
Department of Energy
Washington, DC 20585

July 30, 2000

-—

The Honorable John T. Conway
Chairman
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,

Deputy Administrator
for Defense Programs

Enclosure

cc w/enclosure:
M. Whitaker, S-3.1
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United States Government Department of Enerqv

‘memorandum
Oak Ridge Operations

DATE June 23, 2000

REPLY TO

ATTN OF, DP-83:Rhyne

SUBJECT DEFENSE NUCLEAR FACILITIES SAFETY BOARD (DNFSB) REVIEWS OF THE Y-12

HYDROGEN FLUORIDE SUPPLY SYSTEM (HFSS)

TO: 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 efforts, and DNFSB 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 from Lockheed Martin Energy Systems addressing many of the
Board’s concerns outlined in the correspondence discussed above, and detailing the
present status of the HFSS design and construction.

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

William J>umley
Assistant Manager /“”

for Defense Programs

1 Attachment

cc w/attachment:
P. Aiken, HQ, DP-24, GTN
T. Hinkel, NADP-68, ORO
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Lockheed .Martin Energy Systems

Posr Ofice Box 2009 Oak R]dge,Tennessee 37S3 I - S [93
Telephone: S65i5i4-2066 Facsimile: 8651576-4846

---+-

LO CKff EEDMARTf N

June 6, 2000

Nlr. W-illiam J. Brurnley
Assistant Manager for Defense Programs
Department of Energy, Oak IUdsge Operations
Post Office Box 2001
Oak Ridge, Tennessee 37831

Dear Mr. Brumley:

Contract DE-.% CO5-84OR214OO, Response to the Defense Nuciear 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

(~) Beck to B~mley letter da~ed ~Pril ~~, ZOOO,Fiscal Year 2000 S[ockpiie
.bfanagement Operating Guidance

(3) Beck to Brumley letter dated May 16, 2000, Enriched L:raniurn Operations

Rzsump[ion P[an Baseline

In response LO[he Conway to Gioconda letter dated March 30, 2000, enclosed 1s a proposed
response to the issues raised by the DNFSB on the ?3FSS.

Reference 1 fomvarcied a DNFSB Staff Issue Report on instrumentation and controls for the HFSS
at the Y-12 Plant. T’ne Staff Issue Report contains a subset of the technical issues that have ‘oeeri
revie’.ved wid-I DNFSB staff and board members. during recent months including the visits in .4pril
and >lay. >“-12 personnel are currently working on an integrated approach to address all !cnown
safe~. qualir~, operation, and construction issues with the HISS. It is reco-gnized that hyc~ogen
fluoride (I-IF) represents a si-gnificant chemical hazard; and we are committed to ensuring :hx the
jVSlt?Tl is designed. installed. tested. and that tm[n.!ng Is prowded M n.ec~ss~T-vfcr s~.fe nm.=..ti-m“+>.-.,”, ,.
The nc’.u s~s:cm is a vast improvement over the sys~em used in the 1970s and 19S0s. The ~>”stem’s
design provides defense-in-depth (refer to enclosure) and incorporates technologies (HF de:ectors,
automatic controis. and off-gas scrubbers) to enhance worker and public safety that were rot used
in the exlier system. However, problems did emerge during execution of the project that ixtalled
[his system.

Current acti~ities on HFSS are focused on resolving the procurement, fabrication, and inxdlation
deficiencies; updating the safety basis; confirming the technical baseline; and completing [he
start-up testing. The present effort includes reassembly of the fluid beds which were disassembled
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Page 2
June 6, 2000

to aliow for cleanup and modifications after the surrogate material testing. Welding and material
compatibility issues are also being addressed.

The :echnical baseline effort (described in enclosure) has completed the identification of desi-~
requirements and is well into the development of documentation packages that demonsuate tha[ the
requi:~ments are met. Discrepancies identified during this effort have been documented and ~e
bein~ :racked to closure. The most significant deficiency relates to the natural phenomena haz;rds
desi~. and qualification of the system. To address this deficiency, Y-12 personnel have deve!oped

a n-,iti~ation strategy which will ensure that the components with large inventories of HF (cylinder,
supe:}.eater, and vaporizer) satisfi PC-3 requirements. Other system components will be qualified
to a ~s-,-elcommensurate with their safety !lmction.

Teckcal revie~vs have also identified concerns with the instrumentation and control components
as ciesctibed in the Staff Issue Report. The strategy for resolution of these issues will include
finaii:ing design criteria (draft criteria were provided to DNFSB staff during the April site visit),
com~zti,ng the existing desi-~s to these criteria, evaluating deviations from the criteria, and
impienenting improvements, as appropriate.

The s:sn-up testing program for KFSS will be expanded to address requirements identified in :h.e
tech.:: :al baseline effort that require testing (versus documentation reviews or walkdowns). T\.e
test:;. = ?rogam has been developed to allow uselvalidation o f operating procedures and to prolide
‘bar.~s-on’ expeience for the opera~ions staff: The testing program will be follo~ved by a driil
pro~>m that addresses both normal and off-normal events.

T’ne ~::ivlues described herein are part of an overall strategy that will address outstanding items
(incluiing those ciscussed with the DNFSB staff during the .<pril and May visits) associated
\vith :>e HFSS. T’ne strategy is being revised to assure safety while accommodating the recent
buci~a: reductions and meeting the requirement of a September 2001 startup (References 2 anc 3).
In or<sr to proper!y balance these objectives, a formal screening process is being developed. T’nis
proc sss will ider,[ii> the pre-startup requirements and requirements to be implemented in the .F.rst
and 5t:ond ou[ages following startup. The screening criteria and final results will be appro~-ed ‘oy
the C=er atlonol Safety Board and submitted to the Department of Energy for approval.

Loc.c.:=d Martin Energy Systems reco-gizes the si=guilcant hazard that HF represents and is
con-.:.:ned to resolving all outstanding technical concerns. The enclosure provides in form~ticn on
HF. :-e s;,’stern, and plans [o address the generic issues.
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If you have questions or re,quire additional information, please contact W. A. Heineken, 576-3803,
or K. D. Keith, 576-9687.

Sincerely,

I

/. ‘bm, o
Harold T. Conner, Jr., Director
Enriched Uranium Operations and Restart

,

HTC:jrj

Enclosure: As Stated

cc/enc: E. J. Bergin
D. E. Christenson, DOE-ORO
C. K. Collier
H. T. Conner, Jr.
D. F. Crai@. G. St. Clair
EUO-DMC (RC)
G. F. Hag-an
S. E. Hartson, DOE-ORO
W. A. Heineken
J. W. Insalaco
K. D. Ivey, DOE-ORO
K. D. Keith
L. G. Loden
G. L. Lovelace
T. B. Oberding, DOE-ORO
J. E. Stone
R. I. Van Hook
S. .4. Watkins, DOE-ORO
S. E. Wellbaum, DOE-ORO
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Hydrogen Fluoride Supply System (HFSS)
Defense-in-Depth

Background

Enriched Uranium Operations (EUO) at the Y- 12 Plant are critical to Defense Program
missions and are not duplicated anywhere in the Complex. The HFSS is a key element in
enriched uranium processing. Lrt1992, a significant hydrogen fluoride (HF) release
occurred; and as a result, a new supply system has been designed and is in the process of
final installation. The new system incorporates many design improvements over the
original system, but issues have plagued the HFS S project 1. To ensure that safe operation
is possible, safety analyses were completed and ze summarized in the Basis for Interim

Operation for Building 9212 Enriched Uranium Operation Complex2. A technical
baseline recove~ effort3 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 desigm, and previous events is

HF

Anhydrous HF is normally a colorless,

also provided.

fuming gas that can also exist as a liquid or in
aqueous solutions as hydrofluoric acid. HF is reactive in moist air and is corrosive and
[oxic 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 (OSIL-i Personnel Exposure Limit) 2 to 3 ppm
2. EFRG-2 (1 hour exposure w/o irreversible damage) 20 ppm
3. EPRG-3 (1 hour exposure is noi-lz~e threatenin~ 50 ppm

HF is used across the world in uranium enrichment processes, as well as in the aluminum,
glass, and petroleum refining industry. In these industrial facilities, HF is typically
delivered in 12,000-gallon railroad tank cars5 or in 55-gallon drums as hydrofluoric acid.
For example, the DuPont-Corpus Cluisti, Texas, facilities have approximately 40 million
pounds of hydrofluoric acid yielding worst-case, unmitigated releases that could expose
hundreds of thousands of people to fifty times the EPRG-3 (50 p~m).b While less than
i ,U~UpGLiiidS “Wi~~be ;rl ils~, E~() i~COg-lZM tkt ~~ is a Si=sgificant Cilemica] hazard and

‘ Independent .Assessment of the Hydrogen Fluoride Suppl,v System Projecr, YI’MA-7534, .4ugust 4, 1999

: BasLs{or [ntetvm Operallon Jor Budding 9212 Enrzched Uranium Operation Complex, Y/MA-7254,

Revision ?, January 2000
2Hydrogen Fluoride Supply S,vslem Baseline Review Plan, YIMA-76 16, January2000

‘ lbia. 2, pages 5-6

j Uranium Production Technology, D, Van NostrandCompany,Inc.,Princeton,NJ, 1959

0 A ccldent Release Vulnerabilip ZQnes for Ten DuPont Faci[ilies, www.rtlc.netjwcs
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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.

HI can be neuhalized with water and alkaline solutions such as potassium hydroxide.
En=tieered features commonly used with HF include containment, confinement, and ]e&
detection equipment. Personnel protective measures for I@ handling include well
ventilated areas, prevention of skin or eye contact, and the use of respirators or positive
air-supplied equipment’.

Earlier HFSS Design

In 1992, a release of 600 pounds of HF occurred when a rupture disk failed concurrent
with a downstream valve being rnispositioned8. The do%stream valve allowed EIF
liquid to escape onto the room floor and to an outside dock area. The room was not
desi=~ed as air tight, so HF fumes escaped the’area. This Category II (unusual) event did
not result in any irreversible, adverse affects to.the workers or public because the release
occurred in January with low ambient temperatures which minimized III? vaporization.
The HFSS design, at the time of the event, did not include containment features nor
scrubbers to prevent and niitigate potential events. As a result of investigations
following this event, a line item project to replace the entire HFSS was initiated.

Vented to
Atmosphere

HF ‘
N2 Cylinder

Purge
Gas

t 1

‘ IVIOSH Pockel GiAlde to Chem lcal Hazards,

9 Type B Invesngation, Anhydrous Hydrogen

L Fluid Bed

CAPS 7664-39-3 (www.cdc.gov/niosh/np~npgd0334.hti)

Fluoride Releme to the Environment, February 1992
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Current HFSS Design

The new HFSS design eliminated direct leak paths to the eqvironrnent and incorpomt~ ---
many safety features including use of a Department of Tran+ortation approved SUPPIY

cylinder, robustly designed process vessels, secondary enclosures for eqtipmq a -p

tank to collect and contain potential liquid spills, double-walIed piping outside the
enclosures, scmbbers for process offgas, and enclosures where spills could occu.#.

7scrub
Sol’n
Tank

+........ ....................... ....... ... ... .

Erccsure

—... — ____
E.dn5we

Powder

..

-f==++

~ To Stack

..@

HF Bed
Scmbb=er

l—

pi,*~

Hz Gas —

HFSS Safety Analyses

,

UF4

I

‘–+––––– –?-;
~------------------

The KFSS safety analysis and desi ~ process were not well integrated during the desi~
phase and early con.sb-uction effort 0. Since that time, a hazard evaluation &d the safe?
analyses have been completed as docu.rnented in the Basis for Inten”m Operazion @IO)’:.

Additional work is pkumed on the safety analyses to reconcile issues from the technical
baseline effon and other reviews.

Tine protection against a release of HF can be viewed as a series of
ban-i ers estabiis’hing defense- in-d~ti. The main process piping is
.kn --—.—. 1----- m\ mL,I* UILIIJQI-$ JL. LCL Ir J. -i-he en.c]nsllr.-< -_, s!J..T.Tp a?!, mzwfer “L::. /

~ :::::::...:.::.: \

outer wall, and scmbbers make up the secondary boundary (S).
The third boundary is composed of so fl-ware interlocks, leak
detection alarms, procedures, and operator actions (T).

(w)

9 process System Dia~, W-PI to 7 and FB-PI to 7

‘0 ibid. 1

1i ibid. 2; Chapter s



The amount of material at risk ~d WU+OUSoperating modes must be taken into
consideration. The BIO analyses a wide r~ge of events including an unmitigated, total
release of the HI supply cylinder (tie cylinder has a design capacity of 1,350 pounds but
is administratively controlled to 900 pouds). The BIO analyses indicated that a rele=e ‘- --
of HF in quantities greater than five pounds could, in severe meteorological conditions,
exceed EPRG-2 values at the site boundary. l%=arnounts of material at risk in the
system include:

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

These quantities can be compared to other industial hazards (ammonkq chlorine, or other
hazardous gas releases) 12.

> EPRG-2

<EPRG2

Risk Bins

II I“ ‘I

III 11 I

Iv III HI

Vcy Unlikely .lmicipated
Unlikely
<IOE4 10E4to .01 >.01

.

A hazards evaluation was performed to
identi~ hazards and accident initiators.
The results of the accidents analyses are
summarized in the BIO. The summaries
include the &equency, consequence, risk
bin, receptor, available controls
(defense-in-depth features) and the cormols
credited in the safety analyses. Scenarios
which, if unmitigated, fall into Risk Bins I
or II are considered ‘dominant’ and
credited preventivelmitigative measures are
controlled via the Operational Sa ety

[Requirements for Building 9212.3

The primary components (cylinder, vaporizer/superheater, transfer line, and fluid beds)
are fully enclosed in an outer confinement boundary with lea.k/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 psi:. These nirro:en supply pressure relief components are protected from HF
backflow by redundant check valves. Unlike the older system design, the system
pressure relief components vent [o the dock scrubber intake instead of directly to the
~n. ,:. n--a -+
vll”!, i,{,,, ,GL, L.

The technical base!ine effort will ensure that components with large volumes of HF
(cylinder and vaporizer/superheater) are upgraded to meet PC-3 Natural Phenomena
Hazards requirements.

‘2 Envuonmental Protection Agency Risk Management Plans (examples include 10844 LA, 1263 IN,

11739FL, 13 162TX, 2740TX, 11 133.AL) accessed via www.rtk.rlet

‘3 Operanona[ Safe? I?equiremenrsfor Building 9212, YI’M.A-7255, Revision 14, January 2000

4
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The secondq confinement consists OF

. 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 scrubber – leaking liquid is captured and routed to the
sump tank.

. Transfer line is a double-walled pipe and the annulus is presmirized with
nitrogen – a loss of nitrogen pressure isolates the KF supply.

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

These secondary coti~nement 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:

● Operation
Vaporizer filling – HF is transferred horn the supply cylinder to the
vaporizer by pressurizing the cylinder with nitrogen and venting the top of
the vaporizer to the dock scmbber 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
t-hrough the rransfer line to the preheater and fluid bed. The fluid bed is
vented to the B-1 Wing scrubber intake.
Vaporizer draining – HF is gavity drained from the vaporizer to the
cylinder with the nitrogen feed line vented to the dock scmbber intake.
Pre-maintenance purging – & is purged born the primay containment
components prior to maintenance. When purging, ‘nitrogen is supplied and
I-IF is vented to the scrubber systems.

● Warm Standby – no transfer of HF is ai10wed14

● Cold Standby – no n-ansfer of HF is allowed

The scrubbers must he confirmed operable prior. to va~otizer fi!]iIIg. fluid hj reactien, CT

pre-maintenance purgingi~. During these time periods, the scrubb~rs (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 hardwiring the dock interlock.) In addition, noncredited
interlocks and alarms are provided via the HFSS distributed control system.

“ OSR wiil be revised to include this constraint

‘~ ibid. 13, Section 3/4.6
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.
Technical Baseline Effort

The IZFSS technical baseline effort till provide assurance that the as-built confi5Wtion ---
of the HFSS meets the appropriate safety/design/operational requirements and is
properly reflected in configuration conholled documentslc. The effort is depicted in the
logic diagram below. Over 350 requirements have been identified, and the design ou~ut
paper reviews are nearing completion. .Field walkdowns will confirm as-built conditions
and, where necessary, start-up testing will be completed:

%Oc ess System :
Diagrams ~

.--------- ..-----... ...........................................

ID-l
Functions & ~

BIO Requirements;
.,

m

+&
I I A

Others:
FHA

CS Rs RI

L..-letc.

. . .. ---- .. . . . . . . . . . . . . . . . . . . . .

ocus Areas

-1
Quantifiable
Safety Significant

Lessons Learned:
Welding
NPH
Mat’1 Selection
Type B FindiWs

------- ... . . . . . . . . . .. . . . . . . .

‘!!!!!B-
/ Paperlq

ZlrrdField
-H-- I

‘is’ ITest~

P)s

m.. Di=eoaruje5
b be Resolved

a

Three areas are receiving special attention during 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 HTSS design meets or exceeds chemical industry practices.

● Instrumentation and Controls – specific design criteria 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 IZFSS 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 criteria (including H/I interactions).

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

‘6 ibid. 3 #
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Integrated Safety ControI Set

As described in DNFSB/TECH- 16, Integrated Safey Management,’7 the tailoringo f
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 I+FSS, as the potential for harm increases, the safety
assurance measures increase in number and intensity. This layering of controls provides
the necessaxy defen.se-ti-d~ti and is depicted below. To ensure that this integrated
safety control set works (satis&ng the ‘how safe is safe enough’ challenge), Y-12 has
and will continue to involve personnel with expertise in the haza.rdo& materials and
processes involved and the practices that are commonly used to ensure the safety of the
public, workers, and the environment.

Public

Worker

3nvirons

Engineered
Administrative

Design ‘
Features

.Controls

‘Wetted’ BOUK@

Secondaxy co~jement

Scrubbers

Interlocks

Same as above
ConEol Syslern
HF Detectors/Alarms

Same as above

[talici:ed items stil[ in deve[opmenL

. .

OSR Limits & s~.

USQD, FP, QA, etc.
Cou@uration Mgmt.
Emergency ~gmt.

Maintenance Prog.

Same as above

Industrial Hygiene

.,
Same as above

Work
Practice PPE

Ops. Training

OpS. Quall~cation

Cal i Procedures

Assessments II I

procurement Control

Conduct of Operations 1

JFM/JHI Delecrors 1
I

same as above
h

17DNFSB~ECH- 16, Inlegrared .Safe~ Management, DefenseNuclearFacilitiesSafetyBoardTechnical
Repon, June ]997
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