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The Honorable John T. Conway Ly 50
Chairman ARE

Defense Nuclear Facilities Safety Board
625 Indiana Avenue, NW.

Suite 700

Washington, D.C. 20004-2901

Dear Mr. Chairman:

In letters dated March 30, 2000, and May 30, 2000, the Board expressed concerns related to the
design and construction of the Hydrogen Fluoride Supply System (HFSS) project at the Y-12
Plant in Oak Ridge, Tennessee. The enclosed document addresses concerns detailed in the
correspondence discussed above and provides the current status of HFSS design and
construction. :

Additionally, on July 14, 2000, the site forwarded a “Mission Assurance Plan” to Headquarters.
This plan proposes a path forward for enriched uranium operations at Y-12 and was reviewed “in
draft” by an onsite Board staff member. The plan is currently under review by the Department
of Energy. We will keep the Board and its staff informed of significant developments

relating to resumption of enriched uranium operations, including the HFSS process.

If there are questions, please contact me or have your staff contact Xavier Ascanio at
301-903-3757.

Sincerely,

Madgely B./ Creedon
Deputy Xdministrator
for Defense Programs

Enclosure

cc w/enclosure:
M. Whitaker, S-3.1



jited States Government Department of Energy

Oak Ridge Operations

nemorandum

oete:  June 23, 2000

LY TO

wor. DP-83:Rhyne

wecr.  DEFENSE NUCLEAR FACILITIES SAFETY BOARD (DNFSB) REVIEWS OF THE Y-12
HYDROGEN FLUORIDE SUPPLY SYSTEM (HFSS)

o Xavier Ascanio, Director of Site Operations, DP-24, GTN

DNFSB correspondence dated March 30, 2000 relayed the Board's concern with the
Y-12 HFSS design, construction, operating characteristics, and failure modes. Since that
time, the five member DNFSB Board has visited Y-12 and received a briefing on the
HFSS, two of the Board members visited Y-12 again to review Enriched Uranium
Operations restart efforis. and DNF SB staff have performed a review of the HFSS.
Additionally, the DNFSB issued a letter dated May 30, 2000 recommending that the
Natural Phenomena Hazards design of certain sections of the HFSS be reevaluated for
more stringent controls.

Attached is a letter froni Lockheed Martin Energy Systems addressing many of the
Board's concerns outlired in the correspondence discussed above, and detailing the
present status of the HFSS design and construction.

If there are any questicns, please have your staff contact Ken Rhyne at (865) 576-9901.

é«/f:—g)@
William J_Btumley
Assistant Manager

for Defense Programs

1 Attachment

cc wi/attachment:
P. Atkken, HQ. DP-24, GTN
T. Hinkel, NADP-68, ORO



Lockheed Martin Energy Systems

Post Office Box 2009 Qak Ridge, Tennessee 37321 - S193
Telephone: 865/5374-2066 Facsimile:  865/575-4846

June 6, 2000

Mr. William f. Brumley

Assistant Manager for Defense Programs
Depanment of Energy, Oak Ridge Operations
Post Office Box 2001 '
Oak Ridge, Tennessee 37851

Dear Mr. Brumley:

Coatract DE-AC035-840R21400, Response to the Defense Nuclear Facilities
Safety Board (DNFSB) Review of the Hydrogen Fluoride Supply System (HFSS)

References: (1} Conway to Gioconda letters dated March 30, 2000. and May 30, 2000
{2) Beck to Brumley letter dated Apnl 24, 2000, Fiscal Yecr 2060 Stockpile
Management Operating Guidarce

{3) Beck to Brumley leuer dated May 16, 2000, Enriched Urenium Operaiions
Resumption Plan Baseline

[n response 0 the Cenway to Glocenda letter dated March 30. 2000, enclosed s a proposed
response to the issues raised by the DNFSB on the HFSS.

Reference { forwarded a DNTSB Staff Issue Report on instrumentation and controls for the HFSS

2t the Y-12 Plant. The Staff Issue Report contains a subset of the technical issues that have been
reviewed with DNFSB staff and board members. during recent months including the visits in April
and May. Y-12 personne! are currently working on an integrated approach to address all xnown
safetv. quality, ogeration, and construction issues with the HFSS. 1t is recognized that hvcéragen
fluoride (HF) represents a significant chemical hazard; and we are commutied to ensuring hat the
svstem 1s designed, installed. tested, and that ramning is nrovided ac nec2ssary for safe coe-2ticn
The pew svsizm s A vast improvemest over the sysiem used 1n the 1970s and 1980s. The svsiem’
design orovides defense-in-depth (refer to enclosure) and incorporates tectinologies (BF cztectors,
automatic contrais. and off-gas scrubbers) to enhance worker and pubiic safecv that were net used
in the earlier svsiem. However, problems did emerge during executior: of the project that instatled
this svstem.

3

Current activities on HFSS are focused on resolving the procurement, fabnication, and irsz2llation
deficiencies; updanng the safety basis; confirming the technical baseline: and completing :he

start-up testing. The present effort includes reassembly of the fluid beds which were diszssembled



Mr. William J. Brumley, DOE-ORO
Page -

z

June 5, 2000

- to allow for cleanup and modifications after the surrogate matenal testing. Welding and material
compztibihity issues are also being addressed.

The :2chnical baseline effort (descnbed 1n enclosure) has completed ihe identification of design
requiraments and is well into the development of documentation packages that demonstrate that the
requirzments are met. Discrepancies identified during this effort have been documented and are
being :acked to closure. The most significant deficiency relates to the naturai phenomena hazards

\\
desic: and qualification of the system. To address this deficiency, Y-12 personnel have developed \”‘}f \u"
ami

ization strategy which will ensure that the components with large inventories of HF (cvlmder ‘/L//
sape—-=ater and vaporizer) satisfy PC-3 requirements. Other system components will be qualified
10 a (22! commensurate with their safety function.

Teciical reviews have also identified concerns with the instrumentation and control components
as described in the Siaff Issue Report. The strategy for resolution of these issues will include
finaiizing design cntena (draft cnteria were provided to DNTSB staff during the April site visit),
comgzzring the existing designs to these criteria, evaluating deviations from the criteria, and
umpi2menting improvements, as appropriate.

The sizm-up testing program for HFSS will be expanded to address requirements identified in the

techir:zal baseline effort that require testing (versus documentation reviews or walkdowns). The
testn s program has been developed to allow use/validation of operating procedures and to provide
‘hanis-on’ expenence for the operations siaff. The testing program wiil be followed by a driii
pregrzm that addrasses both normal and ofi-normal events.

The zciviues ¢escnbed herein are part of an overall strategy that will address outstanding items
(:nc.-2ing those discussed with the DNFSB staff during the April and May visits) associated

with :z2 HFSS. Tne strategy is being revised to assure saferv while accommodaung the recent
budze: reductions and mesting the requirement of a September 2001 startup (References 2 ané 3).
In orZzr to properly balance these objectives, a formal screening process is being developed. This
proczss will identify the pre-startup requirements ard requirements 10 be :mplemented in the Srst
and :2:ond outages tollowing startup. The screening cnitena and final results will be approved by
the T zerauenal Safety Board and subminte< (o the Departmert of Energy for approval.

Loc-meed Marun Energy Systems recognizes the significant hazard that HE represznts and s
committed to r*‘solnno all outstanding technical concems. The enclosure provides informaticn on
HF. :z2 svstem. and plans (o address the genenc issues.




Mr. William J. Brumley, DOE-ORO
Page 3
June 6, 2000

If you have questions or require additional information, please contact W. A. Heineken, 576-3803.
or K. D. Kcith, 576-9687.

Smcerely,

w .
Harold T. Conner, Jr., Dnrector

Enriched Uranium Operations and Restart
HTC;n
Enclosure: As Stated

J. Bergin

E. Christenson, DOE-ORO
K. Cotlier
T. Conner, Jr.
F.

O-

cc/enc:

Craig/E. G. St. Clair
UO-DMC (RC)
G. F. Hagan
S E. Hantson. DOE-QRO
. A. Heineken

Insalaco

[vey, DOE-ORO

. Keith

E.
D.
C.
H.
D.
E

Oberding, DOE-ORO
Stone

Watkins., DOE-OROQO
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K.D
LG
G. L. Lovelace
T. B.
1. E.
R. 1
S. A
S. £. Wellbaurn, DOE-ORO



Enclosure to Letter
Conner to Brumley
Dated: June 6, 2000

Hydrogen Fluoride Supply System (HFSS)
Defense-in-Depth

Background

Enriched Uranium Operations (EUO) at the Y-12 Plant are cntical to Defense Program
missions and are not duphcated anywhere in the Complex. The HFSS is a key element in
enriched uranium processing. In 1992, a significant hydrogen fluoride (HF) release
occurred; and as a result, 2 new supply system bas been designed and is in the process of
final installation. The new system incorporates many. desxgn mmprovements over the
original system, but issues have plagued the HFSS project’. To ensure that safe operation
is possible, safety analyses were completed and are summanzed in the Basis for Inierim
Operation for Building 971 2 Enriched Uranium Operation Complex’. A technical
baseline recovery effort’ is currently confirming that design input and safety
requirements have been properly incorporated into the as-built system.

This paper describes the improvements and the defense-in-depth features incorporated

into the new design. Information on the basic hazards associated with HF, the earlier
system designs, and previous events is also provided.

HF

Anhydrous HF is normmally a colorless, fuming gas that can also exist as a liquid or in
aqueous solutions as hydrofluonic acid. HF is reactive in moist air and is coryosive ard
toxic to humans. The odor is pungent and detectable in the 0.04-0.13 ppm range. The
Emergency Planning Release Guides” (EPRG) are:

1. EPRG-1 (OSHA Personnel Exposure Limit) 2103 ppm
3. EPRG-2 (] hour exposure w/o irreversible damage) 20 ppm
3. EPRG-3 (! hour exposure is non-life threatening) - 50 ppm

HF is used across the world in uranium enrichment processes, as well as in the aluminuna,
glass, and petroleum refining industry. In thcse industnial facilities, HF is typically
delivered in 12,000-gallon railroad tank cars® or in 55- gallon drums as hydrofluoric a¢id
For example, the DuPont-Corpus Christi. Texas, facilities have approximately 40 millicn
oounds of hvdrofluoric acid yielding worst-case, unmitigated releases that could expose
hundreds of thousands of people to fifty times the EPRG-3 (50 ppm).® While less than

1,000 pounds will be in use, EUO recogmizes that Hr is a significant chemical hazard and

" Independent Assessment of the Hvdrogen Fluoride Supplv Svstem Project. YMA-7534. August 4, 1969
* Bases for interim Operanon jor Building 9212 Ennched Uranium Operction Complex, YIMA-7234,
Revision 7, January 2000
> Hydrogen Fluoride Supply Sysiem Baseline Review Plan, Y/MA-7616, January 2000
*1bid. 2. pages 5-6

Urarntum Production Technology, D, Van Nosuand Comparny, Inc., Princeton, NJ, 1959
® Accident Release Vulnerabuline Zones for Ten DuPont Facilines, www .nik.net/wcs



is committed to implementing the controls necessary to ensure safe operation. The new
system design provides containment {cylinder) and confinement (enclosures and
scrubbers) features that meet or exceed industry practices.

HF can be neutralized with water and alkaline solutions such as potassium hydroxide.
Engineered features commonly used with HF inctude containment, confinement, and Jeak
detection equipment. Personnel protective measures for HF handling include well

ventilated areas, prevennon of skin or eye contact, and the use of rcsplrators or posmve
air-supplied equxpmcm

Earlier HFSS Design

In 1992, a release of 600 pounds of HF occun'ed when a rupture disk failed concurrent
with a downstream valve being mxsposmoncd The downstream valve allowed HF
liquid to escape onto the room floor and to an outside dock area. The room was not
designed as air tight, so HF fumes escaped the'area. This Category [ (unusual) event did
not result in any irreversible, adverse affects to.the workers or public because the rejease
occwred in January with low ambient temperatures which minimized HF vaporization.
The HFSS design, at the time of the event, did not include containment features nor
scrubbers to prevent and mitigate potential events. As a result of investigations
following this event, a line item project to repiace the entire HFSS was initiated.
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Current HFSS Design

The new HFSS design eliminated direct leak paths to the environment and incorporated
many safety features including use of 2 Department of Transportation approved supply
cylinder, robustly designed process vessels, secondary enclosures for equipment, a sump
tank to collect and contain potential liquid spills, double-walled piping outside the
enclosures, scrubbers for process offgas, and enclosures where spills could occur,
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HFSS Safety Analyses

The HESS safery analysis and desirgn process were not well integrated duning the design
phase and early construction effort °. Since that time, a hazard evaluation and the safety
analyses have besn completed as documented in the Basis for Interim Operation (BIO) .

Additional work 1s planned on the safety analyses to reconcile issues from the technical
taseline effort and other reviews. ‘

The protection against a release of HF can be viewed as a senies of
parriers esiabiisiung defense-in-depth. The main process piping is

.
o

- e o
vien e daa,a N > [

- (7). Tne enclosurss, sump tank, transior Une,
outer wall, and scrubbers make up the secondary boundary (S).
Tre third boundary is composed of software interlocks, leak
detection aiarms, procedures, and operator actions (T).

* Process System Diagrams, HF-P1 to 7 and FB-P1 to 7
16 -s -
ioid. !

‘"1bid. 2, Chapter §

3
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The amount of matenal at risk and various operating modes must be taken into
consideration. The BIO analyses a wide range of events including an unmitigated, total
release of the HF supply cylinder (the cylinder has a design capacity of 1,350 pounds but
is administratively controlied to 900 pounds). The BIO analyses indicated that a release
of HF in quantities greater than five pounds could, in severe meteorological conditions,

exceed EPRG-2 values at the site boundary. The-amounts of material at nsk in the
system include:

1. Supply Cylinder 900 pounds (maximum credible release)
2. Supply Cylinder Heel 170 pounds
‘3. Vaponzer Batch 160 pounds
4. Vaporizer Heel 30 pounds
5. Transfer Line’ <] pound

These quantities can be comparcd to othcr industnal hazards (ammonia, chlorme or other
hazardous gas relcascs)

Risk Bins A hazards evaluation was performed to
identify hazards and accident initiators.

o [ T The results of the accidents analyses are

> FPRG-2 - summarnized m the BIO. The summaries
include the frequency, consequence, risk
1 I I bin, receptor, available coatrols
(defense-in-depth features) and the controls
credited in the safety analyses. Scenanos
v I m which, if unmitigated, fall into Risk Bins 1
<EPRG-2 . or II are considered ‘dominant’ and
credited preventive/mitigative measures zre
Vay  Unlkely Anticpard controlled via the Operarional Safery

Unbkely ' Requirements for Building 9212."
<I0E-: 10E41t0.01 >.01

1

The primary components (cylinder, vaponzer/superheater, transfer line, and fluid beds)
are fully enclosed in an outer confinement boundary with leak/HF detection provided.
The primary components can be nitrogen purged and are protected from nitrogen over
pressurization by a pressure regulator set at 20 psig and a pressure relief valve set at

24 psig. These nitrogen supply pressure relief components are protected from HF
backilow by redur:cant check valves. Uniike the older system design, the system
pressure reiief components vent 0 the dock scrubber intake instead of directly to the

e bl B o bt Tore it

SRR PER OIS TOMT 0N

The technical baseline effort wiii ensure that components with large volumes of HF
p g

(cvlinder and vaporizer/superheater) are upgraded to meet PC-3 Natural Phenomena
Hazards requirements.

" Envvonmnental Protection Agency Risk Management Plans (examples include 10844LA, 12631TN,
L11739FL, 13162TX, 2740TX, 11 133AL}) accessed via www rik.nct

'* Operanonal Saferv Requiremenrts for Building 9212, Y/MA-7253, Revision 14, January 2000



The secondary confinement consists of:

e Cylinder is inside the cylinder enclosure which is kept at greater than
0.25-inch water column vacuum by the dock scrubber - leaking liquid is
.captured and routed to the sump tank..

» Vaporizer and superheater are inside an enclosure also kept under negative
pressure by the dock scrubbcr - lcakmg liquid 1s captured and routed to lhe

- sump tank.

e Transferlineisa double-walled pipe and the anpulus is pressurized wuh

" nitrogen - a loss of nitrogen pressure isolates the HF supply.

o Fluid bed is inside an enclosure which is kept at a negative pressure by a
high-efficiency particulate air fiitered (not scrubbed) ventilation system — HF
detectors in the enclosure are interlocked with the HF supply.

These secondary confinement features provide assurance that, in the unlikely event of a
primary containment failure, the leakage is controlled and/or isolated.

Operation of the HFSS and associated fluid bed requires portions of the primary
containment boundary to be vented. The modes and vent paths include:

e Operation

>V aponzer filling — HF 1s transferred from the supply cylinder to the
vaporizer by pressunizing the cylinder with nitrogen and venting the top of
the vaporizer to the dock scrubber intake. The vaporizer is isolated from
the cylinder after filling, and the vent valve is closed.
Fluid bed reaction — HF is transferred from the vaponzer/superheater
through the wansfer line to the preheater and flmid bed. The fluid bed is
venied o the B-1 Wing scrubber intake.
Vaponzer draining — HF is gravity drained from the vaporizer to the
cvlinder with the mutrogen feed line vented to the dock scrubber intake.
Pre-maintenance purging — HF is purged from the primary containment
components prior to maintenance. When purging, nitrogen is supplied and
HF is vented to the scrubber systems.

N\

\ /

‘I

o Warm Standby — no transfer of HF is allowed"”

» Cold Siandby - no transfer of HF is allowed

The scruhbers must he confirmed operable prior to vanonzer filling, fluid bed reaction. cor
pre-maintenance purging'". During these time periods, the scrubbers (up to the packed
bed) form part of the primary containment boundary. A safety (hardwired) interlock is
provided to shut down HF transfer if the B-1 Wing scrubber becomes inoperable.
(Consideration is being given to hardwinng the dock interlock.) In addition, noncredited
interlocks and alarms are provided via the HESS distrbuted control system.

'"* OSR will be revised to include this constraint
P ibid. 13. Section 3/4 6



Technical Baseline Effort

The HFSS technical baseline effort will provide assurance that the as-built configuration
of the HFSS meets the appropnate safcty/dcmgn/operanonal requirernents and is
properly reflected in configuration controlled documents'®. The effort is depicted in the
logic diagram below. Over 350 requirements have been identified, and the design output
paper reviews are nearing completion. Field watkdowns will confirm as-built condmons
and, where necessary, start—up testing will be completcd

: Define T Functxor;s—é-mé'

i Scope and : Requirements

; Interfaces P Identification :

. 'rf‘M\ : :

2 (I

: Bouwary ; | . <

’ T “Screening

{ Process System Focus Areas

Diagrams Quantifiable

....................... Salety Significant
Lessons Leamed:| ! i
Waelding P List Test
NPH :

Mat1 Seilection
Type B Findings

Three areas are receiving special attention dunng the technical baseline effort:

* Process Hazards Analysis — an independent overview by chemical process safety
management experts will be performed to ensure that previous process hazards
analyses and the general HFSS design meets or exceeds chemical industry practices.

~ +» Inswrumentation and Controls - specific design cnteria for safety-related
instrumentation will be developed using industry standards. Existing instrumentation
will be evaluated and discrepancies will be resolved.

» Natural Phenomena Hazards — the design criteria applied to HFSS for resistance
against natural phenomena (earthquakes, wind, etc.) has been revised. Systems,
structures. and components will be evaluated to ensure that they meet the necessary
design critena (inciuding II/T interactions).

Each bascline requirement will have a2 documentation package that provides objective
evidence thart the requirement is met by the as-built HFSS. Discrepancies will be
cvaluated and resolved, as necessary, prior to testing or startup of the HFSS.

* 1bid. 3



Integrated Safety Control Set

As described in DNFSB/TECH-16, Integrated Safety Management,'” the tailoring of
hazard controls must reach across a wide variety of programs. The third level of
defense-in-depth involves programs ranging from training and procedures to personal
_protective equipment. For the HFSS, as the potential for harm increases, the safety
assurance measures increase in number and intensity. This layenng of controls provides
the necessary defense-in-depth and is depicted below. To ensure that this integrated

safety control set works (satisfying the ‘how safe is safe enough’ challenge), Y-12 has

and will continue to involve personnel with expertise in the hazardous materials and.
processes involved and the practices that are commonly used to ensure the safety of the

public, workers, and the environment.

Engineered
Design

:Administrative

Controls

Work

Practice

PPE

*Wetted® Boundary

. Secondary Confinement
PUbllC Scrubbers
Interlocks

# OSR Limits & Surv.
¥ USQD, FP, QA, etc.
§ Configuration Mgmt.

Emergency Mgmt.

§ Mainienance Prog.

Ops. Training

Ops. Qualiﬁéan’on
Car | Procedures .
Assessments
Procurement Control
Conduct of Operations

Same as above
Contol System
HF Detcctors/Alarms

Worker :
;

§ Same as above

Indusmial Bygienc

Same as above
Lock Out/Tag Out .

JHA/THI

Resptraiors
Chem

Dezeciors

? EDViTOHS Same as above

i

X Same 25 above

Same as above

Italicized items still in development

' DNEFSB/TECH-16. Integrated Safety Management, Defense Nuclear Fac:lities Safety Board Technical

Report, June 1997



