3 does recognize that unusual requirements for a
particular loading may not be addressed by the Code. The Code provides for applying more rigorous
analysis, such as the use of strain-rate dependent material properties, provided the validity of the
approach is demonstrated.

Question 7.B.2 Ifyes, under what conditions?

Response 7.B.2 As noted above, 831.3 does not provide explicit guidance on this topic. However,
the Code provides for applying more rigorous analysis, such as the use of strain-rate dependent
material properties, with the condition that the validity of the approach is demonstrated.

Question 7.B.3 Does DOE's allowed use ofstrain-rate-dependent material properties require the same
conditions?

Response 7.B.3 Yes, in that the project's use of strain-rate dependent material properties meets the
B31.3 requirements for applying rigorous analysis for unusual requirements and then demonstrating
the validity of the approach.
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Question 7.C Has DOE submitted a code case to the ASME regarding revised HPAV safety design
strategy?

Response 7.C DOE does not intend to submit a Code Case. As indicated in the response to
question 7.A, ASME 831.3 provides the Owner and Designer latitude to develop methods and
criteria where the Code does not provide them in provisions noted in paragraphs 300(c)(3) and
300(c)(5):

(3) Engineering requirements of this Code, while considered necessary and adequate for safe
design, generally employ a simplified approach to the subject. A designer capable of applying a
more rigorous analysis shall have the latitude to do so, but must be able to demonstrate the
validity ofthat approach.

(5) The engineering design shall specify any unusual requirements for a particular service. Where
service requirements necessitate measures beyond those required by this Code, such measures
shall be specified by the engineering design. Where so specified, the Code requires that they be
accomplished

Review by an independent code expert noted that a code case request is unnecessary. The expert
noted that "One answer that could be expectedfrom the B31.3 Committee to that inquiry would
be a standard response that the B31.3 Committee does not provide consulting. On the other hand,
if the analysis and design methods were developed into a set ofrequirements, with the research
presented as background, a code case (a published set ofalternate rules) could be developed but
it is my opinion that such an effort is unnecessary and essentially duplicates what is already
permitted by B31.3 paras. 300(c)(3) and 300(c)(5). "

Question 7.C.l Ifyes, describe the code case.

Response 7.C.l Not applicable/

Question 7.C.2 If not, does DOE intend to submit a code case?

Response 7.C.2 DOE does not intent to submit a code case.

Question 7.C.3 If DOE does not intend to submit a code case, describe the basis for this decision.

Response 7.C.3 See response above..
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Question 8. Testing in Support of the Revised Safety Design Criteria
for Pipes and tnline Components

Responses to Question 8 were developed by:

Primary authors:

U.S. Department of Enerl!Y - Office of River Protection
Ben Harp, Acting Assistant Manager for Waste Treatment Plant Integration

Hanford Tank Waste Treatment and Immobilization Plant Project
Greg Ashley, Project Technical Director

Contributing authors:

Hanford Tank Waste Treatment and Immobilization Plant Project
Tom Patterson, Manager of Engineering
Mike Wentink, Technical Issues Manager, HPAV & 1066

Question 8.A Describe the test plan to verify that all inline components can withstand the effects of
detonation. For example, describe the test plans for pumps, PUREX connectors, valves, and safety­
related instrumentation.

Response 8.A The test plan for components is scheduled to be complete by November 30, 2010.
The plan will detail the required testing for each component along with the acceptance criteria to be
used as defined in the Basis ofDesign, 24590-WTP-DB-ENG-OI-001, Revision lP which states:

Components such as jumper connectors, valves, jet pump pairs, etc. whose function cannot be
demonstrated by analysis alone may be qualified by a combination ofanalysis and test as
follows:

1. Analyses per the criteria above as applicable for the component boundary.
2. Demonstrate other significant design aspects such as leak tightness ofjumper connectors or

valve operability, closure function and stem leakage by performing a bounding impulsive load
test.

The test plan shall include at a minimum:

• Descriptions ofthe components, or class ofcomponents, being tested .
• Test acceptance criteria similar to those that would be usedfor the same functions in a seismic

test.
• Specification ofthe criteria by which a tested item will be judged to have passed These criteria

shall be quantitative (e.g., no more than xx% plastic strain as measured by strain gauges
installed on the most limiting parts ofthe component). However, for in-line components, such as
valves, the criteria may be qualitative (e.g., no more than several drops per minute through failed
packing, no visible damage to packing or gasket material, etc.).
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• Damage to soft goods ofa component, such as packing materials and seals are acceptable for
limited leak rates that at normal system pressure do not result in spray or spill consequences that
approach the limiting case DBE values.

• Qualitative criteria ofno visible damage (i.e. cracking) ofthe major structural pieces ofthe
component, that provide pressure boundary integrity, is allowed. Where visual inspection ofthe
component surfaces is not possible, use ofnon-destructive testing will be employed.

• For replaceable components (i. e. instruments), potential failure to function properly after a PRC-
DDT is acceptable, unless they are required to operate to meet a safety requirement.

The HPAV testing conducted over the last three years and current experience with the QRA (model is
defined in Quantitative Risk Analysis ofHydrogen Events at WTP Development ofEvent Frequency­
Severity Analysis Model, 24590-WTP-RPT-ENG-10-008, Revision 1) has provided a basis for the
load's that each component must be qualified for. The test specification will identitY test conditions
that bound, with margin, the frequency, and severity of the loads necessary to demonstrate that the
component can perform its intende4 safety function (e.g. close to provide isolation) subsequent to
repeated hydrogen events that are postulated to occur during the its operating life. Individual route
QRA results will be checked to verify tllat equipment test conditions have bounded the demand on the
piping route and associated components intended safety function.

The testing will be conducted under NQA-I at a nationally recognized test facility similar to the
HPAV testing conducted at Southwest Research Institute, and will be a part ofthe WTP
environmental and seismic testing program. This test program will be developed and conducted in
compliance with ANSVIEEE Std 323-1983, if'necessary for the particular type of component, as
required by the WTP SRD.

Question 8.B Describe the design criteria applied to each component.

Question 8.B.1 Will the current criteria from the WTP Basis ofDesign be used; ifnot, then what specific

design criteria will be used?

Response 8.B.l As discussed in 8.A, components may be qualified by analysis, by test or by a
combination of analysis and test. The criteria in the WTP Basis ofDesign (24590-WTP-BD-ENG­

.01-001) were developed explicitly for the WTP piping systems. More general requirements are
provided for components qualification.

Criteria for components qualified by test will depend on the individual component and the
component's safety function. For example, a particular size and type valve may be subjected to five
(5) detonations at a maximum detonation pressure of 800 psi as part of the type testing qualification
program, which includes margin on the expected severity and frequency of hydrogen events shown by
the QRA. The QRA results may show this valve will actually be subject to two detonations at a
maximum detonation pressure of 400 psi over the life of the plant. Assume the safety function of this
valve is to provide primary confinement of the waste and it has no other safety function. The
acceptance criteria for this particular valve would be that the valve body remains intact with minimal
permanent deformation, but the soft goods, such as the valve packing, may fail. Test Acceptance
Criteria would require that the primary confinement boundary remain intact, via leak rate testing and
visual examination. After testing it would be documented for the specific system that the valve was
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tested for five (5) events of severity 800 psi and is only subject to two (2) events at 400 psi. Thus, the
valve is acceptable for use in the system, because the testing envelopes the intended system function.

As mentioned above valves are installed on jumpers. Jumpers are attached to each other and to the
permanent plant piping using remote handled mechanical connections. These connections are

qualified for bulk confinement. The acceptance criteria for the valve would be consistent with that of
the jumper it is installed on. Minor leakage may be present trnough faifed soft goods such as the stem
packing seal, but the valve body, bonnet, and stem disclball assembly remain in intact and qualified
for bulk confinement of the waste.

As a second example, the valve discussed above now has an additional safety requirement to close
and isolate the waste after the HPAV event. An additional acceptance criterion will be that the valve
functions (fails closed) after the five (5) detonation test loadings. It may still exhibit minor leakage
past the seats, but it must remain functional such that is can be opened and closed.

In either case, it would be documented for the specific system that the valve was tested for five (5)
events of severity 800 psi and is only subject to two (2) events at 400 psi. Thus, the valve is
acceptable' for use in the system, since the testing envelopes the intended system conditions.

For components qualified by analysis, WTP has developed loading models of all the potential HPAV
events and those loads can be used to analyze components in a finite element model to determine
resulting strain or deformation on the component. The acceptance criteria will be consistent with the
criteria for piping, i.e., Code or Standard limits for deflagration loading and strain criteria for
detonation and higher loading. It is expected that this would be applied to simple in-line components
where maintaining the pressure boundary is the required safety function.

Specific requirements for all components will be documented as part of component qualification. -

Question 8.B.2 For those current criteria that are qualitative, explain why qualitative criteria are
adequate.

Response 8.B.2 Qualitative acceptance criteria (e.g. "no visible damage") will not be the sole means
of acceptance of a component's post test functionality and serviceability. Qualitative criteria are
complimentary to quantitative measurements such as strain, leakage rate, and displacement. Test
acceptance of a specific performance requirement will not be based solely on qualitative criteria.
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Question 8.C Which components will be verified by analysis. and which will be verified by testing?

Response 8.C A complete list showing which components will be verified by analysis and those that
will be verified by testing will be available by November 30, 2010. Those that will require testing
include complex components such as valves having an active safety function. Components having
simple geometries and safety functions may be qualified by analysis. See Basis ofDesign, 24590­
WTP-DB-ENG-OI-001, Appendix C.

Question S.D What is the schedule for completing the testing or analysis to qualify inline components?
Will testing and evaluation be completed before components intendedfor plant installation begin
fabrication?

Response S.D The tentative schedule will be to complete all testing of inline components by early
2012. Testing and evaluations will be completed before components intended for plant operation are
procured for delivery and installation. (See response to 8.B.! above).

Question 8.E What alternatives exist ifa component cannot be qualified by testing or analysis?

Response 8.E Two alternatives exist if a component cannot be qualified by testing or analysis:

1) An alternate component will be selected that can be qualified to meet the requirements, or

2) Implement a design feature, such as a flush or vent piping and associated components, to prevent
the accumulation of hydrogen and thereby reduce the risk of a hydrogen event

Question 8.F Discuss the results ofthe detonation tests performed on the 4 inches plug valve at the
Southwest Research Institute.

Response 8.F As indicated in Phase II HPAV Gaseous Deflagration, Detonation, and Deflagration
to Detonation Transition (DDT) Test Program Final Report, sections 4.4 and 5.3, this test series
consisted of a limited number of PRC-DDT experiments using a valve and pipe spool assembly. The
objective was to evaluate whether the valve body and pipe spool would fragment under internal gas
detonation conditions. Functional failure of the valve (Le., damage to seals and internal components)
was anticipated. The valve used in this test was a custom Flowserve Durco Mach® 1 4-inch diameter
plug valve with the valve body and internal plug modified to allow for remote extraction of the plug
and seal assemblies. It had been used in previous environmental tests conducted in 2005 that
included seismic testing and end-of-life radiation exposure for seals and packing gland materials.

Experiments were conducted at an elevated initial pressure in an attempt to produce significant plastic
strain in the pipe spool and/or valve. The goal was to demonstrate that the valve and pipe do not fail
catastrophically (fragment) during the event, potentially resulting in loss of containment or damage to
neighboring components. To verify the level of plastic strain achieved, diametrical measurements
were made at five locations upstream of the valve. Measurements were taken before the start of

experiment and immediately after each test.
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Although internal damage to the 4-inch Flowserve valve plug and seal materials was observed during
the Valve PRC-DDT experiments at three atmospheres initial pipe pressure, which resulted in a peak
pressure on the order of 13,000 psi, neither the valve nor the pipe spool displayed evidence indicating
the onset offragmentation. In fact, the maximum strain observed in the piping was on the order of
0.33%.

Question 8.F.t What was the evaluation criteria used? Are these criteria the same that have been
included in the basis ofdesign?

Response 8.F.t This test was a demonstration test and not a component qualification test. The
evaluation criteria were qualitative and were based primarily on observation and qualitative
inspection.

Question 8.F.2 What was the extent ofdamage to the valve in this test?

Response 8.F.2 As indicated in Phase II HPA V Gaseous Dejlagration, Detonation, and Dejlagration
to Detonation, Transition (DDT) Test Program Final Report, sections 4.4 and 5.3, four PRC-DDT
experiments were conducted on the 4-inch Flowserve Mach 1 plug valve and pipe spool provided by
BNI. Experiments were conducted at 3 atmospheres initial pressure using gas mixtures ranging from
13.5% to 16% H2. The gas mixture was varied with the goal of achieving a PRC-DDT condition at a
location corresponding to approximately 90% of the pipe length. Although detonations were
achieved on all tests, the maximum transition distance observed was only 77% of pipe length. Some
damage to the plug and plug seal materials was sustained on the first two experiments, but damage
induced during the third experiment was severe enough to prevent further testing (a pre-test vacuum
could not be maintained). The observed damage included melting ofthe polymeric seal material
along with deformation of the plug and valve seals. In an effort to continue testing, equivalent parts
(plug and plug seals) were extracted from a new off-the-shelf valve (purchased from Flowserve with
similar but not identical parts) and placed in the original valve body. On the fourth experiment the
new plug and plug seal materials sustained similar damage resulting in termination of the test series.
No damage to the valve body or production of fragments was observed in any of the four
experiments. All valve materials and components remained attached to the valve or inside the pipe
spool. Neither the valve nor the pipe spool displayed evidence indicating the onset of fragmentation
and there was no visible sign of any bulging.

The cumulative permanent strain measured in the pipe after the four experiments ranged from 3333
flStrain (0.33%) to 889 Ilstrain (0.09%). Consistent with observations on the valve body, the pipe
spool displayed no evidence indicating onset of fragmentation and there were no visible signs of any
bulging.

Question 8.F.3 Did the test achieve the desired maximum loading, i.e., a pressure rejlected deflagration-
to-detonation transition (PRC-DDT)? .

Response 8.F.3 Yes. Four PRC-DDTs occurred in this series of tests. The goal of achieving the
PRC-DDTs at 90% ofthe pipe length, however, was not met due to termination of the tests. The four
PRC-DDTs occurred at 54%,68%,65%, and 77% of the pipe length, resulting in maximum (peak)
pressures on the order of 13,000 psi.
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Question 8.FA Will this valve design be used in the PTF in HPAV-affected piping systems?

Response 8.FA The Flowserve Durco Mach® I plug valve design will not be used in HPAV
affected piping systems. Project personnel have tentatively selected all metal seated ball valves. The
reason this valve was tested is that it was readily available at a time no other typical components were
available and because our primary focus was to study the possibility of fragmentation of the valve
body, not the survivability of the internals. The Flowserve Durco Mach® I valve had been
previously subjected to seismic and radiation aging before being used in the HPAV testing.

Question 8.G The basis ofdesign does not limit the use ofthe HPAV safety design strategy to pipes of4
inches or less in diameter, yet the HPA V test program only tested pipes up to 4 inches in diameter.

Response 8.G Approximately 95% of the HPAV-affected piping is 4 inch NPS and smaller. The
intent of the BOD (24590-WTP-DB-ENG-OI-OOI, Revision lp) was to only apply the design criteria
for qualification of piping for postulated HPAV events to piping 4 inch NPS at the Savanna River
Site, and smaller in diameter. A BODeN has been prepared to clearly identify that the criteria are
applicable to piping 4 inch NPS and smaller.

While the intent of the BOD is to only apply the design criteria for qualification of piping for
postulated HPAV events to piping 4 inch NPS and smaller, it is important to note that the materials of
construction of the larger piping are also austenitic stainless. Though there will be no attempt to
qualify this piping for the postulated HPAV events (it will be protected with active controls), it is not
credible to assume that this piping fail in a non-ductile manner (fragment) if subjected to an HPAV
event. The HPAV IRT (Hydrogen in Piping and Ancillary Vessels in the Pretreatment Facility ofthe
Hanford Waste Treatment Plant - Report by an Independent Review Teamfor Bechtel National Inc.
August 11, 2010). concluded that:

This supplemental independent assessment has found nothing in the open literature that would
suggest fragmentation has ever occurred in any austenitic stainless steel pipes or tubes for HPAV
operating conditions. Field experiences with pressure vessels and pipingfailures that have resulted in
fragmentation have typically been in carbon and low alloy steels. The typical cause ofthese failures
was very low fracture toughness, resulting in brittle failure. This independent assessment did not
identify any problems with prior studies leading to the BNI conclusion to discount fragmentation in
HPA Vaustenitic stainless steel piping (including the cold-worked bends) or in similar materials used
in cast valve bodies.

Question 8.G.! Will the HPAV safety design strategy apply to pipes greater than 4 inches in diameter?

Response 8.G.1 The HPAV analysis and design criteria for qualification of piping for postulated
HPAV events will not be applied to pipes greater than 4 inch NPS as discussed in response to
question 8.G above.
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Question 8.G.2 Does the project anticipate additional testing on pipes greater than 4 inches in
diameter? Ifyes, when will this testing be done?

Response 8.G.2 No additional testing is planned for piping greater than 4 inch NPS as discussed in
respon.ses to questions 8.G and 8.G.l above.

Question 9.

Responses to Question 9 were developed by:

Primary authors:

U.S. Department of Energy - Office of River Protection

Ben Harp, Acting Assistant Manager for Waste Treatment Plant Integration

Hanford Tank Waste Treatment and Immobilization Plant Project
Greg Ashley, Project Technical Director

Contributing authors:

Hanford Tank Waste Treatment and Immobilization Plant Project
Tom Patterson, Manager of Engineering
Mike Wentink, Technical Issues Manager, HPAV & 1066

Question 9 What specific research remains to be done to fully evaluate the HPA Veffects to provide
greater confidence in the worker and the public accident analysis calculations (e.g., explosion limits for
small volumes ofexplosive gases embedded in waste; response ofpiping systems partially filled with
waste; strain rate effects in structural response; estimates ofrupture andfragmentation thresholds;
dispersion resultingfrom gaseous explosion; standardized analysis methods for safety studies; code cases
and guidelines for ASME Boiler and Pressure Vessel code and B3l.3 piping code)?

\

Response 9 Additional research is being planned to respond to the HPAV Independent Review Team
(IRT) Findings. The additional research and analysis that will be performed is documented in the
response plan, 24590-WTP-RPT-ENG-IO-921, Hydrogen in Piping and Ancillary Vessels
Implementation and Closure Plan. The results of the additional research will be incorporated into the
existing calculations. No new testing (other than component/equipment qualification) is anticipated at
this time and the testing accomplished in the last three years is considered adequate to provide the
confidence necessary to support analysis of HPAV events for design. The HPAV IRT concluded,
based on tile technical review, that the new design approach for HPAV piping and components is
acceptable provided BNI resolves the findings which will improve the models, assumptions and
methodology, and further stated that there is "high confidence that

• The QRA approach is acceptable for defining loads to be used in design, and there is a low
probability ofexceeding either their frequency or their magnitude.
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• The best estimate pipe stresses and strains, computedfrom the defined loads in the manner
proposed by BN!, are not likely to be significantly exceeded.

• The combination ofQRA load definitions, best estimate piping system response calculations
and conservative acceptance criteria developed pursuant to the piping Code BlI.3 provides a
reasonable balance ofprobabilistic and deterministic elements appropriate for design of
HPAVpiping and components.

• The net result of this approach to design will be a low probability of pipe failure if hydrogen
explosions occur.

Question 10. Quantitative Risk Analysis

Responses to Question 10 were developed by:

Primary authors:

u.s. Department of Energy - Office of River Protection
Ben Harp, Acting Assistant Manager for Waste Treatment Plant Integration

Hanford Tank Waste Treatment and Immobilization Plant Project
Greg Ashley, Project Technical Director

Contributing authors:

u.s. Department of Energy - Office of River Protection
Greg Jones, Nuclear Safety Specialist

Hanford Tank Waste Treatment and Immobilization Plant Project
Donna Busche, Environmental & Nuclear Safety Manager

Dennis Hayes, Plant Operations Manager
George Matis, Commissioning Operations Manager

Tom Patterson, Manager of Engineering
Grant Ryan, Documented Safety Analysis Integration Manager
Mike Wentink, Technical Issues Manager, HPAV & 1066

CH2M IDLL Plateau Remediation Company

Steve Additon, DOE Consultant
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10 Quantitative Risk Analysis

Question lO.A DOE does not have a policy or a standardfor the use ofQRA.

Response lO.A DOE submitted and DNFSB accepted an Implementation Plan (Letter, A. Wallo,
DOE, to P. Winokur, DNFSB, Implementation Planfor Defense Nuclear Facilities Safety Board
Recommendation 2009-1, Risk Assessment Methodologies at Defense Nuclear Facilities) to respond
to DNFSB Recommendation 2009-1. Both the Board recommendation and DOE's response address
the limited policy and standard guidance available for risk applications for nuclear safety purposes,
the bases for their use today, and plans underway to assess the need for further guidance.

Question lO.A.1 What DOE direction and guidance was providedfor allowing the use ofQRA
Probabilistic Risk Analysis as a design tool at the WFP in the absence ofa DOE approved standard?

Response 10.A.1 A DOE sponsored HPAV Assessment Team Report (February 2009)
recommended using QRA to determine the likelihood of events and the relative importance of
hazards for each pipe route. Direction was given to BNI to proceed with determining the
methodology and criteria on how the QRA was to be used as a design tool by approving Trends
24590-06-03317,06-04210, and 06-04806. BNI proposed to use the QRA model to determine the
potential combustion loads (severity and frequency) for each pipe route susceptible to deflagrations or
detonations. Over the following year progress resolving the HPAV technical issue, including QRA
development, received significant DOE oversight and was tracked monthly. DOE approved criteria
for use ofQRA for the Pretreatment Facility as a design tool in February 2010 (10-NSD-013). The
approved criteria stipulated that maximum waste characteristics were to be used, that an ignition
probability of one was to be assumed at maximum bubble size, that limiting events could not be
probabilistically excluded, that structurally insignificant events could be omitted, and that complete
model documentation was required. As discussed in the SER, these criteria imposed deterministic
constraints on the QRA to ensure adequacy for its intended design purpose.

As part of DOE's response to DNFSB Recommendation 2009-1, a Risk Assessment Technical Expert
Working Group (RWG) was established to assist in the review or development of methodologies for
risk assessments. Through this group, DOE-HSS sponsored a Peer Review of the QRA to assess the
available standards, the model and modeling assumptions, the data and uncertainties, and the QRA
development process. Feedback and recommendations from this review were provided to WTP in a
final report, Peer Review ofWaste Treatment Plant Quantitative Risk Assessment ofHydrogen Events
in Piping and Vessels, dated May 28,2010.

Question lO.A.l.a) Ifdirection and guidance was provided. at what level was it approved and how and
when was it documented?

Response lO.A.l.a) See response to question 10.A.I.
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Question lO.A.I.b) What were the major concerns identified by DOE that necessitated the need to

provide direction and/or guidance?

~esponse lO.A.l.b) At the time the SRD criteria were being finalized and the SER was being
prepared, the HPAV QRA was not a fully mature tool. DOE sought to differentiate those aspects of
the model and its use that warranted approval by DOE as distinct from the many implementation
details that were appropriately the purview ofBNI as the design authority. The Project's HPAV
experimental program provided strong evidence that piping systems could be made capable of
withstanding more severe postulated hydrogen combustion loads. DOE judged it appropriate for
piping systems that were to be relied upon to withstand such loads, however, to be specifically
designed for them. Thus, several of the approved criteria serve to ensure that such loads are
conservatively determined and that credible loads are not eliminated either through application of
probabilistic techniques (showing them to be low in probability) or through any misapplication of
such techniques. Drawing upon early WASH-1400 experience (Rasmussen Reactor Safety Study),
documentation sufficient to ensure a scrutable product was also judged to be important. The SER
(lO-NSD-O13) documents the basis for acceptance of the criteria.

Because no DOE standard or guidance currently exists that directly applies to the use of the QRA, the
Peer Review sponsored by DOE-HSS was aimed at ensuring the QRA effort appropriately took
guidance from process industry developed guidance and good practices.

Question lO.A.I.e) Has QRA been used as a design tool in other nuclear applications?

Response lO.A.I.e) One of the actions in the DOE IP in response to DNFSB 2009-1 is to evaluate
DOE's present use of risk assessment tools in nuclear safety-related decision-making and identify any
opportunities for improvement. The study is to be completed the end of September 2010. DOE will
share the results with the DNFSB as part of the IP process.

Question lO.A.I.d) Compare and contrast DOE QRA guidance to Nuclear Regulatory Commission
guidance on PRAlQRA?

Response lO.A.I.d) The HPAV IRT reviewed the QRA procedure for consistency with NRC
guidance. This comparison is documented in the HPAV Independent Review Team Report,
Hydrogen in Piping and Ancillary Vessels in the Pretreatment Facility ofthe Hariford Waste
Treatment Plant, Section 2.2.2.

Question lO.A.2 Did DOE evaluate the potential conflicts between the use ofQRA at WTP and other
DOE standards? Describe the results ofthis evaluation.

Response lO.A.2 DOE has evaluated the potential conflicts between the use ofQRA at WTP and
other DOE standards in the development of the DNFSB Recommendation 2009-1 Implementation
Plan, dated March 2010, which was accepted by the DNFSB. Specifically, see Section 2 of the 2009­
1 IP where DOE notes that "DOE's predominant approach to managing safety relies on hazard-based
deterministic analyses that are required by DOE nuclear safety directives and rules." DOE also points
out "as identified in the Board's letter, the Department, in some cases, does utilize elements of risk
assessment techniques as part of the development of safety bases for nuclear facilities ... " but it "does
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not have ~ policy or requirements specifically focused on the use of the QRA for nuclear safety
applications..." DOE-Standard (STD)-3009, Preparation Guide for U.S. Department of Energy
Nonreactor Nuclear Facility Safety Analysis, (the "safe harbor" for compliance with Code of Federal
Regulations (CFR) Title lO, Part 830, Nuclear Safety Management, Subpart B), provides clear
direction on the analyses that are required to support safety basis decisions and plainly states that the
Department's approach does not require or expect the level ofdetail analysis necessary for a
quantitative or probabilistic risk assessment.

DOE recently concurred on the response plan to address the findings of the HPAV Independent
Review Team, 24590-WTP-RPT-ENG-l 0-021, Hydrogen in Piping and Ancillary Vessels
Implementation and Closure Plan. The response plan is being revised to address the
Recommendations of the report and provide the WTP approach to integrate the QRA with the safety
basis documents (as appropriate) relative to 10 CFR part 830 and specifically DOE-STD-3009. DOE
will request the Technical Authority Board review and concurrence of the revised plan.

Question lO.A.3 The Hydrogen in Pipes and Ancillary Vessels Independent Review Team (HPAVIRT)
recommended that DOE adopt a de minimis screening criteriafor eliminating initiating events and event

.sequences that have a low frequency ofoccurrence. However, DOE-STD-3009, Preparation Guide for
us. Department ofEnergy Nonreactor Nuclear FaCility Safety Analysis, does not allow the use ofcut-off
frequencies to exclude operational accidents from further analysis (DOE-STD-3009, Appendix A). ifthis
HPAV IRT recommendation were accepted by DOE, how would the conflict between the WTP's use of
QRA and DOE~STD-3009be resolved?

Response to.A.3 The QRA is a design tool being used to determine whether passive accommodation
of the applicable postulated HPAVevents for each route is possible. When the maximum pressure
from credible HPAV events exceeds the practical passive capacity of the route, either a more robust
passive barrier or active preventive controls must be specified. The basis for acceptance of this
approach is documented in the February 15,2010 SER (IO-NSD-013) and is substantiated by the
report of the HPAV IRT (24590-CM-HC4-WOOO-00182-01-00001, Hydrogen in Piping and
Ancillary Vessels in the Pretreatment Facility ofthe Hanford Waste Treatment Plant).

The initial response and approach to addressing the de minimis screening criteria HPAV IRT finding
is presented in 24590-WTP-RPT-ENG-IO-021, Hydrogen in Piping and Ancillary Vessels
Implementation and Closure Plan, As described in this response plan, "our approach is to not screen
events, regardless of frequency."

In order to maintain a meaningful and manageable QRA model, route-specific event sequences will
require screening. This is also addressed in the response plan as follows: "The QRA team will
propose quantitative screening criteria for route-specific event sequences to propose exclusion from
the design model results of those sequences whose quantification is evidently outside the capability of
the QRA model. Such criteria will be chosen to ensure that a broad range of sequence frequencies is
always retained for the route-specific piping design.... After sequences are identified for possible
exclusion, they will be presented for engineering review (as discussed in the response to Finding 2-9)
to evaluate and disposition them. The engineering review will examine the validity of the model for
those sequences to verify that the excluded sequences are not credible or, if they are judge applicable
to the route design, to prevent their exclusion. Applying this process to 3crecn event 3equenees is
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judged to comply with the SRD requirement that the QRA 'not be used to exclude limiting events
such as PRC-DDT that can occur for credible gas configuration conditions.' In other words, the
defined screening process will not eliminate 'credible' conditions."

Question 10.A.4 Has the use ofQRA at the WTP been evaluated to determine ifthe QRA represents an
acceptable method as described in 10 CFR Part 830? What was the outcome ofthis evaluation?

Response 10.A.4 A formal evaluation to determine if the QRA represents an acceptable method as
described in 10 CFR part 830 has not been performed. The QRA has not been finalized and its
application is not fully defined.

DOE recently concurred in the response plan to address the findings of the HPAV Independent
Review Team, 24590-WTP-RPT-ENG-IO-021, Hydrogen in Piping and Ancillary Vessels
Implementation and Closure Plan. The response plan is being revised to address the
Recommendation~ of the report and provide the WTP approach to integrate the QRA with the safety
basis documents (as appropriate) relative to 10 CFR part 830 and specifically DOE-STD-3009. DOE
will request the Technical Authority Board review and concurrence of the revised plan.

Question 10.A.S What role has DOE's HSS had with respect to the adoption ofQRA for the WTP
project?

Response 10.A.S As part its response to DNFSB Recommendation 2009-1, DOE established a Risk
Assessment Technical Expert Working Group (RWG) to assist in the review or development of
methodologies for risk assessments. Through this group, DOE-HSS sponsored a Peer Review of the
QRA to assess the available standards, the model and modeling assumptions, the data and
uncertainties, and the QRA development process. Feedback and recommendations from this review
were provided to WTP in a final report, Peer Review ofWaste Treatment Plant Quantitative Risk
Assessment ofHydrogen Events in Piping and Vessels, dated May 28, 2010. The process for
implementing the recommendations from this review are described in the response plan to address the
findings of the HPAV Independent Review Team, 24590-WTP-RPT-ENG-IO-021, Hydrogen in
Piping and Ancillary Vessels Implementation and Closure Plan.

Question 10.B The WTP is a firstlone-of-a-kind facility with which DOE and BNI have no operating
experience.

Question 10.B.l How was using QRAjustified given the unique aspects ofthe WTP design? Provide this
justification.

Response 10.B.l Quantitative risk analysis is used throughout the chemical and nuclear industries to
assess hazards. The chemical process industry provides standard methodologies, such as Guidelines
for Chemical Process Quantitative Risk Analysis, by the American Institute of Chemical
Engineers (AIChE), Center for Chemical Process Safety (CCPS). There is nothing unique in the
WTP design that prevents the use ofQRA. The HPAV IRT evaluation of using the QRA for HPAV
concluded:
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The QRA approach is acceptable for defining loads to be used in design, and there is a low
probability ofexceeding ~ither their frequency or their magnitude. The combination ofQRA load
definitions, best estimate piping system response calculations and conservative acceptance criteria
developedpursuant to the piping code B31.3 provides a reasonable balance ofprobabilistic and
deterministic elements appropriate for design ofHPAVpiping and components.

While there is nothing unique about WTP design that prevents the use of the QRA, the QRA is being
used for a fundamentally different purpose than the typical PRA or QRA. Risk assessment
techniques are typically used to evaluate plant wide accidents such as plant core melt frequency
(CMF) or a large early release frequency (LERF). In the case ofthe WTP QRA, the objective is to
provide route specific design input information related to the severity and frequency ofhydrogen
events for individual routes in order to prevent a plant accident by designing the piping to maintain
pressure boundary integrity for the postulated events. The use of the QRA for the HPAV analysis and
design is consistent with ASME Pressure Vessel Code Case 2564-1 which states in part the
following:

(a) The User, or his Designated Agent, shall conduct a detailed analysis that examines all credible
scenarios that could result in an overpressure condition. The Causes ofOverpressure described in
Section 4 of API Standard 521, Pressure-Relieving and Depressurizing Systems shall be
considered. An organized, systematic approach by a multidisciplinary team employing one or
more ofthe following methodologies shall be used:

(1) Hazards and Operability Analysis (HazOp)
(2) Failure Modes, Effects. and Criticality Analysis
(FMECA)
(3) Fault Tree Analysis
(4) Event Tree Analysis
(5) What-IfAnalysis

In all cases, the User or his Designated Agent shall determine the potential for overpressure due to
all credible operating and upset conditions, including equipment and instrumentation malfunctions.

Question lO.B.2 The HPA V IRT has recommended the use ofexpert elicitation to develop the QRA.

Question lO.B.2.a) If this recommendation is accepted by DOE, what DOE standard(s) will be applied
to the WTP's use ofexpert elicitation?

Response lO.B.2.a) In the absence of DOE standards for expert elicitation, DOE would apply

existing Nuclear Regulatory Commission's guidance as the available national consensus standard.

Question lO.B.2.b) Are these standards equivalent to the Nuclear Regulatory Commission's position on
the use ofexpert elicitation in support ofPRA?

Response lO.B.2.b) Yes. The Nuclear Regulatory Commission's guidance would be used directly.

Question lO.C The HPAV IRT determined that the QRA was not ready for final design and has made a
number offindings for which they believe corrective actions are necessary.
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Question lO.C.l Describe the schedule for enabling the QRA to be ready for design.

Response lO.C.l Response to the HPAV IRT findings is documented in the response plan, 24590­
WTP-RPT-ENG-l 0-021, Hydrogen in Piping and Ancillary Vessels Implementation and Closure
Plan. The HPAV IRT identified nine findings directly related to the QRA and several other findings
related to the run-up distance correlations as they relate to the Event Progression Logic. The schedule
of major tasks for completing the QRA are discussed in detail in the Hydrogen in Piping and
Ancillary Vessels Implementation and Closure Plan.

Question lO.C.1.a) Who will make the determination that the QRA is ready for design?

Response lO.C.1.a) Closure of the HPAV IRT Findings, the DOE-HSS PRT Recommendations, and
the report of the to be initiated QRA Peer Review Team (discussed below) will be submitted to DOE
for concurrence that the QRA is ready for use in design. The QRA has undergone two independent
reviews. The first review was by a DOE-HSS sponsored Peer Review Team (PRT) that used
Brookhaven National Laboratory (BNL) experts in probability analysis. The most recent review was
completed by the HPAV IRT and upon completion of implementing the RPAV IRT findings, the
final QRA model will undergo a rigorous qualification program that will validate both the
correlations and the software. Closure ofthe HPAV IRT findings will require a comprehensive
review of all aspects of the QRA model. WTP has re-assembled the QRA team to implement the
changes to the QRA and additional experts have been retained to ensure that the software
requirements ofNQA-I-2000 and DOE Order 414.1C are met. A team of three PRA e~perts will
make the determination that the QRA is ready for design. The team of PRA experts will be made up
of the HPAV IRT member, a member from the DOE-HSS sponsored PRT and one additional,
nationally recognized expert that will be retained under subcontract. This DOE HSS PRT team will
review the changes to the QRA and determine it is ready for use in design. The HPAV IRT findings
will be closed once the model changes are agreed to by the WTP QRA team and the QPRT. Once the
model is finalized it will be verified and validated (V&V'd) as required by DOE Order 414.1C. After
successful completion of the V&V process the QRA will be ready for use in design of the WTP. This
process is described in the response plan to address the Findings of the HPAV Independent Review
Team, 24590-WTP-RPT-ENG-I0-021, Hydrogen in Piping andAncillary Vessels Implementation
and Closure Plan.

Question lO.C.1.b) How will the determination be made?

Response lO.C.1.b) See response to question to.c.l.a) above.

Question lO.C.2 Describe the safety-related risks posed by using the QRA in its currentform.

Response lO.C.2 Safety-related design risk as used in this question response package refers to the
WTP project and/or technical risk associated with the implementation of a design that has not yet
been confirmed to be capable of providing its intended function. As described in the response to
question W.C.l.a) the· QRA model will be revised to address the findings of the HPAV Independent
Review Team and the PRA Peer Review Team. The QRA will then be reviewed to determine
whether it is ready for use in design. The revised model will be V&V' ed before its use in confirmed
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design. New HPAV related designs will not be issued until the supporting analytical tools are in
place.

Question lO.C.3 How is DOE managing these risks?

Response lO.C.3 As stated in 1O.C.2 the QRA is not being used for design in its current form.

Question lO.D How will the assumptions used in the QRA be managed over the life afthe WTP?

Response lO.D A formal evaluation to determine how the QRA will be used in constructing the
safety basis has not been performed yet. If it is determined from this evaluation that there are
assumptions used in the QRA that are key to the development of the safety analysis, then protection
of those assumptions will be necessary. If assumptions from the QRA require protection it will be
necessary for the Project to .establish the framework, means, and methods for managing these
assumptions over the life of the WTP.

Question lO.D.l What QRA assumptions have the greatest impact on the WTP piping and component
design?

Response lO.D.l A sensitivity analysis will be completed based on the revised QRA (24590-WfP­
RPT-ENG-1O-008) upon implementation of the HPAV IRT findings. The preliminary sensitivity
analysis of the current QRA model before implementation ofthe HPAV IRT findings showed that
probability of ignition, HGR, event durations, and physical layout of route (i.e., are there many dead
legs?) had the greatest impact. As the multi-disciplinary team reviews are conducted to evaluate the
design, the impact of specific assumptions about operations, fault conditions, and recovery plans for
each HPAV-affected pipe route will be documented to identify operational aspects that have the
potential to affect the outcome of results.

Question lO.D.2 The hydrogen generation rate used in the QRA is postulated to be conservative. What is
the potential impact(s) on plant operations ifthe hydrogen generation rate is greater than postulated in
the design and safety bases (i. e., impact on PTF throughput)? How will the risks ofthis potential impact
be managed?

Response to.D.2 The HGR is a well documented variable and the correlation is well established and
proven. An assessment of the uncertainty in the HGR correlation used to estimate generation rates at
different points in the facilities is contained in a memorandum, G.M. Duncan to R. E. Edwards and R.
M. Kacich, "Partial Response to Condition of Acceptance Item 2.3 on Evaluation of Uncertainty in
the WTP HGR Correlation", December 28,2009 (CCN 142843). The assessment shows that there is
appreciable margin against the possibility that the correlation may underpredict the generation rate for
a given feed batch. An analysis of incoming LAW and HLW feed is provided comparing the
predicted generation rate for each feed batch against that rate calculated. A minimum safety factor of
3 is shown for all batches, with the preponderance of the batches having a factor of 10 or better. The
memo notes a number of other conservatisms in calculating the generation rate and determining the
time to the LFL in vessels. The memorandum also notes that as part of a feed batch pre-qualification
(that starts six months before a feed batch is delivered), the actual HGR is measured at different steps
in the treatment process to confirm it is within design and safety limits; the correlation prediction is
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no tonger relied on. This approach precludes delivery of a batch that generates more hydrogen than is
allowed. Given the remote possibility of a feed batch being out of specification in this respect, there
would be no appreciable impact on plant operations.

WTP manages the teclmical risk of higher HGRs in two ways I) as described above, conservative
HGRs are used in design, and 2) 24590-WTP-ICD-MG-OI-OI9, Revision 4 requires that the waste is
sampled and the HGR is calculated prior to transfer to the WTP. Out of specification waste is not
accepted and must be blended or otherwise treated before it can be transferred. As stated in Section
2.3.1, "Ifthe waste does not meet the Safety Authorization Basis (SAB), the criteria for compatibility
or pH, the limits in Tables 5 through 8 ofthis lCD, the WTP Contractor or the TFC, or both, will
determine and take actions necessary for the WTP Contractor to be able to receive the feed, such as
waste conditioning or adjustment, or negotiation with DOE. "

Question lO.E How will the QRA be verified and validated (V&V)?

Response lO.E The QRA will be V&V'd in accordance with the QRA V&V plan that will be issued
following the QRA Peer Review. This V&V plan will be consistent with the DOE requirements for
safety-related design software. The results of the V&V plan will be documented in a V&V report that
will be issued to document completion of the V&V. These are documents required by WTP software
quality procedures (SQP) and WTP procedure 24590-WTP-3PS-GOOO-T0045, Supplier Design
Analysis with Developed Software. As the QRA is in development and undergoes testing, routine
reviews and audits for software quality and compliance with SQPs will be conducted to ensure
software quality.

Question lO.F Will an independent entity perform the V& V?

Response lO.F No independent entity is expected to perform the V& V, however, a team of three
probability experts will make the determination that the QRA is ready for design. The team of
probability experts will be made up of the HPAV IRT member, a member from the DOE-HSS
sponsored PRT and one additional, nationally recognized expert that will be retained under
subcontract. This QRA Peer Review Team (QPRT) team will review the changes to the QRA and
determine it is ready for use in design. The V&V will be performed by a team of personnel
comprised of engineers, operators, software experts and probability experts of WTP (BNI, WGI and
URS Safety Management Solutions) and BNI Subcontractors such Dominion Engineering
Incorporated (DEI) and Global Nuclear Network Analysis (GNNA), and personnel (URS SMS) from
other DOE complex sites such as Savannah River.

Question lO.G What standard will be used to perform the V& V?

Response lO.G Dominion Engineering, Inc (DEI) is responsible for development of the QRA
software. The software will be developed in accordance with the requirements of 24590-WTP-3PS­
GOOO-T0045, Supplier Design Analysis with Developed Software. The requirements for the V&V are
defined in Section 6.9 and specific test cases and will be documented in the V&V Plan and V&V

report.
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Question lO.H Will DOE implement a research plan to gather the data upon which to quantify and
model a credible QRA. Describe the research plan?

Response lO.H There are currently no research plans to gather additional data required to support the
WTP QRA beyond the plans necessary to address the HPAV IRT Findings. These plans are
described in 24590-WTP-RPT-ENG-IO-021, Hydrogen in Piping and Ancillary Vessels
Implementation and Closure Plan

DOE, under the leadership of the Office of Nuclear Safety Policy and Assistance within the Office of
Health, Safety and Security (HSS) is perfonning a study and collecting data on the applications of
risk assessments (including QRAs) within DOE and at other Federal Agencies and industries to
identify how DOE can improve its use of risk assessments in nuclear safety applications.

. This study and data collection is scheduled to be completed in September 2010 and the results of it
will be utilized to support development of a DOE Standard or Guide (as appropriate and needed) on
the use of risk assessments. The study will also identify additional studies or research that might be
useful to support the appropriate use of risk assessments (including QRAs) within DOE to support
nuclear safety decisions.

Question 11. Hydrogen in Pipes and Ancillary Vessels Independent
Review Team

Responses to Question 11 were developed by:

Primary authors:

u.s. Department of Energy - Office of River Protection

Ben Harp, Acting Assistant Manager for Waste Treatment Plant Integration

Hanford Tank Waste Treatment aDd [mmobili7..atjou Plant Project

Greg Ashley, Project Technical Director

Contributing authors:

Hanford Tank Waste Treatment: and I'mmobilization Plant Project

Jeff Monahan, Project Engineering Manager, Pretreatment Facility

Tom Patterson, Manager of Engineering

Mike Wentink, Technical Issues Manager, HPAV & 1066
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Question il.A On February 15,2010, DOE approved the revised HPAVsafety design strategy for use in
design and procurement ofPTF HPAV affected piping (beginning with Planning Area 3). The HPAV IRT

concluded that the new design approach for HPAVpiping and components would not be acceptable until
the models, assumptions and methodology involved in the approach were improved to resolve the HPAV

IRT's findings. What are the potential impacts on the WTP?

Response il.A There are no physical impacts on the currently constructed WTP SSCs, i.e. there will
be no re-work required. HPAV design changes were not issued between the DOE approval of the
design strategy and the issuance of the HPAV IRT final report. Further, no HPAV design changes
will be issued until the HPAV IRT findings have been closed and the design criteria updated, as
required. Closure responses to the findings are detailed in Hydrogen in Piping and Ancillary Vessels
Implementation and Closure Plan, 24590-WTP-REP-ENG-1O-021. After closure of the findings and
subsequent update of the design criteria, the WTP will re-analyze the HPAV-affected piping to
determine the effects of the postulated HPAV events and will develop design changes as appropriate.
These anticipated design changes will generally be of the following types:

• Increase in pipe schedule (some pipe may have to'be re-procured since a significant percentage of
the pipe was previously released [prior to 2005]. Pipe that may be changed has been placed on
hold.)

• Modification of or the addition of supports

• Removal of control lines, controls (e.g. valves, instruments, etc.), and bulges

Question 1l.A.! Describe the procurement schedule for HPAV affected piping and components as
compared to the schedule ofactivities necessary to resolve HPAV IRT team findings.

Response 1l.A.! The procurement schedule has not been developed to indicate all of the HPAV­
affected piping and components. Major procurement items such as the HPAV Bulges (QL-MRA­
PY33-0007) have been identified in the July month-end procurement schedule and are planned to be
released for quote starting in June 20 II.

Bulk commodities such as piping are procured by the planning area in which the piping is located.
Most of the BC piping was released by engineering with the exception of some of the HPAV control
piping. Some BC HPAV control piping that was issued by engineering was then placed on
procurement hold. The released piping is either in backlog to fabrication or may be on site if the
original release was before 2005.

Bulk instrumentation is scheduled by instrument type and released based on priority.

Use of the QRA in the issued design will follow implementation of the HPAV Closure Plan. This
will require release of some BC control piping (approximately 1200 lineal ft to fabrication to support
the construction schedule and piping module assembly. If the final design does not require these
controls, the piping will be either removed from the module or capped and abandoned in place.
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Question 11.A.2 Have HPA V-affected piping and/or components been procuredfor any WTP facility?

Response 11.A.2 Yes, much of the piping was designed and procured before the design of the active
controls was initiated in 2008. Design has been issued, but most HPAV affect design that was
changed in 2008 has not been released for procurement o~ modification.

Question 1l.A.2.a) Are any HPAV-afftcted piping and/or components installed?

Response 1l.A.2.a) No HPAV affected piping or mechanical components (valves or equipment)
have been installed in the PTF facility as of August 18th, 2010. There are embeds already placed in
the concrete to accommodate HPAV bulges.

Question 1l.A.2.b) Ifyes, how was the appropriate pipe schedule selected given that elements ofthe
HPAV design strategy are not yet complete (e.g., the QRA)?

Response 1l.A.2.b) As stated in Il.A.2.a, no HPAV affected piping or mechanical components have
been installed as of August 18,2010. The majority of the piping procured to date is Schedule 40 and
a majority of the spools were procured before 2005. Calculation 24590-WTP-M6C-MIIT-00007
Revision C, Hydrogen In Piping And Ancillary Vessels Database (since Cancelled) was used as
input to support design determ~ation of what HPAV related vents and flushes would be required,
along with the BOD, SRD and PDSA in effect in 2008. Additional HPAV controls were added to the
design of previously procured pipe.

Question 11.A.2.c) Given HIRTfindings and recommendations, are there any pipe or components that
can no longer be used (mUst be discarded)?

Response 11.A.2.c) This is unknown at this time. The analysis will not be complete until the
V&V' d QRA tool has been updated to reflect the HPAV IRT comments and the piping has been
analyzed for the postulated HPAV loads. WTP is in the process of placing 29 pipe lines on
installation hold for potential upgrade to Schedule 80. Based on judgment, these are lines for which
there may be an opportunity to remove HPAV controls from the design if a higher schedule pipe is
used. In addition, a limited amount of HPAV control piping spools has been released for
procurement, which later may not be required, in order to support construction sequencing (251
Lineal feet in planning areas 01B, 01C and 010).

Question 11.A.3 IfHPA Vpiping or components have not been procured, is the tentative procurement
schedule tied to the resolution offindings from the HIRT?

Response 11.A.3 Yes, a phased approach has been taken to implement the HPAV changes in the
project plan. Implementation of the changes is planned in multiple phases. Only the first phase has
been implemented which started the initial data collection, sample runs of a preliminary QRA and
sample piping analysis for the postulated HPAV loads. The second phase, which will include the
development of design revisions and detailed procurement schedule, will not be implemented until
the HPAV IRT Findings have been resolved and the validation and verification (V&V) of the QRA is
completed.
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Question 11.A.3.a) Will the project wait until the HPAVsafety design strategy is complete before
beginning procurement ofHPA V-affected piping and components (e.g., QRA and ANSYSfinite element
model, component testing or analysis)? Ifnot, what are the potential safety-related impacts ofthis

decision?

Response 1l.A.3.a) The project does not intend to release or install piping affected by HPAV. This
will ensure that the HPAV criteria, methodology and implementing procedures and tools are complete
and will minimize the potential for rework and additional project cost. HPAV affected components
that will be qualified by test will be released for procurement, with the final test and acceptance
criteria in accordance with the required project schedule.

There are no adverse impacts associated with allowing the procurement to proceed where required to
support the overall project schedule. The recommended design changes are being developed in
accordance with the approved WTP Quality Assurance Manual (QAM) (24590-WTP~QAM-QA-06­
001). Paragraph 3.1.2.8.4 of the QAM states, "Design verification shall be performed prior to

. releasing the design for procurement, manufacture, construction, or use by another design
.organization except where this timing cannot be met, such as when insufficient data exists."
Paragraph 3.1.2.8.4.2 further states "In all cases the design verification shall be completed prior to
relying upon SSCs or computer programs to perform its function and before installation becomes
irreversible....". Because all HPAV design will be verified before the change is irreversible, there are
no expected adverse impacts where we need to support the project schedule.

Question H.A.3.b) When is the procurement ofHPAV-affected piping and components scheduled to
begin?

Response H.A.3.b) Design changes to HPAV affected piping will begin after the HPAV IRT team
comments are incorporated, the QRA is V& V' d. Procurements will be completed in accordance with
the QAM requirements as discussed in 11.A.3.a) above. The current forecast for production use of
QRA is February 2011. Refer to Il.A.3 regarding the detail in the current forecast schedule. WTP
has been actively replanning the procurement schedule for future items that are HPAV affected so
that they do not significantly effect the overall construction completion schedule.

Question 11.B What are the impacts to the project schedule from delaying procurement ofHPAV
affectedpiping and components ifprocurement is tied to resolution ofHPA V IRTfindings and
completion ofthe HPAV safety design strategy?

Response H.B The impacts to the project critical path will be mitigated as necessary as noted in
11.A.3.a).

WTP will accomplish this by:

• Identifying the HPAV affected piping in the TEAMWORKS database

o HPAV Control Piping that has been identified from the baseline design which may not be
required pending completion of analysis.

o HPAVaffected process piping that may be upgraded to a higher schedule if a HPAV
control were removed which include:
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• Pump suction lines

• Non-Newtonian return lines in the BC

• FRP HTR lines

• Reviewing the location of the affected lines in the model in relationship to the construction work
packages

• Identifying those spools which must be procured to support construction installation. This will be
of special concern in the piping modules where the piping needs to be staged long in advance of
the piping module insertion into the BC.

• Releasing the procurement holds on the spools in accordance with the Quality Assurance Manual
(24590-WTP-QAM-QA-06-00 1, paragraph 3.1.2.8) on the piping which would otherwise drive
the construction schedule, recognizing that removal of the hold may increase Project costs in the
future.

Most of the current impacq; would be related to piping procurement and staging (installation) in the
BCs. Components that are required to support the project schedule will be released in accordance
with 24590-WTP-QAM-QA-06-001, paragraph 3.1.2.8.

Question H.C The HPA V IRTfound that elements ofthe HPAV safety design strategy were not
complete, e.g., critical calculations supporting the safety basis were draft or not yet complete and the
QRA was notfinished.

Question H.C.! What was DOE's basis for approving the HPAV safety design strategy when critical
parts ofthe design methodology were not complete?

Response H.C.! DOE approved HPAV functional performance requirements in the Preliminary
Documented Safety Analysis Addendum with a SER issued November 2, 2009 (DOE Letter 09-NSD­
044), because they were considered necessary to guide the development ofappropriate HPAV design
criteria. DOE reaffirmed the requirement for no significant piping system deformation in BC and
HTR areas and permitted only limited deformation for Hot Cell piping systems, ensuring significant
margin to failure. The proposed HPAV design criteria were found to be insufficiently supported and
not approved (Condition of Approval (COA #1)) at that time.

In a second SER issued February 15,2010 (DOE Letter 10-NSD-013), DOE approved substantially
revised HPAV design criteria proposed for inclusion in the SRD following .their review and
acceptance by outside experts in the ASME B31.3 Code and its application in the nuclear industry.
Approved criteria were seen as the final safety basis step necessary for BNI to develop and test
detailed implementation methods. The developing implementation strategy was subsequently
reviewed by the HPAV IRT. DOE viewed interim approvals as necessary feedback to BNI for this
complex, first-of-a-kind design approach.

Question H.C.2 What is the timeline for completion ofmodifYing the HPAVsafety design strategy to
address HIRTfindings/recommendations?

Response H.C.2 The Hydrogen in Piping and Ancillary Vessels Implementation and Closure Plan,
24590-WTP-RPT-ENG-l 0-021, Rev. 0, provides forecast milestone dates for resolution of HPAV
IRT Findings.
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Question 1l.C.3 Which HIRT recommendations will DOE accept?

Response 11.C.3 Initially, DOE will accept only. those HPAV IRT Recommendations determined to
warrant inclusion in the response closure plan to support completion of the WTP designs. Many of
the Recommendations have longer term applicability both to DOE's response to DNFSB 2009-1 and
to the support ofWTP operations. These Recommendations will be addressed in the context of those
efforts, as appropriate.

Question 1l.C.4 What is the basis for rejecting the remaining HIRT recommendations?

Response 11.CA As discussed in Il.C.3, none of the HPAV IRT Recommendations are being
rejected at this time. In the longer term, only those few that do not apply to ongoing activities are
expected to be rejected. For example, R4-16 pertaining to experimental modal analysis is seen to
have little applicability unless the need for a new experimental program emerges.

Question n.c.s How will DOE verify that HIRTfindings have been properly addressed consistent with
the HIRT's intent?

Response H.C.S DOE has concurred with the closure plan for the HPAV IRT Findings
(10-WTP-205). Then, as part of DOE's oversight role, plans are being made for the DOE
Engineering Division to monitor and assess closure implementation. [DOE is also planning to assess
DOE's oversight of the closure process]. Further, the plan for addressing HPAV IRT Findings
requires the IRT to review and concur that the Finding has been adequately addressed.

Question H.D Will DOE require a separate independent review ofthose elements ofthe HPAV safety
design strategy that were not reviewed by the HIRT? Ifyes, describe this review.

Response H.D The two principal elements of the HPAV safety design strategy that were not
reviewed by the HPAV IRT are the design of active preventive systems for those piping routes that
cannot demonstrate passive accommodation of HPAV loads and the design of ancillary vessels which
also utilize active preventive systems. These designs are judged to involve more conventional
engineering considerations amenable to traditional oversight methods and thus not warranting an IRT.
DOE would require a separate independent review only if additional (unexpected) changes in design
methods or unusual complexity arise.

Additionally, the details ofthe test and acceptance criteria for qualification of HPAV affected
components by test were not presented to the HPAV IRT. BNI will be expected to have those details
reviewed by the appropriate members of the HPAV IRT (or other expert IRT) when the details are
available.
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Question 12.

Responses to Question 12 were developed by:

Primary authors:

u.s. Department of Energy - Office of River Protection
Ben Harp, Acting Assistant Manager for Waste Treatment Plant lntegration

Hanford Tank Waste Treatment and Immobilization Plant Project
Greg Ashley, Project Technical Director

Contributing authors:

California Institute of Technology
Dr. Joseph Sheperd, DOE Consultant

Question 12 DOE engaged outside experts in addition to the HPAV IRT to evaluate the revised HPAV
safety design strategy, i.e., Dr. Joseph Shepherd ofthe California Institute of Technology, and ASME
code experts Mr. George Rawls and Mr. Ronald Haupt. Have the concerns expressed by these experts
been satisfactorily resolved?

Response 12 Agreement was reached with these experts resolving the concerns they identified
during their review of the Project's HPAV criteria The resolution was documented to support the
SER (10-NSD-O 13 dated 2/15/10) approving the criteria. Confimlation of these resolutions and of the
criteria was provided by the HPAV IRT review process that addressed these aspects of HPAV
implementation.

.Question 12A For example, Dr. Shepherd expressed concerns regarding Dominion Engineering
Incorporated calculations in a letter to DOE dated March, 27, 2010. Were the concerns expressed by Dr.
Shepherd in this and other correspondence resolved (e.g., strain data from the pressure reflected
deflagration-to-detonation transition (PRC-DDT) tests conducted at the SwRI)?

Response 12A Specifically with respect to Dr. Shepherd's March 27, 2010 letter, BNI/Dominion
Engineering have been working to resolve his comments but have yet to close them. These will be
addressed and reflected in calculation revisions responding to the HPAV lRT findings.
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Question 12B Describe the process for resolving Dr. Shepherd's technical concerns. Ifthe concerns
expressed by Dr. Shepherd have not been resolved, are the concerns tracked by DOE and will the
concerns be formally resolved? Will Dr. Shepherd verify·that their resolution is technically acceptable? If
not, describe how his and other DOE outside expert's concerns will be resolved.

Response 12B The following process is typical of how DOE external consultants comments are
addressed. Dr. Shepherd provides comments to the DOE Technical Point of Contact (TPOC). The
TPOC reviews the comments with Dr. Shepherd to ensure proper understanding of the issues. The
TPOt then provides comments to BNI to address with their subcontractors as appropriate. If
clarifications are needed, a teleconference with Dr. Shepherd, the TPOC, BNI TPOC, and appropriate
subcontractor occurs. Proposed dispositions of the comments are prepared and reviewed by the DOE
TPOC and Dr. Shepherd for adequacy. An email record is the typical method to indicate preliminary
acceptance of the dispositions. Final acceptance by Dr. Shepherd comes by way of email or letter to
the DOE TPOC indicating his review of the implemented dispositions and acceptance or rejection.
This process continues until Dr. Shepherd accepts closure of the issue.

Question 13. Safety Aspects of Pulse Jet Mixing Design

Responses to Question 13 were developed by:

Primary authors:

U.S. Department of Energy - Office of River Protection
Delmar Noyes, Deputy Assistant Manager, Waste Treatment and Immobilization Plant Project

Hanford Tank Waste Treatment and Immobilization Plant Project
Russell Daniel, Production Engineering Manager

Contributing authors:

Hanford Tank Waste Treatment and Immobilization Plant Project

Todd Allen, Safety Implementation Manager
Steve Barnes, Process Technical Manager
Donna Busche, Environmental & Nuclear Safety Manager

Robert French, M3 Issue Closure

Phil Kuehlen, Commissioning/Facilities Operations Manager
Tom Patterson, Manager of Engineering

Robert Voke, Discipline Production Engineering Manager

Questions 13 through 2\ are related to the WTP's Pulse Jet Mixed (PIM) Vessel safety aspects, design
and control strategies external evaluations, waste characteristics and evaluated test performance. The
project responses have been primarily derived from the WTP Integrated Pulse Jet Mixed Vessel Design
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and Control Strategy, M3 Vessel Assessments and bases, safety documentation, control strategies,
external expert evaluation feedback and existing waste qualification information.

The strategy supplements the M3 Inadequate P1M Mixing System Design External Flow Sheet Review
Team Recommendation Issue Response Plan (IRP) and serves as a roadmap for disposition of all
remaining PJM-related technical issues. The primary technical issues are related to three potential safety
concerns:

• The potential for criticality due to the accumulation (collection) of fissile materials;

• The generation of hydrogen due to the accumulation of solids; and

• The potential for P1M overblows (discharge of air from the P1M) due the inability to control the
PJMs as a result of the accumulation of solids impacting the vessel level detection system.

The strategy consists of three distinct phases.

• Phase 1 is the closure of the M3 EFRT issue and achievement of the targeted technology readiness
level based on the IRP. Phase 1 has been completed and consisted of the following key' activities:

a Definition of the mixing requirements including the design basis waste feed properties.
[Questions 16,20 and 21]

a Assessment <;Jf each vessel agai£!.st its specific mixing requirement. The assessments were
completed by design analysis that was underpinned by testing. [Questions 13A, 13B, t3C, t3H,
131, and 13G]

a Identification of recommended design, operational and contract changes. [Question 138]

a Identification of the methods that will be used for design confirmation. [Question 13G]

During the closure of Phase 1, external reviews by the Consortium for Risk Evaluation with Stakeholder
Participation (CRESP) [Question 14] and the Savannah River National Laboratory (SRNL) [Question 17]
were conducted. In addition, the Pacific Northwest National Laboratory (PNNL) supported the testing
that has been conducted [Questions 130 and l8].

• Phase 2 is the closure of additional issues identified with the P1M control (bubblers), suction line
design, and sampling systems. These issues will be closed in part by completion of large-scale
prototypical tests of a Newtonian and Non-Newtonian vessel configuration [Question 19].
Additional technical issues identified by the DNFSB, CRESP, SRNL, and PNNL [Questions 13E, 14,
17, and 18] external review groups related to aspects of the criticality control and gas release
strategies will be resolved during this Phase.

• Phase 3 is the completion of the design change process to implement any required vessel or
supporting system changes and confirm the design for the PJM·mixed vessels/systems. [Questions
t3F, 13G, and 15]

With the execution of this three phase strategy, DOEIWTP is committed to resolving the potential safety
concerns associated with the accumulation of fissile materials, hydrogen generation, and performance of
the vessel level control that could impact P1M operation (overblow events)
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Question 13.A Describe the small-scale test platform.

Response 13.A Document 24590-WTP-RPT-PET-08-009, Revision 1, Functional/Design
Requirementsfor the M3 PJMTest Platform provides a full description of the small-scale test
platform. Specifically, Section 4 provides the functional requirements; Section 5 provides the design
requirements; and Section i I identifies the interfacing systems.

In addition, Section 4 of document 24590-PTF-PL-PET-10-000I, Revision I, Planfor M3 Test
Platform Testing, provides a description of the key small-scale test platform equipment.

Question 13.A.1 What scale factors were chosen for each vessel simulated in the WTP?

Response 13.A.1 The scale factors are as follows:

• UFP-VSL-OIAIB (Ultrafiltration Process) has a scale factor of 5.5.

• FEP-VSL-17AlB (Evaporator Feed) has a scale factor of 6.1.

• HLP-VSL-22 (HLW Feed Receipt) has a scale factor of 10.6.

• FRP-VSL-02A1B/CfD (Feed Receipt Process) has a scale factor of 13.0.

Question 13.A.1.a) What is the technical basis for their selection?

Response 13.A.1.a) DOE G 413.3-4, Technology Readiness Assessment Guide, defines
Engineering/Pilot scale testing as that conducted between 1I10th scale and full scale, with provision
that the scale may vary based on engineeril1gjudgment. Document 24590-WTP-ES-PET-09-001,
Revision 0, M3 Platform Test Data Study, Section 4.1 Static Scaling - Test Stand Prototypicity
summarizes the technical basis for platform design. The original test platform was developed with
PlM arrays for the FEP-17 and HLP-22 vessels with scale factors of6.1 and 10.6, respectively. After
fabrication of the test vessel, the FRP PJM array was fabricated which resulted in a scale factor of
13.0. Based on the low weight percent solids in this vessel and the testing of similar arrays for the
HLP vessel, the scale factor of 13.0 was considered acceptable based on engineering judgment.

Question 13.A.l.b) What are the technical strengths and weaknesses in the selection ofthese scale
factors?

Response 13.A.1.b The technical strength associated with the selected scale factors is that the scale
factors for the UFP-Ol and FEP-17 vessels (5.5 and 6.1, respectively) are well within the scaling
guidance provided in DOE G 413.3-4, Technology Readiness Assessment Guide (scale factor of 10.0).
These lower scale factors provide added assurance in overall vessel performance at full scale.

The technical weaknesses are associated with the selected scale factors for the HLP-22 and FRP-2
vessels.

• The scale factor for the HLP-22 vessel is slightly outside the recommended scale factor of 10.0
but was determined to be satisfactory based on engineering judgment.
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• The scale factor for the FRP-02 vessels was greater than the recommended scale factor from the
guide. However, based on the low weight percent solids (3.8 wt% solids with a settling velocity
less than 0.3 ft/min) in this vessel and the testing of similar arrays for the HLP vessel, the scale
factor of 13.0 was considered acceptable based on engineering judgment.

Question l3.A.Le) Were the vessels tested a geometric match to the actual vessel design? lfnot, please
identifY and discuss the significance ofany differences.

Response 13.A.Le) CCN 186341, M3 Test Platform - Prototypic Comparison, compares the M3 test
stand to the WTP plant design with respect to prototypicity. Attachment 1 of the referenced
document provides a summary for 14 attributes. The comparison includes an appraisal of differences,
and concludes that none significantly impacts conclusions related to M3 closure.

Question l3.A.Ld) What are the technical risks associated with performing scaled tests in vessels that
lack geometric similarity?

Response 13.A.Ld) As stated in the Handbook ofIndustrial Mixing, Changing geometry on scale-up
is a very complex undertaking that should be avoided whenever possible. As documented in CCN
186341, the Mid-Columbia Engineering platform achieves geometric similarity. There are no
technical risks.

Question 13.B Describe the safety-related test objectives that were closed with the small-scale testing.

Response 13.B Section 3.0 of 24590-WTP-RPT-ENS-IO-002, Revision 2, M3 Criticality Safety Test
Requirements, summarizes the issues and resolution strategies related to M3 that are associated with
the current approach taken in the CSER for ensuring criticality safety. Section 4.0 identifies test
requirements to support criticality safety. These test requirements were completed during the M3
testing campaign.

Document 24590-PTF-PL-PET-10-000I, Revision 1, Planfor M3 Test Platform Testing, documents
the test objectives, success criteria, and primary test data for each specific mixing criteria for the
vessels tested. The safety-related test objectives are related to the following mixing
criteria/requirements:

• Limit solids accumulation

• Sampling (criticality and hydrogen release)

• Release gas

Question 13.B.1 What was the testing strategy for resolving solids accumulation issues?

Response 13.B.1 Document 24590-PTF-PL-PET-1O-0001, Revision I, Planfor M3 Test Platform
Testing, documents the testing strategies, including test objectives, success criteria and primary test
data, for each specific mixing criteria for the vessels tested. Section 5.2 of this document provides a
description of the overall testing strategy. Section 5.3 provides a description of the testing for the
limit solids accumulation criteria.
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Question 13.B.2 What was the testing strategyfor resolving gas retention and release issues?

Response 13.B.2 Document 24590-PTF-PL-PET-IO-0001, Revis~on 1, Planfor M3 Test Platform
Testing, documents the test strategies, including test objectives, success criteria and primary test data,
for each specific mixing criteria for the vessels tested. Section 5.2 of this document provides a
description of the overall testing strategy. Section 5.4 provides a description of the testing for the
release gas criteria.

Question 13.B.3 What are the technical strengths and weaknesses in these testing strategies?

Response 13.B.3 The technical strengths with these testing strategies are:

• The ability to visually observe the bottom clearing for the limit on solids accumulation criteria.
• The ability to visually observe the bottom mobilization for the release gas criteria.
• The NQA-l measurements and data analysis of the solids remaining in the heel for direct

comparison to the starting concentrations and particle size distribution.
• The ability to utilize the data to benchmark analytical tools (models).

The technical weaknesses with these testing strategies are:

• Due to the small-scale testing, the test velocity was required to be scaled. In order to mitigate the
uncertainties with the scaled velocity, testing was conducted at multiple scale factors. In
addition, the final prototypic testing was used to underpin the analytical methods that were
utilized to assess full scale performance. As such, the uncertainty in the jet velocity due to
scaling for the prototypic testing was minimized.

Question 13.B.4 Discuss how the results ofthe small-scale testing change the design ofthe WTP.

Response 13.B.4 Based on initial testing results, design and operational changes (as discussed in the
responses to questions 13.BA.a), 13.B.4.b) and13.B.4.c) below) were identified and tested in the
small scale test platform. The results of these experimental configurations were reviewed, analyzed
and the recommended design configuration was documented in the following Engineering Studies.

• 24590-PTF-ES-ENG-1O-001, HLP-VSL-00022 - Feed Receipt Vessel Engineering Study for M3
(Closure Criterion 3);

• 24590-PTF-ES-ENG-l0-002, FEP- VSL-OOO17AlB - Waste Feed Evaporator Engineering Study
for M3 (Closure Criterion 3); and

• 24590-PTF-ES-ENG-IO-003, UFP-VSL-00001A1B - Ultrafiltration Preparation Feed Vessel
Engineering Study for M3 (Closure Criterion 3).

The recommended changes were then assessed against the vessel specific mixing requirements and
final recommendations were provided for the specific design changes. The design change
recommendations are provided in the foHowing vessel assessments.

• 24590-WTP-RPT-ENG-08-021-06, EFRT Issue M3 PJM Vessel Mixing Assessment, Volume 6­
FRP-VSL-00002A1B/CID, Table 1;
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• 24590-WTP-RPT-ENG-08-021-07, EFRT Issue M3 PJM Vessel Mixing Assessment, Volume 7 ­
UFP-Ol, Table 1;

• 24590-WTP-RPT-ENG-08-021-08, EFRT Issue M3 PJMVessel Mixing Assessment, Volume 8­
HLP-22, Table 1; and

• 24590-WTP-RPT-ENG-08-021-09, EFRT Issue M3 PJM Vessel Mixing Assessment, Volume 9­
FEP-VSL-OOO 17AlB, .

Finally, the recommended changes were reviewed by the TSG. The closure packages listed below
identify the changes that were approved by the TSG. The recommended changes are then
implemented into the design following the WTP Design Change Process.

• CCN 220452, Technology Steering Group - Issue Closure Record - Partial Closure EFRT Issue
M-3 (Closure Package Volume 6, FRP-VSL-00002A1B/C/D), Inadequate Mixing System Design;

• CCN 220453, Technology Steering Group - Issue Closure Record - Partial Closure EFRT Issue
M-3 (Closure Package Volume 7, UFP-VSL-OOOOI AlB), Inadequate Mixing System Design;

• CCN 220454, Technology Steering Group -Issue Closure Record - Partial Closure EFRT Issue
M-3 (Closure Package Volume 8, HLP-VSL-00022), Inadequate Mixing System Design; and

• CCN 220455, Technology Steering Group - Issue Closure Record - Partial Closure EFRT Issue
M-3 (Closure Package Volume 9, FEP-VSL-00017A1B), Inadequate Mixing System Design.

Question 13.B.4.a) What physical changes to the vessels were made to improve mixing performance?

Response 13.B.4.a) The recommended physical changes are documented in Attachment 1 to the
following closure packages for the EFRT M-3 Issue.

• CCN 220452, Technology Steering Group - Issue Closure Record - Partial Closure EFRT Issue
M-3 (Closure Package Volume 6, FRP-VSL-00002A1B/C/D), Inadequate Mixing System Design;

• CCN 220453, Technology Steering Group - Issue Closure Record - Partial Closure EFRT Issue
M-3 (Closure Package Volume 7, UFP-VSL-OOOOI AlB), Inadequate Mixing System Design;

• CCN 220454, Technology Steering Group - Issue Closure Record - Partial Closure EFRT Issue
M-3 (Closure Package Volume 8, HLP-VSL-00022), Inadequate Mixing System Design; and

• CCN 220455, Technology Steering Group - Issue Closure Record - Partial Closure EFRT Issue
M-3 (Closure Package Volume 9, FEP-VSL-00017A1B), Inadequate Mixing System Design.

The following is a summary of the key design changes that were recommended:

• Adding additional P1Ms to 3 vessels (HLP-VSL-00022 and UFP-VSL-OOOO 1AlB);

• Increasing P1Mjet velocity for 5 vessels (FEP-VSL-00017A/B and FRP-00002B/C/D);

• Changing the P1M nozzle angle for 9 vessels (HLP-VSL-00022, UFP-VSL-OOOO 1AlB, FEP-VSL­
00017AIB and FRP-00002B/C/D); and

• Lower the suction line to 3" off the vessel bottom for 9 vessels (FEP-VSL-00017A1B, UFP­
0000 IAlB, HLP-VSL-00027AlB, HLP-VSL-00028, and UFP-VSL-00002A1B).
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Add vessel inspection and heel removal capability with enhanced transfer capacity for 10 high-solids
vessels (HLP-VSL-00022, FEP-VSL-OOO 17AlB, UFP-OOOO IAlB, HLP-VSL-00027AlB, HLP-VSL~
00028, and UFP-VSL-00002A1B[heel removal previously planned, inspection ports added).

Question 13.B.4.b) What operational changes to the process were made to improve mixing
performance?

Response 13.B.4.b) The recommended operational changes (i.e., PlM firing sequences, reduced
batch sizes, and reduced feed concentrations) are documented in Attachment 1 to the following
closure packages for the EFRT M-3 Issue.

• CCN 220452, Technology Steering Group - Issue Closure Record - Partial Closure EFRT Issue
M-3 (Closure Package Volume 6, FRP-VSL-00002A/B/C/D), Inadequate Mixing System Design;

• CCN 220453, Technology Steering Group -Issue Closure Record - Partial Closure EFRT Issue
M-3 (Closure Package Volume 7, UFP-VSL-OOOOI AlB), Inadequate Mixing System Design; and

• CCN 220454, Technology Steering Group - Issue Closure Record - Partial Closure EFRT Issue
M-3 (Closure Package Volume 8, HLP-VSL-00022), Inadequate Mixing System Design; and

• CCN 220455, Technology Steering Group - Issue Closure Record - Partial Closure EFRT Issue
M-3 (Closure Package Volume 9, FEP-VSL-OOOI7A/B), Inadequate Mixing System Design.

Question 13.B.4.c) What changes to the process flow were made to improve mixing performance?

Response 13.B.4.c) The recommended process flow changes (e.g., no receipt of evaporator bottoms
in FRP-2 vessels and administrative control for feed streams into FEP- t 7AlB vessels) are
documented in Attachment 1 to the following closure packages for the EFRT M-3 Issue.

• CCN 220452, Technology Steering Group - Issue Closure Record - Partial Closure EFRT Issue
M-3 (Closure Package Volume 6, FRP-VSL-00002A/B/C/D), Inadequate Mixing System Design;

• CCN 220454, Technology Steering Group - Issue Closure Record - Partial Closure EFRT Issue
M-3 (Closure Package Volume 8, HLP-VSL-00022), Inadequate Mixing System Design; and

• CCN 220455, Technology Steering Group -Issue Closure Record - Partial Closure EFRT Issue
M-3 (Closure Package Volume 9, FEP-VSL-00017A1B), Inadequate Mixing System Design.

Question 13.B.4.d) What systems are or have been added to detect and mitigate accumulation ofsolids
in the vessel heel?

Response 13.B.4.d) No active systems are included in the current design to detect and mitigate
accumulation of solids in the vessel heel. The current design provides the ability to add caustic or
other chemical solutions to mitigate the potential accumulation of solids in the vessel heel.

A heel management system is currently being implemented into the design via the formal WTP
design change process. The heel management system provides the ability to pump down the vessel
contents to a lower level (reduced heel) and provides for heel dilution. In addition, two access ports
are being put added into the design for specific vessels via the formal design change process. These
will allow access to the vessel internals to observe conditions if required during operations.
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Question 13.B.4.d)(l) What are the functional requirements ofthese new systems?

Response 13.B.4.d)(l) 24590-PTF-RPT-ENG-1O-004, Revision. 0, Pretreatment Vessel Heel
Dilution/Cleanout Functional Requirements, documents the functional requirements for heel
management. A summary is provided in Section 4 of the document. The functional requirements for
the credited safety function of this system has not been determined. Those details will be identified
during the ISM meeting as required.

Question 13.B.4.d)(2) What is the current design status ofthese systems?

Response 13.B.4.d)(2) The design status of the heel management system and access ports is a
conceptual design. The conceptual design is described in 24590-WTP-RPT-PET-1O-013, Revision 0,
Pretreatment Vessel Heel Dilution/Cleanout Feasibility Study, Section 4, paragraphs 4.1 (process),
4.2 (plant), and 4.3 (pump). The design is being developed using the formal design change process.

Question 13.B.4.d)(3) Has testing ofthese new systems been performed to see ifthese functional
requirements have been met?

Response 13.B.4.d)(3) Prototypic testing of the heel management system has not been conducted.
Prototypic testing will be completed as part of the large-scale testing. However, as depicted in
document 24590-WTP-RPT-ENG-08-021-08, Revision1, EFRT Issue M3 Vessel Mixing Assessment,
Volume 8 - HLP-22, Appendix 0, Figures 18 and 19, small-scale testing has been completed to
investigate the impacts of heel dilution. As depicted in the figures, heel dilution provides a reduction
in the concentration of material remaining in the heel after pump-out.

Question 13.C Are there any vessels that were not tested in the small-scale platform? ifso, explain the
technical basis for not performing tests for a particular vessel.

Response 13.C Vessels containing no-solids or low solids were not tested in the small-scale platform
at MCE and are identified below:

• CXP-VSL-00026A/B/C

• CNP-VSL-00003

• CNP-VSL-00004

• CXP-VSL-00004

• UFP-VSL-00062A/B/C

• RDP-VSL-OOOO2A/B/C

• HOP-VSL-00903

• HOP-VSL-00904

• PWD-VSL-OOO15

• PWD-VSL-OOO 16

• TCP-VSL-OOOO 1

• TLP-VSL-OOOO9A/B

• RLD-VSL-OOOO8

• PWD-VSL-00033

• PWD-VSL-00043

• PWD-VSL-00044
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• RLD-VSL-00007

Appendix A, Vessel Mixing Perfonnance Assessments in the following vessel assessments document
the technical basis for closing the M-3 issue without vessel specific testing in the small-scale
platfonn.

• 24590-WTP-RPT-ENG-08-021-01, EFRT Issue M3 PJM Vessel Mixing Assessment, Volume 1 ­
cXP-VSL-00026A1B/C;

• 24590-WTP-RPT-ENG-08-021-02, EFRT Issue M3 PJM Vessel Mixing Assessment, Volume 2­
ClVP-VSL-00003/~CXP-VSL-00004, lfFP-VSL-00062A1B/C, ~P-VSL-00002A1B/C;

• 24590-WTP-RPT-ENG-08-021-04, EFRT Issue M3 PJM Vessel Mixing Assessment, Volume 4 ­
HOP-VSL-00903/904, PWD-VSL-00015/16, TCP-VSL-OOOOJ, TLP-VLS-00009A1B, RLD-VSL­
00008;

• 24590-WTP-RPT-ENG-08-021-05, EFRT Issue M3 PJM Vessel Mixing Assessment, Volume 5 ­
PWD-VSL-00033/43/44; and

• 24590-WTP-RPT-ENG-08-021-10, EFRT Issue M3 PJM Vessel Mixing Assessment, Volume 10­
RLD- VSL-00007.

The vessel assessments were approved by the TSG and the Basis for Closure section of the following
M-3 Issue Partial Closure packages documents the TSGs positions relative to the technical basis
provided in the vessel assessments.

• CCN 208996, Technology Steering Group-Issue Closure Record - Partial Closure EFRT Issue
M-3 (Closure Package CXP- VSL-00026A1B/C), Inadequate Mixing System Design;

• CCN 214951, Technology Steering Group-Issue Closure Record - Partial Closure EFRT Issue
M-3 (Closure Package Volume 2, Solids Free And Resin Storage Vessels), Inadequate Mixing
System Design;

• CCN 221575, Technology Steering Group-Issue Closure Record - Partial Closure EFRT Issue
M-3 (Closure Package Volume 4, Low Solids Containing Vessels), Inadequate Mixing System
Design

• CCN 204767, Technology Steering Group-Issue Closure Record - Partial Closure EFRT Issue
M-3 (CLOSURE PACKAGE VOLUME-5, PWD-VSL-00033/43/44), Inadequate Mixing System
Design; and .

• CCN 211816, Technology Steering Group-Issue Closure Record - Partial Closure EFRT Issue
M-3 (Closure Packaging Volume J0, RLD-VSL-00007), Inadequate Mixing System Design.

In addition, the five non-Newtonian vessels (HLP-VSL-00027AlB, HLP-VSL-00028, UFP-VSL­
00002A1B) have not been tested in the small-scale platfonn. Appendix A in document, 24590-WTP­
RPT-ENG-08-021003, EFRT ISSlfE M3 PJM VESSEL MIXIlVG ASSESSMENT, VOLlfME 3, HLP­
VSL-00027 AlB, HLP-00028, lfFP-00002A1B, provides the technical basis for closing the M-3 issue
without vessel specific testing in the small-scale platform. In addition, Appendix 0 in the Volume 3
vessel assessment provides a description of the benchmarking that was completed for the Low Order
Accumulation Model (LOAM). In order to provide increased confidence in the use of the Low Order
Accumulation Model with the non-Newtonian vessel geometry, small-scale testing with the non-
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Newtonian vessel geometry will be conducted. The small-scale test objectives are currently being
defined.

Question l3.D How do the results from Mid-Columbia Engineering (MCE) testing compare with results
ofsimilar testing performed by Pacific Northwest National Laboratory (PNNL)?

Response l3.D Section 5, Paragraph 5.8 of document 24590-WTP-ES-PET-09-001, M3 Platform
Test Data Study, provides an evaluation of test results relative to predictions of solids suspension
velocity using the PNNL Phase I correlations. As noted in the specific section, the testing conducted
by PNNL was semi-prototypic and was conducted as parametric testing as compared to the prototypic
testing conducted on the small-scale platform at Mid-Columbia Engineering (MCE). In general, the
correlations developed in the PNNL testing predicted a lower velocity would be required to achieve
solids suspension than was observed in the MCE tests.

Question l3.D.l What is the magnitude ofthe differences?

Response l3.D.! The magnitude of the differences ranged from 15% up to 69% in the range of
predicted solids suspension velocity before any differences between the test platforms were
considered. The suspension velocity predicted using ~NNL correlations was lower than that
measured in the MCE platform. The analysis that reconciled the differences is discussed in 24590­
WTP-ES-PET-09-00I, M3 Platform Test Data Study, Section 5, Paragraph 5.8. An independent
assessment of the differences is in preparation by PNNL.

Question l3.D.2 Describe the safety significance ofthe differences. Ifthe differences do not have safety
significance. provide the technical justification for this determination.

Response l3.D.2 The correlations that were developed based on the PNNL testing were not used to
predict full scale performance in the vessel assessments. The vessel assessments were based on
phys.ical models that were benchmarked against the MCE platform data and full scale testing at
Washington State University (WSU). Specifically, document 24590-WTP-RPT-ENG-08-021-08,
Revisionl, EFRT Issue M3 Vessel Mixing Assessment, Volume 8 - HLP-22, Appendix 0 summarizes
the benchmarking of the Low Order Accumulation Model (LOAM) against testing completed in the
small-scale platform and full scale at WSU. The benchmarking results indicate that LOAM is
conservative (under-predicts solids removal) for a stratified vessel (HLP-22 benclunarking results).
As the vessel approaches a well mixed state (FEP-17 and UFP-l benchmarking results), LOAM over­
predicts the solids removed from the vessel. This is consistent with the nature of the model. Since
this benchmarking was conducted against the actual small-scale and full-scale test results and did not
rely on the PNNL correlations to predict full-scale performance, there is no safety significance related
to the differences between the PNNL correlations and the small-scale test results.

Question 13.D.3 How do the differences translate to full-scale performance?

Response l3.D.3 The PNNL correlations were not used to predict full scale performance in the
vessel assessments. The vessel assessments were based on benchmarking physical models against the
MCE platform results. The MCE platform results also indicated a higher solids suspension velocity
than the PNNL correlations.
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Question 13.DA Describe how the differences were resolved.

Response 13.D.4 The apparent magnitude of the differences, as well as the analysis that reconciled
them is discussed in 24590-WTP-ES-PET-09-00 1, M3 Platform Test Data Study, Section 5.8. An
independent assessment of the differences is in preparation by PNNL.

Question 13.D.S How are differences being managed to prevent safety issues from arising during WTP
operations?

Response 13.D.S Because the differences were reconciled and the PNNL data was not used to
predict full scale performance, no further actions are being conducted.

Question 13.E What are the open safety issues associated with pulse jet mixer performance?

Response 13.E It is recognized that some uncertainty will remain on PJM performance related to the
safety issues associated with solids accumulation (potential for criticality, hydrogen generation and
PIM control (overblows) until extensive experience has been gained through testing of full-scale or
near full-scale prototypic PJM vessels and actual operations of WTP.

To reduce this uncertainty, vessel inspection and heel (solid/liquid slurry in a vessel below the normal
operating level) removal is an important part of the defense in depth strategy to assure that solids will
not accumulate over the life of the facility. External reviews have documented that this capability is a
prudent engineering design feature for vessels that are expected to be in service for many years even
though current assessment do not predict conditions of solids accumulation.

In addition, the open actions resulting from the M-J testing program have been identified in CCN
223285. A review by the WTP ISM process of the results of the mixing test program has been
initiated to identify the potential safety issues and to develop the necessary controls.

Question 13.E.l Describe each open safety-related issue.

Response 13.E.l The primary safety-related issue is associated with performance of an integrated
system that includes: a prototypic PJM mixing system including PJM controls, a prototypic suction
line, and a prototypic sampling system. Each part of the total system has been tested and assessed
independently. However, the integrated (combined) system performance has not been tested with
respect to solids accumulation (potential for criticality, hydrogen generation and PJM control
(overblows). The original planning was to conduct this integrated testing and confirm the overall
system performance during cold commissioning. However, a series of large-scale tests are currently
being planned to complete this testing prior to cold commissioning.
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Question 13.E.2 Describe the schedule for resolving each open safety-related issue.

Response 13.E.2 The schedule for large-scale testing and the closure ofall open PlM mixing related
issues is being developed. The test objectives and schedule for the large-scale testing are projected to
be established at the end of calendar year 2010. Further, the schedule for completing the design
changes associated with implementation of the vessel inspection and heel removal capability is
currently being developed as part of the project planning process. The work activities being included
in this baseline update include the detailed application of the WTP ISM process to assess the results
of the mixing test program.

Question 13.F Has BNljinalized the design ofthe pulse jet mixed vessels?

Response 13.F No. As discussed in the response to question 13.B.4.a), recommended changes have
been identified and are being implemented using the WTP design change process.

Question 13.F.l Ifnot, are there limits on BNI's ability to procure pulse jet mixed vessels or related
components? Describe these limits.

Response 13.F.l No forrnallimits (HOLDS) have been placed on BNl's ability to procure the PlM
vessels or related components. BNI has suspended work that was being performed by the vessel
fabricators until the design changes are incorporated per the WTP design change process.

CCN 146071, Contract No. DE-AC27-01RV14136 - Bechtel National, Inc., Purchase Order 24590­
QL-POC-MVAO-OOOO 1, Revision 26, Pressure Vessels, High Alloy, Shop Fabricated, Large, QL-l
(VXLA (NII0) provided the following direction to Harris Thermal Transfer Products Corporation:

• HLP-VSL-00022: Suspend all engineering, procurement of material and fabrication activities.

CCN 214072, Contract No. DE-AC27-01RV14136 - Hanford Tank Waste Treatment and
Immobilization Plant, Bechtel National, Inc. (BNI) - Notice of Suspension to Northwest Copper
Works, Inc., for 24590-QL-POD-MVAO-OOOOl provided the following direction:

• UFP- VSL-OOOO IA: Suspend all work.

• UFP-VSL-OOOOIB: Suspend all fabrication work with respect to the vessel internals. Work may
only continue with respect to the fabrication of the external cooling jacket.

CCN 146071 also originally suspended work on the HLP-27AlB and HLP-28 vessels. This
suspension in work has been removed for the I:aP-27AlB and HLP-28 vessels. The design changes
fqr the non-Newtonian vessels (UFP-2 AlB, HLP-27A1B, and HLP-28) will be integrated into the
ongoing vessel fabrication schedule since the recommended changes do not directly impact the PlM

arrays.
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Question l3.F.2 Ifthe vessel designs are not finalized and ENI has been authorized to procure pulse jet
mixed vessels or related components. describe the safety-related risks associated with allowing
procurement in the absence oflarge-scale testing?

Response 13.F.2 The recommended design changes are being developed in accordance with the
approved WTP Quality Assurance Manual (QAM) (24590-WTP-QAM-QA-06-00 I). Paragraph
3.1.2.8.4 of the QAM states, "Design verification shall be performed prior to releasing the design for
procurement, manufacture, construction, or use by another design organization except where this
timing cannot be met, such as when insufficient data exists." Paragraph 3.1.2.8.4.2 further states "In
all cases the design verification shall be completed prior to relying upon SSCs or computer programs
to perform its function and before installation becomes irreversible ...." As such, while there may be
project risk associated with the procurement of the vessels in the absence of large-scale testing, there
is no technical risk that the final design will not perform its function.

Question l3.F.3 Describe the justification for accepting these risks.

Response l3.F.3 As noted in the response to question lJ.F.2 above, there may be project risks are
associated with allowing the procurement to proceed. However, the application of the design change
process in accordance with the WTP Quality Assurance Manual will ensure any potential technical
risks are resolved prior to introduction of a waste feed to the facility.

Question 13.G Discuss the past andfuture uses ofcomputational models (i.e., Low Order Accumulation
Model (LOAM) and FLUENTTlvf

) to resolve safety-related issues.

Response 13.G The Low Order Accumulation Model (LOAM) and the FLUENT based CFD.
models have been utilized in the assessment of the pulse jet mixed (PlM) vessels. This assessment is
documented in the M3 Vessel Assessments. The vessel assessments are provided in document
number 24590-WTP-RPT-ENG-08-021. This document consists of 10 volumes that represent all 38
PlM mixed vessels.

Once the FLUENT based CFD has completed the verification and validation process, CFD will be
utilized in the formal design process to develop calculations that support the design confirmation of
the PJM mixed vessels.

Question 13.G.l Describe why the computational model is needed and why it was or will be used
instead ofexperimental test results.

Response l3.G.1 A predictive calculation tool is required because no practical experimental program
could test each vessel configuration in WTP at full scale and with all bounding conditions. In order to
be able to assess the mixing designs of all WTP vessels it is essential that a predictive method be
developed and used.
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The computational methods used were not used instead ofexperimental results. LOAM and CFO
were used in conjunction with experimental test results to close the EFRT M3 mixing issue. The
LOAM method used in the vessel assessments was benchmarked against the experimental results. In
addition, CFO will utilize experimental test results to complete the verification and validation
process. Benchmarking of CFO has also been performed against the existing experimental test
results.

Question 13.G.2 How was the model v & v to ensure accurate predictions?

Response 13.G.2 LOAM does not require a formal V&V. The LOAM method was prepared in
Microsoft excel software and checked on project during the development of the specific vessel
assessments. The results from LOAM were also benchmarked using experimental data from WTP
mixing vessel tests.

For CFO, the model is actually a predictive simulation methodology based on applying the CFO
software program Fluent. Fluent has been proven to be robust and incorporates the most thoroughly
validated and benchmarked mathematical models of any commercial CFO program and has
previously been V&V'd for several applications on WTP. The use ofCFO for prediction of solids
deposition and resuspension from the bottom of a vessel is a new use of CFO on WTP. Hence, a
comprehensive validation testing program is planned for this use. The experiments will be conducted
as a fully NQA-l certified test program. The set of tests to be conducted will be finalized and
documented in the next revision of document 24590-WTP-PL-ENG-03-010, Fluent Computational
Fluid Dynamics V& V Plan. An independent review of the test program in the CFO V&V Plan is
being conducted by an academic expert who is a senior member of the ASME V&V 20-2009
Standardfor Verification and Validation in Computational Fluid Dynamics and Heat Transfer
committee.

Question 13.G.2.a) What technical standard(s) was (were) usedfor verification and validation?

Response 13.G.2.a) Until recently, there were no generally accepted technical standards for
validating CFO within the mixing industry or nuclear industry. In particular, there are no official
published Technical'Standards applicable to ~FO for pulse jet mixing. The verification and
validation (V&V) plan being employed for Fluent at WTP is described in document 24590-WTP-PL­
ENG-03-0lO, Fluent Computational Fluid Dynamics V&V Plan. This document complies with WTP
and DOE procedures for software qualification. It is based on an extensive amount of research
reported by the leading experts in the field including those from U.S. National Laboratories and
leading CFO research universities and applies their methods for V&V to the greatest feasible extent.
An independent peer review by industry experts has already been conducted. In addition, the CFO
V&V test plan is currently being reviewed for compli~nce with the recently published ASME V&V
20-2009 Standardfor Verification and Validation in Computational Fluid Dynamics and Heat

Transfer.
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Question 13.G.2.b) How do test results compare with the computational model predictions? Have these
comparisons been done at multiple scales?

Response 13.G.2.b) Benchmarking of LOAM's bottom clearing model at small and full scale and
benchmarking of LOAM for accumulation in WTP mixing vessels at small scale is described in
Appendix D of the M3 Vessel Assessments listed below.

• 24590-WTP-RPT-ENG-08-021-06, EFRT Issue M3 PlM Vessel Mixing Assessment, Volume 6,
FRP-VSL-00002AIBIC/D

• 24590-WTP-RPT-ENG-08-021-07, EFRT Issue M3 PlM Vessel Mixing Assessment, Volume 7,
UFP-Ol

• 24590-WTP-RPT-ENG-08-021-08, EFRT Issue M3 PlM Vessel Mixing Assessment, Volume 8,
HLP-22

• 24590-WTP-RPT-ENG-08-021-09, EFRT Issue M3 PJM Vessel Mixing Assessment, Volume 9,
FEP-VSL-OOO 17AlB

For CFD the following reports provide comparison of the CFD to test results.

• 24590-PTF-RPT-PR-06-002, Benchmarking of Computational Fluid Dynamic Simulation of
Pulsed Jet Mixers Using Experimental Data

• CCN 205205: CFD Comparisons to 4 FT Platform Tests - M3 Closure Status

These comparisons of CFD and experimental results have been completed at multiple scales. The
non V& V comparisons with experimental PJM mixing test data has shown very good agreement.
These comparisons have included data for velocity measurements, solids 'cloud height', and vessel
bottom solids clearing.

Question 13.G.2.c) What is the relative error in the computational model predictions?

Response 13.G.2.c) The benchmarking data provided in Appendix D of the M3 vessel assessments
listed above in the response to question 13.G.2.b) provides a comparison of the LOAM predictions
and the measured experimental data. This data demonstrates the relative error in LOAM as compared
to the experimental results.

For CFD modeling of the PJM mixing vessels, the relative error (Le., the discrepancy between
experimental measurements and comparable CFD models) will be determined in the forthcoming
NQA-I V& V Test program and will be reported in the next revision ofthe Fluent Verification and
Validation Report.
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Question l3.G.2.d) How are the predictive errors managed to prevent safety issues from arising during
WTP operations?

Response 13.G.2.d) CFD and/or LOAM are used to calculate the perfonnance of the full scale
vessel. The predictive errors are either managed by completion of sensitivity analyses for the model
based on the key design parameter Get velocity) or by application of margins to ensure that the safety
issues are prevented or mitigated. Additional benchmarking of vessel perfonnance compared to CFD
and LOAM predictions will be obtained through planned future large scale testing.

Question l3.G.2.e) Were the applicable models updated with actual test results to provide improved
predictive capabilities?

Response 13.G.2.e) The LOAM model has no parameters that are adjusted to improve comparisons
to individual data sets.

CFD code packages, like FLUENT, include multiple models that the practioner must choose between
to configure the simulation. Previous test results are used to make this selection.The predictive
capabilities of the final selection of the models will be assessed (validated) in the upcoming V&V
testing program. Final calculations will be performed with the V&V'd CFD software.

Question l3.G.3 Describe the technical basis supporting the development ofeach computational model.

Response 13.G.3 The technical basis supporting development of LOAM is documented in Appendix
o of the M3 Vessel Assessments listed below.

• 24590-WTP-RPT-ENG-08-021-06, EFRT Issue M3 PlM Vessel Mixing Assessment, Volume 6,
FRP-VSL-00002AIB/CID

• 24590-WTP-RPT-ENG-08-021-07, EFRT Issue M3 PlM Vessel Mixing Assessment, Volume 7,
UFP-OI

• 24590-WTP-RPT-ENG-08-021-08, EFRT Issue M3 PlM Vessel Mixing Assessment, Volume 8,
HLP-22

• 24590-WTP-RPT-ENG-08-021-09, EFRT Issue M3 PlM Vessel Mixing Assessment, Volume 9,
FEP-VSL-OOO17AlB

The technical basis for the CFD modeling methodology is currently described in the document
24590-WTP-PL-ENG-03-010, Fluent Computational Fluid Dynamics V&V Plan. This document is
currently undergoing a revision to incorporate technical bases that reflect the guidelines specified in
the ASME V&V 20-2009 Standardfor Verification and Validation in Computational Fluid Dynamics
and Heat Transfer.

Question l3.GA What are the relative strengths and weaknesses ofeach computational model?

Response l3.GA LOAM is a low-order mass conservation model with submodels that parameterize
the dominant observed solids transport conduits in WTP mixing vessels. The strengths and
weaknesses of LOAM are discussed in conjunction with model development in Appendix D of the
M3 Vessel Assessments identified above in the response to comment 13.G.3.
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One of the critical strengths with CFO is that it can be used to simulate accurate vessel internal
geometry at full-scale using WTP plant operating conditions. The relative strengths and weaknesses
(i.e., the relative accuracy and errors) for CFO will be quantified during the forthcoming CFO V&V
testing program and reported in the V&V Report.

Question n.G.s How are the technical weaknesses managed to prevent safety issues from arising
during WTP operations?

Response l3.G.S The technical weaknesses are managed by evaluation ofthe margin associated with
each mixing requirement/criteria in the M3 vessel assessments (Appendix A) listed above in response
to question B.G.3. In addition, the risks associated with the full scale performance of the PJM
mixed vessels were documented in the Technical Steering Group Closure Records. The Closure
Records listed below specifically identified the risk (technical weakness) associated with the use of
LOAM and recommended the conduct of a large scale test prior to commissioning.

• CCN 220452, Technology Steering Group-Issue Closure Record - Partial Closure EFRT Issue
M-3 (Closure Package Volume 6, FRP-VSL-00002A1B/C/D), Inadequate Mixing System Design;

• CCN 220453, Technology Steering Group-Issue Closure Record - Partial Closure EFRT Issue
M-3 (Closure Package Volume 7, UFP-VSL-OOOOI AlB), Inadequate Mixing System Design;

• CCN 220454, Technology Steering Group-Issue Closure Record - Partial Closure EFRT Issue
M-3 (Closure Package Volume 8, HLP-VSL-00022), Inadequate Mixing System Design; and

• CCN 220455, Technology Steering Group-Issue Closure Record - Partial Closure EFRT Issue
M-3 (Closure Package Volume 9, FEP-VSL-OOOI7A1B). Inadequate Mixing System Design.

Question n.H Discuss the simulant physical properties used in small-scale testing.

Response l3.H Answer provided below,

Question n.H.l What are the physical properties ofsolids used to develop the design basis for the
WTP? Discuss the following properties:

Response l3.H.l Answer provided below.

Question n.H.l.a) Particle size;

Response 13.H.l.a) The general simulant basis is presented in sections I through 4.2.3 of report
24590-WTP-RPT-PET-IO-008, the PU02 basis in CCN 211814 and the specific simulant
'qualification data are recorded in individual memos. The post-OBE simulant properties are presented
in CCN 211535, the sand only mixing simulant is described in CCN 214950, the HLW sludge
simulant properties are the subject of CCN 214953, the FRP simulant is described in CCN 216086,
and the simulant for HLP-22 sampling is provided in CCN 216094.
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Question 13.H.1.b) Particle density,-

Response 13.H.1.b) The simulant particle size basis is presented in section 3.2 of 24590-WTP-RPT­
PET-lO-008. As outlined above, the simulant particle size information is contained in CCNs:
211535" 214950, 214953,216086, and 216094.

Question 13.H.1.e) Solids content;

Response 13.H.I.e) The solids loading used for the FEP-17 test was 2 wt% solids, the FRP-2 test
used 3.8 wt% solids, the HLP-22 test was conducted with 10 wt% solids, and the UFP-Ol test was
conducted at 10 wt% solids.

Question 13.H.I.d) Rheological properties including viscosity. shear strength, Bingham yield stress, and
Bingham plastic viscosity.

Response 13.H.1.d) The HLW simulant viscosity is discussed in section 3.4 of 24590-WTP-RPT­
PET-10-008. The HLW sludge simulant qualification report (CCN 214953) estimated that the slurry
viscosity would be less than 1.1 cP. A shear strength requirement of -200 Pa was imposed on the
post DBE simulant based on Table 2.1 of 24590-QL-HC9-WA49-0000 1-03-00025. There were no
Bingham yield stress nor plastic viscosity requirements imposed on any of the mixing simulants as
these were intended to be Newtonian slurries.

Question 13.H.2 What is the technical basis supporting selection ofthe design basis properties
delineated in 1 above?

Response 13.H.2 The general simulant technical basis is presented in 24590-WTP-RPT-PET-10-008
and the PU02 simulation basis is presented in CCN: 211814.

Question 13.H.3 What are the technical strengths and weaknesses associated with the design basis
properties?

Response 13.H.3 The principal strength is that the simulant particle size is based on the 'upper
confidence limit' distribution provided in report RPP-9~05, Table 3-2. This distribution indicates the
waste is comprised of much larger particles than the WTP-RPT-153 (24590-101-TSA-WOOO-0004­
114-00021) Table 5.0.1 report which summarizes a wider distribution of tanks. The average test
particle density is also based on RPP-9805 primary particle density which does not include the
reduced, agglomerated particle density observed in the tank: wastes. The simulants also were mixed
with water and does not credit the observed reduction in particle settling rates associated with viscous
supernatants. There was no attempt to scale the simulant particles, and given the reduced PlM nozzle
velocities tested, the jet turbulence is much less than the full-scale system will encounter. The post­
DBE simulant was based on the 200Pa maximum shear strength after 24 hours value listed in table
2.1 of report 24590-QL-HC9-WA49-0000 1-03-00025.

The principal.weakness of the HLW solids simulant was its representation of the smallest and largest
particles as outlined below:

Page 134 of 209



Responses to Defense Nuclear Facilities Safety Board Questions

In order to be able to measure the p~icle size distribution of only the PuOz simulant particle
(tungsten carbide), no other small particle with a density greater than ~2.6g/mL could be used. This
density limitation was required as the test program used a lithium metatungstate solution to separate
the tungsten particles from the lighter particles. This density limitation meant that the high density,
very small particles in the waste (Ag, Bi, Fe, etc.) were represented only with the tungsten carbonate
particles. Therefore, due to detection limit concerns and average simulant density reasons, the
volume of tungsten carbide in the simulant is nearly 700 times the average Pu02 ·concentration.

Also to achieve the desired average simulant particle density, the 700llm, 2.9g/mL particles are
present at a much higher concentration than the RPP-9805 95%UL distribution requires. There are 4
times the volume percent of particles greater than 300J.!m in the simulant than the RPP-9805 95%UL
contains.

Question 13.H.4 What are the uncertainties associated with the selection ofthese design basis
properties?

Response 13.H.4 The design basis properties used to develop the simulant are based on the best
available data as discussed in the response to questions 16.A.4. The current data is based on core
samples which have not been conducted in all tanks. However, the data collected represents
approximately 80% of the Hanford waste mass.

Question 13.H.4.a) Are additional waste characterization data needed to reduce this uncertainty?

Response 13.H.4.a) The 'waste qualification' samples to be received at the WTP six months in
advance of receiving the waste will enable complete waste characterization and finalization of the
Pretreatment operating strategies for that waste to reduce these uncertainties.

Question 13.H.4.b) Discuss what additional data are required to reduce this uncertainty.

Response 13.H.4.b) The 'waste qualification' samples to be received at the WTP six months in
advance of receiving the waste will enable complete waste characterization and finalization of the
Pretreatment operating strategies for that waste to reduce these uncertainties.

Question 13.HA.c) Ifno additional data are required. what are the potential impacts on the operation of
the PTF due to the current level ofuncertainty?

Response 13.H.4.c) Please see the response to 13.H.4.a & b.

Question 13.R.5 How are these uncertainties being managed to prevent safety issues from arising
during WTP operation?

Response 13.H.5 The uncertainties (risks) are being managed as discussed in the response to
question 13.G.5. Specifically, the vessel assessments evaluate the margin associated with each
mixing requirement. The TSG closure records then document any potential risks and identity
specific recommendations to mitigate the risks. The risks (uncertainties) associated with the simulant
utilized in the small-scale testing will be mitigated by the conduct of a large-scale test (with realistic
simulants) and the completion of calculations using V& V'd computational fluid dynamics models.
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Question 13.1 Describe the pulse jet mixer test velocities usedfor the small-scale testing.

Response 13.1 For the small scale testing at MCE, the PlM test velocities were determined
specifically for each test and vessel geometry. The test velocity selected was dependent on the
mixing mechanism being evaluated (solids suspension Imixing laccumulation or bottom clearing/post
design basis event (PDBE) solid mobilization). For solids suspension 1mixing 1accumulation testing,
a velocity scaling coefficient of 0.33 was used to determine the test velocities. For the bottom
clearing / PDBE solid mobilization testing, a velocity scaling coefficient of 0.18 was used. These
velocity scaling coefficients were used to adjust (scale-down) the actual full scale jet velocities
calculated for the Jet Pump Pair 1Pulse Jet Mixing system.

Question 13.1.1 What is the technical basis supporting the selection ofthese velocities?

Response 13.1.1 CCN 210455, Scaling ofPJM Vessels Containing Settling Solids in Newtonian
Slurries provides the technical basis for the scaling coefficients (scale factors) for each mixing
mechanism being evaluated. The scale factors were applied to the full scale PlMjet velocity (based
on PlM performance with the bounding design basis properties) to define the small-scale test
velocities. The following references document the specific technical basis for the key scale factors.

• Section 7.2.2, Equivalent Solids Suspension, page 23 provides the basis for the scale-down factor
of n=0.33 which was used to determine the test velocities for testing associated with solids
suspension, mixing or accumulation.

• Section 7.2.3, Mobilization of Cohesive Solids, page 26-27 provides the basis for equal velocity
scaling for testing non-Newtonian solids with a yield strength (PDBE solids mobilization).

• Section 7.2.3, Mobilization of Cohesive Solids, page 28 provides the basis for a scale-down factor
of n=1/5 for local shear stress of a settled bed by a flowing material (bottom clearing). Note that
the n=l!5 was rounded up in the report from the value calculated (n=0.176) in equation 15, page
28.

• Based on this range of scale factors (n=O to n=0.18) for bottom clearing / PDBE mobilization, the
larger exponent (n=0.18) was selected for scale-down to testing velocities.

As noted below in the response to question 13.1.3, uncertainties and non-prototypic effects were
accounted for after the full scale jet velocity was scaled-down to the test velocity.

Question 13.1.2 What are the technical strengths and weaknesses from selecting these test velocities?

Response 13.1.2 For the solids suspension, mixing or accumulation, the technical strengths of using
a scale factor ofn=0.33 as documented in CCN 210455 are:

• The application ofthe n=1/3 exponent provides a sufficiently conservative scale-up for PlM
velocities as full scale. ( page 2, Executive Summary )

• From stirred tank mixing, the only practical scale-up rules lie between equal velocity and equal
power per volume (mass) [Nienow (1992), Dickey (2005)]. This range of conditions also applies
to scale-up ofPlMs from a practical perspective. (page 21, Section 7.1)
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• A summary of the solids suspension correlations from previous test data was completed. This
analysis resulted in a scale-up coefficient of around n=0.26 or n=0.27. As such, the use of n=O.33
is conservative. (page 33, Section 7.3.1 )

• Analysis of previous PNNL testing data resulted in a scaling factor of n=0.33 for low
concentrations of rapidly settling particles and a scale factor of approximately n=O.20 for
concentrations (0.5 vol % and 1.5 vol %). As such, the use ofn=0.33 as a scale factor is
conservative. (Section 7.3.1, page 33)

For the bottom clearing / POBE solids mobilization, the technical strengths of using a scale factor of
n=0.18 are:

• A range of scale factors (n=O to n=0.18) for bottom clearing / PDBE mobilization was presented.
The larger exponent (n=0.18) was selected for scale-down to testing velocities. (Section 7.2.3)

• As noted in bullet 4 above, a scale factor (for solids suspension / mixing) of approximately n=0.2
was determined for high concentrations of solids. As such, using a scale factor of n=0.18 for
solids mobilization and bottom clearing is conservative.

The primary weaknesses are:

• The testing was conducted at reduced velocities based on the scale factors; however, the particle
size was not scaled and the testing was conducted with larger size particles than a properly scaled
physical modeling test. Also, the viscosity of the liquid phase was not reduced to maintain the
Reynolds number in the small-scale tests. The jet turbulence is less than would be expected at
full scale.

• The uncertainty associated with the scale factors (as discussed in the respons~ to question 13.1.3
below) were also considered weaknesses that have been evaluated.

Question 13.1.3 What uncertainties are associated with scaling-up the test results from small-scale to
full-scale?

Response 13.1.3 These scaling factors were not used to scale-up the test results. As such, no

uncertainty is associated with scaling-up the test results. As discussed in the response to question
13.1.1 above, the scaling factors (coefficients) were used to establish a representative test velocity at
the small-scale based on the actual full-scale jet velocities. The following section describes the
uncertainties that are associated with the scale-down of the jet velocities from full-scale to small­
scale.

CCN 210455, page 41, Section 7.9, Adjustments for Non-Prototypic Effects and Uncertainty provides

a discussion of the potential uncertainties and recommended correction factors. As noted, these
adjustments for non-prototypic effects should be made after scale-up (scale-down). The coefficients
defined for non-prototypic effects include geometry, carrier fluid properties, and solids properties. In

addition, overall uncertainty is addressed by the coefficients for confidence and design,margin.

• Geometry coefficient: CCN 210455, Section 7.9.1 recommends a coefficient ofCGeom = 1~07 for
flanged and dished bottom vessels and 1.16 for 2:1 elliptical bottom vessels. For small-scale
testing, a geometry coefficient of 1.0 was used for determining scaled jet velocities. The basis for
this was the previous selection of a conservative scale factor (n=0.33 or n=0.18) and as noted in
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CCN 210455 (page 42), a discontinuity in curvature exists where the test vessel bottom joins the
test vessel wall. In this area, clearing of the vessel bottom in this area requires more power than
would be required to mobilize solids in the real (full scale) geometry.

• Carrier fluid coefficient: CCN 210455, Section 7.9.2 recommends a coefficient offCou.id = 1.0.
However, a coefficient of Cflu.id < 1.0 (results in higher test velocities) was also recommended for
hydraulic conveying, sludge bank yielding, and erosion by shear. The recommended coefficient
of COu.id = 1.0 was used.

• Solids coefficient; CCN 210455, Section 7.9.3 recommends a coefficient ofC.olids= 1.0 based on
use of a simulant that bounds the WTP design basis. The coefficient of Csolids = 1.0 was used as a
conservative coefficient since the particle size of the simulant was not scaled.

• Design margin coefficient: CCN 210455, Section 7.9 recommends a COM = 1.0. The design
margin is evaluated based on the vessel performance in order to ensure the actual design margin
is known and understood. As such, the design margin coefficient COM was set equal to 1.0 to
determine the scaled velocities.

• Degree of confidence: CCN 210455, Section 7.9.4 recommends a CConf= 1.11. This
recommended coefficient was used to define the small-scale test velocities for solids suspension /
mixing / accumulation. However, a CCoof=1.0 was used for bottom clearing / PDBE solid
mobilization testing. The use ofCconf=1.0 was based on the selection ofn=0.18 for the scale
factor and the technical strengths described above in the response to question 13.1.2.

Question 13.1.4 How are these uncertainties managed to prevent safety issues from arising during WTP
operations?

Response 13.1.4 The application of the coefficients discussed above in question 13.1.3, were used to
provide confidence in the development of the scaled testing velocities. These test results were then
used to benchmark specific low order models. The vessel's performance against the mixing
requirements were then based on low order models that represent the physics of the mixing system.
The models do not rely on scaling to predict the full scale vessel performance.

In addition, the uncertainties are being managed as discussed in the response to question 13.0.5.
Specifically, the vessel assessments evaluate the margin associated with each mixing requirement.
The TSO then identifies any potential risks and provides specific recommendations to mitigate the
risks. The risk associated with scaling was identified and will be mitigated by the conduct of a large­
scale test and completion of formal calculations using V& V' d computational fluid dynamics models.

Page 138 of 209



Responses to Defense Nuclear Facilities Safety Board Questions

Question 14. Consortium for Risk Evaluation and Stakeholder
Participation (CRESP) Findings (CRESP Review Team Letter Report 7
- PJM Vessels)

Responses to Question 14 were developed by:

Primary authors:

U.S. Department of Energy - Office of River Protection

Delmar Noyes, Deputy Assistant Manager, Waste Treatment and Immobilization Plant Project

Contributing authors:

U.S. Department of Energy - Office of River Protection
Gary Brunson, Director, WTP Engineering Division
Rob Gilbert, Chemical Process Safety System Oversight Engineer

Question 14.A Will DOE accept the recommendations from the CRESP report?

Response 14.A See response provided to question 14.B.

Question 14.A.1 Ifyes, describe the action(s) taken by DOE to address the technical content ofeach
recommendation.

Response 14.A.1 See response provided to question 14.B.

Question 14.A.2 Ifnot, which recommendations will not be accepted and what is the basis supporting
DOE's action.

Response 14.A.2 See response provided to question 14.B.

Question 14.B IfDOE is still evaluating the CRESP findings, when will DOE decide how to address the
CRESP recommendations?

Response 14.B There were 13 primary recommendations in the CRESP Review Team Letter
Report 7. DOE and its contractors will address the recommendations from the CRESP report. Each
CRESP recommendation is presented in italics below followed by the current status of the planned
action.

Recommendation 1: Near full-scale vessel testingfacilities and simulation capabilities should be
available for design confirmation and during the full life cycle of WTP operations.

DOE, the WTP Contractor, and the Tank Farm Contractor are evaluating options to develop and
maintain large scale vessel mixing and integrated system testing capability. The approach to perform
this testing and plans for long term retention of this capability are currently being developed.
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Projection ofthe schedule to perfonn large scale testing will be established around the end of
calendar year 2010.

The initial scope envisioned for the large scale testing includes testing of selected pulse jet mixed
(PlM) tanks to resolve any remaining P1M risks prior to commissioning. At a high level, these risks
include, but ate not limited to, demonstration of:

• P1M operation over the range of fill conditions, including operation of fully prototypic control
systems

• Sampler operation and data interpretation for process control and nuclear safety
• Non-Newtonian slurry rheology control
• Particle settling effects in non-Newtonian slurries
• Large-scale, post-DBE remobilization
• Vessel inspection and heel removal systems

These tests would enable early completion of the PJM mixing, process control and operating
procedure demonstrations, and sampling system perfonnance objectives which would nonnally be
critical path activities during the Pretreatment Facility (PTF) commissioning period.

Recommendation 2: PJM vessel designs should retain as much flexibility as possible to process the
expected range offeed compositions and to mitigate off-design and upset conditions.

DOE and the WTP Contractor agree with the objective to retain as much flexibility as possible in the
PlM vessel design. These capabilities include feed characterization and prequalification, vessel
inspection capability, heel dilution and pump-out, and PlM firing flexibility. This flexibility is
planned to be maintained through the design process. The WTP Contractor will create a critical items
action report (CIAR) item to address this recommendation by August 28, 2010. The responsible
WTP Contractor manager will then establish the date to complete the action.

Recommendation 3: The cumulative design margin as a result ofdesign assumptions should be
quantitatively assessed against the individual batches ofthe plannedfeed vector (e.g., with respect to
zone ofinfluence (ZOl), mixing energy/power, actual anticipated settling velocities).

The ability to project mixing performance for specific batches in tank waste feed vectors is limited.
The approach to evaluate cumulative design margin is still being evaluated with the Contractor. The
WTP Contractor will create a CIAR item to address this recommendation by August 28,2010. The
responsible WTP Contractor manager will then establish the date to complete the action.

Recommendation 4: A tracking system should be institutedfor design assumptions that impose
requirements on the feed qualification program.

The approach to track design assumptions that impose requirements on feed qualification is being
evaluated. The WTP Contractor will create a CIAR item to address this recommendation by August
28, 20 IO. The responsible WTP Contractor manager will then establish the date to complete the
action.
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Recommendation 5: Functional performance specifications need to be developed for inspecting and
accessing vessel bottoms.

DOE and the WTP Contractor agree that a functional specification for vessel inspection is needed.
The WTP Contractor will create a CIAR item to address this recommendation by August 28,2010.
The responsible WTP Contractor manager will then establish the date to complete the action.

Recommendation 6: Sensitivity analysis should be carried outfor WTP throughput as afunction of
heel removal needs and operating strategies.

Analysis of the impact of heel removal operations on WTP treatment capacity has been completed
using the dynamic Tank Utilization model (G2) and the results are documented in 24590- WTP-MRR­
PET-10-001, WTP Mission Assessment ofthe Design and Operating Changes Expected to Resolve
PJM Mixing in PTF Vessels. The analysis concluded there is minimal impact to treatment capacity as
a result of heel removal operations. Special case operations such as batches with higher fissile
material content of larger or denser particles are not expected to be routine and will be assessed on a
specific basis when identified. The Tank Utilization model will continue to implement heel removal
as a routine operation in future assessments of treatment capacity.

Recommendation 7: Systems level assessments oftank waste processing should consider alternative
processing strategies for the most challenging tank wastes as part ofthe defense in depth strategy.

The ability to project which feed batches are challenging from a mixing perspective is limited based
on current information provided in the tank waste feed vectors. Batches that are challenging from a
mixing perspective will be identified in characterization performed as part of tank waste retrieval and
feed staging work and will be further assessed as part of the tank waste feed prequalification work
performed prior to transfer of waste to the WTP. Feed prequalification work is described in 24590­
WTP-PL-OP-07-0001, Revision. I, Planfor WTP Feed Prequalification. The Tank Farm Contractor
will assess all available tank waste treatment paths throughout mission performance to identitY and
use the appropriate processing strategy.

Recommendation 8: Integrated vessel performance under design basis event (DBE) condition
should be verified using actual vessels or a nearfull-scale cold test platform. Individual PJM ZOI
scale up and restart after a DBE should be verified at or near full scale for a range ofsimulants that
reflect the range ofproperties expected to be encountered during waste processing.

Testing for DBE conditions is planned to be performed as part of the large scale testing described in
the response to Recommendation I.

Recommendation 9: Assessments ofpotential particle segregation during sedimentation should
consider estimates based on considerations beyond the equivalent volume sphere.

Further evaluation of this recommendation will be performed. The WTP Contractor will create a
CIAR item to address this recommendation by August 28, 2010. The responsible WTP Contractor
manager will then establish the date to complete the action.
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Recommendation 10: The Preliminary Criticality Safety Evaluation Report for the WTP (CSER),
WTP-CSER-ENS-08-0001, Revision Db) needs to be revised and include workable and validated
methods for criticality controls.

The M3 vessel assessment closure packages for the high solids PlM mixed tanks include a
requirement to take the following action: The Preliminary Criticality Safety Evaluation Report
(CSER) must be updated based on the results and evaluations provided in the M3 analyses. This
update should also include an evaluation of impacts that could be associated with the removal rate of
poisons as compared to the removal rate of PuOz and ev.aluation ofdifferential solids settling rates.
The next revision ofthe CSER is planned to be completed by December 30, 2010.

Recommendation 11: Sampling strategies for PJM vessels need to be demonstrated with
characterization ofsampling uncertainty.

Sampling strategies for PlM mixed vessels are planned to be demonstrated as part of the large scale
testing described in the response to Recommendation I.

Recommendation 12: Design confirmationfor PJMvessels should not be based only on CFD
simulation but also should include full-scale or near full-scale experimental demonstration ofcritical
performance aspects ofPJM vessels containing Newtonian and non-Newtonian slurries.

Further evaluation of this recommendation will be performed. The WTP Contractor will create a
CIAR item to address this recommendation by August 28,2010. The responsible WTP Contractor
manager will then establish the date to complete the action.

Recommendation 13: A separate, focused CFD V&Vplan should be developedfor PJMvessel
performance and should include validation using the results ofnear full-scale or full-scale
experiments.

Further evaluation of this recommendation will be performed. The WTP Contractor will create a
CIAR item to address this recommendation by August 28,2010. The responsible WTP Contractor
manager will then establish the date to complete the action.

Question 14.C What role will the CRESP have in the review ofDOE responses to CRESP
recommendations?

Response 14.C DOE has taken the input from CRESP and will continue to work with the WTP and
Tank Farm Contractors to address the recommendations. At this time, DOE does not have further
plans to use theCRESP team for assessment of WTP vessel mixing systems.
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Question 15.

Responses to Question 15 were developed by:

Primary authors:

U.S. Department of Energy - Office of River Protection
Delmar Noyes, Deputy Assistant Manager, Waste Treatment and Immobilization Plant Project

Hanford Tank Waste Treatment and Immobilization Plant Project
Russell Daniel, Production Engineering Manager

Contributing authors:

Hanford Tank Waste Treatment and Immobilization Plant Project

Robert French, M3 Issue Closure
Phil Kuehlen, CommissioninglFacilities Operations Manager

Question 15 In the event that testing and modeling does not resolve remaining issues related to pulse jet
mixing, what alternatives are being studied?

Response 15 Currently, no additional alternatives are being studied. As documented in the response
to question 13.BA.a), I3.BA.b) and 13.BA.c), design, operational and process changes have been
identified and are being implemented which provide reasonable assurance that the vessels will meet
their established mixing requirements. These recommended changes include the incorporation of a
heel management system which provides added assurance that the WTP will be able to address
potential accumulation of solids in vessels during the life of the facility, and ports which provide
limited access to identify potential solids accumulation in key process vessels. In order to provide
additional confidence in the performance of the Non-Newtonian vessels, a series of small-scale tests
are also being developed. The small-scale testing will provide additional data to underpin the use of
the Low Order Accumulation Model (LOAM) for non-Newtonian vessel geometries in a Newtonian
regime. Potential hold points related to the fabrication of the non-Newtonian PJM vessels have also
been identified to ensure the benGhmarking of the LOAM continues to support the non-Newtonian
vessel design.

In addition, large scale testing is being planned (as discussed in the responses to question 19.A) to
further evaluate operation of the integrated pulse jet mixing system (including PJM controls), transfer
system and sampling system. In the event the large-scale testing identifies additional risks, additional
alternatives will be defined and evaluated. Based on the current technical understanding and past
testing, the potential alternatives that would be focused on are:

• batch sizes,

• waste concentrations,

• process control of the waste rheology, and

• blending of feed streams
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Question 16. Feed Qualification

Responses to Question 16 were developed by:

Primary authors:

U.S. Department of Energy - Office of River Prott:ction
Delmar Noyes, Deputy Assistant Manager, Waste Treatment and Immobilization Plant Project

Hanford Tank Waste Treatment and [mmobili7.ation Plant Project
Russell Daniel, Production Engineering Manager

Contributing authors:

Hanford Tank Waste Treatment and Immobilization Plant Project
Todd Allen, Safety lmplementation Manager
Donna Busche, Environmental & Nuclear Safety Manager
Garth Duncan, Manager of Process Engineering and Technology
Robert French, M3 Issue Closure

Dennis Hayes, Plant Operations Manager
Phil Kuehlen, CommissioningfFacilities Operations Manager
George Matis, Commissioning Operations Manager

Question 16.A Describe the development offeed qualification requirements for WTP.

Response 16.A Feed qualification requirements are identified as inputs or assumptions to the WTP
design activities. The WTP waste acceptance criteria (WAC) (and therefore feed qualification
requirements) are contained in 24590-WTP-ICD-MG-OI-019, ICD-19 - Interface Control Document
for Waste Feed. References to the origin of the various WAC are provided within the ICD. The
allowable uncertainty around a given waste acceptance parameter is to be developed through a data
quality objectives process involving WTP, Tank: Farms, and DOE that will be performed in the future.

Question 16.A.l Given the assumed MAR, physical properties ofthe waste, and limitations ofthe WTP
design, describe the expected range offeed compositions.

Response 16.A.l The range of expected feed compositions is as described in the WAC contained in
lCD-19, along with the proposed modifications for MAR and HLW feed delivery temperature
(documented in meeting minutes ICD-19 Team Meeting - Finalize Issues to be Included in
Revision 5, December 17, 2009, (CCN 209161», and with the changes described in Ashley T. Morris
(DOE) to N. F. Grover (BNI), Proposed Changes to Contract Tank Waste Feed Specifications
Resulting from External Flowsheet Review Team (EFRT) Vessel Mixing Response, June 24, 2010
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(CCN 220806). Note that ICD-19 is a dynamic "living" document and is expected to be updated
periodically, and further adjustments that relate to feed compositions may be made.

Question 16.A.1.a) Did the simulants used in the small-scale testing and computational fluid dynamics
(CFD) modeling include the expected range ofproperties?

Response 16.A.1.a) A discussion of the simulants is provided in the response to question 13.H.l.
The simulant was developed based on the best available data for the design basis waste properties are
based on the best available data. The waste simulant bounds the design basis and while it may not
bound all the waste, it is believed it bounds the large majority of the waste. Pre-qualification of the
waste will be required and any waste outside the design basis will be evaluated prior to receipt.
Features are included in the design, such as cleanout and inspection ports in vessels, to mitigate the
receipt of waste that has properties outside the design basis. CFD modeling has been performed in
the past but has not been used in the vessel assessments used to close M3.

Question 16.A.l.b) Did the simulants selectedfor small-scale testing represent all ofthe physical and
rheological properties ofWTPfeed important for determining mixing performance?

Response 16.A.1.b) Yes. See the response to 16.A.1.a) above. Also, see the response to question
13.H.l.

Question 16.A.1.c) What physical and rheological properties not represented in the simulant selected
pose the greatest uncertainty? Describe these uncertainties. Describe the safety related risks that are
associated with these uncertainties.

Response 16.A.1.c) See the response to question 13.HA.

Question 16.A.1.d) What are the safety-related risks associated with establishingfeed qualification
requirements using simulants?

Response 16.A.1.d) Because establishing feed qualification requirements using actual wastes tested
at engineering scale is not remotely practical, the use ofsimulants is necessary. The selection of
simulants is based upon the review of actual waste sample characteristics. By carefully selecting the
simulants to represent the most challenging mixing conditions reasonably expected (e.g., particle size
and density distribution, lowest possible viscosity, settled layer rheology, etc.) and occurring
simultaneously makes it highly improbable that actual feed would be more challenging to mix. Along
with a thorough feed pre-qualification program to detect any feed outliers, it is considered that there
are minimal or no safety-related design risks associated with establishing feed qualifications
requirements using simulants.

Question 16.A.1.e) Will these risks be addressed during large-scale testing and cold commissioning?
Describe how these risks will be addressed

Response 16.A.1.e) As noted above, no significant safety-related design risks are expected to be
realized with the simulants that have been used. Larger scale testing, per se, would not change the
uncertainty associated with selected simulants. The integrated, large-scale testing will provide more
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information about operations and operational flexibility and for that reason may involve several, more
realistic, simulants. Uncertainty associated with the simulants used will be mitigated by the feed pre­
qualification process which ensures the waste meets the design basis or has been evaluated to ensure
processing capability prior to its receipt at WTP.

Question 16.A.2 What are the implications ofprocessing feed that diverges from the feed requirements?

Response 16.A.2 Waste that does not meet the feed requirements can not be processed in the WTP.
WAC have been established to assure that waste is in alignment with the AS for the facility. The
WAC is described in Section 2.3.1 of 24590-WTP-ICD-MG-O 1-019, lCD 19 -Interface Control
Documentfor Waste Feed.

Feed staged in the Hanford Tank Farms will be pre-qualified in accordance with 24590-WTP-PL-OP­
07-0001, Planfor Waste Feed Pre-qualification prior to transfer to WTP. Should a batch of feed
prepared in the Tank Farms be out ofspecification or not meet the WAC, the waste could be
remediated in the Tank Farm by blending or processed at WTP under a modified flowsheet or a
combination of the two. A modified flowsheet may require an AS change, design changes and lor
processing changes such as diluting feed, reducing batch sizes, or reducing the concentration factor
for the waste in the PTF. There may also be downstream effects in the vitrification facilities which
result in an increased quantity of LAW or HLW canisters produced for that batch.

It is expected that these requirements will continue to be refined as the methods for waste blending,
sampling, and delivery are finalized. The requirements will protect the WTP safety basis.

Question 16.A.3 How does diverging from feed requirements affect the safety-related aspects of pulse
jet mixing performance?

Response 16.A.3 Waste that does not meet the approved WAC can not be processed in the WTP.
The WAC has been established to assure that waste is in alignment with the AS for the facility. The
WAC is described in Section 2.3.1 of 24590-WTP-ICD-MG-Ol-019, lCD 19 - Interface Control
Documentfor Waste Feed.

Feed staged in the Hanford Tank Farms will be pre-qualified in accordance with 24590-WTP-PL-OP­
07-0001, Plan for Waste Feed Pre-qualification prior to transfer to WTP. Should a batch of feed
prepared in the Tank Farms be out of specification or not meet the WAC, the waste could be
remediated in the Tank Farm by blending or processed at WTP under a modified flowsheet or a
combination of the two. A modified flowsheet may require an AS change, design changes and lor
processing changes such as diluting feed, reducing batch sizes, or reducing the concentration factor
for the waste in the PTF. An evaluation of the impacts on safety-related aspects of pulse jet mixing
performance would be performed at that time.

It is expected that these requirements will continue to be refined as the methods for waste blending,
sampling, and delivery are finalized. The requirements will protect the WTP safety basis.
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Question 16.A.4 Given batch-to-batch variability and complexity, how was the worst-case (bounding)
feed selectedfor evaluating mixing power requirements and zone ofirifluence (ZOl)?

Response 16.A.4 The design basis particle size and density for the WTP feed is based on the
currently available data. An initial analysis was conducted based on samples from seven waste tanks
(AW-103, AY-IOI, AY-I02, AZ-I02, C-104, C-107, and SY-102) and reported in RPP-9805, Values
ofParticle Size, Particle Density, and Slurry Viscosity to Use in Waste Feed Delivery Transfer
System Analysis (CCN 160904). The approach for the study was to select a conservative (upper
bound) solid density value and realistic values (best estimates) of particle sizes and slurry viscosities.
As noted in the report, The selection approach for these three waste properties is expected to support
a reasonably conservative assessment for the waste feed delivery transport system.

Section 3 of the report (RPP-9805) describes the approach to developing the particle size analysis
which is summarized in Table 3-2 for the Mean, 95% UL and 95/95 TL particle size distributions.
Section 6 of the report recommends the use of the Mean particle distribution and states that the 95/95
TL distribution was not recommended. The WTP has selected the 95% UL distribution as the design
basis which provides additional conservatism when compared to the recommended Mean particle size
distribution.

Section 4 ofRPP-9805 describes the approach to developing a solids density based on the data from
the seven tanks listed above as well as tank AZ-I 0 I. Section 6 then recommends For particle density,
in the absence of direct measurements of the agglomerated solid density, the value 2.9 glml is
recommended. The WTP has selected the particle density of2.9 glml which is conservative when
agglomeration of the particles is considered.

In addition to RPP-9805, the report WTP-RPT-153 (pNWD-3824), Estimate ofHanford Waste
Insoluble Solid Particle Size and Density Distribution has been reviewed. WTP-RPT-153 includes
composite particle size distributions representing the waste in up to 19 Hanford waste tanks. The
report (Section 5) also developed and evaluated four particle size and density distributions. Figure I
in document 24590-WTP-ES-ENG-09-00 I, Revision 2, Determination of Mixing Requirements for
Pulse-jet-Mixed Vessels in the Waste Treatment Plant, compares these results for particle size to the
particle size distribution (95% UL) from RPP 9805. In both cases (particle size and solids density),
the RPP-9805 report bounded the WTP-RPT-153. As such, the design basis has remained based on
the RPP-9805 report. However, the maximum particle size listed in RPP 9805 was a d99 particle of
310 microns for the 95%UL particle size distribution. Consistent with the data evaluation for the
sonicated case (Table 5.0.1) in WTP-RPT-153, the dlOO particle size was selected as 700 microns.

16.B Sampling

Question 16.B.I The ability to samplefrom WTP vessels is requiredfor a number ofpurposes (e.g.,
safety and operations).
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Question 16.B.l.a) What are the precision and accuracy requirements for safety-related samples taken
from WTP vessels?

Response 16.B.l.a) Operations-related requirements for sampling are contained in the Integrated
Sampling and Analysis Requirements Document, 24590-WTP-PL-PR-04-000 I. Criticality-related
sampling at the WTP is no longer expected to be necessary. Please see the response to Question
16.B.l.b).

Question 16.B.l.b) What implications does this have for criticality control?

Response 16.B.l.b) The CSLs from Section 8 ofthe CSER (24590-WTP-CSER-ENS-08-0001)
require establishing safety compliance Before waste is released from the WTP receipt vessels for
subsequent processing. Based on the results of mixing testing completed in. late 2009, it was
concluded that the current CSLs for sampling accuracy could not be met. WTP established test
criteria for the balance of the mixing test. Current planning is that compliance will be established by
using samples drawn from Hanford tank farm staging tanks, so that compliance is established before
waste enters WTP. Therefore, the precision and accuracy for samples taken from WTP vessels will
not factor into establishing CSL compliance, but rather the precision and accuracy for samples taken
from the staging tanks (i.e., tank farm feed vessel) will need to be developed once the staging tanks
are designed. This control will be protected with a TSR.

Question 16.B.2 Have the sampling strategies requiredfor the operation ofthe pulse jet mixed vessel
been demonstrated to meet safety-related requirements? Describe the testing conducted to verifY
performance ofthe sampling system.

Response 16.B.2 No. Section 3.1 of 24590-WTP-RPT-ENS-l 0-002, M3 Criticality Safety Test
Requirements, summarizes the issues and resolution strategies related to sampling. Section 4.0 (4th
bullet) identifies the specific test requirements to provide the data needed to evaluate the mixing
performance for use in evaluating the criticality safety hazards and updating the CSER. This
requirement is as follows:

M3 testing will also provide data from the test sample loop to evaluate the representativeness of the
recirculation line contents with respect to the vessel contents. The data is not ~ntended to provide
information related to the adequacy of the ASX sampling system nor validate alignment with the
current CSLs.

These test requirements were satisfied by the collection of samples at each 1/4 batch level and in the
heel during the M3 test program. The sample analysis included particle size distribution and
concentration for each 1/4 batch level and also in the heel. E&NS is now analyzing test results to
determine if revisions are required to the CSER. Testing of the sampling system was outside the
scope ofM3.

Note that the planned large scale test will be used to verify performance of the sampling systems
(based on the updated CSER) with an integrated sampling and mixing performance test.
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Question 16.B.2.a) What were the results ofthe testing?

Response 16.B.2.a) The results of the small scale testing indicated that segregation of the particles
with high settling rates (primarily larger particles) did occur as expected. In addition, the test results
and analysis indicate that the smaller particles follow the fluid movement of the slurry. The results
also indicate that the samples collected at the full level contained a larger concentration of the
particles with a high settling rate. As such, these samples provided a conservative estimate of the
vessel concentrations.

More specifically, the tests completed at the MCE test stand for the HLW Feed Receipt vessel (HLP­
22), which is the primary location for the criticality sampling, indicated that large, high settling rate
particles were removed from the test vessel relatively early as the test vessel was emptied, and the
smaller, low settling rate particles were dispersed more uniformly in the slurry and were pumped out
at a more consistent rate. Examples of the large particles would be the sand and ~700Ilm, 2.9 g/mL
simulant particles. The aluminum and iron particles are examples of the smaller, well distributed
particles. Based on the maximum observed particle size data presented in Table 3.2.18 of WTP-RPT­
153, the waste Fe, U, Bi, Ni, and Mn compounds would be expected to be in the well distributed
particle set.

A related question is the behavior of the PuOz simulant particles in these tests. Although most of the
Hanford plutonium is expected to have formed co-precipitated particles with the iron and other waste
elements, a very limited number of tanks are suspected to contain PuOz particles, bounded by a 10Ilm
spherical equivalent particle, that are not co-precipitated (CCN: 211814, p. 4, Ist paragraph). These
plutonium oxide particles were simulated with a tungsten carbide (WC) alloy. The WC alloy
particles ranged from ~lllm to 30j1m diameter (CCN: 214953, p. 8). The tungsten concentration as a
function of the tank level results from the HLP-22-NQA-007 test shown below clearly shows that the
tungsten concentration during the first pump-out was higher than the original full vessel level (which
would result in a conservative sample) In addition, the tungsten concentration in the heel slurry
remaining after the initial pump down is lower than the initial, full vessel concentration.
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HLP-22-NQA-007 Test Results

Note that this testing did not include a prototypic sample system. As such, the results can not be used
to draw 'conclusions on the overall sampling· capabilities but were provided to satisfy the test
requirement specified in the response to question l6.B.2 above.

Question 16.B.2.b) Was the testing conducted with a bounding simulant? Describe the physical and
chemical properties ofthe bounding simulant.

Response 16.B.2.b) The HLW simulant for the final phase of M-3 testing was developed to bound
the design basis waste properties. See the response to question l6.AA for a discussion on the
selection of the design basis waste properties. This simulant employed a particle size distribution
larger than the 95%UL particle size distribution (design basis particle size distribution) listed as Table
3-2 in report RPP-9805. The average particle density was much greater than the 2.2g/mL
agglomerated particle density reported in RPP-9805, and was designed to represent the larger particle
fraction of a waste with an average particle density of 2.9g1mL reported in RPP-9805.

In addition, the simulant liquid phase was water. Using water assured both a low slurry viscosity and
density to maximize particle settling rates in the tests. Additionally, the tests were performed at
reduced velocities and the simulant was not adjusted to maintain the appropriate turbulence (e.g.
Reynolds number) in the test vessels.

The PU02 waste particles were simulated using 11.2 glmL tungsten carbide alloy particles. This
tungsten carbide simulant was composed of particles ranging from ~lflm to ~30flm particles and
approximately 40% of these particles were larger than the design basis 10flm PU02 particle.
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The range of the measured simulant shear strength for the post design basis event tests met the ~200
Pa requirement.

Question 16.B.2.c) How was the wide variation in WTP feed accountedfor in these tests?

Response 16.B.2.c) See the response to question 16.A.4 [Given the batch-to-batch variability and
complexity, how was the worst-case (bounding) feed selectedfor evaluating mixing power
requirements and zone ofinfluence (Z01)?]

Question 17. Savannah River National Laboratory Review of Non­
Newtonian Mixing

Responses to Question 17 were developed by:

Primary authors:

U.S. Department of Energy - Office of River Protection

Delmar Noyes, Deputy Assistant Manager, Waste Treatment and Immobilization Plant Project

Hanford Tank Waste Treatment and Immobilization Plant Project

Russell Daniel, Production Engineering Manager

Contributing authors:

Hanford Tank Waste Treatment and Immobilization Plant Project

Garth Duncan, Manager of Process Engineering and Technology
Robert French, M3 Issue Closure
Phil Kuehlen, CommissioninglFacilities Operations Manager
Mark Medsker, Pretreatment and High Level Waste Facilities Nuclear Safety Supervisor

John Olson, Manager, Process Engineering Design
Robert Yoke, Discipline Production Engineering Manager

Question 17.A The non-Newtonian Independent Review Team in their report (SRNL-RP-2010-00898,
Independent Technical Review ofthe Assessment ofPulse-Jet Mixing Performance in Vessels Containing
Non-Newtonian Sludge at the WTP) indicated that given additional time, a more detailed review ofthe
waste characteristics couldprovide a higher level ofconfidence. Will the non-Newtonian Independent
Review Team be given the opportunity to complete its review?

Response 17.A The non-Newtonian Independent Review Team did complete its review, terming the
report a final report in the report's transmittal letter (Dr. William R. Wilmarth (SRNL) to Richard E.
Edwards, Jr. (WTP), SRNL-L3600-20 10-00010, dated June 25,2010 (CCN 281916». The report said
in the Executive Summary of their report, in part, the following:
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The team believes that the existing physical waste characteristic data are adequate for use in the
design for the non-Newtonian mixing system. Given adequate time, a more detailed independent
review of the document and supporting documentation could provide a higher level of confidence in
its utilization.

There are no plans at this time for the non-Newtonian Independent Review Team to conduct further
review.

Question 17.B The non-Newtonian Independent Review Team concluded that the minimum static yield
stress for the non-Newtonian vessels (UFP-2 AlB, HLP-27 AlB, and HLP-28) be maintained above 6
Pascal and below 30 Pascal.

Question 17.B.1 Has BNI adopted this processing strategy? Ifnot, what is the technical basis for not
accepting this recommendation-describe the adopted processing strategy and the technical basis for its
selection?

Response 17.B.1 WTP intends to adopt the recommended processing strategy for three non­
Newtonian vessels, HLP-27 AlB and HLP-28. See report 24590-WTP-RPT-PET-IO-014, Slurry
Property Ranges in Non-Newtonian Pretreatment Vessels at WTP, Revision. 2, June 23, 20 to. As
noted in that report, UFP-2 AlB will, at times, see Newtonian conditions that are below 6 Pascals (this
was noted in Section 4.1.2.2 of the SRNL report, SRNL-RP-2010-00898, Independent Technical
Review of the Assessment of Pulse-Jet Mixing Performance in Vessels Containing Non-Newtonian
Sludge at the WTP, CCN 218916).

In addition, as documented in the non-Newtonian vessel TSG closure package (CCN 220456), the
project will conduct a reassessment of the minimum static yield stress aspect of the processing
strategy.

Question 17.B.2 The non-Newtonian Independent Review Team believed that only one of the three
methods discussed for controlling rheology will be successful (Le., measuring permeate production).

Response 17.B.2 The non-Newtonian Independent Review Team report (SRNL-RP-2010-00898,
Independent Technical Review ofthe Assessment ofPulse-Jet Mixing Performance in Vessels
Containing Non-Newtonian Sludges at the WTP (CCN 218916)) states in Section 4.2.3, Monitoring
Rheology, that Due to turbulent flow through the crossflow filters, using either the pressure drop or
pump amperage does not appear to the team to provide a successful method to indirectly monitor
rheology.
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Question 17.B.2.a) Describe the technical basis supporting control of the rheological operating window.

Response 17.B.2.a) A preliminary technical basis for controlling the rheological operating window
is provided in Appendix F, Process Controls for Mixing in report 24590-WTP-RPT-PET-IO-014,
Slurry Property Ranges in Non-Newtonian Pretreatment Vessels at WTP, Revision. 2, June 23, 2010.
The initial control step will be part of the waste feed pre-qualification testing for percent solids and
rheology as indicated in Section 7 of 24590-WTP-PL-OP-07-0001, Plan for WTP Feed Pre­

qualification, Revision 1, dated December 22,2008. The specific detailed controls after the feed is
received have not yet been specifically defined.

Question 17.B.2.b) Is the design of the controls supporting the rheological operating window complete?
If not, what activities remain to be completed (e.g., development activities to validate the selected control
strategy)? Discuss the technical scope of these activities and when they would be performed.

Response 17.B.2.b) The control design is not complete. Development activities, if any, and an
associated schedule have not been determined.

Question 17.C The non-Newtonian Independent Review Team concluded that the logic processes in the

WTP mixing vessel assessments supporting a determination ofconfirmation ready were inadequately

described in the draft report provided to the review team. Will the non-Newtonian Independent Review

team perform a follow-up review on the final mixing vessel assessments to assess the logic processes

used to determine the confirmation ready status ofnon-Newtonian vessels? Ifnot, will there be a follow­

up review, who will do it, and why is this acceptable?

Response 17.C Any follow-on activity by the non-Newtonian Independent Review Team will be
determined later. It should be noted that the team concluded that with the adoption of the lower limit
of6 Pa, in the recommendations on page 43 of SRNL-RP-20 10-00898, Independent Technical

Review ofthe Assessment ofPulse-Jet Mixing Performance in Vessels Containing Non-Newtonian

Sludges at the Waste Treatment and.fmmobilization Plant (CCN 218916) that Mixing has been shown
to be effective in this range of rheology.

Question 17.D The non-Newtonian Independent Review Team concluded that too little data exists for

yield stresses between 0 and 6 Pa to assure accurate scaling or confirm suspension ofthe expected waste

slurry with a high degree ofconfidence.

Question 17.D.1 What vessels will contain slurries with Bingham Plastic yield stresses at the vessel

bottoms between 0 to 6 Pa?

Response 17.D.1 For the five non-Newtonian vessels, only UFP-2 AlB will contain slurries with
Bingham Plastic yield stresses between 0 and 6 Pa. UFP-2AIB will initially receive Newtonian feed
streams (0 Pa) from UFP-IAIB. For UFP-2A1B, the waste in this regime will be evaluated as
Newtonian and will be based on the previous Newtonian scaling and suspension data.

The waste feed stream for HLP-27 AlB and HLP-28 will be controlled to ensure a non-Newtonian
behavior with a Bingham Plastic yield stress greater than or equal to 6Pa, as discussed in Section 5
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and Appendix F of 24590-WTP-RPT-PET-l0-014, Slurry Property Ranges in Non-Newtonian
Pretreatment Vessels at WTP, Revision. 2, June 23,2010.

Question 17.D.2 What control strategy will be used to avoid operating in this rheological window (0 to 6
Pa)? What are the potential safety-related mixing concerns associated with Bingham Plastic fluids with
yield stresses between 0 Pa and 6 Pa?

Response 17.D.2 Control strategies for the five non-Newtonian vessels are not yet developed as
discussed in the response to 17.B.2 a). HLP-27AlB and HLP-28 are evaluated in the non-Newtonian
vessel assessment at 6 and 30 centipoise, and also by further analyzing the limiting case of 0 Pa, to
assure adequate mixing in those conditions with respect to particle settling. In addition, large scale
testing is being planned to further evaluate the vessel mixing performance. On the basis of the
conclusions from current analysis and the control strategies and capabilities to be established during
the planned large-scale testing, it is expected there will be no emergent safety-related mixing
concerns for these vessels.

Question 17.E The non-Newtonian Independent Review Team recommended that ZOI datafor non
Newtonian vessels be assessed to determine ifthe Pulse Jet Mixer systems mobilize the entire vessel
bottom at a yield stress of30 Pa.

Question 17.E.l Will DOE require these data be analyzed? .ifyes, when will this analysis 'occur?
Provide a description ofthe analysis and results.

Response 17.E.l The recommendation has been followed. As reported in Appendix A of24590­
WTP-RPT-ENG-08-021-03, EFRT Issue M3 PJM Vessel Mixing Assessment, Volume 3 - HLP-VSL­
00027AJB, HLP-VSL-00028. UFP-VSL-00002AJB, Revision. 1, dated August 19,2010; bottom '
clearing calculations for 200,80, and 30 Pa were performed. As shown in Table 23, Bottom Clearing
Calculation Summary for all HLP-27 Operation Cases, 100% clearing (indicating ZOIs are
overlapping) was demonstrated for both the 80 and 30 Pa cases. Similar results were determined for
HLP-28 (Table39). Table 74 shows 100% clearing for all three cases.

Question 17.E.2 Are any additional research activities needed to increase confidence in vessel
performance atfull-scale in this range ofrheological properties? Describe these activities.

Response 17.E.2 Planned large-scale testing would increase confidence in vessel performance over
the range of rheologies. Specific large-scale activities are not yet identified.

Question 17.F The non-Newtonian Independent Review Team stated that they found the heel
management program to be a prudent engineering design feature for vessels that are expected to be in
service for at least 50 years. Describe the heel managementfeatures that are going to be installed on the
non-Newtonian process vessels.

Response 17.F A heel management system is currently in process of being implemented into the
design. The conceptual heel management system consists of heel dilution and heel cleanout
operations. A summary offeatures is contained in report 24590-WTP-RPT-PET-IO-013, Revision. 0,
Pretreatment Vessel Heel DilutioniCleanout Feasibility Study, June 4,2010. In addition, the
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functional requirements for heel cleanout and dilution are defined in 24590-PTF-RPT-ENG-l0-004,
Revision 0, Pretreatment Vessel Heel Dilution/Cleanout Functional Requirements. The features are
as follows:

1. Lowering pump suctions to -3-inches off-bottom for the vessels identified in 24590-WTP-RPT-
PET-lO-013, Revision. O.

2. Installing temporary pumps (as needed) for heel dilution and heel cleanout.

3. Providing secondary pump suction connections for the heel removal pump(s).

4. Provide two connections (access ports) to each vessel head to allow means to access and observe
conditions within the vessel.

Question 17.G The non-Newtonian Independent Review Team recommended that additional data
analysis be performed to determine ifa model that can predict the mixing performance in non-Newtonian
tanks over the entire range ofexperimentation is needed. Will this reassessment occur? Ifso, when? What
alternative exists ifit is determined that a model cannot predict mixing performance?

Response 17.G Based on the recommendation of the non-Newtonian Independent Review Team,
additional data analysis was performed and is documented in 24590-PTF-ES:'PET-1O-001,
Engineering Study For Non-Newtonian Vessel Cavern Height Correlation, Section 2, paragraph 2.2.
The report successfully correlated the data and concluded that generally, as vessel size increases,
required jet velocity decreases. The results were consistent with the conclusions of PNNL report
WTP-RPT-113, Technical Basis for Testing Scaled Pulse Jet Mixing Systems for Non-Newtonian
Slurries, Section 6, paragraph 6.4.3. As such, alternatives are not required.

Question 17.H The non-Newtonian Independent Review Team stated that CFD simulations will be
beneficial to the project and recommended that the project continue to pursue CFD without software
validation.

Response 17.H The Project is pursuing verification and validation (V&V) of the CFD software for
mixing of Newtonian fluids only. CFD has been utilized as an indicator of performance along with
other analysis methods in the M3 Vessel Assessments for Newtonian fluids. CFD will not be used as
a design tool (for design confirmation) until the software has been successfully V&V'd.

Question 17.H.1 Are CFD simulations without verification and validation ofthe code going to be used
in the design ofthese vessels?

Response 17.H.1 No. CFD will not be used for design confirmation of any vessels until after it has
been V&V' d. Use of CFD for these vessels will be limited to the design confirmation of UFP-2NB
when the vessel contents are Newtonian.
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Question 17.H.2 When will the verification and validation ofnon-Newtonian process vessels be
performed?

Response 17.H.2 Verification and validation ofCFD will be perfonned as required by the WTP
design process. Note that CFD will not be used for the design confinnation of these vessels except
for UFP-2AIB when the vessel contents are Newtonian. The verification and validation of the CFD
software for modeling pulse jet mixing of Newtonian slurries is expected to be completed by
September 2011.

Question 17.H.3 What experimental data will be used in the verification and validation process?

Response 17.H.3 The experimental program to support V&V of CFD for Newtonian slurries in non­
Newtonian as well as Newtonian vessels will be defined in a revision of document 24590-WTP-PL­
ENG-03-0lO, Fluent Computational Fluid Dynamics V&V Plan. The CFD V&V test plan is being
revised in order to align it with the recently published ASME V&V 20-2009 Standard for Verification
and Validation in Computational Fluid Dynamics and Heat Transfer.

Question 17.H.4 Will the experimental data usedfor verification and validation ofnon-Newtonian
process vessels include features such as spargers and recirculation pumps? ifyes, describe the data.

Response 17.H.4 The experimental program for verification and validation of the CFD software for
modeling pulse jet mixing systems in Newtonian slurries will not include spargers and recirculation
pumps.

Question 17.1 The non-Newtonian Independent Review Team recommends that integration ofthe Pulse
Jet Mixers, spargers, and recirculation pump should be considered in the respective vessel assessments,
Has DOE accepted this recommendation? ifyes, describe when and how integration ofthe Pulse Jet
Mixers and spargers/recirculation pump will be considered?

Response 17.1 The vessels assessment for the non-Newtonian vessels, 24590-WTP-RPT-ENG-08­
021-03, EFRT Issue M3 PJM Vessel Mixing Assessment, Volume 3 - HLP-VSL-00027A1B, HLP-VSL­
00028, UFP-VSL-00002A1B, Revision. 1, dated August 19, 2010, addresses integrAtion ofthe PIMs
and spargers; the operation ofthe recirculation pump is not included. The recirculation pumps are
process pumps used for ultrafiltration in conjunction with the UFP-2AIVB vessels (there are no
recirculation pumps for the other non-Newtonian vessels). Although the recirculation pumps would
enhance mixing in UFP-2AIB, they are not safety-related and would not necessarily be available in
accident conditions to help fulfill safety-related mixing criteria for those vessels. The assessment
demonstrates that the PIMs and spargers are sufficient to achieve the mixing criteria for the vessels.
There are no plans to attempt to include the recirculation pumps in a future assessment.
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Question 18. Pacific Northwest National Laboratory (PNNL)

Responses to Question 18 were developed by the following PNNL staff:

Primary authors:

Loni Peurrung, Product Line Manager

Contributing authors:

Perry Meyer, Staff Scientist

Dean Kurath, Staff Engineer

Michael Minette, Project Manager

Gordon Beeman, Project Manager

Question 1S.A. PNNL has had considerable involvement with the design and testing ofthe pulse jet
mixed vessels at the WTP. What is PNNL's technical opinion regarding the existing technical basis for the
design ofPulse Jet Mixing System?

Response 1S.A. PNNL's expert opinion, based on the results of PNNL's Phase 1 scaled testing
(PNNL-18098, Pulse Jet Mixing Tests with Noncohesive Solids (WTP-RPT-182)), is that the
performance of the PlM vessel types (PWD-43, RLD-07, RLD-08 and HOP-903/904) met the
provided set of mixing criteria, PlM vessel types FEP-17 AlB and TLP-09 AlB were marginal, and
PlM vessel types FRP-02 AlB/C/O, HLP-22, PWD-15/16, PWD-33, PWD-44, TCP-OI and UFP-Ol
AlB were inadequate. The current designs have subsequently been improved; however, PNNL has not
been provided the opportunity to formally review the current design basis.

The technical basis for design fundamentally resides in selection of mixing criteria. While complete
mixing resulting in a fully uniform distribution of particles throughout the vessel volume is not
achievable or necessary, the ability to move solids through the plant requires an acceptable
suspension and vertical distribution of those solids. PNNL has significant history evaluating the
performance of PlMs for WTP, and as a result was asked by WTP to perform a series of scaled
mixing tests with the goal of establishing appropriate scaling factors to predict full-scale performance.
This work culminated in the completion of Phase I scaled tests limited to non-cohesive,
monodisperse particles (PNNL-18098 / WTP-RPT-182). At the time of completion of our report on
Phase I testing, PNNL and WTP had selected complete off-bottom suspension and solids
concentration near the pump inlet (derived from cloud height) as appropriate rating metrics. These
metrics were consistent with the WTP mixing requirements at that time (24590-WTP-ES-PET-08­
002, Determination ofMixing Requirements for Pulse-Jet-Mixed Vessels in the Waste Treatment
Plant). PNNL developed both statistics-based and physics-based correlations from the Phase 1
testing data to evaluate full-scale mixing behavior. Evaluated against these mixing metrics, two
vessel types appeared to be marginal and seven vessel types appeared inadequate.

WTP mixing system designs have evolved, including design changes such as increasing jet velocity
and, in some cases, increasing the number of pulse tubes and/or nozzle diameters. Operating

Page 157 of 209



Responses to Defense Nuclear Facilities Safety Board Questions

conditions have also been changed, such as reducing solids concentrations. As a result, of the nine
vessel types evaluated as marginal or inadequate, four of the designs or operating conditions for the
vessel types have been improved since PNNL completed Phase 1 testing. However, there are still
deficiencies with the technical basis for both the Newtonian and non-Newtonian vessels.

While Phase 1 testing predicted inadequate mixing in some vessels as indicated by off-bottom
suspension and cloud height, WTP subsequently changed the mixing metrics in their testing as
regards complete off-bottom suspension for a normal, full vessel and moved to a bottom-clearing
metric. WTP then performed its own series of bottom-clearing tests using waste simulants. This
change represents a significant reduction of the mixing criterion. The achievement of complete off­
bottom suspension is a standard requirement in industrial mixing system designs.

In addition, there are no longer any mixing requirements relative to solids vertical distribution, such
as a requirement limiting maximum solids concentration (typically near the transfer pump inlet). The
project assumed that only a small fraction of the solids (the heaviest) stratified near the bottom of the
vessel and that the remainder would be fairly well distributed vertically. Observations from recent
WTP testing results (24590-WTP-ES-PET-09-001, M3 Platform Test Data$tudy) demonstrate
otherwise, with significant stratification of most or all of the solids being present.

The technical basis for establishing the adequacy of the design based on testing using simulants also
depends on how well the simulants bound the behavior of actual tank waste. PNNL has several
concerns related to the simulants used in WTP's tests that followed PNNL's Phase 1 testing, which
were not necess!lrily physically representative or bounding of actual waste.

• Actual waste at higher solids concentration typically has a yield stress. The simulants WTP used
for scaled testing of normal mixing operations were primarily non-cohesive. The jet degradation
near the vessel floor where the solids concentration is high is therefore less severe in the WTP
tests than it would have been if the simulant exhibited a yield stress. Consequently, the mixing
performance observed in the WTP tests may be better than actual plant performance.

• The 200 Pa simulant used for post-DBE testing was inadequate as a cohesive simulant, since
some of its shear strength was due to granular compaction. The concern (WTP/RPP-MOA­
PNNL-00494, Subcontract No. 24590-QL-HC49-00001-Project 55753 (WA#028) Recipes/or
Simulant Strengths) is that the granular simulant is more easily mobilized than tank wastes at
200 Pa and test results may be non-conservative.

Finally, the current design lacks an adequate scaling basis to relate small-scale test results to full-scale
plant performance. Some WTP testing applied a scaling law with a velocity scale exponent of 0.18
rather than 0.33. The smaller scale-up exponent allowed the scaled PlMs to be operated at higher
velocity in the test stand, thus improving the observed clearing behavior. We think the use of the
0.18 scale exponent (derived from wall shear measurements from steady air jets impinging on a flat
plate) to unsteady mobilization of solids in the test stands is not supported by existing data.

WTP also tested pumped-out material in an attempt to demonstrate that no net solids would
accumulate in the vessel. The scaling of the mixing, transfer system, and pump-down process is
complex. Hence, we think the absence of an experimentally validated scaling basis for pump-down
represents a significant weakness of the current design basis.
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As far as we are aware, the only available data for scale-up of P1M systems with non-cohesive solids
are the PNNL test data (PNNL-18098 / WTP-RPT-182). Those data were collected explicitly for P1M
velocity for complete off-bottom suspension and solids cloud height. Scaling laws were developed at
that time based on those two metrics. Current designs are based on applying a scaling exponent of
0.18 for some bottom clearing tests and an exponent of 0.33 for all other mixing modes. To the
extent that this is true, the scaling basis for the current testing is not directly supported by PNNL test
data.

Question 18.A.l. What are the technical strengths and weaknesses ofthe existing design given the
information currently available?

Response 18.A.1. The weakness in the existing design is that it fails to provide adequate design
margin. Because the design fails to show that it readily meets conventional mixing criteria,
significant investment in scaled testing has been required to determine if it meets lesser requirements
under less challenging operating conditions such as redueed solids loading. The significant
uncertainty in scaling behavior for these mixing systems makes it difficult to predict with confidence
whether those criteria will be met at the full scale, thus suggesting that full-scale testing may yet be
required. However, a more robust mixing system with generous design margin would reduce if not
eliminate the need for great certainty in scaling factors.

Question 18.A.2. What are the potential safety-related implications ofthese technical weaknesses?

Response 18.A.2 The potential safety-related implications of the weaknesses identified above are the
risk of criticality and the risk of hydrogen gas flammability.

A.2.1 Risk ofCriticaiity

The technical understanding and vessel designs must be adequate to control the accumulation of
fissile masses (through separation and other causes) in forms, quantities and conditions that might
result in a criticality.

The previously mentioned weaknesses associated with scaling, simulants, and mixing requirements
all can result in small-scale test results that under-predict how the fissile materials at risk may
actually accumulate in the plant. Because of this, a potentially unsafe accumulation of material may
occur.

Specifically, if mixing systems are underpowered, the heaviest particles can accumulate in the
bottom of the vessels. The fissile materials in Hanford waste are likely among the heaviest particles.

A.2.2 Risk ofHydrogen Flammability

The technical understanding and vessel designs must be adequate to ensure that unsafe accumulation
of flammable gasses inside vessels be avoided.

Specifically, the mixing systems must be adequate to ensure safe management of flammable gasses
during normal operations and upon restart after a mixing system outage or other DBE. During
normal operations, the mixing designs must ensure that dead zones of immobile material are
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prevented, and that concentrations of flammable gasses in mixed zones are low. For post-DBE
operation the mixing systems must be able to overcome the physical waste state that has resulted
during the outage.

The previously mentioned weakness associated with scaling, simulants, and mixing requirements all
can result in small-scale test results that under-predict the magnitude of dead zones and overall gas
retention in the vessels. Also, the test results may give a misleading impression of the ability of the
mixing designs to safely overcome the settled layers after a DBE and re-establish a safe, normal
operating state.

Question I8.B. What concerns did PNNL express to DOE regarding the current pulse jet mixer design
basis?

Response 18.B. PNNL has expressed concerns to WTP staff in the areas of vessel mixing, scaling,
P1M controls, pipeline plugging, simulants, gas retention, and general concerns. PNNL concerns
were provided directly to WTP sInce PNNL's contractual relationship is to BNI rather than to DOE;
however, PNNL received DOE review comments on most draft reports. Specific concerns are
detailed below.

Prior to February 2007, Battelle, Pacific Northwest Division provided support to BNI as a true
subcontractor, via our 1831 contract "use permit." Subsequent to that date, work has been assigned
from DOE to BNI and then to PNNL under the 1830 prime contract via an Inter-entity Work Order
(IWO). An IWO is not a contract, and does not make PNNL a subcontractor to BNI. Rather, an IWO
is a financial mechanism that shifts DOE funding and tasks among DOE Contractors. Project work
scope, budget, schedule, quality and special requirements, deliverables and reporting requirements
continued to be directed by BNI; however, PNNL's contractual relationship after February 2007 was
with DOE.

Vessel Mixing

• August 14, 2007 - Letter WTPIRPP-MOA-PNNL-00089 to WTP, Subcontract No. 24590-QL­
HC9-WA49-0000I, Project 53019 (WA#2007-008) Transmittal ofPreliminary Summary ofHLP­
22 Testing Results, HLP-22 (4 nozzle 8m/s) design appears inadequate for Newtonian Wastes.

• March 19,2008 - Letter WTPIRPP-MOA-PNNL-OOI91, Contract No. 24590-QL-HC9-WA49­
00001 - Project 53023 (WA#2007-008) Transmittal ofInterim Report, Interim Summary: HLP­
22 Mixing Performance Evaluation. Interim summary - HLP-22 mixing performance evaluation
to WTP: HLP-22 design is significantly underpowered.

• April 17, 2008 - Discussion with WTP PJM Criticality representative: Expressed concern that
the PJMs could be a separator. The fissile materials with high density are likely or could possibly
separate from the poisons (light metals). While the fissile [materials are] spread on the tank
bottom, there is no problem. When pulsed in the liquid moderator, a problematic geometry could
occur.

• December 2008 - Draft Report WTP-RPT-182 Revision A Pulse Jet Mixing Tests with non­
cohesive solids: During Phase I Newtonian vessel testing, PNNL identified that four vessel types
(PWD-43, RLD-07, RLD-08 and HOP-903/904) that satisfied the design criteria for all conditions
evaluated, two vessel types were marginal (FEP-17 AlB and TLP-09 AlB) and seven vessel types
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(FRP-02 AlB/C/O, HLP-22, PWD-15/16, PWD-33, PWD-44, TCP-OI and UFP-OI AlB) did not
satisfy the design criteria for any of the conditions evaluated. Also alternative configurations for
HLP-22 (including 6 inch nozzles at 12 mls) did not satisfy the design criteria for any of the
conditions evaluated.

• January 15, 2009 - Letter WTPfRPP-MOA-PNNL-00349 to WTP, Subcontract No. 24590-QL­
HC9-WA49-00001 - Project 55753 (WA#2008-028) Transmittal ofConceptual Test
Requirements, provided a conceptual plan for phase 2 testing. The concept draft included multi­
tank scale testing, parametric simulant testing, bridge test from phase I to phase 2 drives,
instrumentation for off bottom suspension, in tank shear stress readings and concentration
measurements, combined Newtonian and non-Newtonian simulant tests. Cohesive simulant
testing was also recommended at two tank scales. (Emails and proposals on how to do phase 2
testing go back to the summer 2008 and include August 1,2008 Email PNNL to WTP,
September 24,2008 Proposal for SCN-77 Revision 0, and October 14, 2008 Proposal to SCN-77
Revision 1.) The concept draft was concerned that technically defendable testing would need
multi-vessel size tests, bridge tests to Phase I, parametric tests (Newtonian, Cohesive simulants),
and an instrumented tank.

• May 2009 - Report WTP-RPT-182 Revision 0 Pulse Jet Mixing Tests with Noncohesive solids:
While the summary statement of the mixing performance evaluation was removed per contract
direction, detailed examples, what ifs and summary figures were provided to support the WTP
evaluations related to the M3 determination of vessel adequacy. Detailed analysis of the HLP-22
vessel design at the time (4 inch nozzles 8 mfs) and three alternative HLP-22 designs (4/12 mfs,
6/8 mls and 6/12 mfs) were shown to not be sufficient to lift all the solids from the bottom and
would result in pump inlet concentrations that exceeded to 20 wt% criteria. Figures 9.58 through
9.61 show that two vessel types were marginal (FEP-17 AlB and TLP-09 AlB) and seven vessel
types (FRP-02 AlB/C/O, HLP-22, PWD-15/16, PWD-33, PWD-44, TCP-OI and UFP-OI AlB)
did not satisfy the design criteria for any of the conditions evaluated. The report also raised the
concern that actual in-tank waste settling velocities appeared to be faster than those shown in the
WTP-RPT-153, Estimate ofHanford Waste Insoluble Solid Particle Size and Density
Distribution, Case 3.

Scaling

• December 2008 - Draft Report WTP-RPT-182 R~vision A Pulse Jet Mixing Tests with Non­
cohesive solids: During Phase 1 Newtonian vessel testing, PNNL identified that four vessel types
(PWD-43, RLD-07, RLD-08 and HOP-903/904) that satisfied the design criteria for all conditions
evaluated, two vessel types were marginal (FEP-17 AlB and TLP-09 AlB) and seven vessel types
(FRP-02 AlB/C/O, HLP-22, PWD-15/16, PWD-33, PWD-44, TCP-OI and UFP-OI AlB) did not
satisfy the design criteria for any of the conditions evaluated. Also alternative configurations for
HLP-22 (including 6 inch nozzles at 12 mrs) did not satisfy the design criteria for any of the
conditions evaluated.

• January 15, 2009 - Letter WTPfRPP-MOA-PNNL-00349 to WTP provided a conceptual plan
for phase 2 testing. The concept draft included multi-tank scale testing, parametric simulant
testing, bridge test fr.om phase 1 to phase 2 drives, instrumentation for off bottom suspension, in
tank shear stress readings and concentration measurements, combined Newtonian and non­
Newtonian simulant tests. Cohesive simulant testing was also recommended at two tank scales.
(Emails and proposals on how to do phase 2 testing go back to the summer 2008 and include
August 1,2008 Email PNNL to WTP, September 24, 2008 Proposal for SCN-77 Revision 0, and
October 14, 2008 Proposal to SCN-77 Revision 1.) The concept draft Was concerned that
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technically defendable testing would need multi-vessel size tests, bridge tests to Phase I,
parametric tests (Newtonian, Cohesive simulants), and an instrumented tank.

• May 2009 - Report WTP-RPT-182 Revision 0 Pulse Jet Mixing Tests with Noncohesive Solids:
While the summary statement of the mixing performance evaluation was removed per contract
direction, detailed examples, what ifs and summary figures were provided to support the WTP
evaluations related to the M3 determination of vessel adequacy. Detailed analysis of the HLP-22
vessel design at the time (4 inch nozzles 8 m/s) and three alternative HLP-22 designs (41l2mps,
6/8mps and 6/12mps) were shown to not be sufficient to lift all the solids from the bottom and
would result in pump inlet concentrations that exceeded to 20 wt% criteria. Figures 9.58 through
9.61 show that two vessel types were marginal (FEP-17 AlB and TLP-09 AlB) and seven vessel
types (FRP-02 AlB/C/O, HLP-22, PWD-15/16, PWD-33, PWD-44, TCP-O 1 and UFP-O 1 AlB)
did not satisfy the design criteria for any of the conditions evaluated. The report also raised the
concern that actual in-tank waste settling velocities appeared to be faster than those shown in the
WTP-RPT-153 Case 3.

• January 2010- Draft Report WTP-RPT-208 Revision A, Reconciling Differences in Phase·] and
Phase 2 Test Observations for Waste Treatment Plant Pulse Jet Mixer Tests with Non-Cohesive
Solids, identified that a larger scaling factor for Des (critical suspension velocity, all solids
suspended at the end of pulse) is likely to be required for full cycle PJMs used in phase 2. The
preliminary Des scale-up exponents (in the draft report) for phase 2 testing were 0.38 for 8-tube
tests and 0.34 for 12-tube tests. (These scaling factors are expected to increase slightly in the final
report.)

• February 16,2010 - Email to WTP (TDP-WTPSP-443 page 78) (related Emails April 9, 2010
pages 69-70, May 13,2010 pages 66-68, May 21, 2010 pages 48-51): expressed concern related
to the use of the 0.18 ZOI (Journal of Applied Mechanics, Investigation ofa Turbulent Radial
Wall Jet) scaling factor to detennine the jet velocity in bottom clearing testing and the related
technical basis for the 0.18 scaling factor use in the PJM testing conditions. (Also see WTPIRPT­
MOA-PNNL-00507 in TDP-WTPSP-443 Page 327-329.)

• February 24,2010 - Email to WTP (TDP-WTPSP-443 page 77) Related Emails
February 26, 2010 pages 65-76, and May 17,2010 page 64): Expressed concern that the suction
inlet to the transfer (sampling! batch pump out inlet) pump was not geometrically or functionally
prototypic. (Also see WTPIRPT-MOA-PNNL-00507, Subcontract No. 24590-QL-HC9-WA49­
0000], Project No. 55753 (WA-028) Test Considerations for the Potential Engineering-Scale
HLP-27 Test in TDP-WTPSP~443 Page 329-331.)

PJM Controls

• February 2007 - Report WTP-RPT-146, Revision 0: The signals from a vent overblow were
found to be too small for practical detection and controL The signal for aspiration with drive line
length of 50 ft and suction line length of 125 ft also indicated that aspiration could not be
detected.

• August 2009 - Report WTP-RPT-179,Revision 0, PJM Controller Testing with Prototypic PJM
Nozzle Configuration, expressed concern that the results of the testing presented in Section 6
indicate that the BNI controllers are not capable of detecting drive overblows under all
circumstances. Both the ABB and Triconex controllers failed to reliably detect overblows under
the scenario where a PlM overblow occurred because the pulse tube was not completely full
before the start of the drive phase.
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Pipeline Plugging

• March 2009 - Report WTP-RPT-175, Revision 0, Deposition Velocities ofNewtonian and Non­
Newtonian Slurries in Pipelines: Concern the Thomas (1979) correlation in the design guide is
not conservative and a Non-Newtonian deposition velocity design guide should be developed for
WTP. Also, calculations should evaluate critical velocities for both the Newtonian and Non­
Newtonian fluids and evaluate at least three criteria: first the critical deposition boundary, second
the transitional deposition boundary and third the laminar deposition boundary.

• May 2009 - Report WTP-RPT-178, Revision 0, Qualitative Investigation ofDepositional
Velocities On Non-Newtonian Slurry In Complex Pipeline Geometries: The flush to line volume
ratio should be 3 (verses 1.7 in the design guide24590-WTP-GPG-M-0058 Revision 0) and
critical deposition velocities on complex fittings are lower than those reported in WPT-RPT-175
for straight pipe sections.

• July 2009 - Report WTP-RPT-189- Revision 0 Deposition Velocities ofNon-Newtonian Slurries
in Pipelines Complex Simulant Testing: Confmned concern that a robust pipeline design should
consider correlations for both Newtonian and Non-Newtonian transport, identified key line
flushing velocities, and determined that Net Positive Suction Head required increased
significantly over (1.5 to 2 times) that for water.

Simulants

• January 13,2009 - Email to WTP (TDP-WTPSP-443 page 296-298) (related Emails January 13­
14,2009 pages 254-275): WTP Project Manager asked on tour ifPNNL could support a 5 micron
stainless steel simulant being considered a bounding particle representing Hanford Tank Wastes.
This Email string expresses PNNL's concern that 5 micron SS is not bounding, shows much
larger Plutonium particle images from the WTP-RPT-153 report and supplies simulant choices
that WTP could use to match settling velocities for a potentially bounding 40 to 50 micron
Plutonium oxide particle.

• January 15, 2009 - Letter WTPIRPP-MOA-PNNL-00349 to WTP provided a conceptual plan
for phase 2 testing. The concept draft included multi-tank scale testing, parametric simulant
testing, bridge test from-phase I to phase 2 drives, instrumentation for off bottom suspension, in
tank shear stress readings and concentration measurements, combined Newtonian and non­
Newtonian simulant tests. Cohesive simulant testing was also recommended at two tank scales.
(Emails and proposals on how to do phase 2 testing go back to the summer 2008 and include
August 1,2008 Email PNNL to WTP, September 24,2008 Proposal for SCN-77 Revision 0, and
October 14,2008 Proposal to SCN-77 Revision 1.) The concept draft was concerned that
technically defendable testing would need multi-vessel size tests, bridge tests to Phase I,
parametric tests (Newtonian, Cohesive simulants), and an instrumented tank.

• May 2009 - Report WTP-RPT-182 Revision 0 Pulse Jet Mixing Tests with Noncohesive Solids:
While the summary statement of the mixing performance evaluation was removed per contract
direction, detailed examples, what ifs and summary figures were provided to support the WTP
evaluations related to the M3 determination of vessel adequacy. Detailed analysis of the HLP-22
vessel design at the time (4 inch nozzles 8 mls) and three alternative HLP-22 designs (4/12mps,
6/8mps and 6/12mps) were shown to not be sufficient to lift all the solids from the bottom and
would result in pump inlet concentrations that exceeded to 20 wt% criteria. Figures 9.58 through
9.61 show that two vessel types were marginal (FEP-17 AlB and TLP-09 AlB) and seven vessel
types (FRP-02 AlB/C/O, HLP-22, PWD-15/16, PWD-33, PWD-44, TCP-Ol and UFP-Ol AlB)
did not satisfy the design criteria for any of the conditions evaluated. The report also raised the
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concern that actual in-tank waste settling velocities appeared to be faster than those shown in the
WTP-RPT-153 Case 3.

• February 19, 2010 - Letter WTPIRPP-MOA-PNNL-00489 to WTP (TDP-WTPSP-443
page 206-227): Concerns related to using the RPP-9805 particle size distribution for simulant
basis.

• March 12,2010 - Letter WTPIRPP-MOA-PNNL-00494 to WTP (TDP-WTPSP-443 page 200­
204): Concern that a highly cohesive simulant is expected to behave differently than the 200Pa
simulant. (Related Emails January 14,2009 Pages 237-239, January 15-27,2009 Pages 277-283,
February 23, 2009 pages 248-251 and technical notes to WTP pages 234-235.)

• June 18, 2009 - Email to Non-Newtonian review group: the use of a static force balance-type
criteria for establishing whether a particle will settle in a fluid with a yield stress does not apply in
the same way when the fluid is sheared, agitated or in a state of turbulence.... Unsteady
jet/sparger hybrid mixing with cohesive settling slurries is complex enough to warrant some
experimental verification. [This testing is key for developing a technical basis for shear stress
control options in non-Newtonian vessels.]

• June 25, 2010 - Letter WTPIRPP-MOA-PNNL-00507 to WTP (TDP-WTPSP-443 page 319­
332): For potential Non-Newtonian tank testing in the MCE 43-inch test stand, the letter
recommended not using a 0.18 bottom clearing scaling factor, p"arametric testing the transfer
suction inlet diameter and velocity, parametric testing using the physical properties of combine
cohesivelNewtonian simulants, and scaling of the spargers (also see IRPP-MOA-PNNL-00508).

Gas Retention

• May 2009- Report WTP-RPT-I77, Revision 0, An Approach to Understanding Cohesive Slurry
Settling, Mobilization, and Hydrogen Gas Retention in Pulsed Jet Mixed Vessels: The report
highlighted technical uncertainties for flammable gas release from cohesive wastes related to both
the modeling of their behavior in PJM vessels and uncertainties related to actual waste tank
settling and strength behaviors have not been resolved. It also raised concerns that in-tank waste
settling velocities appeared to be faster than those shown in the WTP-RPT-153 Case 3. (Follow­
on reports include PNNL-18327 and PNNL-19245 see figure 3.1.)

General

• July 6, 2010 - Email Terry Walton (PNNL) to Frank Russo, Vulnerabilities, the list is provided
with the following background:

o The attached list of vulnerabilities does not constitute a complete and comprehensive review
by PNNL staff but rather should be considered as some examples of risks that staff are aware
of as a result of their involvement with various WTP efforts.

o BNI staff are aware ofand working many of these issues. Designs and operating conditions
for several vessels are being reevaluated as a result recent phase 2 testing and PNNL staff
may not be aware of the complete suite of actions that BNI is taking to address
vulnerabilities.

o In some cases there are valid differences of technical and engineering opinions between the
PNNL and BNI staff.
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Question IS.B.l. Given the concerns identified by PNNL, what additional testing, ifany, would be
needed to resolve these concerns?

Response IS.B.l The type of additional testing needed depends on the ultimate purpose of the test.
As indicated in our response to Question A.I, an increase in design margin would provide a clearly
robust, easily defensible design requiring relatively little additional testing.

B.1.1. Testing to provide clearly robust, easily defensible designs

Most or all of the significant technical and safety issues can be resolved by tests performed at
reduced scale if sufficient air supply and/or type of mixing equipment are provided. This
approach requires the use of conservative scale factors, conservative mixing requirements, and
conservative siqmlants. Tests are conducted to determine what mixing equipment operating
conditions are required to meet the mixing requirements. With this approach, the degree of
conservatism is increased to the point where the significant technical issues are eliminated. This
is the testing approach commonly used in process industries. We believe that this testing
approach is technically appropriate, especially given the black-cell operating environment.
Testing of this type should be planned in conjunction with engineering feasibility and cost benefit
studies in order to provide, technically defensible, safe, and robust designs that are least impactful
to the WTP baseline.

B.1.2 Testing to establish ifexisting designs are indeed adequate

If the goal of testing is to confirm the existing designs, we would recommend full-scale testing of
prototypic systems, utilizing a range of well-designed, bounding simulants. The prototypic system
should include a prototypic air supply system utilizing jet pulse pairs, prototypic bubblers for
level and PJM control, a slurry washdown system to prevent slurry creep into the air lines and a
prototypic PJM control system. We recommend that if this approach is adopted that the tests be
conducted in a conservative manner leading to a sufficient design and operating margin. With this
approach, all issues associated with scaling would be bypassed. However, technical issues with
simulants would still require resolution.

With this approach, perhaps not all designs would require full-scale testing, as it may be argued
that one vessel design bounds another. However no single vessel design should be assumed to be
bounding f9r all vessel designs.

B.1.3 Testing to establish the limits ofoperation for existing designs

If the goal of testing is to identify the operational limits of current designs, we would also
recommend full-scale testing of prototypic systems as described above. However, simulant
properties such as concentration, rheology, and particle size and density would require parametric
variation in order to determine which combinations of properties the existing design can
adequately handle.
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Finally, we do not believe that a single test can be conducted that will address the major weaknesses·
and unresolved technical issues associated with the current mixing system design. The establishment
ofa carefully considered, technically sound testing strategy is necessary. This strategy would likely
involve various combinations ofthe test types described above.

Question B.2. Has PNNL been asked to assist in the resolution o/these concerns? Describe the extent of
PNNL's involvement in the resolution ofthe remaining pulse jet mixing design issues.

Response B.2. As part of the current project, PNNL has provided letters related to the scaling on
spargers and testing considerations related to non-Newtonian testing. PNNL has been approached by
BNI to assist in resolving remaining concerns; however, no specific scope has been identified to date.

PNNL also has two ongoing mixing-related activities that are funded and directed by EM's Office of
Technology Innovation and Development. A full description of these activities can be found in
section 5.5 of the EM Tank Waste Research and Development Plan. In the first activity, PNNL is
tasked to develop a more accurate design basis through a review of existing data and ad~itional actual
waste tests. The second activity is developing a new computational fluid dynamics approach to more
accurately predict solids behavior in slurry handling systems such as tanks and pipelines. This work
focuses on overcoming many of the physical oversimplifications in existing codes that limit their
accuracy and application.

Question 19. Path Forward

Responses to Question 19 were developed by:

Primary authors:

U.S. Department of Energy - Office of River Protection

Delmar Noyes, Deputy Assistant Manager, Waste Treatment and Immobilization Plant Project

Hanford Tank Waste Treatment and Immobilization Plant Project

Russell Daniel, Production Engineering Manager

Contributing authors:

Hanford Tank Waste Treatment and Immobilization Plant Project

Robert French, M3 Issue Closure

Phil Kuehlen, CommissioninglFacilities Operations Manager

George Matis, Commissioning Operations Manager

Jeff Monahan, Project Engineering Manager, Pretreatment Facility
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Question 19.A DOE has committed to perform large-scale tests (May 17,2010, EM-1 letter). Describe
additional testing needed to prevent safety issues during WTP operations from inadequate mixing.

Response 19.A Vessel assessments have been completed that document that there is reasonable
assurance that solids will not accumulate in these vessels and that safety-related mixing requirements
will be met. Based on document 24590-WTP-RPT-ENG-08-021, EFRT Issue M3 PlM Vessel
Mixing Assessment, Volumes I thru 10, no additional testing is needed to prevent safety issues
during WTP operations from inadequate mixing. However, the TSG identified risk associated with
the overall vessel performance (documented in CCNs 220452, 220453, 220454, 220455, and 220456
[Report 24590-WTP-RPT-ENG-08-021, Volumes 3, 6, 7, 8, and 9, respectively]) that will be
mitigated with the conduct of additional LOAM benchmarking and large-scale testing. The risks
identified by the TSG that will be mitigated with small and large-scale testings are:

• Conditions in the testing that challenge the design condition (e.g. selection of solids in the
simulants used in testing that are more difficult to suspend than nominal tank waste).

• Simplifications in the calculation methods (e.g. movement of solids on the vessel bottom and
suspension and settling rates as projected by the Low Order Accumulation Model).

• Testing at large scale has not been performed.

• The testing program and design assessment methods have not comprehensively accounted for
fluid flow distribution interferences from seismic supports and internal structures.

• Actual waste fluid viscosities, localized concentrations, and temperatures could impact estimated
design margins.

• Extrapolation of effective PlM clearing radius results to solids depths that have not been tested
are uncertain.

• Operational conditions associated with gravity refill, the suction line transfer system and the PlM
control strategy were not completely evaluated.

Question 19.A.l Is a series oflarge-scale tests needed?

Response 19.A.l Yes. A series of large scale tests was recommended by the TSG in the M3 Closure
Records in order to mitigate risks identified in the mixing vessel assessments (CCNs 220452, 220453,
220454,220455, and 220456 [Report 24590-WTP-RPT-ENG-08-021, Volumes 3, 6, 7, 8, and 9,
respectively]). As documented in these CCNs, this testing should include:

• The capability of the PlMs to operate under the expected range of fill conditions.

• The PlM gravity re-fill mode for the anticipated temperatures during operations.

• The suction line transfer system at full scale.

• Process control sampling strategies

• The PlM control strategies with prototypic operating conditions and controls (e.g., the use of
bubblers for vessel monitoring). .
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Question 19.A.1.a) If large-scale testing is needed, what are the technical objectives and scope?

Response 19.A.1.a) A team has recently been chartered to-perform conceptual planning for large
scale integrated testing (24590-WTP-CH-MGT-1O-006, Charter for the Integrated Waste Delivery
and Mixing Team). The top level objectives and scope are stated in the TSG Closure Records
referenced above and in document 24590-WTP-RPT-ENG-IO-00I, Revision 0, Integrated Pulse Jet
Mixed Vessel Design and Control Strategy, Section 3, Paragraph 3.1. The initial planning has
generated a consolidated list of recommendations, commitments, and actions from multiple sources
that relate to large-scale test planning. These will be considered in planning for large scale tests.

Question 19.A.l.a)(1) How does this technical scope mitigate the technical uncertainties ofsmall scale
testing?

Response 19.A.1.a)(1) The large scale tests mitigate the technical uncertainties of small scale testing
by providing additional confidence in scaling analyses, and by providing an integrated demonstration
of related systems for mixing, transport and sampling in advance of cold commissioning.

Question 19.A.l.a)(2) Will performance ofthe WTP sampling system be tested?

Response 19.A.1.a)(2) Yes. Performance of the WTP sampling system is identified to be tested as
part of the large scale integrated testing.

Question 19.A.l.a)(3) Will heel detection/dilution/cleanout abilities be tested?

Response 19.A.l.a)(3) Yes. Heel inspection and dilution abilities are identified to be tested as part
of the large scale integrated testing.

Question 19.A.l.b) If large-scale testing is not needed, what is the technical justification supporting this
decision? How will the remaining technical risk be resolved?

Response 19.A.1.b) Not applicable, DOE and WTP have committed to large scale testing.

Question 19.A.2 When would a large-scale test be performed?

Response 19.A.2 A large-scale test would be performed in advance of cold-commissioning.
Conceptually, testing is being targeted to begin in CY 2013 and complete in CY 2014.

Question 19.A.2.a) Where does this fall in relation to the construction schedule?

Response 19.A.2.a) All of the WTP PlM mixed vessels are currently planned to be fabricated and
installed in the facility before the start of large-scale tests.

Question 19.A.2.b) Which ofthe vessels. in question will be fabricated and/or installed in the facility
before the testing?

Response 19.A.2.b) All of the WTP PlM mixed vessels are currently planned to be fabricated and
installed in the facility before the start of large-scale tests.
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Question 19.A.2.c) Discuss the capability ofthe project to modifY vessel designs based on large-scale
test results.

Response 19.A.2.c) Modifications of low to moderate complexity could be accommodated in the
field after fabrication. However, vessel modifications are not anticipated. WTP plans to use robust
feed pre-qualification and associated process control options. Examples of identified options include:
identification of potential off-specification feed, or feed with unusual processing characteristics
through the Planfor WTP Feed Pre-qualification, 24590-WTP-PL-OP-07-0001, Revision 1. (See
Flowchart, Figure 6-1.) The outcome of this process could be operational options such as sequential
PJM operation, feed batch volume limits, rheology control, feed blending, and/or feed concentration
management.

Question 19.B How would additional vessel modifications impact startup milestones for hot operations
ofWTP?

Response 19.B The impacts of any vessel modifications would have to be assessed, mitigations
developed, and the schedule modified as necessary. As such, impacts of potential vessel
modifications that may result from large scale testing on startup milestones cannot be determined at
this time.

Question 20.

Responses to Question 20 were developed by:

Primary authors:

U.S. Department of Energy - Office of River Protection

Delmar Noyes, Deputy Assistant Manager, Waste Treatment and Immobilization Plant Project

Hanford Tank Waste Treatment and Immobilization Plant Project

Donna Busche, Environmental & Nuclear Safety Manager

Contributing authors:

Hanford Tank Waste Treatment and Immobilization Plant Project

Dan Herting, WTP Chief Process Chemist

Marshall Perks, Radiological & Fire Safety Manager

Question 20 WTP criticality program (24590-WTP-CSER-ENS-08-0001. Preliminary Criticality Safety
Evaluation Report for the WTP)

Question 20.A Describe the current WTP criticality safety limits (CSL).
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Response 20.A The WTP CSLs are described in Chapter 6 of the PDSA(24590-WTP-PSAR-ESH­
01-002-01) and Section 8 of the CSER (24590-WTP-CSER-ENS-08-000 1, Preliminary Criticality
Safety Evaluation Reportfor the WTP).

The four CSLs from the CSER are summarized as:

• CSL 8.1 - Before waste is released from the WTP receipt vessels for subsequent processing, the
Pulmetals loading shall be < 6.20 g/kg in the sampled solids. This shall be demonstrated by
sample analysis at a 95% confidence level that credits Fe and Ni as the absorber metals and
simulates the effects of wash/leach.

• CSL 8.2 - Before waste is released from the WTP receipt vessels for subsequent processing, the
FUiD loading shall be less than 8.4 g/kg. This shall be demonstrated by sample analysis at a 95%
confidence level for the solids and liquid phases.

• CSL 8.3 - Before waste is released from the WTP receipt vessels for subsequent processing, the
Pu concentration in the liquid phase shall be less than 0.013 gIL.

• CSL 8.4 - Before waste is released from the WTP receipt vessels or released as permeate
following oxidative leach for subsequent processing, the Pulmetals loading shall be < 6.20 g/kg in
the sampled liquids. This shall be demonstrated by sample analysis at a 95% confidence level
that credits Fe, Ni, Mn, and Cd as absorber metals and simulates any subsequent processing,
including wash/leach, Sr/TRU precipitation, and Cs ion exchange.

Based on the results of mixing testing completed in late calendar year 2009, WTP concluded that
CSLs could not be verified prior to release from the receipt vessels. WTP established testing
requirements for the balance of the mixing testing to collect data that would facilitate an update to the
criticality safety evaluation and establishment of new CSLs.

Question 20.B What are the technical bases for establishing these CSLs?

Response 20.B The current basis is provided below, however based on the results of mixing testing
completed in late 2009, the established limits and technical basis is not adequate or achievable. WTP
will be revising the criticality safety evaluation and developing new CSLs based on the results of
mixing tests.

The limits incorporated in the CSLs are derived in Section 4 of the CSER based on referenced,
supporting criticality safety calculations. The MCNP computer code is used for the neutron transport
calculations and is validated following the guidance of ANSI/ANS-8.24-2007, Validation ofNeutron
Transport Methods for Nuclear Criticality Safety. Additional technical basis demonstrating safety is
presented in CSER Section 7, which documents evaluation of contingent or upset conditions. The
CSER ensures the subcriticality of the WTP operations by requiring that sufficient absorber masses
accompany the fissile masses in the waste and by the implementation of a control on Pu
concentration. CSL compliance is to be established by sample analysis that accounts for uncertainties.
These limits and supporting analyses will be revised based on the results of mixing tests.
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Question 20.C What set ofdocuments and standards are required by DOE to establish these CSLs?

Response 20.C The documents and standards required by DOE that apply in establishing CSLs and
performing a criticality safety evaluation are identified in the WTP criticality safety program
document (24590-WTP-PL-ENS-03-013). The primary DOE requirements for criticality safety are in:

• - DOE order on facility safety (DOE 0 420.1B) that provides requirements for criticality safety
programs.

• - DOE-STD-3007-2007, Guidelines for Preparing Criticality Safety Evaluations at DOE
Nonreactor Nuclear Facilities, provides the primary requirements on how to prepare CSERs.

• - DOE-STD-1135-99, Guidance for Nuclear Criticality Safety Engineer Training and
Qualification

In addition to these·DOE documents, some nuclear industry standards from the American National
Standards Institute / American Nuclear Society are specific to criticality safety. These apply to WTP
and include:

• ANSVANS-8.1-R2007, Nuclear Criticality Safety in Operations with Fissionable Materials
Outside Reactors has guidance for various criticality safety practices including methods of
ensuring subcriticality,

• ANSVANS-8.19-2005, Administrative Practices for Nuclear Criticality Safety, and

• ANSVANS-8.24-2007, Validation of Neutron Transport Methods for Nuclear Criticality Safety
Calculations

The requirements and guidance specified above will be used to update the CSER and CSLs based on
the results of mixing tests.

Question 20.n What are the process chemistlY assumptions underlying these CSLs? Does the current
flow sheet support their use?

Response 20.n Most of the high-level radioactive waste solutions from Hanford chemical operations
were acidic and contained metals dissolved by nitric acid. These acid wastes ware neutralized with
'sodium hydroxide to prevent corrosion of the carbon steel waste tanks. During neutralization, metals,
including Pu, which were insoluble in basic solutions, precipitated. Because the neutralized wastes
contain thousands oftimes more Fe and Al than Pu, the Pu coprecipitated by sorption on the Fe and
Al hydroxides that precipitate first" in much larger quantities. Much of the Pu that coprecipitated with
the absorbers became fixed into the interior of the coprecipitated particles. This fixing of the Pu in

the interior of particles such as Fe makes the Pu resistant to dissolution processes such as carbonate
addition, wash/leach, and the presence of organic complexants.

The fixing process implies that the Pu cannot be released into solution from the solids without the
dissolution ofthe absorber. Thus, the chemistry of the WTP waste with the presence of absorber
atoms in proper abundance ensures subcriticality of the waste. There is an exception to this general
chemistry description with waste generated at the Plutonium Finishing Plant because some of the Pu
that entered the waste stream was resistant to acid dissolution and is found in SY-I02 and TX-118

tanks as discrete Pu02 particles. Additional discussions of the general chemistry phenomena are
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provided along with references in Section 7 ofthe Preliminary CSER (24590-WTP-CSER-ENS-08­
0001) on various contingencies or upsets.

In evaluating the expected compliance with the CSL for the various feed batches, Section 6 of the CSER
makes use of the current flowsheet. This flowsheet will be evaluated against the results of mixing tests
and may require modification. The potential impact of a change to the process flowsheet is not know at
this time.

Question 20.E What WTP,performance metrics are required to meet CSLs?

Response 20.E None are required at this time. The planning basis assumes that compliance with the
CSLs will be established by analysis of samples drawn from the Hanford Tank Farm (HTF) staging
tanks. Performance metrics to demonstrate meeting the CSLs include the uncertainties associated
with sample analysis that are summarized in CSER (24590-WTP-CSER-ENS-08-000 1) Table 4-1 and
include process concentration changes, sample analysis, Sr/TRU precipitation, wash/leach, Cs ion
exchange, and sample non-representativeness, which includes two components, radial blending and
gravity segregation/differential settling. These will be updated (as needed) based on the update of the
CSER and CSLs.

Question 20.F How will these metrics be monitored?

Response 20.F The various sampling metrics associated with the HTF sample analysis will be
monitored by following laboratory procedures that will apply when determining compliance of the
WTP feed batches with the CSLs.

Question 20.G What technical weaknesses have been identified in establishing the criticality control
strategy?

Response 20.G The technical weakness of the current CSER is the inputs and assumptions based on
assumptions related to mixing and sampling adequacy, The results of mixing in late 2009 concluded
that the current control strategy was not adequate or achievable.

The current CSER identifies know uncertainties. They are included in this response for
completeness. Each uncertainty will be re-evaluated in the update to the CSER and revised or
eliminate (as needed).

Appendix A of the WTP CSER (24590-WTP-CSER-ENS-08-0001) identifies Open Items in
development of the safety evaluation. Some of these Open Items relate directly to the criticality
safety control strategy.

Item A.l.2 from the CSER identifies the need to develop methods for determining sample non­
representativeness uncertainties. Concern with these non-representativeness uncertainties for the
CSLs was subsequently reinforced in recommendations from the CSSG (Letter CCN 193555, DOE
Criticality Safety Support Group - Review ofthe Washington River Protection Solutions Tank Farm
Operating Contractor Criticality Safety Technical Basis, December 7-11, 2009) and the CRESP
(Letter CCN 218915, CRESP Review Team Letter Report 7 - PJM Vessels). Current operational
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planning is that eSL compliance will be established by samples drawn at the staging tanks of the
Hanford Tank Farms, rather than in WTP vessels. [t is expected that sample non-representativeness

uncertainties for establishing eSL compliance will be developed once the staging tanks are designed
by the TOe.

Item A.l.3 from the eSER identifies concern that some batches of waste feed may not hold sufficient
U-238 absorber to established compliance with CSL 8.2 ensuring safety of fissile U-235 and U-233.
U-bearing wastes released to the Tank Farms years ago were considered safe with appropriate
margins, but additional conservatism in margins is now required. [fwaste feed batches failed to
comply with CSL 8.2, then they could not be processed beyond the WTP feed receipt vessels. The
eSER, in Item A.1.3, discusses options for addressing this concern with eSL 8.2 compliance, and
because of many conservatisms in CSL 8.2, various other options are available. A primary option
being considered for providing more reactivity margin with eSL 8.2 is to credit sodium (Na) as an
absorber in addition to U-238, because the U in the waste is commonly in forms such as sodium
diuranate (Na2U20 7).

Item A. 1.4 identifies a need to veritY that neutron absorbing metals will accumulate together with Pu
on the resins of the ion exchange columns, so that compliance with eSL 8.4 is maintained during the
LAW stream processing. This concern with the criticality control strategy for the ion exchange
columns was subsequently reinforced in guidance with Condition of Approval 2 from the DOE Safety
Evaluation Report for the CSER (Letter 09-NSD-034, Inadequate Mixing, Waste Treatment and
Immobilization Plan).

Item A.l.6 identifies concern that gravity segregation effects might allow separation of large Pu-rich
particles, such as Pu02 crystals, from neutron absorbing metals credited for establishing safety in
CSL 8.1. This concern with the criticality control strategy was subsequently reinforced in a DNFSB
letter (CCN 212039) and a recommendation of the CSSG (Letter CCN 193555).

Question 20.H What development activities are associated with resolving these technical weaknesses?

Response 20.H For Item A.I.2 that is discussed above, current planning is that CSL compliance will
be established by samples drawn at the staging tanks of the Hanford Tank: Farms, rather than in WTP
vessels. Development of these sample non-representativeness uncertainties is awaiting information
on staging tank design by the Toe.

Concerning potential insufficient 238U in feed batches to WTP, discussion with Item A.I.3 outlines
options that may be used in further criticality safety evaluation to address this issue. As described
above, a primary option for addressing this concern is to credit Na as an absorber along with U-238 in
CSL 8.2. Criticality safety limits have been calculated for the sodium diuranate form (24590-WTP­
ZOC-Wl1T-00006) and demonstrate sufficient reactivity margin to allow processing the few feed

batches of concern.

For Item A.IA on verification of neutron absorbing metals presence with Pu in ion exchange, current
criticality safety evaluation activities are considering the potential to sample ion exchange eluate
streams to veritY compliance with CSL 804. Additional criticality evaluations are being considered to
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doclUllent that because of low Pu concentrations significant upsets would have to occur over a long
operating duration before criticality risks would arise.

For Item A.1.6 on potential for gravity segregation effects that might allow separation ofPu-rich
particles, such as Pu02, from neutron absorbing metals, development activities have been on-going
with M3 mixing tests to address criticality con.cerns (24590-WTP-RPT-ENS-IO-002). Testing results
are becoming available, such as documented in CCN 211822 by D Herting, on Tungsten Analyses to
Support M3 Mixing Tests. Other development activities to collect Hanford historical information on
Pu particle sizes, densities, and inventories are briefly described (24590-WTP-RPT-ENS-1O-007)
with one of those activities nearing completion (24590-CM-HC4-WOOO"00176-T02-01-00002,
Historical Overview of Solids in PFP Aqueous Waste Transferred to Tank. Farms: Quantity of
Plutonium, Particle Size Distribution, and Particle Density). With completion of the M3 testing that
included support for criticality safety and completion of additional activities collecting Hanford
historical information, discussions have been initiated on the options for improved criticality safety
control strategies to address issues of fissile material gravity segregation.

Question 20.1 When will these activities be performed?

Response 20.1 For Item A.1.2, the schedule for quantifying the non-representativeness uncertainties
associated sample measurements for CSL compliance awaits information on staging tank. design by the
TOC and evaluation of the mixing test results. The schedule for resolution (i.e., update of the CSER and
CSLs) is unknown at this time.

20.J What is the technical scope ofthese activities?

Response 20.J The technical scope will be determined after the mixing test results have been
reviewed and the plan to the CSER has been developed. Those activities are in process and are
anticipated to continue until mid calendar year 2011.

Question 20.K The Criticality Safety Support Group (CSSG) Report (Attachment to 1O-WTP-049,
Review ofthe Washington River Protection Solutions Tank Farm Operating Contractor Criticality Safety
Technical Basis) found that the pulse jet mixer operation may break up the agglomerated solids and
solids with weak chemical bonds, and has the potential to separate the lighter materialfrom the heavier
particles.

Question 20.K.1 Was preferential separation ofheavy and light materials observed in the small-scale
testing?

Response 20.K.1 In general, the final series of mixing tests completed at t~e MCE test stand in the
HLW slurry vessels (UFP-l, FEP-17, and HLP-22) indicated that the large, high settling rate particles
were removed from the test vessel relatively early as the test vessel was emptied, and the smaller, low
settling rate particles were dispersed more uniformly in the slurry and were pumped out at a more.
consistent rate. Examples of the large particles would be the sand and -700 ~m, 2.9 g/mL simulant
particles. The aluminum and iron particles are examples of the smaller, well distributed particles.
The tungsten carbide particles did not accumulate and behave like the other very small particles.
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Question 20.K2 How will separation ofheavy and light materials impact the development ofthe
criticality safety evaluation report (CSER)?

Response 20.K2 A specific phenomenon involving P1M break up of agglomerated Pu and metal­
bearing solids was briefly discussed with the CSSG in December 2009. The phenomenon was
evaluated by a chemistry expert (Letter CCN 211814, Evaluation ofPlutonium Settling in
Pretreatment Vessels) with a conclusion that Pu particulates will not be separated from neutron
absorbers (e.g., Fe, Ni) by PIM action / mechanical turbulence in the WTP Pretreatment vessels.
Section 2.1 of 24590- WTP-RPT-EN -10-007, Plan ofAction to Address Recommendations ofthe
Criticality a[ety Support Group ~ SSG) provides further detail on criticality evaluation for this
specitic SO COllcern. The C G concern will be further addressed and resolved by expanded
discussion of contingent or upset conditions in Section 7 of the CSER (24590-WTP-CSER-ENS-08­
0001), following DOE guidance (DOE-S1'D-3007-2007, Guidelines for Preparing Criticality Safety
Evaluations at Department ofEnergy Non-Reactor Nuclear Facilities) on criticality evaluations.

A broader concern included in other S G discussion, is with the potential for separation of large,
dense Pu-rich discrete particles uch as Pu02 crystals from absorbing metals and will also require
further evaluation in the SER to demonstrate safety. However as described in Ule response to 20.H,
the approach to improved criticality afety control strategies to address this broader concern has not
yet been selected.

Question 20.K3 The CSSGfound that the December 2009 vessel design does not assure heel removal
from the mixing tank and observed heavier particles. What is the criticality risk if the heavier particles
are predominately plutonium?

Response 20.K.3 The criticality safety risk of a vessel heel containing heavier particles that are
predominately plutonium has not been evaluated. The control strategy for criticality safety in the
Pretreatment facility is to prevent an inadvertent criticality.

Based on mixing test results that concluded in late calendar year 2009, WTP concluded that the CSER
required a complete revision. WTP summarized the current criticality safety approach and concerns
associated with the current criticality safety evaluation report in 24590-WTP-RP1'-ENS-IO-002,
Revision 2, M3 Criticality Safety Test Requirements, Sections 2, Current Criticality Safety Approach.
The issues associated with criticality safety and the strategies for resolution are also provided in
Section 3.1.2, Strategy for Resolution in the documented identified above.

Question 20.K4 Will the proposed heel dilution/cLeanout systems be used to mitigate or prevent
criticality events in the WTP? .

Response 20.K.4 The vessel assessments provide reasonable assurance that the vessels will meet
their mixing requirements and solids will not accumulate. The proposed heel dilution/cleanout
system is one of several options for providing additional confidence that an accumulation of Pu does
not create the quantity or distribution of material that would result in criticality being a credible
scenario. As described in [tern 20.H above, the approach to improved criticality safety control
strategies to address this issue has not yet been selected.
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Question 20.KS The CSSG observed that the WTP preliminary assumes sampling ofinput batches
would have an uncertainty offive percent, and the CSSGfound that this is no longer a reasonable
assumption (further data is needed to determine the sampling uncertainty).

Question 20.KS.a) Will criticality sampling testing be performed with a large-scale vessel under fully
prototypic conditions and bounding simulants?

Response 20.KS.a) See response to question 19.A.l.a)(2): Yes. Performance of the WTP sampling
system is identified to be tested as part of the large scale integrated testing.

Question 20.KS.b) Ifso, has the testing decision been made and when is this testing scheduled? If the
decision has been made not to test, how was this decision technically justified? Describe the technical
basis for design?

Response 20.KS.b) See response to question 19.A.2: A large-scale test would be performed in
advance of cold commissioning. Conceptually, testing is being targeted to begin in CY 2013 and
complete in CY 2014.

Question 21 Waste Feed Delivery

Responses to Question 21 were developed by:

Primary authors:

U.S. Department of Energy - Office of River Protection
Delmar Noyes, Deputy Assistant Manager, Waste Treatment and Immobilization Plant Project

Hanford Tank Waste Treatment and Immobilization Plant Project
Russell Daniel, Production Engineering Manager

Contributing authors:

Hanford Tank Waste Treatment and Immobilization Plant roject
Garth Duncan, Manager of Process Engineering alld Technology
Robert French, M3 Issue Closure
Jeff Monahan, Project Engineering Manager, Pretreatment Facility

Washington River Protection Solutions
Paul Rutland, Mission Analysis & Strategic Planning Manager
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Question 21.A. WI? Waste Acceptance Criteria (WAC)

Question 21.A.l Describe the impact on the WTP WAC from the resolution ofpulse jet mixing issues..

Response 21.A.l At this time, the impact on the WTP WAC are changes that align with the WTP
contract changes described in the letter C N 220806, Ashley T. Morris (DOE) to N. F. Grover (BN[),
Proposed hanges to ontract Tank Waste Feed Specifications Resultingfrom External Flowsheet
Review Team (EFRT) Vessel Mixing Response dated June 24, 2010. These changes relate to the
volume of HLW feed that can be transferred and to the retrieval method for LAW feed. Additional
changes (if needed) will be identified during the systematic evaluation of hazards in the mixing vessel
assessment documents and closure records discussed in response to Question 13 above.

Question 21.A.l.a) What are the physical and rheological properties that must be controlled to assure
that the validity ofthe small-scale testing applies to the full scale tanks?

ICD-19 - Interface Control Document/or Waste Feed. The tables below itemize the current transfer
properties. Additional changes (if needed) will be identified during the systematic evaluation of hazards
in the mixing vessel assessment documents and closure records discussed in response to Question 13
above.

Table 5 Nominal Waste Feed Transfer Properties

Transfer Property Delivery Umlt

Transfer flowrate 90 to 140 ga1Imio (eH2 2002a)

System design limits 400 tb/in1 (Section 2.1.1) •

200 "F (Section 2.1.1)

Pump discharge head 550 ft (90 gaVmin) to 500 ft (140 gaVmin) ofslurry at I.S SpO (CIU 2002a)

• AsswnesJUI11lCf c:onnections are leak test qualified to Ibis limit

Table 6 LAW Transfer Properties

Pb)'lkal Property * DelIvery Umlt (rerereace)

Maximum solids c... (~A.) ~ 3.8 (BNI 2000, Specification 7)

Slurry pH ~ 12 (BNI2004b)

Slurry bulk density Pwb(kg/L) < 1.46 (BNl200Sa)

Critical velocity V<r (ftls) [in. oomiDal3 inch diameter ~ 4.0 (BNl2008a)
pipe]

• Sec Appeudix C for dcfiDitions of terms
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Table 7 HLW Transfer Properties

Pla7J1aai Property • DeUvery Limit (rdereaee)

Maximum solids (unwashed) 4 (gIL) ~200 (BNI 2000, Specification 8)

Shmy viscosity (at 25 "C)

Non-Newtonian (BinghAm plastic)

- Consistency I!c (cP) fI < 10 (BNl2002b)

- Yield stress to (pa> # < 1.0 (BNI2002b)

SJurrypH ?: 12 (BNI2004b)

Bulk density ofslurry PMb (kg/L) <1.5 (BNI2OOSb)

Critical velocity v" (ftls) (in a nominal 3 inch diameter ~4.0 (BNI 2008a)
pipe]

• See Appendix C for definitions ofterms

1# Consiltellcy, md yield stress are values used in WI'P design bul still under investigation as needed or applicable for waste:
feed ecceplancc.

Question 21.A.l.b) What gaps exist between the current WTP WAC and the required physical and
rheological properties supporting scaled testing?

Respon c 21.A.l.b) The gaps that are currently identified are described in CCN 220806, Ashley T.
Morris (DOE) to N. F. Grover (BNI), Proposed Changes to Contract Tank Waste Feed Specifications
Resultingfrom e:.cternal Flowsheet Review Team (EFRT) Vessel Mixing Response, dated June 24,
2010.Additional changes (if needed) will be identified during the systematic evaluation ofhazards in
the mixing vessel assessment documents and closure records discussed in response to Question 13
above.

Question 21.A.2 What activities are needed to resolve gaps between the scaled testingfeed acceptance
requirements and the current WTP WAC?

Response 21.A.2 A contract change for known gaps described in the letter cited in the response to
question 21.A.I above is necessary before the current WTP WAC (24590-WTP-ICD-MG-O 1-019,
ICD19Inteiface Control Documentfor Waste Feed), can be revised. Tables 6, 7, and 8 of the ICD
will be revised. Revision of the [CD requires approval by WTP, TOC, and DOE. The ICD revision
process is governed by 24590-WTP-PL-MG-OI-001, Interface Management Plan.

Question 21.A.2.a) When will these activities be performed?

Response 21.A.2.a) WTP is still planning this activity. The completion date is unknown at this time.
Planning will be completed after the additional changes (if needed) are identified during the
systematic evaluation of hazards in the mixing vessel assessment documents and closure records
discussed in response to Question 13 above.
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Question 21.A.2.b) How much ofwaste will not meet existingfeed acceptance requirements?

Response 21.A.2.b) Report 24590-WTP-ES-PET-08-001, Technical and Risk Evaluation of
Proposed ICD-19. in the executive summary, slates, that the approximately 5% of the feed that may
not meel some given waste acceptance limits can likely be adjusted to meet the limits by dilution,
blending, chemical adjustment, or other means with baseline Tank Farms and WTP equipment
capabilities. DOE agreed as documented in letter, John R. Eschenberg, DOE, to L. 1. Simmons, BNI,
us. Department ofEnergy, Office ofRiver Protection (ORP) Comments on ICD-l 9 proposed
Technical and Risk Evaluation and Waste Feed {sic}.

Question 21.A.2.c) How will off-specification waste be treated?

Response 21.A.2.c) Waste that does not meet the feed requirements can not be processed in the
WTP. Waste acceptance criteria (WAC) have been established to assure that waste is in alignment
with the AB for the facility. The WAC is described in Section 2.3.1 of ICD-19 (24590-WTP-ICD­
MG-01-019). Additional discussion is provided in response to question 16.A.2 above.

In the very unlikely case that an out-of-specification condition is determined after receipt at WTP, the
WTP Contract (Contract No. DE-AC27-0 IRV14136, Design, Construction, and Commissioning of
the Hanford Waste Treatment & Immobilization Plant) specifies in Section C. 7(a) (6) requires that
The PTF shall have the capability to return to the Hanford DST Farm process streams in accordance
with Specification 9, Liquids or Slurries, transferred to DOE tanks by pipeline. As a practical matter,
the first option for non-compliant feed within WTP would be to adjust the feed (such as by dilution)
or the process (such as operating at reduced temperatures) to enable the feed to be processed through
the facility within the operating and safety basis; return of feed to the Tank Farms would be a last
resort.

Question 21.B Feed Delivery Schedule

Question 21.B.1 How is the WTP lifecycle affected by the pulse jet mixer design changes?

Response 21.B.1 The estimated effects of PJM design changes that potentially affect the WTP
Iifecycle (Le., the estimated Pretreatment facility waste treatment duration) are summarized in 24590­
WTP-MRR-PET-IO-001, WTP Mission Assessment ofthe Design and Operating Changes Expected
to Resolve PJM Mixing in PTF Vessels. The results indicate little impact.
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Question 21.B.2 Describe the impacts on the baseline WTP processing schedule from the reduction of
solids loading in WTP vessels due to pulse jet mixer design requirements?

Response 21.B.2 The combined impact of reducing the wt% solids loading, sodium molarity, and the
reduced batch volumes for HLW feed receipt vessel HLP-VSL-22, reduced batch in volume in
UFP-l AlB, and the reduced fast-settling solids loading in evaporator feed vessels FEP-17 AlB, in
conjunction with other design changes not associated with PJM mixing, is evaluated in
24590-WTP-MRR-PET-l 0-001. The results indicate little impact.

This is to be expected since the HLW feed is typically blended in the UFP-l AlB ultrafiltration feed
preparation vessels to a solids loading and sodium molarity that is equal to or less than the new HLP­
22 solids and sodium molarity limits as part of the first step in the pretreatment process. Also, FEP­
17 AlB are typically not operated at above 1 wt% solids of any type, so the new limit of 2 wt% on
fast-settling solids is not signIficant.

Question 21.B.3 Provide a description ofthe results from process models used to assess PTF operations.

Response 21.B.3 A description of the results of the process models used to assess Pretreatment
facility operations relative to changes arising from M3 is provided in 24590-WTP-MRR-PET-10-001.

Question 21.B.3.a) What are the processing assumptions used to determine the baseline and revised
schedule?

Response 21.B.3.a) The processing ass.umptions used to estimate PTF treatment through-put rates
(which do not always drive the overall schedule) related to the baseline (WTP Contract, Section C.7,
Table C.7-1.1, WTP Facility Design Capacity) are provided in 24590-WTP-RPT-PTF-02-005,
Flowsheet Bases, Assumptions, and Requirements Document and in Section 6 of 24590-WTP-DB­
ENG-OI-OOI, Basis ofDesign. Changes from those processing assumptions due to changes arising
from M3 resolutions, and other changes that have been adopted not related to P1M mixing, are
documented in 24590-WTP-MRR-PET-IO-OO1. The principal differences between the baseline
model and the model with the mixing-related changes are the inclusion of the design and operating
changes made to prevent precipitation after leaching, including conducting the caustic leaching
process step in the UFP-2AIB vessels rather than the UFP-IAIB vessels, and the changes associate
with PlM mixing outline in 21.8.2 above.

Question 21.B.3.b) Describe major assumptions used in the analysis to predict the impact on PTF
operations due to changes in pulse jet mixer design? How are these assumptions being protected?

Response 21.B.3.b) Major assumptions used to predict the impact on PTF operations due to changes
in PlM design are documented in 24590-WTP-MRR-PET-10-001. They include the new limits on
feed delivery conditions and reduced batch sizes in HLP-22 and UFP-l AlB as discussed in the
response to 21.B.2 above. All unverified assumptions will be verified during the design confirmation

process and any controls required to protect the assumptions will be developed and implemented.
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Question 21.B.3.c) Describe the results o/DOE's review a/the impacts on PTF operation from changes
in pulse jet mixer design.

Response 21.B.3.c) DOE has accepted the predicted impacts as indicated in letter CCN 220806 from
Ashley T. Morris (DOE) to N.F. Grover (WTP), Proposed Changes to Contract Tank Waste Feed
Specifications Resultingfrom External Flowsheet Review Team (EFRT) Vessel Mixing Response.

Question 22. Waste Characterization in Support of Waste Feed
Delivery

Responses to Question 22 were developed by:

Primary authors:

U.S. Department of Energy - Office of River Protection

Stacy Charboneau, Assistant Manager, Tank Farms Project

Washington River Protection Solutions

Paul Rutland, Mission Analysis & Strategic Planning Manager

Contributing authors:

Hanford Tank Waste Treatment and Immobilization Plant Project
Garth Duncan, Manager of Process Engineering and Technology

Washington River Protection Solutions

Chris Burrows, Manager, WTP Support

Question 22.A Data Quality Objectives (DQOs)

Question 22.A.l What DQOs are establishedfor the Waste Feed Delivery system?

Response 22.A.l RPP-44057, Data Quality Objective to Support Strategic Planning provides the
characterization data needed and requirements for planning feed batches. Additionally, a DQO for
WTP feed acceptance is currently being developed. DQOs are developed as needed and it is
anticipated that additional DQOs will need to be developed as plans progress. These additional
DQOs have not been specifically identified at this time.
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Question 22.A.2 How have these DQOs been revised to incorporate changes resultingfrom small-scale
mixing tests (including criticality sampling)?

Response 22.A.2 DQOs identify the data needed and requirements for that data. We have not
identified any changes to the characterization data needed for WFD based on small scale mixing tests
at this time.

Question 22.A.2.a) What development activities are needed to develop a defensible set ofDQOs?

Response 22.A.2.a) The Tank Farms develop DQOs by procedure (TFC-ENG-CHEM-C-16, Data
Quality Objectives for Sampling and Analysis). This procedure, in tum, implements the U.S.
Environmental Protection Agency (EPA) DQO methodology (EPA QA/G4 - Guidancefor the Data
Quality Objective Process). This methodology describes any activities needed to write DQOs. Per
the EPA guidance, DQOs generally define development activities.

A jointly developed DQO between Tank Farms and WTP will be developed for WTP feed acceptance
criteria. These criteria will be assessed as part of the DQO process to ensure processability through
unit operations in the PTF, LAW, and HLW facilities. The specific data needs based on those criteria
will then be the basis for developing a defensible set of DQOs for delivery of WTP feed batches.

Question 22.A.2.b) When will these activities be performed?

Response 22.A.2.b) The DQO assessment of the WTP feed acceptance criteria is planned for
FY 2011. Development activities are scheduled as needed as DQOs are developed.

Question 22.B Functional Requirements

Question 22.B.1 How have DQOsfor the Waste Feed Delivery system been mapped to functional
requirements for the systems and components?

Response 22.B.1 The development ofDQOs and functional requirements are complementary
processes. Functional requirements flow down from analysis of the mission. DQOs are generated to
satisfy information requirements from sampling. This information may be used to validate and refine
functional requirements. Conversely, a specific functional requirement may drive the need for a
particular sample, which could then require development of a DQO. However, in general, functional
requirements are not mapped to specific DQOs.

Question 22.B.2 Do these Waste Feed Delivery system functional requirements consider changes
resulting from small-scale mixing tests?

Response 22.B.2 Yes. ,The Tank Farm small scale mixing tests will confirm whether or not the
current architecture can meet the requirements of ICD-19. If the current baseline architecture cannot
meet the current requirements of ICD-19, then either the requirement or the architecture will need to
be changed to achieve alignment.
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Question 22.B.3 How does the current Waste Feed Delivery system meet these functional requirements?

Response 22.B.3 The current assumption is that the current baseline architecture will meet the
functional requirements of rCD-l9. The Tank Farm small-scale mixing tests are designed to confirm
this assumption. DOE has identified this as a risk that may require a change in architecture such as a
modification to the 8 Complex Waste Retrieval Facility (WRF) to include Waste Feed Delivery
(WFD) functions and requirements to mitigate the risk.

Question 22.B.4 What development activities are needed to have a Waste Feed Delivery system that
meets these functional requirements?

Response 22.B.4 ORP-lI242, River Protection Project System Plan, identifies the logic for waste
transfers and blending within the DSTs and the transfers to WTP. RPP-40149,lntegrated Waste Feed
Delivery Plan, identifies the design, procurement, construction, and commissioning activities
required for the tank farm infrastructure and individual tank waste feed delivery systems as well as
the design, fabrication and acceptance testing of the submersible mixer pumps, transfer pumps,
incremental lowering devices, and pump relocation equipment.

Question 22.B.5 When will these activities be performed?

Response 22.B.5 The schedules are identified within ORP-11242 and RPP-40149. Integrated Waste
Feed Delivery Plan.

Question 23. Design Status of Waste Feed Delivery System.

Responses to Question 23 were developed by:

Primary authors:

U.S. Department of Energy - Office of River Protection
Stacy Charboneau, Assistant Manager, Tank Farms Project

Washington River Protection Solutions
Paul Rutland, Mission Analysis & Strategic Planning Manager

Contributing authors:

Washington River Protection Solutions

Chris Burrows, Manager, WTP Support
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Question 23.A Current mission and status- ofwaste feed delivery (including the Waste Retrieval Facility
[WRF])

Question 23.A.l What is the mission ofthe Waste Feed Delivery system?

Response 23.A.l The RPP mission, as stated in RPP-RPT-41742, River Protection Project Mission
Analysis Report, (RPP-MAR), is to store, retrieve, and treat Hanford's tank waste; store and dispose
of treated wastes; and close the tank farm waste management areas (WMA) and treatment facilities in
a safe, environmentally compliant, cost-effective, and energy-effective manner. Within the larger
encompassing RPP mission, the goal of the WFD system is to deliver waste feed to the treatment
facilities.

Question 23.A.l.a) Describe the functional requirements for delivery offeed to the WTP.

Response 23.A.l.a) The WFD functional requirements are listed in the RPP-MAR, Appendix A-2.4
(RPP-RPT-41742).

Question 23.A.l.b) Describe the degree of "pretreatment" planned as a part offeed delivery to the
WTP.

Response 23.A.l.b) There are no pretreatment functions planned as a part of feed delivery.
ORP-11242, River Protection Project System Plan, ,establishes the baseline case that is used as the
technical basis for the alignment of program costs, scope, and schedule, from upper tier contracts to
individual operating plans. Strategic planning is ongoing; therefore, the System Plan will be revised
periodically to reflect recent progress, current plans, responses to emergent issues, changes in the
regulatory environment, and budgeting constraints. The System Plan also provides input to
RPP-40149, Integrated Waste Feed Delivery Plan, which outlines how the retrieved wastes will be
staged and transferred to the WTP.

Question 23.A.l.c) Describe how the sizing requirements for the Waste Feed Delivery system will be

determined?

Response 23.A.l.c) Sizing requirements start with the allocation of the functional requirements as
specified in the RPP-MAR taking into account the initial state. Inputs to the RPP-MAR include
programmatic requirements from DOE, environmental laws, the System Plan as the technical
baseline, the waste feed interface control document (ICD-19), the Tank Operations Contract (TOC),
and the TOC Performance Measurement Baseline (PMB). DOE and regulatory requirements are
managed via the TOe and WTP contracts. The AB is another key requirements source. Deficiencies
or challenges identified in the RPP-MAR are targeted for technology development, trade studies,
and/or flowsheet evaluations. The end result of this planning is the scope defmition of the projects
necessary to complete the mission. The functions and requirements for each project are flowed down
from the RPP-MAR and further developed in plans (e.g., RPP-40149, Integrated Waste Feed Delivery
Plan) and project specifications.
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Question 23.A.2 Qualification ofWTP feed.

Question 23.A.2.a) What elements ofthe Waste Feed Delivery system will be needed to qualify WTP

feed?

Response 23.A.2.a) HLW feed qualification requires mixer pump operation, certification sampling,
and the necessary DST infrastructure systems (e.g., tank ventilation) functionality to allow safe
operation of these two systems. LAW feed qualification requires an operational grab sample system
and the necessary DST infrastructure systems allowing safe operation.

Question 23.A.2.b) What operations will be used to limit particle size, particle density, solids content,
and the rheological properties for feed sent to WTP?

Response 23.A.2.b) Specific particle size and density screening and adjustments are currently not
planned for HLW feed. Particle size/density related screening will be based on critical velocity
measurements. LAW feed will be administratively controlled such that problematic solids will have
sufficient time to settle in the feed staging tanks prior to delivery to the WTP. LAW feed delivery
systems will be configured such that settled solids are not likely to be entrained in the transfer
system. Feed staging will be planned based on staging WTP WAC-compliant feed tanks with solids
concentrations below the prescribed acceptance limits. Feed certification sampling will confirm
WAC compliance (includes critical velocity and rheological properties) at which time any final
blending or diluting adjustments will be identified.

Question 23.A.2.c) What are the functional requirements applicable to sampling?

.
Response 23.A.2.c) Representative samples of the LAW feed and HLW slurry will be collected from
the feed staging tank a minimum of 21 0 days prior to planned feed delivery. The sample will be
delivered to the WTP-identified laboratory for certification analysis. Requirements for representative
samples are currently undefined and will be defined through development of WTP DQOs for feed
certification. The current planning basis includes a minimum sample size of 500 mL and a minimum
solids content of 350 g for slurry samples.

Question 23.A.3 Will the feed delivery design strategy attempt to resolve PTF design concerns? What is
the current design status afthe each element ofthe W61ste Feed Delivery system?

Response 23.A.3 The TOC and the WTP design and construction cO!ltractor have been working
together in an integrated fashion to address more effective means of resolving the PTF mixing and
throughput issues. Best value studies have been performed to define potential solutions within the
Tank Farms and the WTP. Modifications to the waste feed design strategy may be appropriate in
some cases. RPP-40 149, Revision 1 (Draft), Integrated Waste Feed Delivery Plan, Figures 8-1 and
8-3 show the schedule for the WFD design. More detailed schedules are available as part of the near
term baseline.
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Question 23.A.4 What is the WRF design schedule?

Response 23.A.4 The outyear planning estimate range (OPER) plans for the B-Complex waste
retrieval facility (WRF) conceptual design to begin in 2015 with the detailed design completing in
2016. The OPER plans for the T-Complex WRF design to begin in 2015 and complete in 2017.
Given that the current system plan draft does not start retrievals in T-Complex until 2030 (initial
focus is on S/SX farms), it is likely that this schedule will be adjusted in future planning.

Question 23.A.5 When willfeed be delivered to WRF? Describe the feeds sent to WRF.

Response 23.A.5 The draft System Plan 5 begins waste transfers to the B-Complex WRF in 2019
and to the T-Complex WRF in 2030. Feeds sent to the WRFs will be waste retrieved from single­
shell tanks in B-Complex (B, BX, and BY Tank Farms) and T-Complex (T, TX, and TY Tank
Farms). RPP-PLAN-40 145, Single-Shell Tank Waste Retrieval Plan, describes the use of the WRFs.
Single-shell tank (SST) saltcake will be dissolved to form supernatant which will then be used to
retrieve sludge wastes from the tanks. Periodically, the retrieved wastes will be transferred to the
DST system to be staged for transfer to the WTP.

Question 23.A.6 What research and development activities are needed to support the design afwaste
feed delivery?

Response 23.A.6 The ability to adequately mix and sample the waste in the DSTs to meet the WTP
acceptance requirements needs to be developed and demonstrated. This is detailed in RPP-PLAN­
43988, WRPS Technology Development Roadmap document. There may be blending and
pretreatment processes that could be performed to optimize the feed to WTP but those are
improvements and are not required to feed WTP.

Question 23.B Impacts to Supplemental Treatment - how have changes in the design's supporting waste
feed delivery and WTP affected options under review for supplemental treatment oflow activity waste?

Response 23.B Selections of supplemental LAW treatment has not been made at this time, so
changes in designs have not affected selection. Compatibility with interfacing systems will be a
criterion in the selection process, but this activity has not been performed.
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Vessels at WTP, R. Gimpel, June 23,2010, Bechtel National, Inc., Richland, Washington.

24590-WTP-RPT-PTF-02-005, Revision 5, Flowsheet Bases, Assumptions, and Requirements Document,
V. S. Arakali, et. aI., October 17, 2009, Richland, Washington.

24590-WTP-SE-ENS-06-0043, Revision 0, SRD Appendix H Cleanup, S. W. Vail, October 11,2006,
Bechtel National Inc., Richland, Washington.

24590-WTP-SE-ENS-08-0060, Revision 0, Incorporation ofDOE 0421.1B into the SRD, K. D. Gibson,
September 3,2008, Bechtel National Inc., Richland, Washington.

24590-WTP-SE-ENS-08-0066, Revision 0, Removal ofSDC/SDS/RRCjrom the SRD, K. D. Gibson,
November 20,2008, Bechtel National Inc., Richland, Washington.

24590-WTP-SE-ENS-08-0097, Revision 0, Implementation ofthe WTP Site Specific Ground Motion
Spectra into the Safety Requirements Documentfor Selective Use, C. Lindquist, September 10, 2008,
Bechtel National Inc., Richland, Washington.

24590-WTP-SE:-ENS-08-0 122, Revision 0, SRD Change to Natural Phenomena Hazards Design.
Criteria, M. A. Medsker, November 26,2008, Bechtel National Inc., Richland, Washington.

24590-WTP-SE-ENS-08-0 152, Revision 0, Clarification ofUse ofAISC MOl 6-89, Manual for Steel
Construction in the SRD, K. D. Gibson, January 7, 2009, Bechtel National Inc., Richland,
Washington.

24590-WTP-SE-ENS-08-0154, Revision I, New Safety Classification Processfor the WTP, C. Ortiz,
February 26, 2009, Bechtel Nationallnc., Richland, Washington.
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24590-WTP-SE-ENS-08-0159, Revision 0, Removal ofRLlREG-97from the AB, K. D. Gibson,
November 13,2008, Bechtel National Inc., Richland, Washington.

24590-WTP-SE-ENS-08-0163, Revision 0, Addition ofSpecific Administrative Controls into the AB,
K. D. Gibson, January 28, 2009, Bechtel National Inc., Richland, Washington.

24590-WTP-SE-ENS-09-0013, Revision 0, Applicability of10 CFR 50.49 and IEEE-323 on the WTP
Project, K. D. Gibson, February 27, 2009, Bechtel National Inc., Richland, Washington.

24590-WTP-SE-ENS-09-0019, Revision 0, Revision ofthe SRD to Tailor the Requirements to Implement
Section 14 ofDOE-STD-1066-97, S. Woolfolk, September 30,2009, Bechtel National Inc., Richland,
Washington.

24590-WTP-SE-ENS-09-0023, Revision 0, Clarification ofSection VIII Division 1 and Division 2
Requirements,1. C. Minichiello, September 31,2009, Bechtel National Inc., Richland, Washington.

24590-WTP-SE-ENS-09-0039, Revision 0, Removal ofthe Project Safety Committee (PSC) from the AB,
K. D. Gibson, May 1,2009, Bechtel National Inc., Richland, Washington.

24590-WTP-SE-ENS-09-0063, Revision 0, AB Changes Regarding Safe State to Support the Elimination
ofDOEIRL-96-0006from the WTP Contract, L. S. Semmens, May 3, 2010, Bechtel National Inc.,
Richland, Washington.

24590-WTP-SE-ENS-09-0069, Revision 0, Removal ofDOEIRL-96-0003, DOEIRL-96-0004,
DOEIRL-96-0005, and DOEIRL-96-0006from the Authorization Basis, K. D. Gibson,
August 11,2010, Bechtel National Inc., Richland, Washington.

24590-WTP-SE-ENS-09-0074, Revision 0, Provide Additional Detail in SRD Safety Criterion 4.1-3
Interaction Requirements (two over one protection), J. C. Minichiello, March 1, 2D 10, Bechtel
National Inc., Richland, Washington.

24590-WTP-SE-ENS-09-0084, Revision 0, Emergency Diesel Generators, L. S. Semmens, July 29, 2010.
Bechtel National Inc., Richland, Washington.

24590-WTP-SE-ENS-09-0089, Revision 0, Revisions to Hydrogen Control Strategy Requirements,
J. Hinckley, October 20, 2009, Bechtel National Inc., Richland, Washington. .

24590-WTP-SE-ENS-09-0100, Revision 0, Implementation ofCurrent Terminology of10 CFR 835 Into
the SRD and PDSAS, K. D. Gibson, November 11,2009, Bechtel National Inc., Richland,
Washington.

24590-WTP-SE-ENS-09-0120, Revision 0, Revisions to HPAV Acceptance Criteria, J. Hinckley,
February 10,2010, Bechtel National Inc., Richland, Washington.

24590-WTP-SE-ENS-09-0126, Revision 0, Combustible Loading Program (pending)

24590-WTP-SE-ENS-IO-000I, Revision 0, Clarification ofthe SRD Introduction, K. D. Gibson,
January 6,2010, Bechtel National Inc., Richland, Washington.

24590-WTP-SE-ENS-IO-0016, Revision 0, Update API Standard 610 to the Latest Revision and add
ASMEIANSI B73.1 and B73.2 as Applicable Pump Standards (pending)
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24590-WTP-SE-ENS-lO-OO 17, Revision 0, Addition ofANSIIISA 67.04.01-2006 to the Safety
Requirements Document Volume II. C. Ortiz, August 5, 2010, Bechtel National [nc., Richland,
Washington.

24590-WTP-SE-ENS-l 0-0023, Revision 0, Clarification ofSeismic Testing Requirements in SRD,
Appendix C.2, K. D. Gibson, May 20, 2009, Bechtel National Inc., Richland, Washington.

24590-WTP-SRD-ESH-OI-00I-02, Revision 5n, Safety Requirements Document, Volume II,
K. D. Gibson, November 24,2009, Bechtel National [nc., Richland, Washington.

24590-WTP-SRD-ESH-OI-00I-02, Revision Sp, Safety Requirements Document, Volume II. K. D.
Gibson, February 24,2010, Bechtel National [nc., Richland, Washington.

24590-WTP-SRD-ESH-OI-00I-02, Revision 5t, Saftty Requirements Document Volume II, K. D.
Gibson, June 23,2010, Bechtel National Inc., Richland, Washington.

'24590-WTP-SRD-ESH-OI-00I-02, Revision Su, Safety Requirements Document Volume II, K. D.
Gibson, August 19,2010, Bechtel National Inc., Richland, Washington.

24590-WTP-ZOC-WllT-00006, Revision OA. Criticality Calculations for WTP Sodium Diuranate. A
Woodruffe, February 18,2003, Bechtel National, [nc., Richland, Washington.

24590-WTP-ZOC-W14T -00020 Revision OC. Unit Dose Factors for Use in Updated MAR Accident
Analyses, R.r. Smith, 2010, Bechtel National, Inc., Richland, Washington.

40 CFR 280, Code ofFederal Regulations, Title 40, Protection ofEnvironment, Part 280 - Technical
Standards and Corrective Action Requirements for Owners and Operators ofUnderground Storage
Tanks (UST), July 2009, U.S. Environmental Protection Agency, Washington, DC.

6450-01-P, Record ofDecision: Hanford Comprehensive Land-Use Plan Environmental Impact
Statement (HCP-EIS), November 12,1999, U.S. Department of Energy, Washington, DC.

AIChE, Guidelinesfor Chemical Process Quantitative RiskAnalysis 2nd Edition, October 1999, Center
for Chemical Process Safety (CCPS)

ANSI/ASME NQA-l, Quality Assurance Program Requirements for Nuclear Facility Application, 2000.

ANSI/IEEE Std 323, An American National Standard IEEE Standardfor Qualifying Class IE Equipment
for Nuclear Power Generating Stations, 1983.

ASME B31.3-96, E31 Code Case 178, 1996, American Society of Mechanical Engineers, New York,
New York.

ASME Pressure Vessel Code Case 2564-1, Impulsively Loaded Pressure Vessels, ASME Boiler and
Pr~ssure Vessel Standards Committee, January 29, 2008, American Society of Mechanical Engineers,
New York, New York.

ASME V&V 20-2009 Standardfor Verification and Validation in Computational Fluid Dynamics and
Heat Transfer, American Society of Mechanical Engineers, Fairfield, New Jersey.

Dickey OS, Don't Get Mixed Up by Scale-up, Chemical Properties, August 2005.
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DOE G 413.3-4, Technology Readiness Assessment Guide, October 12,2009, U.S. Department of Energy,
Washington, DC.

DOE G 420.1-1, Nonreactor Nuclear Safety Design Criteria and Explosives Safety Criteria Guide for use
with DOE 0 420.1, Facility Safety, u.s. Department of Energy, March 28,2000, Washington, DC.

DOE G 420.1-2, Guide for the Mitigation ofNatural Phenomena Hazards for DOE Nuclear Facilities
and NonNuclear Facilities, March 28,2000, U.S. Department of Energy, Washington, DC.

DOE G 424.1-1 B, Implementation Guide for Use in Addressing Unreviewed Safety Question
Requirements, April 8, 2010. U.S. Department of Energy, Office of Health, Safety and Security,
Office of Nuclear Safety Policy and Assistance, Washington, D.C.

DOE M 413.3-1, Project Managementfor the Acquisition ofCapital Assets, March 28,2003, U.S.
Department of Energy, Washington, D.C.

DOE 0 413.3A, Program and Project Managementfor the Acquisition ofCapital Assets, July 28,2006,
U.S. Department of Energy, Washington, D.C.

DOE 0 420.18, Facility Safety, December 22,2005, U.S. Department of Energy, Washington, DC.

DOE Order 414.1C, Quality Assurance, June 17,2005, U.S. Department of Energy, Washington, DC.

DOEIEIS-0222-F, Hanford Comprehensive Land Plan Environmental Impact Statements,
September 1999, U.S. Department of Energy, Washington, DC.

DOEIRL-20 10-18, Hanford Site Active Cleanup Footprint Reduction, July 2010, U.S. Department of
Energy - Richland Operations Office, Richland, Washington.

DOE-OO 1, DOE Risk Assessment Sheet, Design Authority Hydrogen in Pipe and Ancillary Vessels
(HPAV) Case Not Accepted, M. Wentink, November 26,2005, Bechtel National Inc., Richland,
Washington.

DOE-EH-4.2.1.4-MACCS2-Code Guidance, DOE MACCS2 Computer Code Application Guidance for
Documented Safety Analysis, June 30, 2004, U.S. Department of Energy, Washington, DC.

DOE-STD-l 021-93, Natural Phenomena Hazards Performance Categorization Guidelines for Structures,
Systems, and Components, April 2002, U.S. Department of Energy, Washington, DC.

DOE-STD-I029-92, DOE Standard - Writer's Guidefor Technical Procedures, December 1998, U.S.
Department of Energy, Washington, D.C.

DOE-STD-1189-2008, Integration ofSafety into the Design Process, March 2008, U.S. Department of
Energy. Washington, DC.

DO -STD-3009-94, Change Notice #3, DOE Standard Preparation Guidefor u.s. Department of
Energy Nonreactor Nuclear Facility Documented Safety Analyses, March 2006, U.S. Department of
Energy, Washington, DC.

E-Mail, CCN 187620, A. Larson to G. Jones, Impact ofNew Classification Scheme, December 2, 2008,
Bechtel National Inc., Richland, Washington.
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E-mail, CCN 201897, T. B. Ryan to Distribution, WTP Control ofHazards Associated with HPAV­
Alternative Evaluation and Design Approaches (Final HPAVAssessment Team Report) (CCN
201897), July 15,2009, Bechtel National Inc., Richland, Washington.

E-mail, CCN 201910, T. B. Ryan to Distribution, Transmittal ofOperational Review Team Final Report
(WTP-09-078) (CCN 201910) (Attachment is Letter from D. B. Amerine to S. J. Olinger, Operational
Review Team Report on the Impact ofMaterial at Risk (MAR) and Hydrogen in Piping and Ancillary
Piping (HPAV) Initiatives, July 29, 2009), July 30, 2010, Bechtel National Inc., Richland,
Washington.

E-mail, CCN 20 1913, T. B. Ryan to Distribution, Response to DFNSB Questions on Non-Newtonian
Material and Leak Detection, August 4,2009, Bechtel National Inc., Richland, Washington.

ENG-048, EPPC Risk Assessment Sheet, Capital and Schedule Riskfor DOE Standard 1066
Compliance, M. Wentink, February 1,2008, Bechtel National, Inc., Richland, Washington.

ENG-130, Opportunity Assessment Sheet, Revised Safety Strategy Based on MAR and HPAV
Evaluations, R. Kacich, September 25,2009, Bechtel National, Inc., Richland, Washington.

ENG-136, EPPC Risk Assessment Sheet, Decontamination Issues Associated with Relocating Equipment
in R31C3 Areas, J. Weamer, December 4, 2009, Bechtel National, Inc., Richland, Washington.

ENG-137, EPPC Risk Assessment Sheet, Ash Fall Design Impact, G. Garcia, December 7, 2009, Bechtel
National, Inc., Richland, Washington.

ENG-143, EPPC Risk Assessment Sheet, PTF Control Building ITS Chilled Water and Support Systems,
J. Monahan, December 28,2009, Bechtel National, Inc., Richland, Washington.

ENG-lSI, EPPC Risk Assessment Sheet, PVP-PVV Impacts from M3, Solids Entrainment, etc.,
J. Weamer, May 21, 2010, Bechtel National, Inc., Richland, Washington.

ENG-156, EPPC Risk Assessment Sheet, Mixing System Design Implementation, J. Monahan,
June 29,2010, Bechtel National, Inc., Richland, Washington.

ENS-ENG-IP-Ol, Revision 4, Waste Treatment arid Immobilization Plant (WTP) Authorization Basis
Management, V. Callahan, May 11,2010, U. S. Department of Energy, Office of River Protection,
Richland, Washington.

EPA QAlG-4, Guidance on Systematic Planning Using the Data Quality Objectives Process, February
2006, U.S. Environmental Protection Agency, Washington, D.C.

Letter No. 04-WED-aSS, R. J. Schepens to 1. P. Henschel, Contract No. DE-AC27-01RV14136 ­
Approval ofBasis ofDesign Change Notice 24590-WTP-BODCN-ENG-04-0004 for Section 16 Black
Cell Basis ofDesign, September 14, 2004, U.S. Department of Energy, Office of River Protection,
Richland, Washington. (CCN 100140)

Letter No. 05-ED-058, R. J. Schepens to M. A. Wilson, Leak Detection and Waste Removal Capability in
the Pretreatment Facility, August 19, 2005, U.S. Department of Energy, Office of River Protection,
Richland, Washington. (CCN 130853)
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letter No. 08-NSD-052, S. J. Olinger to W. . Elkins, Contract No. DE-AC27-0IRV14l36 - Approval of
Bechtel National, Inc. (BNl) Authorization Basis Amendment Request (ABAR) 24590-WTP-SE-ENS­
08-0097, Revision 0, lmplementation ofthe Waste Treatment and lmmobilization Plant(WTP) Site
Specific Ground Motion Spectra (WSGM) into the Safety Requirements Document (SRD) for Selective
Use, October 7, 20 10, U.S. Department of Energy, Office of River Protection, Richland, Washington.
(CCN 187637)

letter No. 08-NSD-057, S. J. Olinger to W.. Elkins Contract No. DE-AC27-01RVI4136 - Direction to
fmplement New Safety Classification Process for the Waste Treatment and lmmobilization Plant
(WTP), October 9,2008, U.S. Department of Energy, Office of River Protection, Richland,
Washington. (CCN 188218)

Letter No. 08-NSD-070, Letter, S. J. Olinger to W. . Elkins, Requestfor Evaluation ofMaterial at Risk
Usedfor Waste Treatment and lmmobilization (WIP) Design and Accident Analysis,
December 2, 2008, U.S. Department of Energy, Offtce of River Protection, Richland, Washington.
(CCN 190857)

letter No. 08-NSD-077, S. J. Olinger to W. S. Elkins, Contract No. DE-AC27-01RV14136 -Approval of
Authorization Basis Amendment Request (ABAR) 24590-WTP-SE-ENS-08-0159, Revision 0, Removal
ofRLlREG-97- I3 From the Authorization Basis, December 18, 2008 U. . Department of Energy,
Office of River Protection, Richland, Washington. (C N 191985)

Letter No. 09-NSD-003, . J.Olinger to W. S. Elkins, Contract No. DE-AC27-01 RVf4136 - Approval of
Bechtel National, Inc. (BNl) Authorization Basis Amendment Request (ABAR) 24590-WTP-SE-ENS­
08-0122. Revision 0, Safety Requirements Document (SRD) Changes to Natural Phenomena Hazm'd
Design Criteria, January 28,2009, U.S. Department of Energy, Office of River Protection, Richland,
Washington. ( eN 193661)

letter No. 09-NSD-0 18, . J. Olinger to W. .Elkins, Contract No. DE-A 27-0fRV14136 - Approval of
Bechtel National, Inc. (BNI) Authorization Basis Amendment Request (ABAR) 24590-WTP-SE-ENS­
08-0 I52, Revi ion 0, larification ofUse ofAmericarz lnstifute ofSteel Construction (AISC) MO 16­
89. Manualfor Sleel Construction in the Safety Requirements Document (SIW), March 24, 2009,
U.. Department of Energy, ffice of River Protection Richland Washingt n. (CCN 196733)

Letter No. 09-NSD·030, . J. Olinger to W. S. Elkins Contract No. DE-AC27-01RVI 4136 - Approval as
Modified ofAuthorization Basis Amendment Request (ABAR) 24590-WTP-SE-ENS-09-00l3,
Revision 0, 'Applicability of fO CFR 50.49 and lE£E-323 on the WTP Project, April 16,2009,
U.S. Department of Energy Office of River Protection, Richland, Washington. (C N 198340)

Letter No. 09-NSD-033, S. J. OUllger to T. C. Feigenbaum, ontract No. DE-AC27-0fRVI4136 - Partial
Approval ofAuthorization Basis Amendment Request (ABAR) 24590-WTP-SE-ENS-08-0060,
Revision 0, August 14, 2009, U.S. Department of Energy, Office of River Protection, Richland,
Washington. ( CN 204091)

Letter No. 09-NSD-034 1. E. Mansfield to L R. Triay, Inadequate Mixing, Waste Treatment and
Immobilization Plant, January 6, 20 I0, U.S. Department of Energy, Office of River Protection,
Richland, Washington. (CCN 20462l)

Letter No. 09-NSD-034, S. J. Olinger to T. C. Feigenbaum, Conditional Approval ofBechtel National,
Inc. (BNI) - 24590-WTP-RPT-NS-OI-OOl, Revision 6, Preliminary Criticality Safety Evaluation
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Report (CSER) for the Waste Treatment and Immobilization Plant, August 24,2009, U.S. Department
of Energy, Office of River Protection, Richland, Washington. (CCN 204621)

Letter No. 09-NSD-044, S. J. Olinger to T. C. Feigenbaum, Contract No. DE-AC27-01RV14136­
Conditional Approval ofPretreatment Authorization Basis Control Strategy Change Package,
November 2,2009, U.S. Department of Energy, Office of River Protection, Richland, Washington.
(CCN 208458)

Letter No. 09-NSD-044, S. J. Olinger to T. C. Feigenbaum, Contract No. DE-AC27-01RV14136 ­
Conditional Approval ofPretreatment Authorization Basis Control Strategy Change Package,
November 2,2009, U.S. Department of Energy, Office of River Protection, Richland, Washington.
(CCN 208458)

Letter No. 09-NSD-050, S. J. Olinger to T. C. Feigenbaum, Contract No. DE-AC27-01RV14136 ­
Approval ofBechtel National, Inc. (BNl) Authorization Basis Amendment Request (ABAR)
24590-WTP-SE-ENS-09-0023, Revision 0, Clarification ofSection VIII Division 1 and Division 2
Requirements, September 14,2009, U.S. Department of Energy, Office of River Protection,
Richland, Washington. (CCN 205736)

Letter No. 1O-NSD-008, S. J. Olinger to F. M. Russo, Contract No. DE-AC27-01RV14136 - Conditional
Approval ofAuthorization Basis Amendment Request (ABAR) 24590-WTP-SE-ENS-06-0043,
Revision 0, SRD Appendix H Cleanup, February 23,2010, U.S. Department of Energy, Office of
River Protection, Richland, Washington. (CCN 214405)

Letter No. 1O-NSD-Ol3, Letter, S. J. Olinger to F. M. Russo, Contract No. DE-AC27-01RV14136­
Conditional Approval ofSafety Requirements Document (SRD) Change Adding Hydrogen in Piping
and ancillary vessels (HPAV) Design Criteriafor Pretreatment (PTF) Facility, February 15,2010,
U.S. Department of Energy, Office of River Protection, Richland, Washington. (CCN 214109)

Letter No. 1O-NSD-019, S. J. Olinger to F. M. Russo, Contract No. DE-AC27-01RV14136 -Approval of
Bechtel National, Inc. (BNl) Authorization Basis Amendment Request (ABAR) 24590-WTP-SE-ENS­
09-0074, Revision 0, 'Provide Additional Detail in Safety Requirements Document (SRD) Safety
Criterion 4.1-3 Interaction Requirements (Two Over One Protection), March 26,2010, U.S.
Department of Energy, Office of River Protection, Richland, Washington. (CCN 216310)

Letter No. 1O-NSD-043, D. A. Brockman to F. M. Russo, Contract No. DE-AC27-01RV14136 - Approval
ofAuthorization Basis Amendment Request (ABAR) 24590-WTP-SE-ENS-09-0084, Revision 0,
Emergency Diesel Generators, August 6,2010, U.S. Department of Energy, Office of River
Protection, Richland, Washington. (CCN 223544)

Letter No. 1O-NSD-044, S.J. Olinger to F.M. Russo, Contract No. DE-AC27-01RV14136 - Approval of
Bechtel National, Inc. (BNl) Authorization Basis Amendment Request (ABAR) 24590-WTP-SE-ENS­
10-0023, Revision 0, 'Clarification ofSeismic Testing Requirements in SRD, Appendix C2,
June 15,2010, U.S. Department of Energy, Office of River Protection, Richland, Washington.(CCN
220309)

Letter No. 10-NSD-051, B. J. Harp to R. W. Bradford, The us. Department ofEnergy, Office ofRiver
Protection (ORP) Assessment ofBechtel National, Inc. (BNl) Authorization Basis (AB) Maintenance
Program, June 15,2010, U.S. Department of Energy, Office of River Protection, Richland,
Washington. (CCN 220308)

Page 201 of 209



Responses to Defense Nuclear Facilities Safety Board Questions

Letter No. IO-NSD-052, D. A. Brockman to F. M. Russo, Contract No. DE-AC27-01RV14136 - Approval
ofBechtel National, Inc. (BN!) Authorization Basis Amendment Request (ABAR) 24590-WTP-SE­
ENS-09-0063, Revision 0, AB Changes Regarding Safe State to Support Elimination ofDOE/RL-96­
006 From the Waste Treatment and Immobilization Plant (WTP) Authorization Basis, July 26, 2010,
U.S. Department of Energy, Office of River Protection, Richland, Washington. (CCN 222602)

Letter No. 10-NSD-055, S. J. Olinger to F. M. Russo, Directed Change to Preliminary Documented
Safety Analysis (PDSA) Affecting Hydrogen in Piping and Ancillary Vessels (HPA V) Control Strategy
for Pretreatment (PTF) and High Level Waste (HLW) Facilities, July 17,2010, U.S. Department of
Energy, Office of River Protection, Richland, Washington. (CCN 222342)

Letter No. IO-WTP-163, A. T. Morris to N. F. Grover, Proposed Changes to Contract Tank Waste Feed
Specifications Resultingfrom External Flowsheet Review Team (EFRT) Vessel Mixing Response,
June 24,2010, U.S. Department of Energy, Office of River Protection, Richland, Washington. (CCN
220806)

Letter No. CCN 085388, J. P. Henschel to R. J. Schepens, Contract No. DE-AC27-01RV14136 - Leak
Detection and Waste Removal Capability in the Pretreatment Facility, July 11,2005, Bechtel
National Inc., Richland, Washington.

Letter No. CCN 091022, Letter, J. P. Henschel to R .J. Schepens, Contract No. DE-AC27-01RV14136­
Black Cell Openings, June 8, 2004, Bechtel National Inc., Richland, Washington.

Letter No. CCN 117871, Letter, W.F. Hamel to J. R. Eschenberg, Closure ofBlack Cell Design Adequacy
Oversight Recommendation 4 and Open Item 12: Design Approach to Black Cell Access Openings,
July 6, 2004, U.S. Department of Energy, Office of River Protection, Richland, Washington.

Letter No. CCN 142843, Memorandum, G. M. Duncan to R. E. Edwards and R. M. Kacich, Partial
Response to Condition ofAcceptance Item 2.3 on Evaluation ofUncertainty in the WTP Hydrogen
Generation Rate Correlation, December 28,2009, Bechtel National Inc., Richland, Washington.

Letter No. CCN 146071, Memorandum, L. Walker to E. Groenweghe, Bechtel National, Inc., Purchase
Order 24590-QL-POC-MVAO-00001, Revision 26, Pressure Vessels, High Alloy, Shop Fabricated,
Large, QL-1 (VXLA (NllO), October 9,2006.

Letter No. CCN 160904, Memorandum, RPP-9805, Revision 1, Values ofParticle Size, Particle Density,
and Slurry Viscosity to Use in Waste Feed Delivery Transfer System Analysis, March 2002,
8. S. Austen, August 14,2007, Bechtel National, [nc., Richland, Washington.

Letter No. CCN 175239, L. J. Simmons to J. R. Eschenberg, Transmittal ofAssessment ofUpdate WTP
Design Basis MAR Report, December 31, 2008, Bechtel National Inc., Richland, Washington.

Letter No. CCN 177718, L. J. Simmons to 1. R. Eschenberg, Comments on Interface Control Document­
19 (ICD-19) Proposed Technical and Risk Evaluation and Waste Feed [sic), April 18, 2008, Bechtel
National Inc., Richland, Washington.

Letter No. CCN 186341, Memorandum, P. Omel to WTP Project Record, M3 Test Platform - Prototypic
Comparison, May 4,2009, Bechtel National Inc., Richland, Washington.
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Letter No. CCN 192416, Memorandum, M. K. Robinson to Distribution, Sensitive - WTP Project
Technical Issues Review: November 19,2008, January 7, 2009, Bechtel National Inc., Richland,
Washington.

Letter No. CCN 193555, Memorandum, DOE Criticality Safety Support Group - Review ofthe
Washington River Protection Solutions Tank Farm Operating Contractor Criticality Safety Technical
Basis, December 7-11, 2009. D. C. Losey, February 8, 2010, Bechtel National, Inc., Richland,
Washington.

Letter No. CCN 204767, Technology Steering Group-Issue Closure Record - Partial Closure EFRT Issue
M-3 (Closure Package Volume 5, PWD-VSL-00033/43/44), Inadequate Mixing System Design, DOE
OARS # 18278, March 25, 2010, U.S. Department of Energy, Office of River Protection, Richland,
Washington.

Letter No. CCN 205205, Memorandum, L. 1. Peltier and J. Berkoe to R. Daniel and P. Keuhlen, CFD
Comparisons to 4 FT Platform Tests - M3 Closure Status, September 23, 2009, Bechtel National Inc.,
Richland, Washington.

Letter No. CCN 208996, Technology Steering Group-Issue Closure Record - Partial Closure EFRT Issue
M-3 (Closure Package CXP-VSL-00026A/B/C). Inadequate Mixing System Design, DOE OARS #
18156, June 10,2010, Bechtel National Inc., Richland, Washington.

Letter No. CCN 209161, ICD 19 Team Meeting - Finalize Issues to be Included in Revision 5. M. J. Pell,
December 17, 2009, Bechtel National, Inc., Richland, Washington.

Letter No. CCN 209933, Memorandum from C. Dunnum to R. Stevens, HPAV Piping Routes Exempted
from Analysis, March 10,2010, Bechtel National, Inc., Richland, Washington.

Letter No. CCN 210455, Memorandum, W. L. Tamosaitis to R. B. Daniel, Scaling ofPJM Vessels
Containing Settling Solids in Newtonian Slurries, March 4, 2010, Bechtel National, Inc., Richland,
Washington.

Letter No. CCN 211535, Memorandum, D. L. Herting to S. M. Barnes, Simulant Qualification Data
Package for Post Design Basis Event (DBE) Testing, March 12,2010, Bechtel National Inc.,
Richland, Washington.

Letter No. CCN 211814, Memorandum, D. L. Herting to R. E. Edwards, Evaluation ofPlutonium Settling
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