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EXECUTIVE SUMMARY

1. Introduction

A fire. h&ards ~alysis (FHA) was perfoqned for the Plutonium Finishing Plant (PFP)
Complex at the Department of Energy (DOE) Hanford site. The scope of the FHA focusses OH
the nuclear facilitieskuctures in the Complex. The analysis was conducted in accordance with
RLID,5480.7, [DOE Directive RLID 5480.7, 1/17/94] and DOE Order 5480.7A,Fire Projection
[DOE Order 5480.7A, 2/17/93] and addresses each of the sixteen principle elements ‘outlined in
paragraph 9a(3) of the, Order. The elements are addressed in terms of the fire protection
objectives stated in pqragraph 4,,of DOE 5480,7A. In addhion, the FHA also complies with
WHC-CM-4-41, Fire Protection Program Manual, Section 3.4 [1994] and WHC-SD-GN-FHA-.,
30001, Rev. O [WHC, 1994]. , ,,

Objectives of this FHA are to determine: (1) the fire hazards that expose”the PFP
facilities, or that are inherent in the building ,operations,. (2) the adequacy of the fire safety
features currently located in the PFP Complex, and (3) the,degree of compliance of the facility
with ,specific fire-safety provisions in DOE orders, related engineering codes, and standards. The
scope of this FHA includes the building construction, the process hazards, existing b~lding fire
protection, and the site wide fire protection for the following PFP facilities:

(1) Building 234-5Z (7) Building 2721-Z
(2) Buildng 242-Z (8) Building 232-Z
(3) Building 236-Z. ... (9) Building 241-2
(4) Building 291-Z (10) ,Building 243~Z
(5) Building 2736-ZB ““ (11) Compressed Gas Storage Areas
(6) Building 2736-Z (12) Hsymrdous , Product and Waste

.. Exterior ,Lay.Down Areas
,., ,

The approach for the development of ttis FHA included several tasks. ,Several site visits
were conducted to document the buildings, processes, and fire protection featrires as well as to
obtain general site i~orrnation. The site visits included a walkthro:gh of the PFP facilities,
discussions with fire’ ~protection.’aid. facility persomel, and “review of drawings and site
plmidocuments. . - ‘>” . -

.,, .,., .,, . ..’.,, ,,

~ h~ysis w&’then performed to establish c~didate fire scenarios, evaluate the d~age
potential associated with these., fires,. and determine ,compliance ,tith DOE tire protection
requirements. The analyses involved reviewing existing requirements, modeling, and analytical
analyses in order to quantifj $he,potentialimpact of plausible fire.scenxios Onprocess operation>,,
fatility operations,’ and safety.

... .

Each of the FHA e~.mentsjdentified in DOE 5480.7A are addressed in this FHA. “Also,
at the request of PFP facdlty staff, an addhional ‘sec~o”nrelating to glovebox fire protection
features and requirenients is included.
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,. .-. .
Requirements h DOE Order 6430.1A, General Design Criteria [DOE Order 6430.1A,

1989], applicable National Fire Protection Association (NFPA) standards, DOE Draft Glovebox
Fire Protection Standard [WHC, 1993], and the Uniform Building Code (UBC) are addressed in
the context of the FHA elements. DOE Order 6430.1A and UBC criteria, apply to new
construction and are referenced in the FHA for guidance purposes only. In addition, where
deemed appropriate, quantitative analyses are performed to estimate the potential impact of
credible fire scenarios.’ The scenarios are based on”% engineering”analysis of the PFP facilities:
and the processes. -

. . ,.
,,

2. .Srrrnmav and’ Conclusions.... ;..> . . ..-~
‘~ The analyses pr,esented,in this report are ‘based Ori the”assumption that the types ~d

qutitities,Ofcombustibles, observed during the site visit are, representative of,the existing and
potential fire htids in the PFP Complex. ‘It is further assumed “thatthe information provided
in the site documents, drawings and plans are accurate and there are ‘noplans to change the
prirn_yyuse of the ,facility. *. ,. ,<:’.! . . . . . .. :..:

The facility operation’ poses ‘sorne’%ique fire .hprds “that are urrusuat for a ‘lypical
,industrial stru~ture; Issues’ addressed include hydrogen ‘generation from stored radioactive
matefials and gloveboxes~ However, the “principle fire hamds, propane and ordinary
combustibles, are not tilqueto tti.s facility... ,,, ., ... .’ ..,. .;.

A detailed evaluation of the fire potentials of the hszards identified was performed. The
following conclusions are based ‘on the analyses documented in this repow.,. ... ,,., ...

1.

2.

.;”3.

. .. 4.
,’.

. .. ..

.
The fire safety fea~es ~tithin~the PFP Complex proilde” adequate protection for the
s~ctures, breed on the rnajofi,tyof the fire scenarios idiniified:, “

./ .,,. . . ,. -.,
,,! ... .

The automatic “spri~ler, systems are a critical element in the tire protection for the
facilities. The systems should be properly maintained ~d tested. Sprinkler protection
~oughout the majority of +e operating ~cilities limits the damage potential from most....!.. .;
Of,thefire’scengos.. “:‘.”’”’;””‘ ; : “. ,“{”’,,. ;;;,:, ;:; .. , ,

... , ,. . ...-~.. ,
The:pro~sion$,for lifesafety,tbroughout theCornplex ~eincornpli~ce wi~ NFPA~lO1
aiid tie adequate for the niurtber“ofworkers anticipated to occupy the’,building.

., .,.....
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The fuel loads in Building 234-5Z at the time of the survey are limited by good
housekeeping and operational procedures. The maximum fuel load anticipated in a typical
office, laboratory or storage area on the first floor. is estimated. Based on a maximum
possible fire exposure on the first floor of Building 234-5Z, the proposed fire scenario is
not of sufficient duration to cause structural failure. ‘However, clogging of the HEPA
filter system could be possible. Clogging of HEPA filters could result in the loss of
negative pressure in the buildhg. Therefore, Ieakage of fire products, includ~ng
radiological materials, to the exterior is possible through cracks or other passive methods.

Hydrogen generation from stored plutonium solutions in 55-galIon drums is shown to not
present a significant fire hazard due to a deflagration or detonation. In order to prevent
hydrogen buildup within the storage containers, vented type containers should be used.

In Building 234-52, tire scenarios are provided that cause structural failure of the second
floor roof and fire spread throughout the areas containing combustibles. Based. on the
strucb.rralfailure, it is postulated that the release of radiological materials from the filter
rooms is possible. ”

Building 242-Z was not accessible. Concerns reg~ding the interior finish within the
facility have been raised. Sufficient data is not av~lable to evaluate the hazard posed by
the finish. However, based on the facility being unoccupied, sprinkler protection being
provided, and the fiel load specified by facility staff, the interior finish is not a concern.

A fue, involving the plastics stored in the annex (i.e., TC-66) to Building 242-Z would
be controlled, by the sprinkler system. However, if sprinklers fail a fire could result in
the loss of contents in TC-66 and 242-Z.

The fuel load in Building 236-2 is limited. In addition, the fire re+stive construction and
automatic sprinkler protection provided throughout will limit the effects of a fire.

Fire scenarios in Building 2736-ZB result from the ordinary combustibles in the office
and laboratory spaces. The tires are expected to be controlled by the automatic sprinkler
system. However, if the automatic sprinkler system faiis, the fue resistive construction
will limit the area of fire damage.

The limited ~el load in the vaults “*d the fire resistive construction of Building 2736-Z
results in bounded effects of a fue. The maximum scenario results from a fue causing
damage to the security system.

A diesel tiel spill fire in Building 2721-Z creates the maximum concerns associated with
a fire. The automatic dry pipe sprinkler system will limit the effects of the fire. If the
automatic sprinkler system fails, damage to all the equipment and the structure is possible.
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14. The fire scenario within Buildings 241-Z and 243-Z are limited because there were no
fuel loads identified during the site visit. Assuming a transient combustible fue, damage
to the contents and structure are expected to be limited.

15. “;Fire spread associated with the compressed gas storage area and the hazardous product
,. and waste exterior product lay down are~ are limited to the contents of the area only. A
., fire in the compressed gases will result solely in the loss of the gas, equipment and
,, storage shed. A fire in the lay down areas could cause the release of contamination.

Whh the incorporation of the recommendations in the FHA, the PFP Facility Complex
will meet the objective of Paragraph 4 of DOE 5480.7A.

3. Description of Construction

Thk section provides a general description of construction for the facilities addressed in
this study. Construction details are based on information provided in the PFP Fina~Safety
Analysis Report (FSAR) [WHC, 1995] and individual building, architectural, and structural
drawings.

4. Facility Description and Operations

The Plutonium Fi~shing Plant (PFP) is located on the DOE Hanford site in south.central
Washington State. PFP was operated by Westinghouse Hanford Company (WHC) during the
development of the FHA. The Project Hanford Management Contractor is now issues to Fluor
Daniel Hanford and major subcontractor, B&W Hanford Company (BWHC) for the operations
of PFP and DOE Richland Operations Office. Since 1991, the mission of the PFP has changed
from special nuclear material (SN~ processing to preparation for decontamination and
decommissioning (D&D). The PFP is in transition between its previous mission and the proposed
D&D mission. The objective of the transition is to pl?ce the faci~ty into a stable state for long-
terrn storage of SNM prior to final deposition of the facility. In thk section, an overview of the
current operations in the PFP facilities is provided. The facility descriptions and operations are
based on information found in the PFP Final Safety Analysis Report (FSAR). [WHC, 1995].

5. Fire Protection Features,

This section provides a general description of the active fire protection features at the PFP.
An ovetilew of the water ,supply and demand required by the ,install,ed automatic sprinkler
systems is included. ,,

The Sanitary Water System serving the 200 West Area is a shared system providing water
,for sanitary, process, and fire protection uses. The Fire Protection Water Supply Analysis [WHC-
SD-SQA-ANAL-30001., .Rev.0, August 18, ” 1995] provides recornrpendations which if
implemented will increase the reserve fire protection water supply and the reliability of the water
supply system. The water supply analysis states that the 200 Area water systems are considered
to be in fair condition, however, the systems are not in compliance with DOE 5480.7A and RLID fi
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5480.7. Project B-604 is intended to biing the systems into full compliance ~vithDOE Orders
5480.7A, 6430. 1A, and RLID 5480.7. The’ project scope is to upgrade the 200 West water
supply in three phases. Phase I and II me estimated by the project engineer to be completed by
April 30, 1997 and Phase 111was canceled via DOE approved Baseiine Ch&tge Request LPIM-
096-050, Site Control Number W96-358 [McKkrnis, 1996]. Although completion of Phase III
may not directly affect the PFP Facility, there will be a continued reliability issue associated with
the Z!OOWest &ea water distribution system. The “Improved Risk” level of ,fire prtitection as.
required for 200 West Area by DOE Order 6430.1A and 5480.7A is not addressed within this
facility specific EHA.

The water supply system”for’fire protection service ‘for the PFP Complex satisfies the
.,

requirements contained in NFPA 13 for Ordinary Hazard Group I “in terms of required pressure
and tire flow for the sprinkler systems.

The automatic spri~ler system coverage in the,PFP facilities meet the requirements of
DOE 5480.7A, Sec~on 9.b(3)(b) and DOE 6430.1A, paragraph 1530-2.3.2 regarding provision
of automatic suppression systems for facilities where the maximum possible fire loss could exceed
$1 ‘million. In Building 234-52, automatic sprinkler coverage is not provided in all areas.
Automatic sprinklers are not recommended in the filter rooms and the storage vaults based on the
limited fuel load and criticality concerns in these areas. Ho\vever, other areas of the building,
which do. not currently have sprinklers, should be provided with automatic spri~ler protection
(e.g., Rooms 194,334, and 335).

.

For the buildings,not provided ~th automatic spri~er protection, the Maximum’Possible
Fire Loss (MPFL) does not exceed $1 million. Therefore; automatic fire.&rppre&ion is not
required in these facilities (see Section 12).

.- .

6. Fire Hazards ‘, .,,.

6. I’’GENE”W” :,. “’ :“ : ““. ‘
,., ., .-

~s sec~on describes the exist~g .~el Ioadirig,~d potential hre hazards in the PFP
facilities. The fuel arrays selected for fire h-d impact analysis are chosen btied on the results
of a walk down of each of the PFP. facilities and ,discussions with facility plant persormel
regarding support operations and transient activities in the COrnplSX. The following “plausible”
fire s.cenxios ,~e included in this analysis: ~~,, .::...,

1.
2.
3.

4.
5.
‘6.
7.

,,..
Building 234-5Z - Office, laboratory, and process area fires.;“’ ~
Building 234-52- Hydraulic oil spill fire in room 321 (supply fart room),
Building 234-52- Potential hydrogen generation hazard in plutonium solution
storage rooms,
Building 234-52- Propane cylinder release arid deflagration hazard (Appendix B),
Building 242-Z - Plastic fire in TC-66,
Buildin~ 236-Z - Transient combustibles fire in room 41 (MT glovebox room),
Building 291-Z - Transformer oil spill fire in room 500,



,,

8,
9.

‘lo.
11.”

. 12.
“: 13.
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Building 2736-ZB - Office/lab equipment fire ,in room 637 (NDA Lab),
Building 2721-Z - Diesel oil fire resulting from leak in emergency generator
reservoir, .,,.!
BuiIding ~32-Z - Transient combustibles fire in process area,
Building 243-Z - Transient combustibles fire in process area,
Compressed Gas ,Storage Area ~ Potential propane cylinder explosion h-d,
Hazardous Product and Waste Exterior Laydown Area- Exposure h%d resulting,
from a vehicle fuel tartk rupture-which spills: igriites‘krrdexposes stored 55-gallon.
TRU waste drums.

,,

These scenryios do not include all possible fire$ however, they are expected to bound the
fire scenarios that exist wit@ the facilities. ‘ ,. .

6.2 APPROACH
. ,.
'The approach for,the analyses includes "ieveraltasks. Asite”visit wascohducted {ogather

i~o%ation relating to the biddhrg layout, structural components, process operation;, ‘md actual
fire loading. The site visit included a birilding walk down, discussions with facility staff, and.... .
doc~entatio~drawing’reviews.

.
:. Based on the information gathered during, the si~esur-vey; candidate fire scenarios are

developed forthe PFP facilities. Thescenarios generally mcludeworst case fireevents. Insome
areas where multiple hazwds exist, other credible fire events are idso considered: ‘flie damage
potential associated v-jth the various fire scenarios was determined qua+atively using well

,documented,’, state;of-the-art fire protection models Wd,,,equations .or, f@’itativelY using
infoririation in literature. ‘“

. . . .. .,,, ,:...,.,.
.. .. . .:, .,.’,,. .. : -.;,,

For each of the PFP facilities, the Maximum Possible Fire Loss (MPFL) Wd Maximum
Credible Fire Loss (MCFL) were determined in accordance wi~ DOE Order 5480.7A based on
evaluation of the identified fire scenarios. For the MPFL, automatic”hd mayral suppression
systems are asstied to be unavailable. Forthe MCFL, consideration isgiven to’any’automatic
suppression systems in the facility or fire rues. .Based on the MPFL and MCFL, compliance with
DOE and,~C”~re’protection,, ~qirirernerits ‘was~ev~wed.’ ‘“””~” :.. ”., ... ..,: ., .,.... . .. .. . . ..., ..,’.,,. ,, ,,, :,..

.6.3. ”..S~Y.OF FIti HAZ~i “’;’” : .’ ‘, “’”‘, ‘.’ ::~! “ } ““.: ./.,.; ,::. ..... . ,;. , ,,.. ., : . . . ,:. !,.;,.. ,., .,.; ,,e .....,.. ., ...::“ ,., ,. . .... .. ..

Based on the fire sckrarios examined throughou~”Sec~on’6,’$Table’EX-1’”s-tizes the
,“, .

‘.

-:
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Table EX-1. Sumrnarv of.Fire Scenmio Effects

Building Fire Scenario PotentialImpactwith PotentialImpact Without 1
AutomaticSprinkler AutomaticSprinkler

Protection Potential

34-5Z OfficelLab/ProcessArea - Damageto fuel - Damageto Sections
FireFirstFloor packageand of building

equipment
- Contaminationof

- Contaminationwithin variouslevelsof
facility facility

- Cloggingof HEPA
Filters

OfficeFire/Combustible - Damageto equipment - Structuralfail:re of
LiquidFireSecondFloor secondfloorroof

- Damageto equipment,..

Releaseof materials
outsidestructure

HydrogenGeneration ,- DamagetOdmms ~ Damageto r&ums
Hazard

!42-Z PlasticFirein TC-66 - Damageto fuelof - Loss’ofbuilding
origin contents

Structuralfailureof
242-Z,

136-Z TransientCombustiblesin - Damagem glovebox - Damageto glovebnx
MT GloveboxRoom andeqhipment ‘andequipment. ..

,.” .. . - Contaminationin” - Contaminationin
facility ,. ‘.,.: : .. ..,. . facility

291-Z “ ~~ Trapsfotmer”OilFire .- Damage”tO ,’,.-’ Damageto~ ~
,: ... . transformers transformers ,:.;

.. .- ,.,
,- ..”. ./.

“’~” Damageto eqtiprrkerit “ - Damageto equipment.,-.
in ROOni 501 “ ,“ ., ..”.;in Room501

273’6-ZB “, Oftice/LabFke “, ‘ - .D~age to-fuelof -, D~agetO “.’ ,:<,;;
ongy ..-. equlprnenYcO~Yny..,.

- Contam”mationin - Contanriation”’in
facility facili~

272I-Z DieselOil Fire - Lossof equipment - Lossof equipment

- Damageto atnrcture
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Table EX-1. Summary of Fire Scenaio Effects (continued)

“Building Fire Scenario PotentialImpact with PotentialImpactWithout
AutomaticSprinkler AutomaticSprinkler

. .. .. . . Protection Potential

232-Z TransientCombustible NIA - Damageto tontents
Fire

. - Contamination..
241{2 TransientCombustible NIA - DamaXeto contents

Fire

243-Z“. , TransientCombustible - “Damageto equipment - Damageto equipment
Fire .

Compressed PropaneCylinderLeak NIA - Lossof storage
GasStorage structure ~
Areas..... - Damageto cylinders

Hazardous VehicleFuelExposure WA - Contaminationrelease
Product.and Fire
WastesExterior .“
LaydownAress ..’

';:"N/A--NOt>pplicable;spritilersnotprovidedinfacility
,, ,... ..

:. : ....
7. G~vebox’Fire Protection Analysis

..
,’, .,

Asre,quested by Westinghouse Hmford Compmy(~C),t hefiies afe~featwest itin
the gloveboxes used in the Plutonium, Fini+ing Plant (PFP) were assessed. The fire safety
approach-for glo”yeboxesincludes anal}:.isof existing active gloveboxes md e~lsting glovebo,xes
wbichhave beey. removed,from service. Inthisanaly~s, theexisting active gloveboxes used for
the 94-1 ~efial Statili=tion Process ~especifically ad&eised forcomphtice titithe Drfi
Glovebox Fire, Protechon Stmdud(DGFPS) [~C, 1993]prep~ed forthe U.S, Dep~ment"of
Energy (DOE) by WHC. ~In,addifion, the fire hazads. and potential fire spread:for existing PFP
gloveb+es’”is”:~sessed based onthe anticipated fuel loading, Recommended fire, protection
features ,~: pie~ented ~ a generrd guide; ho,wever,other altemiiiivr+,~e avr+lablefor specific
app~cations”b~~d onaris~c~st~alysis of theprote{tion mefiod,vefsus ov?iall h=d.::~e
recornniended glovebox fire protection features are proposed to be applicable to all existing
glovetioxes ysedin PFP. : ,. ,’

. .. ... .. ..,,. ?,.
.. ...”. .,. .... ;.. . . . .. . . .

,?.-: ...
.. .., ,,~.

.,.:,.,., ,,... . .. . .,., . ..- . . . .. . . .. . . .. .... . . .. .. . .. .. ....... ... ... . . . .. . . . .. . . ...,
,, .“” ~.

,.

,

.:.
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7.1 RECOMMENDED FIRE PROTECTION FEATURES

Based on the analysis of the existing PFP gloveboxes, in particular those used for the 94-1
Thermal Stabilization Process, recommendations with respect to glovebox ,fire protection are
provided for both active gloveboxes and gloveboxes removed from “service (i.e., inactive
gloveboxes). . ..

It is recognized that the facility staff wishes to comply with the intent of the DGFPS and
other applicable codes. However, it does not appear “cost effective to retrofit all of the
gloveboxes to coinply with the DGFPS. Given the condition of the existing gloveboxes and -{
extensive modifications necessary to compl~ with all of the applicable criteria, more practical
methods “ofprotection are considered. In this section, alternatives are presented which provide
a specific level of fire protection for the gloveboxes consistent with the intent of the DGFPS.
The alternative fire safety features presented in this section are intended to be applicable to all
existing PFP gloveboxes. ‘ ,-. ,

Tables EX-2 and EX-3 provide a summary of the recoh-unended fire protection features
for existing active and inactive gloveboxes which are part of process lines in addition to those
which are isolated from other gloveboxes.

The overall goal of the recommended protection strategies is to control the extent of
burning .frorn a fire.to a single glovebox. Where contartination .or operational concerns donot
allow for the loss of a particular glovebox, including the loss of integrity of the glovebox and the
spread of contamination to other gloveboxes or the room, additional fire protection featisres may
be required.

..

-,,..

. .. . .
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Table EX-2. Process Line Gloveboxes,– Recommended Fire Protection
. .

Status PlasticWindows GlassWhdows
(polycarbonate or acrylic) ,.

mctive ● Automaticsuppressionor inerting * Automaticsuppressionor ‘
system inertingsystem

or. . or .

.“ Separationind removeall ● “” Separation;andcontentsIimited
combustibleandprovide to ordirra~combustible+aird
“automatictletection provideautomaticdetection

or or.
,.. .

. Separationandremoveall ● Removeall corn~tible contents
combustibles;andremoveig,nition andremoveigmnonsour$e$and
source%andcapgloves provideautomaticdetection

.~. .,,

or --
..:

. Separationandremoveall
combustibleandremove
igoition”source$andcapgloves

ictive ● Automaticsuppressionor inerting . . ~.’ Automaticsuppressionor ..
,. system ,,, inertiig system. : ,. : ,.

or

. No flarhmableIiquidystorageof
combustiblematerialslessthan
thatreqtiredto activate

. suppressionsystem,arid
combustiblematerialstransported
during,supervisedoperationonly
andprovideautomaticdetection

:ontaining ● Gasinertingsystem . Gasiriertingsystem
combustibleor
pyrophoricmetals or or .,

. Applyirractive/activeglovebox“. Applyinactive/activeglovebox
criteriafor oxidationprocesses criteriaforoxidationprocesses
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Table EX-3. Stand Alone Glovebox - Recommended Fire Protection

Status Plastic(polycarbormteor acrylic)an’d/orGlass
Windows

Separatedgreaterthan 10feetfromothergloveboxes ● Automaticsuppressionor inerringsystem

or

. Automaticdetection

or

. Removeall combustiblecontent%and
removei$nitionsource%andcapgloves

Scpamtedlessthan 10feetfromothergloveboxes ● MustcompiywithTableEX-2criteri~
.. Physicalseparationcomplieswithseparation
.’ - ., criteriaspecifiedin TableEX-3

or

. Analysisdemonstratesthatthefire exposure
to othergloveboxeswithin10feetdoesnot
causetirespread

8. Protection of Essential Safety Class Equipmeut. ,..

“h, engineered”safety feature ‘is a system, component, or structure that prevents rm~or
mitigates the consequences of all potential accidents including the design basis ac~ldents” [DOE
Order 5480.7A, 1993]. A Westinghouse Hanford Safety Class ‘item is comparable to a DOE
Order 6430.-1A“safety cliss’~item and provides proiecfion of the offsite public and environment.
Westinghouse Han$rd also provides criteria for Safety Signific@ Item& however, these are not
addressed a.i essential Safety Class systems. - ‘‘” ,-

In general, Safety Class systems in the PFP are protected byone or more of the following:
(1) automatic suppression systems, (2) automatic tire detection, (3) ‘compartrnentatiorr/separation
of ha?.ards, (4) redyqd~t, safety:systems, an: ,(5).scheduled rnainten~ce md testing. potenti~

“damage of %fety Cla& ‘systems1sdescribed ?n Section 6 for the applicable tv@F~f~e scenarios.
... ,.::’,:?.. . i...;. ....:,’.’... . ,. :...,, . . ,. .,. ..,:....’.-.,., ,- ..-,,.,c..,.,.,.....’..<.... ,:. .

“Ifthe suppres<on’ SySkrnS,;n’the building fail,scen~os exist that cm; ca~e damage to
Safety CLasSSystems.’ For example, ‘equipment on the second ‘floor(e.g’.,fan room) or Zone 1,
Zone 3a, or Zone 3 can be damaged by fire. Based on input from PFP. staff, total failWe of
Safety Class systems is not possible as a result of any of the MPFL scenarios. Total failure of
%fe~ Class equipment and-subsequent consequences.oftheir failure is addressed in the FSAR
“andbomidi ail possible scenios’.in the”.Fl-IA~’ “., i:” ,’:, ~‘“~;“.:” .. .;,;.. ,..... . . .. .. .



,.. . HNF-SD-CP-FHA-O04,REv o
PAGE xxxii

9. Life Safety Considerations

For the purposes of this Fire Hazard Analysis, each of the structures evaluated is classified
according to a specific occupancy type as defined by NFPA 101 L~~eSaye~ Code ~FPA, 1994].
The buildings addressed fall into one or more of the following occupancy classifications:
business, general and special purpose industrial, storage, and mixed use occupancy. A mixed use
occupancy classification’ covers structures ,yhose primary fhnctions include more than one:
occupancy type.

~ The specific occupancy type of each struc~e is presented in Table EX-4.

Table EX-4. .Building Occupancy Classifications
., . ...’ .,. .

., Building OcciipsncyClassificatiori +

232-ZBuilding SpecialPurpose‘andGenera!lndusrrial

234-5ZComplex MixedUse- Business,Storage,SpecialPurposeandGeneral
Industrial.,. .

236-ZBuilding SpecialPurposeandGeneralIndustrial

241-ZBuilding MixedUse- St6iage,SpecialPurjos6’andGene~dIridustrial:

242-ZBuilding MixedUse- Storage,SpecialPurposeandGeneralIndustrial

243-ZBtilding
,,

... ,SpecialProposeandGey@ ,Ipdpstr!al::, “. ..

291-2Building SpecialPurposeandGeheralIndustrial

Special~fiose andGeneralIndustrial .‘2721-2Building ‘‘ ‘“. . .
,. j2736-z Cornple> ,, “, “’ .; .. .. ,’$torage-.,’” ~~ ,’ .’ “.’... . .

.“, . ... :”.. ... .. . .<, ,. .,.. . . .,, ..,. . . .. ..
in’ ge;eral, th; bu;ldi~gs’are’in compli~ce:~th NFPA .101@teria. : ““~, ~““..’ ,~,”

. . . . . .;
,,’. .’:.

.:

.’
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RL high value propertyiequipment and ,msociated replacement costs for the PFP facilities are
identified in Table 11-1. Darnage to some of the high value property/equipment is possible based
on the postulated fire scenarios as discussed in Sections 6.0 and 12.0.

12. Damage Potential
..

Estimates of d~age potential me based on the worst-case fire scenarios in each of the.
facilities. Cost estimates include loss of contents, structural damage to the buildings, and
contamination cleanup. Based on facility dkection, loss of production or program continuity is
not a monetary concern in thk analysis because operations can be relocated. Based on DOE
Order 5480.7A, estimates of the MPFL assume that one automatic suppression system will
malfunction. Manual firefighting efforts are also ignored for determination of the MPFL.
Es~mates of the MCFL are based on the assumption that the fire protection features, including
automatic sprinkler systems; functionras designed. Table EX-5 provides a suminary of the MPFL
and MCFL cost estimates, ,for each of the PFP facilities.. ;,.

,.

““TableEX-5. Summary of MPFL and MCFL Estimates for PFP ‘Facilities’

Building MPFL MCFL

234+5Ztire (first‘floor) $14,000:000 $1,300,000
.. 234-5Zfire(secoridfloor) $13,000,000 $3,000,000~

II 242-Z $5,300,000 $i6,000

i 2~6-z “ $1,800,000 $1,800,000

II
,

291-Z 1“ $530,000 $530,000

II 2736-ZB $2,227,000 “$2,227,000

,.. 2736:2- $800,000 : . $800,000

272t:z ‘, I $1,000,000 I $500,000 : .
I I

232-Z $100,000 $100,000

241-Z” $250,000 $250>000

243-Z $500,000 <$500,000

CompressedGasStorageAreas <$1,000,000 al,ooo,ooo

HazardousProductandWasteExteriorLayDownAreas $980,000 $980,000

Replacement costs of building contents and the structure are based on RL Property
Systems cost breakdown m“provided by WHC. A copy of the cost breakdown by room for each
of the PFP facilities is included in,Appendix E. The cost of contamination cleanup is btied on
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recent cleanup efforts in Building 232-Z. A fixed rate of $4.00 per square foot of surface area
is used ss a conservative cleanup estimate [McKhrnis, ‘1996]. ‘,

In accordance with DOE Order 5480.7A, facilities having a MPFL in excess of
$1,000,000 require an automatic suppression system designed in accordance with the applicable
NFPA standards: When the”MPFL exceeds $50 million, a redundant fire protection system is
requ”iredsuch that, despite the failure of the primary fire protection system, the IOSStill be-.
limi~edto $50 million. When the MPFL exceeds .$150million, a redundant fire protection system
and a’3-hour fire resistance rated barrier are required to limit the MPFL to $150 million.

,,.::::;.

“13. ‘Fire Departrnentkigade” Response
-:

..-....
The Hariford F’ireDepartment (HFD) consists of four fire stations covering the 560 square

mile area .ofthe Hanford site. .These stations”are strategically located across the i.ite to ensure
minimum response time “to all facilities. Front-line engines are aerial device/pumpers in all
stations with regular pumpers as back-up/reserve. The HFD maintains a fleet of 39 veh~cleswith
a diversified range of capatillities. Of these, 29 are fke/emergency response apparatus. Of the
29 emergency response app~atus,.24 are considered first-line equipment. The remainder are fu!ly
maintained reserves. ,-

The 200 area station is ‘tie closest to PFP. This station is located between the 200W”and
Zook;areas. The ,estirnated response time for apparatus to arrive on the scene of MSincident is
expected to ‘be four to .fIve minutes after notification from the dlipatch/comrnunications center.
~s}esfimate assirrries the, ~re:ghters tie ii, the 200 “~ea fire sPtion’ tid.,no~~ road “~d

-travel~g conditions. ~:. - -, “. . . ...-
.,. ,:”.

. ..
Fu~e changes to the ,HFD include”closing Station 1 d“uringthe night. This will ha~e’no

impact on, fire department seryices to the PFP.
,,

14j Recovery Potential” .,”.“,,.. . ~-

..- . ... . . . .

,Table EX-6’identities the prirnw consequences and recovery potential, N.provided by
PFP .facili~ staff, :for ‘the fire scemuios presented in Section 6.0 which involve “active PFP

“-‘facilities.”’- v“ “-” .“ - “: : “”.“’ ‘“ “ “l-.. “- ..
...’...... :.. , .,. .,..

.... . . . .... .. . . . . . . -. .
.: - :.,.:..,‘..:. -,.,..,. .>. :>.,.:,’
; .... . ..... .. . . . . . .. . ,........ .. . .. .. .... . . . .. . . ,,, ,., .,>, .~<..:.’.:.’; . . ’ ...,...., ,.. . ... . . . .,“:, .“ ;,.. . .. .’.’ . ....... .,., ., . . . ‘,. . :. . .....’. :.:. .

.... ... . ... . . ... .. . . ,’ .,.: . .. .. . .. . .. ..,.,. , .
~ .. . .“-, .“’, ,.. ”... ... ..., . ... . . .,,. .,.,-.
,.. . ., .,.,= ,. ...’.... .,, -.
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Table EX-6. Effects of Fire Scenarios on PFP Operations

ScenarioDescriMion

Lossof 234-5Zfrom
propanedeflagration
andresultingfire
spread.

Building234-52 First
floorfireincludingloss
of analyticallabs,
officesandotherlab
areas.andstorage
rooms.
Building234-5Z:First
floortire includingloss
of entire94-I Thermal
StabilizationProcess
Line

Building234-52
Secondfloortire
includingcompleteloss
of supplyfansand
eauioment
Building291-Z
Includinglossof
transformers,
compressor,dryersand
vacuumpumps

,.

Building2721-2:Loss
of emergency
genemtors

Building2736-ZB:
Includingcompleteloss
of theNDALab

RecoveryPotentialand Consequences

The lossof thestructurewouldhavea majorimpacton thefacility.The234-5Z
wouldbecloseddownandnot replaced.Theimpacton thevariousprojectsfor
DOEwouldre@ in reviewandre-assignmenton an as neededbasisof projects
to otherfacilitieswithinHanfordor other.DOEsites. Clean-upof contamination,
ensuringcontainmentandeliminatingcontaminati$mspreadto otherareaswould
becomePFP’smission.Staffing,as needed,wouldbe assignedto otherfacilities
to assistin thateffort. WithHanf@’s oncedefensemissionchangingto a clean-
up mission:therewouldnot be a threatto thenation’adefensein anyway.
The PFPwouldutilizethe R&DLabandredireccthe overflowof workto oneof
the otherlabslocatedonthe Hanfordsite. Additionalequipmentcouldbe
purchasedfortheR&Dlabsto handle”theadditionalwork. Operationswouldbe
delayed.butnotgreatlyimpacted,becauseofjob prioritiesatotherIaba.

.
...

The94-1Stabilizationprojectwouldbe temporarilyshutdown.Processline
equipmentandgloveboxeswouldbe requiredto be relocatedto a differentpartof
the’facilityto allow94-1projectto continue[~sefforts. Thiswouldcausea.delay
of approximately6 monrhsforsome94-I projectoperations.

Lossof thesupplyfanswouldhavean impactonthe facilitycausingall ~
radiologicalworkto stopuntil thesupplysystemcouldbe”replaced.PFPcould
maintainnegativeconfinedpressurein the facilityby continueduseof theexhaust
fans..‘fhk wouldcausea downtimeof aboutoriemonthbeforetemporarysupply
fanscouldbe installedandoneyearbeforepermanentsupplyfanreplacement.

Lossof thetransformerswouldbe a temporarypowerlossuntilthe powercould
be switchedto a differentpowersource. Lossof the compressor,dryer.arrd”
reservoirwouldbe temporaryuntilportableequipment,whichis on site,couldbe
setup. Therewouldbea downtimeof approximatelytwoweeks. Lossof the
exhaustfanswouldhavei majorimpactonthe facili~ causingall radiological
workto stopuntilthe exhaustsystemcouldbe replaced.However,thereareno
crediblefirescenarioswhichcouldpotentially’da”irrig:’alloftheexhaustfans
simultaneously. ““. .’-’ “ ‘.
Thegeneratorsarenotemergencygeneratorsbut are consideredstandby
generators.If thesegene”@orswerelost durito fire,uninterruptedpowersupplies
(UPS)arein placeto supporttheneededareasof concern.-Lossof operations
wouldnotbe effectedbecauseof the UPSaid emergencygeneratorsfhatwould
startup. Neededpowerfeedswouldbe re-routedto othergenemtors.The
damagedgeneratorwouldnot be replaced.. ,, ... .. ... ..:

ThePFPwouldutilizethe arialytical,R&D,or any’of theotherlabslocatedon the
Hanfordsiteto processanyneededtestsor materials.Theirwouldbe no
operationaI,tosstothe PFP.,.’ . ,,-, . . .’
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“Table EX-6. Effects of Fire Scenarios on PFP Operations (Continued)

ScenarioDescription RecoveryPotentialand Consequences

Building2736-Z:Fire Patrolwouldmansecuritystationsis theycurrentlydo. Onlylimitedaccess
in~olving10ssof woufdbe allowedintothevaults. Eachvaultbeingenteredwouldhavea security
securityequiprisentin guardstationedoutsidethevauk”doorto swveyeveryoneleavingthe vaultuntil
storagevaults thesecuritysystemswerebroughtbackon line. Lossof operationswouldbe -

minimalsinceadministrativeprocedureswouldbe put in placeto securethe area
untilnewsystemscouldbepurchasedandinstalled.Equipmentwouldbe,,

; purchasedandinstilledtithin threeweeks. .“ .;
. .... . .. .

15. Totenfial for, a Toxicological, Biological, and/oti Radiological Incident Due to a Fire
. . .
This section addresses special fire hazards’ that result from chemicals, radioactive

materials, and toxic materials and the potential for their release to the site dr the public. A
release to the environment can pose a health hazard and can also result “incontamination of onsite
and o~fsite area-s.-The health hazards associated with toxicological, biological, and/or radiological
materials are addressed in the FSAR [WHC, 1995]. In this section, the analysis foeuses on the
extent of contamination and maximum cleanup costs resulting from the MPFL fire scenarios
developed in Section 6.0. Although a toxicological incident due to fire”cm also occur in some “.
of the PFP facilities (e.gl, 236-Z Chem Prep Room 40), the’FHA addresses worst case:events,
and involving a toxicological inciderit rather”than radiological does not change that ~FL
scenario reSrlltS.’.~ ‘, .

“:,’;.... “.: .. . . .. ..
,,.,.. ,Contarnination @bin the PFP”facilitiesoccurs for several “ofthe fire scenm”iosconsidered

in this arxdysis. Since the .buildlngs we maintained at a n,egative pressure with respect to the
outside, most of the fire scenarios do not risii~ in a release to the enikonmentj A rele’~e”from
the builtilng to the outside can occur if any .of the following OCCUC: :.

, ,(1) “”‘The building is intentionally,,vente~ . ~, ~ ‘~ “
... . .. .

(~) ~ ~e birikihig is exposed to an’rrbriomil event such X ~ eruth~u~e which could
lead to loss of building perimeter integri~,”. . .. ~:. . . . . . . . . . .

tie fire damage r~sulting from-these scenarios”is dlscused in Section 6.0.” In Section 15, the
maximum on and off site contamination was determined.
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16. Emergency Planning

Several prefire plans have been developed by the fire department and PFP staff for the
Complex. The prim~ tactic selected for manual firetighting is a direct interior attack unless
conditions prevent such a strategy. The PFP Complex does not maintain a fire brigade. In most
situations, the persomel .@reinstructed to activate the. building fire aku-m system, and notify
persomel within the immediate area. In some cases, there are plant operating procedures which,
address specific responses to fire.

.The PFP Complex is included in the site-wide emergency pl~ and ~VHC-CM-5-8. Fire
incidents are reported to the fire department by the tire alarm system or use of the phone. Water
flow alarm from the sprinkler system is also transmitted to the fire department. A local fire
alarm bell is installed outside the building to pro~lde riotification of a fire incident;

. . . .
17. Security and Safeguards Considerations Related to Fire Protection

..
Access to the PFP facility is restricted to authorized or escorted persomel. There are no

special security considerations identified in the’PFP Complex that ‘werejudged to impact the fire
hazard analysis. Most doors we operable for egress, without lockout or cipher locks. In addition,
site security plans do not ifilbit access to the building for fire department personnel and
apparatus.

. . . .,’ ...

18.” Natutal ‘Hazards Inipact on Fire Safety
,.

The impact of floods, tornadoes: and earthquakes on the PFP Complex have been
previously anaIyzed in the FSAR and are s~arized in Section 18. .,. .

19. Exposure Fire Potential
>.

Piloted igrjtion of ‘adjacent structures ck “~cc~’ due- to flame radiation from fully
developed “fires. Mlnimm,separation, distances between structures were determined based on the
construction and dimensions of the perimeter walls, briildkg”heights, poteritial fire severity, and
the, n,mber of unprotected openings. , - ., ~‘ ... .:. ...-, -- .. -,, .,, , . ,;. . >:

“‘ xti ~paration dkthcei for adjacent s&uctures;weie eitimated,based on procedures
p;o~ded in “NFPA 80A; Re.%rnmended Prac~ce for. Firi ‘Pro~eciion ‘ofBuildingsfiom Exterior

Fire Exposures ~FPA 80A]. NFPA 80A”W* used to dete%ine the minimum separation
dktance required between the ‘rniain“fadi~’ (including 234-52, 242-Z, &id’236-Z) and other
buildings,,w~ch pos~,.a potential exposure h~d. ‘: ~ : ., .,..,, . .. .. .. ...

. ... “.:. . .. . .: ., ,- ... .?

All”of the PFP facilities meet, the’requirements of NFPA ‘80A-’titi respect to required... .,.
separation distances. ;
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20. Recommendations

20.1 GENERAL, RECOMMENDATIONS
.,. .

,* Ma@t?in all existing automatic spri+ler systems installed in the PFP facilities.
.. ,.
..
-.*’ Maint~n existing housekeeping effort: ~n”the PFP facilities.

,.”. ..

● Provide automatic fire suppression and fire detection in gloveboxes in accordance
with the recommendations presented in Section 7.0 or, based on glovebox specific -~
evaluation; provide cost effective protection. :,.. .,,-. . .

. “~r@t fire resistance rating ,of fire barriers on facility @swings....

I+@ the combustible loading “inoffices, labs,” storage rooms, and pro~ess areas
to existing level: with a maxim&ri fuel load as discussed in Section 6, Increased
fuel .Ioads will resuti in longer’ fire durations ~d. c~ potentially incre~e the
MPFL for the ‘build:ng. “ :
. . .

Do not allow the storage of combustible materials in the duct level~” The
floor/ceiling assembly for the first floor may not prevent fire spread to the ,duct
level if combustibles materirds are stored Oritheihrct level floor. ‘Fire spread to
the duct,level will increase, the MPFL for the building.
-.;..4 ,-...:... . . . . ,...:.. . .. . :.,..:-.. . . . . . . .. . .
Do not store cornbusfible materials in th<’corridsrs except in-designated storage
areas (e.g., second floor near elevator). During the site survey, corridors were
generally free of combustible> however, in some ‘tie&,’ the co~ldors were “used
for te,mpor~ storage (e.g., la~~ bags, c~dboard’ boxes). Combustible
rnater,ials in the corridor provide a’mems for. fire spread throughout the facility

:. ““ and could ‘result in”a greater MPFL’for’the building.;- “, ~” ‘. ‘.’;:..,.,,.:,.’-., . ,. .... !,,.,. . -,,>,;... .. . .i. ;,. i.,..’ .’>;,’- ... .... .. . ... .:. ,., ..,...:. :.: .,.?:’..“,:, -..’:
● Maintain the integrity of the first floor ceiling ‘assembly: he plaiter ceiling is

heavily. relied upon .to main@s stictu@ integri~, of the buil~g. Existing... ..
~; ‘Penetra~on<,,~d”~protected ope~gd do ‘notviolate the jassive ~~,resistance of

.,:Ai’;plmter C::!:qg for the, ,dest~rt,’b+~s ~:f~e’sce@iosj Fu~e upprot(cted.,,...-., ?:-...
.,.. ,- : penetration or opetig:,should not be .pehdtted.’ ~‘; ‘‘’” ““’ ‘ .:~””’;,. .>- : ,:, :; , :,..,,,: ‘. ,,...,.,,?{,l. .,’.,.. ,,, “,,,,:.:!i....<’..,’,!r,- ->::!. . . .. .,,, . . . .. ..... . .,..,.:,... -.

● lil~ntain a minimum 1-hour fire’r~~~~ce “ratin~for ti’e”fire b’~ie~ septiating
234:~Z .,wd 234752A. The 2;how ~re resistan~e rating of ye 234-52A roof

,. ..-:. ,. ..:.-. ~sembly” is not”required fid should not be maintairi~d.’ ‘,’ :. ~ “: “., ,.

.,

‘.
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20.3 BUILDING 242-Z
... .;,’ .,“, :’ ‘..

● Deactivate or abandon in place the fire alarm equipment that cannot be accessed
for testing and is not necessary based .on this analysis. In addition, po~. a sign
up,on entering the facili~ indicating that the fire alarm equipment is not or may
not be operational. ., ~ ‘“”’

● Remove the plastic rolls from TC-66 or enclose them in noncombustible
containers.
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Deactivate or abandon in place the manual fire alarm station located in the
corridor 4B airlock (i.e., no. 27-50) and provide a sign indicating that the device
is not or may not be operational.

Deactivate or abandon in place the heat detector located in the corridor 4B airlock
(i.e., no. 27+) ad provide a sign indicating that the device is not or may not be
operational. -.

Continue to store combustible and flrunmable liquids in approvedflammable liquid
cabhets.

Conduct a complete evaluation of the emergency lighting system. If deficiencies
are”found, they should be addressed with work packages or corrective actions.

Automatic sprinkler protection is not required in the filter rooms or phtonkrrr
storage vaults based on the Iirnited fuel load and criticality concerns. However,
all other areas of the buildkg which do not have spri~ers should be provided
with automatic sprinkler protection (e.g., Rooms 194, 334, and 335).

Provide a diked area around the hydraulic’elevator pump in room”no.321 (i.e., fan
room) in accordance with NFPA 30, Flammable and Combustible Liquids Code.
The automatic sprinkler system on the second floor is expected to control and limit
damage resulting from a fire involving. ordinary combustibles. However, a
combustible liquid fire may not be’”controlled by the sprinkler system; therefore,
the exposed structial steel members,on the second floor maybe exposed to such
a fire and result in structural ‘failure of the roof assembly. As such, limiting the
maximum fire size of a hydraulic oil spill will minimize the potential damage to
the facility.

,,
Maintain the water spray deluge syste’rnprotecting’the oil filled transformers (i.e.,
Station 252-ZI). The water spray system is required since the transformers
provide an exposure hazard to the 234-5Z facility.
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20.4 BUILDING 236-Z

● There are no recommendations for this facility.

20.5.- BUILDING 291-Z
.,.. ,:.

● Maintain the ~vaterspray deluge system ‘protecting the oil filled transformers in:
Room 500.

● Fill all penetrations and maintain a minimum 3-hour fire resistance rating for the ~
wall separating Room 500 and the fan room.

.,

● Fill all penetrations aid maintain a minim~ l-hour fire resistance rating for the
wall separating Rooms 500 and 501.

“.20.6’” ‘EItiILDING 2736= ““ ‘ ‘:’ ““”

● Relocate the designated fire “wall to along the south wall of the “NDA Lab. This
will allow the door serving the NDA Lab to remain open \vhile maintaining
adequate separation behveen the office and lab/storage areas;

.,,

20.7’ BUILDING 2736-Z
...’ ,’.

● , Profide door no. 8, wtilch ‘serves ~ an exit, ,tith a knob, htidle, panic bar, or
o~er simple type of releasing device which opens with rto more than one releasing
operation. Currently, this door require; multiple “actions,to open.

;.. .,

20.8 BUILDtiG 2721-Z ‘

● mere we no recogunen~i for, thk ~ility. ‘.
,.. , ,.. . . . .‘,, :

2ij.9 “~UIL~ING 232-z ~” ,, : .,,.,
..’,,

● There are no recommendations for this facility.

20.11 BUILDING 243-Z
.,,

m,. ,
● ‘- There”tie ‘no“recommendations:for’t~s fadlity.-’ “’
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COMPRESSED GAS STORAGE AREAS

● Replace the combustible wood storage shed with a structure constructed of
noncombustible materials in accordance with NFPA 55, Standardfor the Storage,

Use, and Handling of Compressed and Liquefied Gases in Portable Cylinders.

HAZAtiOUS PRODUCT AND WASTE EXTERIOR LAY DOWN AREAS ,

● There are no recommendations for this facility.
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SECTION 1.– INTRODUCTION

1.1 SCOPE AND OBJECTIVES

A fire hazards analysis (FHA) was performed for the Plutonium Finishing Plant (PFP)
Complex at the Department of Energy (DOE) Hanford site. The scope of the FHA focusses on
the nuclear facilities/structures in the Complex. The analysis was conducted in accordance with
RLID 5480.7, [DOE Directive RLID 5480.7, 1/17/94] and DOE Order 5480.7A, Fire Protection

[DOE Order 5480.7A, 2/17/93] and addresses each of the sixteen principle elements outlined in,
paragraph 9a(3) of the Order. The elements are addressed in terms of the fire protection
objectives stated in paragraph 4 of DOE 5480.7A. In addition, the FHA also complies with
WHC-CM-4-41, Fire Protection Program Manual, Section 3.4 [1994] and WHC-SD-GN-FHA-
,30001, Rev. O [WHC, 1994].

This amdysis was developed under contract with WHC and has been accepted b; B&W
Hanford Company (BWHC). Reference to WHC personnel is found throughout this analysis
because interviews were performed while personnel were employed by WHC. Personnel are now
employed under the Project Hanford Management Contractor by various contractors throughout
the site.

Objectives of this FHA are to determine: (1) the fire hazards that expose the PFP
facilities, or that are inherent in the building operations, (2) the adequacy of the fire safe~
features currently located in the PFP Complex, and (3) the degree of compliance of the facility
with specific fwe safety provisions in DOE orders, related engineering codes, and standards. The
scope of this FHA includes the buildlng construction, the process hazards, existing building fire
protection, and the site wide fire protection for the following PFP facilities:

(1) Building 234-5Z (7) Building 2721~Z
(2) Building 242-Z (8) Building 232-Z
.(3) Building 236-Z (9) Building 241-Z
(4) Building 291-Z (10) Building 243-Z
(5) Building 2736-ZB (11) Compressed Gas Storage Areas
(6) Building 2736,Z (12) Hazardous Product and Waste

Exterior Lay Down Areas

Figures 1-1, 1-2, 1-3, 1-4, 1-5, and 1-6 depict the general “layoutof the PFP buildings and the
floor plans for the individual facilities.

The results of the analyses are presented in terms of the tire hazards present, the potential
extent of fire damage, the impact on employee and public safety, and the impact of the facility’s
fire protection.



HNF-SD-CP-FHA-004, REv o
PAGE 1-2

This page was intentionally left blank.

.,

,..

,’ .

.,

,,,
,,

..

.,.,.
,:

:.

‘,

‘.
.,.
.,.



.

“\

1,1
!.1,,.
l’!

,1

I

I

...~’””

I
W
r
CJ
c1
OJ
L
f,)

l’!

--

:!.I \ \\\\
l,. \ \ \,++–.-.–-y-ti L-::---

~.

HN -
“L__,.. “’ “

], D
.1 n

.:.

1,.–,–.–4.4–.–.‘r---+ -J D



.

—

-.— .— —————
I m I ... I . I . ,, .

(

(; F-

(.:)--

(;k-
L;
~,
,,

.. !!!

tou
.p

s

.-
(:)-

“(:)-

(:E

(:)-

(:)-

(:)-
(;

1

(@-

~:)

1-

-.

-.

-.

-.

-J-

-..

!!
I I

. ..L,

-..

.— .-

.-

—

.—

.—

.—

,.—
.—

..—

+1-



—

\ II . .. I
-. . . “:fi,lljl

! l’”., I “w.:--l. r-~ ,.: l—l

--+----

1,,)

III:1
+.

--..,. go,,, - * . -i 4 .
t

.
.

.
I



A, . .

,,
——.——. .—. .————. ------—-—;—.--—..-—..—.--.--—~—---- -

I .— ,, .

.

(.;)-

G) -$(
1?

---J

‘–4+——
,:,
$

l-.
(<

:

......fil

. .

T——————1

(’ ““-”-’”-””’””” (“

(.:) (:) !(:).,,



.

.
L-1

I

r-l
(,)
(,)
m—

-i
],:
r

“7”
Ei

L..._l._l

,.

-++——

Ill
1
‘!. ?‘J,, ,, :,,

:-
:

“, -

,,,
ml,
,:, ,,,,
IQ , ,

?’,
;!2 ,,,
,:, ~
~q ,:,



—

I I \.

-+——

.

1- .+.m. , > , , T . [

.



HNF-SD-CP-FHA-O04>REV O
PAGE 1-9

1.2 APPROACH

The approach for the development of this FHA included several tasks. Several site visits
were conducted to document the buildings, processes, and fire protection features as well as to
obtain general site information. The site visits included a walkthrough of the PFP facilities,
discussions with fire protection and facility personnel, nnd review of drawings and site
plans/documents.

An analysis was then performed to establish candidate fire scenarios based on the existing
fire hazards, evaluate the damage potential associated with these fires; and determine compliance .:
with DOE fire protection requirements. The analyses involved reviewing existing requirements,
modeling, and analytical analyses in order to quantify the potential impact of plausible tire
scenarios on process operations, facility operations, and safety.

1.3 ASSUMPTIONS AND LIMITATIONS

Theresults ofttisstudy ~ebmedon theasmption that the&pesmd quantities of
combustibles observed during the walkthrough and identified by building staff are representative
of the potential fire hazards in the PFP Complex. Quantities,of combustible materials
significemtly‘greaterthan that discussed in Section 6 may invalidate the basis for determining the
candidate fire scenarios and the potential impact presented in this study. Although worst case
conditions are generally considered in the FHA, the MPFL fire scenarios evaluate a maximum
quantity of combustibles which should not be exceeded without evaluation.

It is fiuther assumed that the information provided in various site documents, drawings;
and pkrns are accurate. ‘Ilk includes information provided inthe Final Sa~eVAnalysis Report
(FSAR) [WHC, 1995], prior test results on fire protection systems, hydraulic data from water
supply analyses, andconstrwction features. Anindependent hydraulic analysis of themostremote
sprinkler systems is performed as part ofthis study.,.

The tire hazards identified in this report include all of the fire related explosion hazards
possible bmedondocuent reviews addiscussions`tith faciliV staff. The facility staff were
more familiar with the buildings’ useand contents; therefore, input from staff was relied upon
to identify the hazmds present, especially explosion hazards. This tire hazard analysis relied upon
the staff to identi~chemicals used atvarious locations. Through thereview process, no other
specific chemical, flammable or combustible explosion hazards were identified other than those
specified in the FHA or supporting its documentation. ,.

In keeping with sound engineering practice, in the absence of tecfical information,
conservative “worst case” assumptions are made regarding fuel loading, firel package burning
rates; fire spread, and thermophysical effects. In the event that such an analysis demoristrates
minimrd or no impact on fire hazard potential, no further analysis is performed. It is
recommended that the results presented in this report not be readily applied to other “apparently”
similar problems without carefirl review and consideration of the assumptions and procedures
documented in this report.
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1.4 DOE FHA BASIS

Each of the FHA elements identified in DOE 5480.7A are addressed in this FHA. Also,
at the request of PFP facility staff, an additional section relating to glovebox fire protection
features and requirements is included. The elements of the FHA are identified in Table 1-1.

Requirements in DOE Order 6430.lA, General Design Criteria [DOE Order 6430.lA,:
1989], applicable National Fire Protection Association (NFPA) standards, DOE Draft Glovebox
Fire Protection Standard [WHC, 1993], and the Uniform Building Code (UBC) are addressed in
the context of the FHA elements.’ DOE Order 6430.1A and UBC criteria apply to new
construction and are referenced for guidance purposes only. In addhion, where deemed
appropriate, qumtitative ~alyses are performed to estimate the potential impact of credible fire
scenarios. The scenarios are based on an engineering analysis of the PFP facilities ~d the
processes.

Table 1-1. FHA Elemerits .

Element(fromDOE5480.7Aand facilitystaf~ FHAReport Section

Descriptionof Constmction 3.0

FacilityDescriptionandOperations 4.0

FireProtectionFeatures 5.0

Descriptionof FireHazards 6.0

GloveboxFireProtectionAnalysis 7.0

Protectionof EssentialSafetyClassEquipment 8.0

LifeSafetyConsiderations 9.0

CriticalProcessEquipment 10.0I
HighValueProperry 11.0

DamagePotential
,,

12.0
MPFL 12.1/ MCFL

:’
12.2

FireDeparinrenUBrigadeResponse i3.o.,
,,, ,,

Recovery Potential . ‘. . 14.0

Potentialfor a Toxicological,Biological,andlorRadiologicalIncidentDueto a Fire 15.0

EmergencyPlanning ,, 16.0

SecurityandSafeguardsConsiderationRelatedto FireProtection 17.0

NaturalHazardsImpacton FireSafety“’ 18.0

ExposureFke Potential ‘ 19.0

,.. . .. .. .
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SECTION 2 – SUMMARY AND CONCLUSIONS

The analyses presented in this report are based on the assumption that the types and
quantities of combustibles observed during the site visit, as documented in Section 6, are
representative of the existing and potential fire hazards in the PFP Complex. It is further
‘assumedthat the information provided in the site documents, drawings and plans are accurate and
there are no plans to change the primary use of the facility.

The facility operation poses some unique fire hazards that are unusual for a typical
industrial structure. Issues addressed include hydrogen generation from stored radioactive
materials and gloveboxes. However, the principle fire hazards, propane and ordinary
combustibles, are not unique to this facility.

A detailed evaluation of the tire potentials of the hazards identified was performed. The
following conclusions are based on the analyses documented in thk report:

*

1. The fire safety features within the PFP Complex provide adequate protection for the
structures based on the majority of the fire scenarios identified.

2. The automatic sprinkler systems are a critical element in the fire protection for the
facilities. The systems should be properly maintained and tested. Sprinkler protection
throughout the majority of the operating facilities Iiriits the damage potential from most
of the fire scenarios.

3. The provisions for life safety throughout the Complex are in compliance with NFPA 101.
and are adequate for the number of workers anticipated to occupy the building.

4. Important elements of the fire safety provid<d within Building 2.34-5Zinclude:

a. Automa~c sprinkler protection throughout the facility;

b. Protection of the structural elements of the first floor ivith a plaster .membr&e;
and

c. Masonry walls separating the f~st floor into zones. ~

5. The fuel loads in Building 234-5Z at the time of the survey are limbed by good
housekeeping and operational procedures. The maximum fuel load anticipated in a tjpical
offick., laboratory or storage area on the first floor is estirtiated. Based on a“conservative
maxitmqn possible fire exposure on the first floor of Builclkrg 234-5Z, a fwe is not of
suftlcient duration to cause structural failure. However, clogging of the HEPA filter
system could be possible. Clogging of HEPA filters could result in the loss of negative
pressure in the building. Therefore, leakage of fire products, inchrdlng radiological
materials, to the exterior is possible through cracks or other passive methods.
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6.

7.

8.

.,

9.

10. “

11.

12.

13.

14.

15.

Hydrogen generation from stored plutonium solutions in 55-gallon drums is shown to not
present a significant fire h-d due to a deflagration or detonation. In order to prevent
hydrogen buildup within the storage containers, vents must be used on all drums.

In Building 234-5Z, fire scenarios are provided that cause structural failure of the second
floor roof and fire spread throughout the areas containing combustibles. Based on the
stmc~ai failwe, ‘it is postulated that the release of radiological materials from the filter:
rooms is possible.

Building 242-Z was not accessible. Concerns regarding the interior finish within the
facility have been raised. Sufficient data is not available to evaluate the hazard posed by
the finish. However, based on the’facility being unoccupied, sprinkler protection being
provided, and the fuel load specified by facility staff, the interior finish is not a concern.

A tire involving the plastics stored in the rmnex (i.e., TC-66) to Building 242-Z would
be controlled by the sprinkler system. However, if sprinklers fail a tire could result in
the loss of contents in TC-66 and 242-Z.

The fuel load in Building 236~Zis limited. In addition, the fire resistive constmction and
automatic sprinkler protection provided throughout will limit the effects of a fire.

Fire scena+os in Building 2736-ZB result from, the ordin~ combustibles in the office
and laboratory spaces. The fkes are expected to be controlled by ‘theautomatic sprinkfer
system. However, if the automatic sprinkler system fails, the fire resistive construction
will limit the area of tire damage.

tie limited fuel load in the vaults and the fire resistive construction of Building 2736-Z
results in bounded effects of a fire. The maximum scenario results from a tire causing
damage to the security system. ,

.
A diesel fuel spill fire in Building 2721-Z creates,the maximum concerns associated with
a fire. The automatic dry pipe sprinkler system will limit the effects of the fire. If the
automatic sprinkler system fails, damage to all the equipment and the structure is possible.

The fire scenarios within Bui’klings241-Z and 243-Z are limited because there were no
fuel loads identified during the site visit. Assuming a transient combustible fire, damage
to the contents and structure are expected to”be limited.

“Fire spread associated ~th the compressed gas storage area and the h~do~ product
arid waste exterior product lay down are+ are limited to the contents of the area only. A
fire in the compressed gases will result ,solely in the, loss of the gas,”equipment and
storage shed. A fire in the lay’down seas ,could cause the release‘of contamination..,.

,.
With the ‘incorporation of the recotiendations in the FHA, .fie PFP Facility Complex

~11 meet the objective of Paragraph+ O! DOE 5480.7+, “.
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SECTION 3 – DESCRIPTION OF CONSTRUCTION

This section provides a general description of construction for the facilities addressed in
“thisstudy. Construction details are based on information provided in the FSAR [WHC, 1995]
and individual building archhectural and structural drawings. Table 3-1 provides a summary of
the PFP facility construction classification. -.

Table 3-1. PFP Construction Type Summary

Building UBCClassification NFPAClassification

234-5Z TypeII-N Type11(000)

242-Z TypelI-N Type[1(000)<

236-Z TypeI FireResistive TypeI (443)

29t-z Type[ FireResistive T~e I (443)

2736-ZB Type11FireResistive TypeH(222)

2736-Z TypeI FireResistive TypeI (443)

2721-Z TypeII FireResistive TypeII (222)

232-Z TypeH-N .TypeH(OOO)

241-Z TypeII-N TypeII(OOO)

243-Z TypeII-N Type11(000)

..

3.1 BUILDING 234-52

3.1.1 Fire Resistance/Construction Type

The 234-52 “Buildingis generally constructed of unprotected noncombustible materials.
The frame is constructed of braced strtrcb+ralsteel yvithcorrugated metal exterior walls and a built
up insulated metal deck roof. ‘The interior walls are constructed of reinforced concrete, steel
structure, metal studs, metal lath, and plaster. The first floor is a concrete slab, the duct level
floor is sheet metal roof decking, and the second floor is a concrete slab. The building has a
minimum construction type classification of Type II-N in accordance with the Uniform Btildiig
Code (UBC) [1994 cd., Chapter 6]. This type of construction is classified as Type II (000)
noncombustible construction in accordance with NFPA 220 [1992 cd., pmagraph 3-2].

,.
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3.1.2 Fire Areas/Separations

Building 234-5Z is provided with fire rated partitions (WHC Drawing No. H-2-8101 1).
Maintained fire rated assemblies in the building include the interior stairwells, the elevator shafr,
the plastic shop on the second floor, and a fire wall separating the 234-5ZA facility. In addition,
several of the. noncombustible interior walls and ceiling assemblies provide some. passive
resistance to fire spread. For example, a 20 cm (8 in.) concrete wall extends the length of the
facility approxirtiately along column line C. The concrete wall extends through the duct level to
the concrete slab of the second floor. The wall separates the clean front side of the facility from
the back side which contains radiation and contamination areas. The concrete wall does not -:
currently have a maintained fire resistance rating because of unprotected duct openings,
miscellaneous small penetrations, and non-rated door ~semblies.

A 20 cm (8 in.) thick’solid concrete wall will provide at least 4 hours fire resistance rating
provided that all openings and penetrations are properly protected [UBC, 1994]. The concrete
wall: in 234-5Z are reduced to 10 cm (4 in.) at each vertical duct chase. At thk thickness, the
concrete wall will have a fire resistance rating of at least 1 hour [UBC, 1994]. Although the
door: in this wall assembly are not fire rated doors, they are of solid construction and are all
sealed shut or monitored closed by an alarm. The process area doors along this wall are
constructed of steel with combination safe-type locks. During’the site visit, there were no large
penetrations identified for the wall assembly.

A similar concrete ‘wall extends the length of the building along column line E (WHC
Drawing No. H-2-8101I). Unlike the concrete wall discussed earlier, this wall only extends to
the duct level floor. It is expected to prevent horizontal fire spread on the first floor in a similar
manner to the wall at column line C. “

,. . . .
The wall separating the 234-5ZA and 234-5Z Buildings is a 4-hour fire resistance rated

barrier. The wall extends the entire length of the 234-5ZA Building and all doors are self-closing
fire rated assemblies. The roof of the 234-5ZA facility also has a 2-hour tire resistance rating.

Most iriterior walls are constructed of 1.91 cm (3/4 in.) plaster on metal lath on both sides
of 10 cm (4 in.) steel studs. Similar wa!l assemblies have a ,fire resistance ra~ng of 1 hour
~BC, 1994]. On the second floor, a continuous wall assemb!y of this type separates the front
and back sides of the facility. There were no unprotected openings identified in,the wall during
the site s~ey. However,”door penetrations me protected by non-fire resistance rated assemblies.
There were no locations where combustibles,were located adjacent to doors in the partition. It
is expected ,tiat this wall will provide a 1 hour fire resistarice ra~ng. other wall assemblies in
the facility provide simil~ levels of protection ,~d areidenti~ed in the specific ~re scenario
analy5es~,. ‘ ‘“’ ., ., .l;

. ..- .,, .,. ,.

fie first floor’ceiling assembly is constructed,of 1,.91cm (3/4 in.j plu’ter.on metal lath
with restrained steel bar joisk supporting the steel decking floor above. In several areas, the
ceiling assembly is equipped with surface-mounted lights. Similar floor/ceiling assemblies with
a 5 cm (2 in.) light-weight concrete slab on the steel deck have a 2 hour tire resistance rating
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[UBC, 1994]. Since the steel decking has a much higher thermal conductivity without a concrete
slab, heat from a tire on the first floor will transfer through the floor assembly to the duct level
more easily. Thk will provide a greater endurance time for the steel structirral members withkr
the ceiling assembly. However, without the concrete slab on the steel deck, the floor/ceiling
assemb~y would likely fail the ASTM E-119 criteria for a maximum 250”C temperature rise on
the unexposed surface in less than 2 hours. However, since there are limited combustibles in the
duct level, a 250”C temperature rise does not present a fire hazird. For a description of fuet.
loading on the duct level, refer to Section 6.3.1. The 1.91 cm (3/4 in.) plaster on metal lath is
anticipated to provide a 2 hour structural tire resistance rating for the steel bar joists and beams
within the ceiling assembly.

In other areas, the ceiling assemblies are constructed with flush-mounted lights and have
several penetrations (piping, wiring, ducts, etc.). In these areas, the structural integrity of the
ceiling assembly is assessed for specific fire scenarios in Section 6.0.

The tloor/ceiling assemblyfor the duct levei and second floor is a concrete slab ~upported
by unprotected structural steel (e.g., columns, beams, joists). The floor/ceiling assembly has no
fire resistance rating.

..
The second floor roof/ceiling assembly is also supported by ~protected structural steel

(e.g., cohrrrms, beams, joists). The ceiling assembly has no fire resistance rating.

3.2 BUILDING 242-Z

3.2.1 Fire Resistance/Construction Type

The 242-Z Building is constructed of unprotected noncombustible materials. The south
wall of the building is constructed of reinforced concrete and the remainder is of stmctural steel
frame covered with metal lath and plaster internally apd insulating material wall panels externally.
The roof is constructed of metal decking, covered by insulation and built-up asphalt and gravel.
The buildkrg has a minimum construction type classification of Type II-N in accordance with the
UBC [1994” cd., Chapter 6]. This type of construction is classified as Type H (000)
noncombustible construction in accordance with NFPA 220 [1992 ed~,paragraph 3-2].

3.2.2 Fire Areas/Separations

There are no fire rated partitions in Building 242-Z. A 20 cm (8 in..) solid concrete wall
separates the facility from Building 236-Z. This wall has an effective fire reistance rating of at
lea& 6 hours ~BC, 1994]. The wall separating the facility from Building 234-5Z is constructed
of metal wall panels tid plaster on metal lath. Similar wall assemblies having 1.91 cm (3/4 in.)
plaster ‘on metal lath have a l-hour fire resistance rating ~BC, 1994]. Therefore, this wall is
expected to provide at least 1 hotir passive fire resistmce.
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3.3 BUILDING 236-Z

3.3.1 Fire Resistance/Construction Type

The 236-Z Building is constructed of noncombustible tire resistive materials. The exterior
walls and floor: of the facility are 20 cm (8 in.) reinforced concrete construction. The roof is
a concrete slab over metal deck with a built up roof cover. Interior walk are constnrcted og
concrete, concrete block, and gypsum plaster. The building has a minimum classification of Type
I Fire-Resistive in accordance with the UBC [1994 cd., Chapter 6]. This type of construction is
classified as Type I (443) noncombustible construction in accordance with NFPA 220 [1992 cd., -
paragraph 3-2].

3.3.2 Fire AreaslSeparations

Whh the exception of the Stair 1 and Stair 2 enclosures, there are no fire rated partitions
in Building 236-Z. The 20 cm (8 in.) concrete exterior walk and floor assemblies provide at
least a 6 hour tire,resistarrcerating. However, the canyon walls which extends the height of the
buildkrg have many penetrations of glass, steel plates, and piping. The fourth floor roof and
ceiling assembly consists of light-weight concrete on steel joists with 1.91 cm (3/4 in.) plaster
suspended ceilings. Provided that all openings are protected, the roof ceiling assembly provides
a 2 hour fire resistance rating [UBC, 1994].

3.4 BUILDING 291-Z

3.4.1 Fire Resistance/Construction Type

Building 291-Z is constructed of noncombustible fire resistive mate~als. The exterior and
interior walls are constructed of concrete. The roof assembly is a concrete roof with a sealant
of uretharie foam for waterproofing. Beneath the urethane foam, there, twe sections of the roof
that can be removed for huge equipment placement: The building has .a,minimum construction
type cl+ification of Type I Fire-Resistive in accordance ~th the UBC [1994 cd., Chapter 6].
This type of construction is classified a.i Type I (443) noncombustible construction in accordance
with NFPA 220 [1992 cd., paragraph 3-2].

3.4.2 Fire Areas/Separations

Based on facility drawings, a 30 cm (12 in.) concrete fire,wall sepwates Rooms 500 and
501 from the main “exhaustroom (see Fi@re 3-l). A solid concrete wall of this thickness will
have a mir&mrrn fire resistance rating of 8 hours, provided ~1 penetrations ahd operiiriis are
protected NBC, 1994]. ‘Room 500 contains ‘wo 1000 kVA oil tilled transformers which are
protected by an automa~c water spray deluge system. In accordance witi NFPA 70, ‘National

Electrical Code [1993], the Room 500 enclosure must have “afire resistance rating of 1‘hour.
Currently, there are several penetrations in the concrete wall separating Rooms 500 and 501.
These penetrations must be filled ‘ad a minimum l-hour fire resistarrce rating must be
maintained.
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3.5 BUILDING 2736-ZB

3.5.1 Fire Resistance/Construction

Building 2736-ZB is constructed ofnoncornbustible fire resistive materials. The framing,
exterior walls, and roof are constructed of steel and concrete. Interior walls are constructed of
concrete and gypsum board on metal studs. The building has a minimum classification of Type
II Fire-Resistive in accordance with the UBC [1994 cd., Chapter 6]. This type of construction
is classified as Type 11(222) noncombustible construction in accordance with NFPA 220 [1992
cd., paragraph 3-2]. . .

3.5.2 Fire Areas/Separations

Building 2736-ZB is divided north-south by a concrete fire barrier. Figure 3-2 shows the
location of the existing fire barriers in the facility. A similar concrete wall separates the
receiving, shipping, and staging rooms (e.g., room nos. 642, 641, and 638 respectively) from the
remainder of the facility. B~ed on facility drawings, the doors to these rooms are solid steel
combination type doors having a 1 hour tire resistance rating. During the site visit, there were
no significant penetrations or openings identified in the wall; however,’the doors are not equipped
with an automatic closer. Since these doors are normally maintained closed for security purposes,
this wall is expected to provide additional separation in the facility. The NDA Lab (e.g., room
no. 637) is completely enclosed by similti concrete walls. Since the door serving the NDA Lab
is required to be open, it is recommended that the designated tire wall be relocated to along the
south wall of the NDA Lab. Relocating the designated fire wall will continue to provide
adequate separation between the office and Iabktorage areas.

The north wall of the facility provides a separation to the 2736-Z facility. The north wall
is a 30.5 cm (12 in.) concrete wall with no identified penetrations other than the door openings.
The buildings are separated by metal paneling and concrete walls in addition to an airlock which
physically separates the two structures.

.

3.6 BUILDING 2736-Z
J.,

3.6.1 Fire Resistance/Construction Type
. ... ..

Building 2736-Z is constructed‘of noncombustible fire resistive materials. The building
is constructed of 36 cm (14 in.) ‘tick reinforced concrete walls supported by cast-in-place
concrete cohrmns. The roof is a cast-in-place concrete slab 16.5 cm (6.5 in.) thick. The buildhrg
has a minimum constriction type ”classificationof Type I Fire-Resistive in accordance with the
UBC [1994 cd., Chapter 6]. This type of construction is classified as Type I (443)
noncombustible construction in accordance with NFPA 220 [1992 cd., paragraph 3-2]. ‘
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3.6.2 Fire Areas/Separations

Building 2736-Z is not separated into fire areas by tire rated partitions. However, each
of the vaults are enclosed by solid concrete walls and concrete roof. Also, the vaults are
separated by a corridor running the width of the building. There were no significant penetrations
identified during the site visit. Therefore, each of the vaults can be considered a separate fire
area. .,’”

3.7 BUILDING 2721-Z

3.7.1 Fire Resistance Construction

Building 2721 is constructed of noncombustible tire resistive materials. The building is
constructed of reinforced concrete walls and built up concrete roof. The building has a minimum
classification of Type 11Fire-Resistive in accordance with the UBC [1994 cd., Chapter 6]. This
type of construction is classified as Type II (222) noncombustible construction in accordance with
NFPA 220 [1992 cd., paragraph 3-2].

,,
3.7.2 Fire Area.slSeparations ‘‘. ,,.

There are no fire rated partitions in Building 2721-Z.’,.
,.. ,,. ,

3.8 BUILDING 232-Z

3.8.1 Fire Resistance/Construction Type

B~lding 232-Z is constructed of noncombustible fire resistive materials. The building is
constructed concrete block exterior walls and concrete slab over metal deck built up roof. The
interior walls are concrete block and metal partitions. The building has a minimum construction
type classification of Type H-N in accordance witl-ithe UBC [1994 cd., Chapter 6]. This type
of construction is classified as Type 11(000) noncombustible construction in accordance with
NFPA 220’[1992 cd., paragraph 3-2].,

3.8.2 Fire Areas/Separations

Were are no fire rated partitions in Building 232-Z.

““”’3.9 BUILDING 241-Z
::

3.9.1 Fire’Resistance/Construction Type “ ~~ “’‘

The 241-2 Building is constructed of noncombustible materials. The floor and walls of
the underground portion of the structure me constructed of reinforced concrete. The roof is
constructed of reinforced concrete blocks. The above ground facility’is constructed of corrugated
steel walls ‘imdroof. The building has a minimum construction type classification of Type II-N
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in accordance with the UBC [1994 cd., Chapter 6]. ‘Ilk type of construction is cim”sifiedas
Type 11(000) noncombustible construction in accordance with NFPA 220 [1992 cd., paragraph
. -.
j-z}.

3.9.2 Fire Areas/Separations

There are no fire rated prutitions in Building 241-Z.

3.10 BUILDING 243-Z

3.10.1 Fire Resistance/Construction Type

Building 243-Z is constructed of noncombustible materials. The structure, exterior walls
and roof are constructed of steel. The building has a minimum construction type classification
of Type II-N in accordance with the UBC [1994 cd., Chapter 6]. Thk type of cons~ruction is
classified as Type II (000) noncombustible construction in accordance with NFPA 220 [1992 cd.,
paragraph 3-2].

3.10.2 Fire Areas/Separations

There are no fire rated partitions in Building 243-Z.

3.11 COMPRESSED GAS STORAGE AREAS

3.11.1 Fire Resist~ce/Constnrction Type

There are several storage sheds used for storing compressed gas cylinders in the PFP yard
area (e.g., the 2734-Z series). While most of the storage sheds ye constructed of non-
combustible materials, the 2734-Z compressed gasstorage shed is constructed of combustible
wood materials. The storage sheds have a UBC [1994 cd., Chapter 6] classification of Type II-N
for the noncombustible facilities and Type V-N for the wood shed. Tlris ~pe of construction is
classified as Type II (000) for the noncombustible facilities and Type V (000) for the combustible
shed in acc.ordarrcewith NFPA 220 [1992 cd., paragraph 3-2].

3.11.2 Fire Areas/Separations

Gas ,storage sheds’ 2734-2A, 2734-ZC, and 2734-ZK are separated from 234-52 by
concrete block fire barrier walls. In addition, 2734-Z includes a 30-minute fire barrier between
bays 9 and 10 for separation of flammable gases.

3.12 ~ARDOUS PRODUCT AND WASTE EXTEtiOR LAY DOWN AREAS

here are no buildings associated with the Lay Down Areas.
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SECTION 4 – “FACILITYDESCRIPTION AND”OPERATIONS

The Plutonium Finishing Plant (PFP) is located on the DOE Hanford site@ south central
Washington State. PFP is operated by Westinghouse Hanford Company (WHC), which is the
Hanford Operations and Engineering contractor for the DOE Richkmd Operations Office. Since
1991, the mission of the PFP has changed from special nuclear material (SNM) processing to.
preparation for decontamination and decommissioning (D&D). The PFP is in transition between
its pretilous mission and the proposed D&D mission. The objective of the transition is to place
the facility into a stable state for long-term storage of SNM prior to final disposition of the -
facility. In this section, MSoverview of the current operations in the PFP facilities is provided.
The facility descriptions and operations are based on information found in the PFP Final SafeV
Analysis Report (FSAR) [WHC, 1995].

4.1 BUILDING 234-5Z
*

‘:” The 234-5Z Building was constructed in 1949 and is the main PFP facility. Floor levels
are designated as the basement, first floor, duct level, second floor, and roof level. The building
is approximately 55 m wide by 152m long and extends from 2.9 m below grade to 14.3 m above
grade. The basement level primarily consists of pipe tunnels containing drain piping to srrrnps.
The first floor houses the two former plutonium processing lines (RMA and RMC) and existing
94-1 Thermal Stabilization Procesy reactive material stabilization gloveboxes; plutonium storage
vault> standards and analytical laboratories; maintenance shops; SUppOrtIab$ ~d off;ce spaces.
The duct level contains most of the service piping, veritilation ducts, and some filter boxes. The
second floor houses additional office and storage spaces, a plastics shop, a lunchroom, efi,aust
air duct work including filter boxes and filter rooms, and the main fan room.

The 234-5Z Building is separated into a front (noith) and back ,(south) side. The front
side does not contain any radiation or contamination areas. The .:back side contains the
laboratories, process. ‘rooms, and other ~eas which may be designated as radiation ador
contamination zones. Typically, access to the back side is provided only through the security
station in the 234~5ZA,fadllity. Other ‘doorsor passages connecting the.front and back sjpes have
been sealed or placed on alarm. J.”.:..

4.2 BUILDING 242-Z ..: .
The 242-Z Building was constructed in 1964. The building houses portions of the waste

treabent facility and the qrnerid~ facility, which,are inactive. The building is approximately
12.2 m wide, 7.9 m long, and 7.0 m high. The s~cture lies’between the “iouthe~tern corner of
the 234-5Z Building and the 236-Z Buildbrg”(see ‘Figtie I-2). ‘:Along’the west side is an
enclosure used for outside entry into the facility. This area is primarily used for storage. The
242-Z Building is a single story structure with a m“ez.%ninelevel Overthe northwest portion of
the facility. ,., ,.,
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4.3 BUILDING 236-Z

The 236-Z Building was constructed in 1964and is known as the Plutonium Reclamation
Facility (PRF). The building has four levels surmounted by a two sto~ penthouse. The facility
is approximately 24 m wide by 22 m long,. Its principal internal feature is a single process
equipment cell that is 9.8 m wide by 15.8 m long. The process cell extends the height of the
building and has gloveboxes along the east and west sides at each level. Currently the process .-
cell is inactive.

The ground floor contains maintenance shop facilities located on the service (east) side
of the building. The second floor of the service side contains maintenance gloveboxes and
ventilation exhaust filters. The third level of the service area contains service equipment and
electrical switch gear. The fourth floor areas are used for: (1) chemical preparation, (2)
miscellaneous treatment, (3) an operating control room, (4) slag and crucible dissolver equipment,
and (5) a column room in which two vertical sections of two liquid extraction folumns,
penetrating the room from below and extending through the penthouse levels, are housed in a
glovebox.

4.4 BUILDING 291-Z

The 291-Z Building was constructed in 1949. The facility is know as the Exhaust, Fan
House, Exhaust Air Stack Building, and Compressor and Fan House. The single story building
is of irregular shape (see Figure 1-2), approximately 23 m wide by 44 m long. Its overall height
is’approxiinately 7 m with only 1 m above grade. Building 291-Z. is located about 16 m south
of the central part of the 234-5Z Building.

Building 291-Z houses the exhaust fans, the mechanical seivice equipment, and an
electrical substation for the PFP Complex. Auxiliary to the 291-Z Building is the 61 m (200 ft)
high exhaust stack. .

4.5 BUILDING 2736-ZB

Building 2736-ZB was constructed in 19821,The facility is used for shipping, receiving,
staging, and repackaging of radiological materials. The single story reinforced concrete structure
is approximately 40 m long by 27 m wide. The shipping and receiving areas are each provided
with approximately 95 mz of floor space-to accorn.inodatea maximum of 100 shipping contti,ners
the size of 55-gallon drums. The facility also houses the Nondestructive Analysis (NDA) Lab
for measurement of fissile material content. Other are% include office spaces, change rooms,
lunch room, and mechanical spaces.’ Building 2736-ZB is located i~ediately south of the 2736-
Z Buildktg. ,.,

4.6 BUILDING 2736-Z

Building 2736-Z was constructed in 1971. The facility is the primary PFP plutonium
storage area. The one-story building is approximately 17 m wide by 20 m long. Tliere are four
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vaults used for storage of Special Nuclear Materials (SNM), divided by a corridor r~ing the
width of the building (see Figure I-2). “Eachstorage vault k approximately 8.5 m by 8.5 m in
size. Building 2736-Z is located approximately 7 m south of the 234-5Z Building.

4.7 BUILDING 2721~Z

Building “2721-Z was constructed @ 1979. The building houses three 325 kW diesel,
driven generators which provide primary backup power to the PFP facilities. The buildlng is
approximately 14 m long by 6 m wide. The switchgear room is located on the north end of the
building. Building 2721-2 is located approximately 8 m west of Building 2736-ZB.

4.8 BUILD~G 232-Z

Building 232-Z was constructed in 1961. Commonly called the Incinerator Building, the
facility houses the Contaminated Waste Recovery Process. The facility is approximately 11.3 m
wide by 17.4 m long. The buildlng is one story over the process and storage area.wand two
stories over the service areas at the north end. Currently the building is inactive and entering a
Decontamination and Decommissioning (D&D) phase. Building 232-Z is located approximately
60 m south of the 234-5Z Building.

4.9 BUILDING 241-Z

Building 241-Z was constructed in 1949. The facility is used for treatment, storage, and
disposal of PFP low level radioactive mixed waste. The underground portion of the structure
consists of five separate ventilated cells, each containing a 20,000.liter tank. Only tanks D-5 and
D-8 are currently active. A prefabricated sheet metal enciosure, ‘6.1m wide, 28.0 m long, and
6.7 m high, covers the underground structure. Building 241-Z is located about 100 m south of
the 234-52 Building.

4.10 BUILDING 243-Z

Building 243-Z was constructed in :994. Kno~ ? as the”Low-Level Waste Treatment
Facility (LLWTF), Building 243-Z provides for treatmew. of the PFP effluents to remove low-
level radioactive ruralchemical contamination. The process area makes up the majority of the
single story building. lkis area contains tanks, pumps, filters, and the associated piping md
instnrmentation necess”~ for operation and monitoring’ the equipment and incoming waste
str~~s: ,..

4.11 COMPRESSED GAS STOR4GE AREAS,,

The 2734-Z series compressed gas storage sheds are located in various locations in the
PFP yard area (see Figure 1-3). Flammable gases are typically stored in 2734-Z, which consists
of 11 individual storage bays. However, while this storage shed is undergoing renovations to
meet current code criten% the compressed flammable gases are temporarily being stored in other
2734-Z series storage sheds.
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4.12 HAZARDOUS PRODUCT AND WASTE EXTERiOR LAY DOWN AREAS

There are no buildings associated with the Lay Do\vn Areas. Designated areas within the
fenced security area outside the PFP are used for temporary storage.

.
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SECTION 5- FIRE PROTECTION FEATURES

This section provides a generaldescription of the active ire protection features at the PFP.
AO ‘overview of the water SUpplyand demand required by the installed automatic sprinkler
systems is included.

5.1 FIRE PROTECTION WATER SUPPLY

The water supply system at the Hanford Site consists of two underground main systems, -
raw land sanitary water. Water for fire protection purposes is provided to the PFP facilities
through the sanitary water system. The water is provided through two 12 in. lines and an 8 in.
line which feed into a 10 in. looped system encompassing the PFP facilities.

The %nitmy Water System se;~ing the 200 West Area is a shared system providing water
for sanitary, proce;s, and fire protection uses. The Fire Protection Water Supply Analy@ [WHC-
SD-SQA-ANAL-30001, Rev.0, August 18, 1995] provides recommendations which if
implemented will increase the reserve tire protection water supply and the reliability of the water
supply system.

The water supply analysis indicates that the sanitary water system is served by the existing
primary sanitary clearwell system with a water storage capacity of 400,000 gallons ~d the
secondary system with a 1,100,000 gallon reservoir for the 200 West Area. Sanitary water
system pumping capabilities cited by the analysis are summarized below:

200 West:

Primruy System

three electric pumps @l ,000’gpm
one electric pump @600 gpm

Seconawy System

one electric pump (@,4,000 gpm
,.-.

The water supply analysis also indicates that the current raw water system for the 200
West area is serviced by a 3,000,000 gallon reservoir in addition to the 24 in. supply line from
the 100 Area. Raw water pumping capacities to 200 West facilities are summarized below

200 WesC
one electric pump @,5,000 gpm
three electric pumps @ 3,000 gpm
one steam pump @,3,000 gpm
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The water supply analysis states that the 200 Area water systems are considered to be in
fair condition, howe~~r:the sJ:stemsare not in compliance with DOE 5480.7A and IUD 5480.7.
Project B-604 is intended to bring the systems into full compliance with DOE Orders 5480.7A,
6430.1A, and RLID 5480.7. The project scope is to upgrade the 200 West water supply in three
phases. Phase I and 11are estimated by the project engineer to be completed by April 30, 1997
and Phase HI was canceled via DOE approved Baseline Change Request L’PIM-096-050,Site
Control Number W96-358 [McKhmis, 1996]. The canceled portion of this project would hav{
installed a second 24 inch export line serving 200 West. Phase I and II of the project includes
upgrading the export water system, the 200 Areas raw and sanitary water systems, and related
piping and reservoirs “toensure the availability of fire protection water for simultaneous process -
and domestic water usage. New raw water fire pumps will be instailed in each of the 200 Areas.
The pumps will be capable of meeting the maximum raw and sanitary }vaterprocess and fire
protection demand for the areas as follows:

200 West:

%nitarv Water Cauabilitv : 1,100 gpm sanitary water plus 2,500 gpm fire
flow for a total water demand of 3,600 gpm; to be supplied via one 4,000
gpm fire pump rated at 110 psi.

Although completion of Phase 111may not directly affect the PFP Facility, there will be a
continued reliability issue associated with the 200 West Area water distribution system. The
“Improved RN-/ level of fire protection as required for 200 West Area by DOE Order 6430.lA
and 5480.7A is not addressed withhr this facility specific FHA

Figure 5-1 shows the layout of the sanitary water supply system serving the PFP Complex.
The PFP facilities are serviced by 8 hydrants which rue supplied by the 10 in. general supply
loop. Water flow test data for hydrant no. 102 is summarized in Table 5-1 [WHC, 1995a].

Table 5-1. Hydrant Water Flow”Test Results

I Hydrant StaticPressure(psi) - ResidualPressure(psi) Flow(gpm)

10Z 124 I 80 1170

DOE Order 6430.lA applies to new constructio~ however, the criteria contained within
can be utilized as guidamce for existing water supply systems. Paragraph 0266-4 requires that
the hydrant system deliver a minimum of 1000 gpm at a residual pressure of 10 psi. It also
requires that:

1. Hydrants be spaced no more than 400 feet apart,
2. Fire hydrant branches be no less than 6 inches in diameter and no longer than 300

feet,
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3. Hydrants be no more than 300 feet from the building/faciIity to be protected,
4. ,Each building/facility is to be protected by at least two hydrants,
5. Hydrants should not be closer than 50 ft from the building, and
6. Adequate flow and pressure is provided to maintain operation of any automatic

sprinkler system in the facilities.

Most areas of the PFP facilities are classified as an Ordhmry Group I fire hazmd ii
accordance with NFPA 13, Installation of Automatic Sprinkler Systems (1994 cd.). A scoping
analysis is provided based on NFPA 13 classifications to determine “if the water supply for
suppression systems is adequate. Table 5-2 contains a summary of a hydraulic water”demand
analysis of remote areas of the sprinkler systems in Building 234-52 and Building 236-Z (NFPA
13, Section 5-2.3). Figures 5-2 and 5-3 show the water supply vs. demand curves for the sample
remote areas of the two facilities.

Table 5-2. Hydraulic Water Demand Analysis

System Required Total Demand Available
Classification ResidualPressure (gpm) Pressureat

(psig). Demand(psig)

234-5Z,Riser5- Second Ordina~GroupI 62 718 106
Floor,PrimatyFilterandDuct
Area

236-Z,Riser7- FourthFloor, OrdinaryGroupI I 52 I 854 I 99
Rooms41.42.43. and44

The’ water supply system for fire protection’ service for the PFP Complex satisfies the
requirements contained in NFPA 13 in terms of required fire flow for the sprinkler systems.

5.2 FIRE SUPPRESSION SYSTEMS

5.2.1 Automatic Fire Sprinkler System

WHC Drawing No. H-2-26916 identifies the fire protection sprinkler coverage for the PFP
facilities. In general, most of the systems provide total coverage protection for the buildings.
However, the following areas are not provided with sprinkler protection:

(1) Building 291-Z,
(2) The storage vaults in 2736-Z,
(3) The filter rooms, several vaults, and storage rooms in the 234-52 Building, and
(4) The Process cell in Building 236-Z.
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According to facility staff, most of the automatic sprinkler systems were designed
according to the pipe schedule method outlined in NFPA 13, ‘{Insra/lation ojAutoma/ic Sprinkler

Systems.’; The results of a hydraulic nnalysis of sample remote areas using “The” Sprinkler
Hydraulic Analysis Program [FPE Software, Inc., 1991] indicate adequate pressure and water flux
(i.e., density) to meet the NFPA 13 requirements for Ordinary Group I hazad occupancies. The
results of the hydraulic analysis are presented in Appendix A. A summary of the calculations for
the most remote areas are provided in Section 5.1. -.

The supply plenum in the Duct Level is provided with a preaction sprinkler system.
Preaction systems are generally used in order to prevent unwanted water damage in areas where -.
the sprinkler system may be physically damaged by operations or freezing is a problem. Based
on the site visit, the need for a preaction system rather than a wet pipe automatic sprinkler system
is not apparent. However, the preaction system currently provides an acceptable level of
protection in the plenum space. The decision to change the preaction system to a wet pipe
system should be based on the cost of modifying or maintaining the system and the life
expectancy of the building.

Based on facility staff direction, automatic sprinkler protection is provided in the elevator
shaft within the pit and at the top of the shaft. NFPA 13 [1994 cd.] Section 4-5.5 requires a
sidewall sprinkler located no more than 0.6 m (2 ft) above the floor of the elevator pit and a
sprinkler at the top of the shaft. Sprinkler protection in the elevator shaft is in compliance with
NFPA 13.

The automatic sprinkler system coverage in the PFP facilities meet the requirements of
DOE 5480.7A, Section 9.b(3)(b) and DOE 6430.1A, paragraph 1530-2.3.2 regarding provision
of automatic suppression systems for facilities where the maximum possible fire loss could exceed
$1 million. In Building 234-52, automatic sprinkler coverage is not provided in”all areas.
Automatic sprinklers are not recommended in the filter rooms and the plutonium storage vaults
based on the limited fuel load and criticality conce.ms in these areas. However, other areas of
the building which do not chrrently have sprinklers should be provided with automatic sprinkler
protection (i.e., Rooms 194, 334, and 335).

For the buildings not ‘provided with automatic sprinkler protection, the MPFL does not
exceed $1 million. Therefore, automatic fire suppression is not required in these facilities (see
Section 12).

!,

5.2.2 Water Spray Deluge Systems

The two oil-filled transformers located in Building 291-Z (Room 500) and the four oil-
filled transformers adjacent the north wall of Building 234-5Z (Station 252-21) are protected by
fixed water spray nozzle deluge suppression systems. Design and installation of the water spray
systems should comply with .NFPA 15, “Stisndard for Water Spray Fixed Systems for Fire
Protection’! ~PA 15, 1990]. NFPA 15 Section 4-4.3.4 requires the following for tramsfonners:

.. . ,.
‘,’ ,? .:

... ,.- , .,
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“Tmnsfonner protection shall contemplate essentially complete impingement on
all exterior surfaces, except underneath surfaces that in lieu thereof may be
protected by horizontal projection. The water shall be applied at a rate not less
than 0.25 gpm per sq. ft (10.2 (L/min)/m2) of projected area of rectangular prism
envelope for the transformer and its appurtenances and not less than 0.15 gpm per
sq. ft (6.1 (L/min)/m2) on the expected nonabsorbing ground surface area of
exposure.”

Table 5-3 contains en overview of the hydraulic water demand for the PFP’ transformers.
According to facility staff, the deluge systems were not hydraulically designed when they were
installed. In order to determine the adequacy of the deluge systems, a hydraulic analysis was
conducted for the two systems based on facility fire protection drawings and NFPA 15 criteria
using “The” Sprinkler Hydraulic Analysis Program [FPE Software, Inc., 1991]. The results of
the analyses indicate adequate pressure and water flux (i.e., density) to meet NFPA 15 criteria.
The results of the hydraulic analysis are presented in Appendix A. <-

Table 5-3. Water Demand Requirements for PFP Fixed Water Spray System
Transformer Stations

BuildingArea RequiredResidualPressure Total Demand(gpm) AvailablePressureat
(psig) Demand(psig)

291-ZRoom500 92 631 110

234-5ZStationZ1 52 698 107

Although the deluge systems were not originally hydraulically d~signed, the hydraulic
analysis indicates adequate water supply for the transformers. A revl~w of the water spray
coverage areas was also conducted to determine compliance whhNFPA 15 criteria. Although
the coverage areaa appear to be adequate, the facility drawings do not provide the level of detail
needed todetermine ”exactcoverage areas. However, thelevel ofprotection provided bythe fixed
water spray system is sufficient based on the fire hazard rmd exposure potential. Therefore,
system modifications and/or upgrades are not required.

5.2.3 Interior Standpipe Systems

Interior hosecomections =eprovided tkoughout the building. Thehose connections are
I%”in. comections without hose. The fire deprrrtment will provkle hoses upon ar@atthe
scene. Based on HFD capabilities and the lack of input from”HFD requesting upgrades, the
locations are adequate for interior manual firefighting to be conducted without compromising the
integri~, of the confinement structure.
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5.2.4 Portable Fire Extinguishers

UL listed portable tire extinguishers are located throughout the PFP facilities. In some
of the process areas, magnes@rn oxide sand is alsoprovided. The locations and extinguisher
ratings comply with NFPA 10, “Standard for Portable Fire Extinguishers” ~PA 10, 1994], for
protection of the Complex.

5.2.5 Special Hazard Suppression Systems

A total flooding Halon system, dry-chemical systems, and limited water bottle stations
(LWBS) are used to protect several of the hoods and gloveboxes, including those which are part
of the former RMC and RMA process lines. A description of these systems and their
effectiveness in controlling glovebox tires is presented in Section 7.o.

5.3 FIRE DETECTION AND ALARM SYSTEMS 4-<-

Smoke and/or heat detection systems are provided in most of the PFP facilities. In
Buildings 234-52, 242-Z, 236-Z, and 2736-ZB, the automatic detection systems provide
redundant fire protection (as defined in DOE 5480.7A) in addition to the automatic fire
suppression systems. A description of the fire detection and alarm systems in the PFP Complex
is provided based on the description provided in the FSAR [WHC,”,1995].

The 234-52 Building @equipped with a Gamewell Flex 500A (trademark of Garuewell
Corp) fire alarm control panel which is located in corridor 14A. This panel rdsoserves fire zones
in the 236-Z, 242-Z, 2727-Z, 2729-Z, 2734-2A, TC-66, 234-ZC, 234-52A, and 2734-ZC
Buildings. All alarms also annunciate in room 321 or the Micon (trademark of MICON
Company) Control,Panel. Each fire zone is transmitted to the Hanford Fire Department (HFD)
by radio fire alarm reporters (numbers 2780 and 2781) located on the wall outside the buildlng
near the airlock to Corridor “14-Aof the 234-52 Building. <{

4’

Local and remote alarms are initiated by heat ‘detectors, smoke detectors, activation’ of
automatic fire suppression systems, and manual fire al~ stations. !Activation of the panel yrill
result in notification of the HFD and sounding a local fire alarm bell, ”All,circuits are electrically
supervised in accordance with NFPA 72, Standard for the Installation, ‘~aintinance, and Use of
Protective Signaling Systems [1993 cd.].

. .. .

A single heat detector (no. 27-49) located in the corridor’4B tirlock leading to the airlock’
along the west wall of Building 242-2 is currently inaccessible for testing and maintenance. The
area served by the h6at detector contains no combustibles, is provided tith sprinkler protection,
and is not,accessible to personnel. Because of the lack ,of combustibles and sprinkler “protection,
together with the inability to test and maintain the device, ~e heat detector is not necessary and
should be deactivated (i.e., either removed or abandoned in place), and a sign should be provided
indicating that the device in the protected area may not be operational.

. .
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Heat detectors are provided in many of the PFP gloveboxes. In some gloveboxes, the
detectors are used as initiating devices for automatic suppression systems (see Section 7.0).
Recommended fire protection features for the PFP gioveboxes are presented in Section 7.0.

Manual fire alarm stations are provided at all exits from Buildings 234-52, 242-Z, 236-Z,
291-Z, 2736-Z; 2736-ZB, 2721-Z, and 243-Z. A manual fire alarm station (no. 27-50) located
in the corridor 4B airlock Ieadhg to the airlock along the west wall of Building 242-Z i;
currently inaccessible for testing and maintenance. This airlock no longer serves as an exit from
the 234-52 Building. Because the device cannot be maintained and the manual fire alarm station
is not required, it should be deactivated (i.e., either removed or abandoned in place).
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SECTION 6 – FIRE, HAZARDS

6.1 GENEFL4L

This section describes the existing fuel loading and potential tire hazards in the PFP
facilities. The fuel arrays selected for fire fiazard impact analysis are chosen based on the results
of a walk down of each of the PFP facilities and discussions with facility plant personnel
regarding support operations and transient activities in the Complex. The following “plausible”
firexcenarios are included in this analysis ..

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

Building 234-52- Office, laboratory, and process area tires,

Building 234-52- Hydraulic oil spill fire in room 321 (supply fan room),

Building 234-52- Potential hydrogen generation hazard in plutonifi solution
storage rooms

Building 234-52- Propane cylinder release and deflagration hazard (Appendix B),

Building 242-Z - Plastic fire in TC-66,

Building 236-Z - Transient combustibles tire in room 41 (MT glovebox room),

Building 291-Z - Transformer oil spill fire in room 500,

Building 2736-ZB - Office/lab equipment fire in room 637 (NDA Lab),

Building 2721-Z - Diesel oil fire resulting from leak in emergency generator
reservoir,

Building 232-Z - Transient combustibles fire in process area,

Building 243-Z - Transient combustibles fire in process area,

Compressed Gas Storage Area - Potential propane cylinder explosion hazard,

Hazardous Product and Waste Exterior Laydown Area - Exposure hazard resulting
from a vehicle fuel tank rupture which spills, ignites and exposes stored 55-galion
TRU waste drums.

The FHA addresses only the worst case fire scenarios to determine maximum possible fire
loss. These scenarios do not include all possible fwes; however, they are expected to bound the
f~e scenarios that exist witbin the facilities.



HNF-SD-CP-FHA-O04, REv o
PAGE 6-2

6.2 APPROACH

Theapproach fortheanalyses includes several tasks. Asitevisit wasconducted to gather
information relating to the building layout, structural components, process operations, nnd actual
fire loading. The site visit included abuilding \valkdom, discussion \\,ithfacility s@ffand
documentatiotidrawing reviews.

Basedon the information gathered during, the site survey, candidate fire scenarios are
developed forthe PFP facilities. Thescenarios generally include worst casetire events. Insome
areas where multiple hazards exist, other credible fire events are also considered. The damage
potential associated with the various fire scenarios is determined quantitatively using well
documented, state-of-the-art tire protection models and equations or qualitatively using
information in literature.

For each of the PFP facilities, the Maximum Possible Fire Loss (MPFL) and4Maximum
Credible Fire Loss (MCFL)are detemined inaccordmce \vith DOE Order 5480.7A basedon
evahsation of the design basis fire scenarios. For the MPFL, automatic rmdmarmal suppression
systems arerrssumed to be unavailable. Forthe MCFL, consideration isgiven tormy automatic
suppression systems in the facility or fire mea. Based on the MPFL and MCFL, compliance with
DOE and WHC fire protection requirements is reviewed.

6.3

6.3.1

in the

BUILDING 234-52

Fuel Loading

The fuel loading in Building 234-52 consists primarily of ordinary combustibles located
office and lab sDaceson the first and second floors. Tvoical combustibles include office. .

supplies such as desks, tables, chairs, bookcases, computer hardwme, ad paper goods. In the
lab spaces, combustible and flarnrhable liquids are sbmetimes used in limited quantities. During
the site survey combustible and flammable liquids were ,limited to one gallon containers and,
when not in use, were almost always “storedin flammable liquid cabkiets. The total quantity of
combustible and/or flammable liquids in use in any laboratory appeared to be limited to less than
5 gallons. Other combustibles in the these areas include protective clothing and various storage
containers. Although the fuel load in the office rmd lab spaces is generally low, the tire spread
potential is assessed for office and lab areas of the facility.

,,
The Duct Level in Buildlng 234-52 consists primarily of non-combustible ventilation

ducts, plenums, and equipment As a result of the limited @el load, no credible fire scenarios
were identified which could potentially cause damage to the stmcture or spread to other areas of
the facility. Based on a series ofinsitu NDA measurements [FSA~ WHC-SD-SAR-021, Section
7.4.2], an estimated 6 kg of crystalline form (non-di:persable) plutonium is contained in the
exhaust ducting. However, since a fire in the Duct Level is not expected to darnage the exhaust
ducts, the potential fire and contamination hazard is considered to be less severe than for other
seas of the building and therefore “isnot considered in the MPFL and MCFL scenarios.
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Several active and inactive gloveboxes are located in the labs and process areas of
Building 234-52. Many of the gloveboxes contain plutonium bearing and combustible materials.
Glovebox combustibles may include polycarbonate/acrylic window panels, gloves, rags, plastics,
paper, electrical insulation, flammable/combustible liquids, and miscellaneous organic compounds.
In addition to the combustible fuel loading, contamination withhr the gloveboxes adds to the tire
haztid. A fire .whlch breaches a glovebox enclosure can spread contamination to other areas of
the “facility. In some areas, several gloveboxes are physically connected together via conveyors
and other gloveboxes to form a process line. In these cases, the potential exists for tire spread
from one glovebox to another. The most extensive process line in the facili~ is the 94-1
Thermal Stabilization gloveboxes. As such, a fire in one of the 94-1 gloveboxes is considered -.
as tie worst case glovebox tire for the 234-52 building.

. .

The fire hazmds and fuel loading associated with the office and lab spaces and, the
gloveboxes are common throughout most of the facility. In addition, there are also notable fire
hazards specific to certain operations and/or areas of the building. The following areas “mVor

operations are identified as having a fire potential:
,-

●

●

●

The hydraulic elevator pump located in Room 321. A leak or accidental discharge
from the pump could potentially result in 568 liters(150 gallons) of hydraulic oil
being spilled onto the floor in Room321. The hydraulic oil used is a Class HIB
combustible liquid having a flash point of 198°C (388-F) [Unocal, 1992]. Since
the oil has a high tlash point, it will not readily produce flammable vapors under
ambient conditions and, therefore, requires some pre-heating prior to ignition.
However, once ignited, a hydraulic oil spill can present a significant fire hazard
to the facility.

Plutoniti bearing materials, such’as plutoni~ nitrate and plutonium filtrate
solutions, are stored in Rooms 172 and 236. The materials are normally sealed
in vented containers which are k,pacedkaccordingto cnticsility specifications. Since
the stored plutonium is in the 4 valance ,state (PuIV)j a steady production of
hydrogen and oxygen takes place resulting in a potential explosion hazard. Since
the storage containers me vented to the room, it possible to generate an explosive
concentration of hydrogen in the room if proper ventilation is not provided.”.The
m~lmum number ‘ofcontainers stored in Room 236, the larger of the two iorage
rooms, is 378 [Rodgers, 1996]; “”; 1‘’

. ., .”,

Liquid propane gas (LPG) is used i~equently in, the PFP. for a variety of
maintenance. The propane, used iS,admiistiatively restricted to ‘nominal 465 g
(16.4 oz) U.S. Dep+tment of Transportfion (DOT) 39 cyfinder.spfliquid praparre
g= [WHC, 1995].1’Thehazards associated with the propane cylinders include both
slow’ leaking @d catastrophi~ cyl’inder’failtires. Based. on”M analysis .of the
propane hazards by WHC,the propme icentiios Ne,nbt @nsidered credible events
(i.e., probability of occurrence is less thap 10-6) [Rodgers, 1996]. T%et@FL
scenarios ‘were developed ‘md. integrated ~h’ tie: PFP SAR based on the
requirements”of RLID 5480~7A‘(1/17/94)md WC. SD-GN.FM-3000 1, Rev O
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[WHC, 1994] as directed by WHC [Bucci, 1996]. Since the propane deflagration
scenario is not a credible event, it is not considered to be a MPFL fire scemuio.
However, since WHC’S analysis is based in part on administrative controls which
could potentially change in the future, an analysis of the worst case propane
deflagration. scenario is included in Appendix B with the understanding that the
fire scenario should be evaluated prior to changing any administrative control;
“whichaffect the use of propane in PFP facilities.

6.3.2 Analysis of Office and Laboratory Area Fires

In order to evalua:~ the fire scenarios on the first floor, the following is provided:

(1) A description of the first floor “zones” and construction,

(2) A description of the fuel load,

(3) Development of fire scenarios, and

(4) An analysis of fire scenarios and their effec[ on the specific zones.

6.3.2.1 General First Floor Description

The first floor of Building 234-5Z consists of a number of offices and laboratories within
three primary zones as defined by the FS~, Zone 1, Zone 3a, and Zone 3. The zones are based
on ventilation, contamination, and construction. Figure 6-1 depicts the general locations of the
zones on the first floor.

Zone 1 is the space along the north end of the building. The atmospheric pressure is
maintained between 35 and 42 Pa (O.14 and 0.17 WC). It is approximately 1,630 mz (17,540 fiz)
in floor area and 3.1 m (10 ft) high with a 1.91 cm (3/4 in.) tiick plaster on metal Iath ceiling.
There is a minimum 0.85 m (2.8 ft) gap between the plaster ceiling and the base of the 0.038 m
(1.5. in.) steel deck floor. The ceiling has a number of penetrations, including vents and light
fixtures. Without penetrations, the plaster and metal lathwould provide protection, approximately
two-hours, to the structural elements above the ceiling NBC, 1994]. Zone 1 is composed of a
large number of office spaces constructed of metal studs with 1.91 cm (3/4 in.) plaster, on metal
lath. There is no contamination in Zone 1.

Zone 3a runs along the south wall of the building. The atmosphere in Zone 3a is
maintained at a press~ between -27 Pa and -35 Pa (-O.11 and -0.14 WC). This zone is
approximately 1,896 m (20,400 ftz) in floor area and 4.6 m (15 ft) high. The ceiling is also
1.91 cm (3/4 in.) plaster on metal lath and with a minimum 0.85 m (2.8 ft) gap between the
ceiling and the metal deck floor. The zone contains a mixture of office spaces and laboratory
spaces with various numbers of gloveboxes and hoods. Zone 3a is considered a contaminated
zone.
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Zone 3 is located in-between Zone I and Zone 3a. The atmosphere in the space is
maintained between -35 Pa and -42 Pa (-O.14 and -0.17 WC); the lowest pressure of the 3 zones.
This zone is approximately 1,570 mz (16,900 ft2) in floor area and has a ceiling height of 5.2 m
(17 ft). In this zone, there is approximately a 0.20 m (8 in.) gap between the plaster ceiling and
the steel deck floor. This zone consists primarily of glovebox process areas, laboratories and
storage areas. There are”sdso office spaces located at the east and central portions of the zone.
The ceiling is 1.91 cm (3/4 in.) plaster on metal lath and has a number of penetrations. The wall;
between rooms are 1.91 cm (3/4 in.) plaster on metal lath and also have penetrations preventing
a fire rating classification. Zone 3 is ‘also a contaminated zone.

Each zone is separated from the other zones by concrete walls, each 0.2 m thick (see
Figure 6-1). The concrete walls do not comply with UBC criteria for a fire wall due to
miscellaneous penetrations which are not provided with fire resistance rated opening protections.
The penetrations identified appear to be able to limit fire spread; however, smoke and radiological
contamination can potentially pass from zone to zone, depending on the zone pressurization.

6.3.2.2 First Floor Construction Description

An issue of importance for determining the MPFL is whether the structural integrity of
the building is maintained during a fire. @ understanding of the composition of the first floor
is necessary to evaluate the tire effects.

Figure 6-2 shows a typical first floor construction cotilguration. In the space between
the first floor plaster ceiling and the steei metal ‘deck floor on the duct level, all beams, joists,
and columns are exposed. The plaster ceiling, exposed structural components, and metal deck
comprise the first floor ceiling assembly. Below the ceiling assembly, the first floor columns are
protected with a minimum 1.91 cm plaster. Although the plaster does not provide a tire rating
in accordance to American Society of Testing and Materials (ASTM) E-119 and the UBC [1994],
heat transfer calculations in Section 6.3.2.5 demonstrate that the plaster provides adequate fire
protection to maintain structural integrity for the worst case tire scenwios anticipated in these
spaces. ,.

A typical cut-away section of the plaster on metal lath ceiling is shown in Figure 6-3.
Plaster and metal lath ceilings have been shown to remain in place after severe fire exposure and
are considered to have fire protection capacities NBS, 1942; AISG, 1964]. The suspended
ceiling is supported by 3.8 cm cold rolled charinels and 1.9 cm furring channels. These are
spaced at approximately 1.5 m and 0.3 m, respectively. The cold rolled channels are attached
to either the beams or the joists with stainless steel wire.

In some rueas, the plaster ceiling contains miscellaneous penetrations such as pipes, ducts,
and flush mounted light fixtures. Without these penetrations, the 1.91 cm (3/4 in.) plaster would
provide a 2-hour fire resistance rating to the structural elements above the ceiling. Based on the
site survey, the penetrations did not appear large enough to allow direct flame spread into the
ceiling assembly. However, the openings may allow smoke and contruninationspread to the duct
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level and can also allow radiant heating of the unprotected structural members in the ceiling
assembly.

Non-rated flush mounted light fixtures provide the most significant unprotected openings
in the plaster ceiling. The light fixtures. are mounted in the ceiling assembly by a positive
mechanical attachment (i.e., metal frame, screws, wire, etc.). Light fixtures installed in this
matmer are not expected to fall from the ceiling during afire. However, the back metal surfate
of the fixture will heat up rapidly exposing the beams and joists located above. The exposure
iscaus.ed by the light fixture radiating energy tothebeam causing it to increase in temperature.
Fire protection ratings for plaster ceilings with light fixtures ~e obtained in some instances by
providing insulation on the back of the light fixture.

Additional penetrations include pipes andair ducts. Inmanyareas, ”thepipe penetrations
are well sealed; however, in some locations, small openings where the pipe penetrates the ceiling
provide anexposure to the structural members within the ceiling assembly. Thesiqe of these
openings are minor compared to the unprotected duct and light fixtures.

~eductopenings typically consist ofcircul= vents me~uring approximately 3O.5 cm
to 61.0 cm (12 in. to 24 in.) in diameter. The ventilation system in the 234-52 Building is
entirely ducted; therefore, the vents do not provide a direct opening within the ceiling a&embly.
Similar to the light fix~es," themetal ducts sewing thevent opetings cmprovidearadimt
exposure to the bemkimdj ;lsts,locatedabove in”the ceiling assembly.

,’, ,,... ”,

The floor’of the, duct level, is’a O.038 msteel’deck suppotied byopenweb steel joists.
The joists, designated as SJ126,’are spaced unevenly at distances ranging from 1.07 m to 1.52 m.
Figure 6-4shows thedimensions ofthis joist. Column spacing inthe234-5Z Building is also
uneven and ranges from 4.6m to 9.1 m. Floor beams connect each column rmd have
designations rmgingfrom,W14ti6 (tightest) to W16x40 (heaviest). Joists spanthe grid between
beams. .. ..,,

Walls constructed of 1.9”’cm’(3/4,in.) plaster on metal lath partition the offices and
laborato~spaces onthefirsttloor. Aschematic ofatypical wall section isshown in Figure 6-5.
These walls would have aone-how`fire,resistmce rating iftiere were no Penetrations [UBC,
1994]. However, duetounprotected, openings( e.g., doors, windows, etc.) rmd miscellaneous
penetrations (e.g., pipes, ducts, etc.), thewalls do not qualify for afire rating. Ingeneral, no
credit is taken in this study for the, pti~l-vefire protection features of the plaster walls.

‘,

6.3.2.3 Fuel Loading
.,

,,

The fuel load in of~ce and laboratory areas is noted to be limited with a few exceptions.
In this section, based on the site survey and previous fire protection ~sessments, conservative
estimates of the maximum tlrel loading present in the office and laboratory spaces is determined.
In addressing the MPFL and MCFL scenarios, it is generally msued that the fire load in each
of the office and laboratory spaces is at the maximum (i.e., the maximum concentration of
combustibles obsetied during the site visit).

..
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The fuel loading in office spaces typically consisted of metal desks and bookcases, chairs,
books, general office supplies, miscellaneous paper and plastic items. In the laboratory areas, the
quantity of these combustibles are limited; however, combustible items used in gloveboxes and
ho~ds in addition to miscellaneous chemicals may also be pres$nt. The office and laboratory
spaces varied in size, ranging from approximately 9 m2 to 43 m- (100 to 460 ft2) in floor area
with ceiling heights ranging from 3.0 m to 4.5 m (10 to”15 ft). A detailed inventory of the actual
fuel loading in every PFP room was not performed. Rather, a conservative estimate of the fuei
loading is determined based on information gathered. Based on this estimate, worst case tire
scenarios are evaluated in the office and laboratory spaces.

Based on the site visits in 234-5Z, the maximum fuel load in an office space is estimated
as 510 kg (1,122 lb). In order to compare the heat output from different types of fuels, it is
useful to express the fuel load as an equivalent cellulosic (wood) mass. Plastic type fuel can be
converted to a wood equivalent mass using the ratio of the heat of combustion of plastic to the
heat of combustion of wood. As such, the wood equivalent office fuel load (510kg) mass
accounts for both cellulosic smd plastic type fuels.

The estimated office fuel load is higher th~ the combustible fuel load of 227 kg (500 lb)
wood equivalent identified for PFP office spaces in the FSAR [WHC, 1995] and is also higher
than the 296 kg (652 lb) wood equivalent fuel load identified for the most severe PFP office in
the previous FHA [WHC, 1989]. As noted, the fuel loading used in this document is intended
to provide a boundhg analysis.

The maximum tlrel load in a laboratory space is estimated to be 500 kg (1,100 lb). As
with the office fuel load, this is expressed as a wood equivalent mass and accounts for both
celh.dosic and plastic type fuels in the laboratory spaces.

The fuel loads identified above are considered to be conservative estimates of the
maximum combustible content in the office arid laboratory areas. The quantities are
representative of medium size “officeand lab spaces (approximately 19 m2 (200 ftz)), particrslaly
those located in the south-east comer of the first, floor (i.e., the analytical labs). Some larger
offices and labs can potentially have a greater, total fuel loading; however, the fire severity is not
expected to increase due to the Lwgerfloor mea and room volume. Based on the site survey, the
fuel loading in the larger rooms is typically spread out and will result in a less severe fire than
for the smaller concentrated areas.. . ...

In addkion to office ~d lab spaces, there are several storage rooms located on the first
floor. The fuel load in these areas is typically greater than that found in the office and lab
spaces. However, based on the exposed combustible content observed during the site visit, the
conservative fuel loading estimate used for the office and lab spaces is anticipated to bound the
storage are% also. Although the level of conservatism is not as great for these areas, the storage
rooms are generally spread out and sirrrouided by areas having less concentrated fuel loadings.

Since the office fuel load is slightly higher than the lab space (5 IO kg vs. 500 kg), the
office fuel loading is con~ldered to bound the wo areas and is used throughout this analysis for
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both office and lab spaces (including the storage rooms in these areas). Again, this fuel loading
is considered conservative for both areas.

6.3.2.4 Fire Scenario Development

In this section, the”burning duration and thermal exposure resulting from a fire in an
office or lab space is determined. The fire scenario is developed using the estimated fuel loading
identified in the previous section and is based on fill-scale room fire tests having simikr fuel
loadings. Once the fire characteristics are determined, the structural performance of the first floor
columns and the steel members within the ceiling assembly is assessed. The purpose of this -.
analysis is to determine the maximum extent of fire spread and potential structural failure of
building members.

The expected worst case fuel load is identified in Section 6.3.2.3 as roughly 430 kg (946
lb) celhdosic contents and about 30 kg (66 lb) plastic based materials, or approximately511 kg
(1,1.24 lb) wood equivalent. Based on the site walk-down, this was noted to be a con~efiatively
large amount of tisel for an office rind/or lab space, the average being less. The total energy
content of the fuel within a compartment, assuming a heat of combustion of 14,000 kJ/kg for the
wood based materials [Drysdale, 1992], is approximately 7,150 MJ. Due to the large variation
in fire development and peak heat release rate as a result of the number of possible tirel
configurations, the fire development is estimated by comparing the fuel load and geometry to full-
scale test data obtained from fires of similar fuel load and arrangement.

Full-scale fire test series are used to estimate the fire growth rate in the office and lab
spaces in the PFP [Fang and Breese, 1980]. The test series was conducted by the National
Bureau of Standards (NBS), cumently referred to as the National Instiiute of Standards and
Technology (NIST), in a bum room measuring 3.3 by 3.3 meters (10.8 ft by 10.8 ft) floor area
with a 2.4 m (8 ft) ceiling height. The room had a doorway opening measuring 0.76 m by 2.03
m (2.5 ft by 6.7 ft) high. The test room was cons@cted of 20 cm (8 in.) thick concrete blocks
covered with either 16 mm (0.6 in.) gypsum wallboard or 16 mm plywobd. ‘Thefloor and ceiling
were concrete with a 16 mm thick layer of gypsum lining on the cding.

For each test within the room, the firel load, wall lining material, id the ventilation
characteristics (door open.lclosedand forced/no forced air supply) Were varied. For the closed
door and no forced air supply “contlguration$, the fires typicsdly @rned o~t, due to oxygen
hmhations prior to reaching flashover condhions. In order to”~biari a more severe”fireexposure,
this analysis focuses on the tests conducted with an open door contlguration and similar fuel
loadings. Contents of the test rooms included room furnishii@ suck as Chairs,‘sofas, tables, and
books and bookcases. ~ .,

,. ,.

“tie reported results ”from the tests in’c.lude,theaverage”heat release rate; the’peak heat
release rate, the fire duration and the peak up~er gas layer. The heat releme rate Versti time and
temperature versus time are avhilable for several tests. Table 6.1 summarizes the test data from
three tests that are similar to the arrangement at the PFP under consideration., The PFP office
fuel load data is ‘listed’at‘tie bottom ofTable 6;1 for comparison.

.,. ,
,, :. ... . .,, . . . .
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The fire load in the room for each of the tests qualitatively appears greater than that found
in the PFP office and lab areas. The actual combustible mass for the tests is less than that
reported in Section 6.3.2.3 because conservative estimates are made regarding the PFP fuel load.
For example, while many of the furnishings at the PFP are metal (e.g., desks, tables, book cases),
all of the contents in’the tests are combustible. In addition, the fuel load mass for the NBS tests
shown in Table 6-1 is the actual mass of combustibles while the PFP fuel load is expressed in
terms of a wood equivalent mass.

Table 6-1. NBS Fire Test Summaries

Test RoomSize Fire Load Fire Total Average Total Avg (Peak)
(mz) (kg) Duration Energy Heat Energy Gas Temp

(s) Content Release Consumed * (“c)
(MJ) Rate (kW) (MJ)

2 10.9 27I 612 5532 ‘3010 1842 757(831)

4 10.9 318 840 5693 3070 2634 806(952)

6 10.9 “338 ‘ 612 6474 4920 2981 813(958)

PFP Variable 511” 7150
Office/Lab

* Fireloadfor PFPoffice/labspaceis a woodequivalentmass.

The higher estimated PFP fuel loadkg will result in a longer burning duration and thermal
exposure to structural elements in the analysis. Therefore, representative heat release rate and
temperature data are used from the full-scale fire tests along with the higher estimated fuel
loading and resulting duration for the PFP aresulin order-to provide a ‘botinding&ralysis.

The total energy content in Table 6-1 is calculated from the test data by combining the
combustible content, carpet, and interior finish contributions. The tests qualitatively contained
more plastic and plastic~based materials than the PFP office spaces and comparable quantities to
the laboratory areas. The tests show that the average’heat release rates for the compartments are
between 3000 end 5000 kW and that the fire durations we on the order of 10 to 15 minutes. The
total energy content consumed is the product of the’average heat release rate and the fre duration.
This represents the rough fraction of the fuel that was consumed during the test (i.e., the buhing
efficiency). The data in Table 6-1 indicates that the burning efficiency is less than 50 percent
for the test series under consideration. In this analysis, the fire severity in office space is
estimated assuming that 75 percent of the fuel is consumed, in the fke. This provides a
conservative estimate of the burning efficiency and will result in longer predicted burning
duration.



HNF-SD-CP-FHA-O04,REv o
PAGE 6-15

Based on the NBS fire test results and the average heat release rates reported, three tire
scenarios are developed for the PFP office rmdlor lab area. Table 6-2 summarizes the tire
durations assuming a 3000 kW, 4000 kW, and a 5000 kW average heat release rate fire in the
space. The burn duration, tb, is calculated using the following relation:

.’:

where

Qtb=~b-
9W

(6-1) .

xb = the burning efficiency (0.75),
Q = the total energy content present in the compartment (k-l), and
%vg = the average heat release ‘rate in the compartment (kW) from Table 6-1.

.
.,.

Table 6-2. Predicted PFP Office/Lab Fire Durations,.

AverageHeat ReleaseRate EstimatedFke Duration(s)
(kW)?.

~~ -

The fire durations estimated in Table 6-2 are Up to approximately 3 times greater than
those obser+ed for the NBS fill-scale test series. TMs is because the assumed burning ‘efficiency
is greater than that observed during the actual fire tesls and consefiative approximationsare made
regarding PFP firel loadings. In “orderto provide a boundkrg analysis of the thermal exposure
to the structural elements on the first floor and within the ceiling assembly, a fire duration of 30
minutes is considered in t~s malysis (i.e.; the maximum duration in Table 6-2). This, burning
duration is also greater than the office fire duration’’presentedin the FSAR [WHC, 1995] of 22
minutes. This further, supports the ‘conservative nature of the approach used in”tbis study... . . -. ’.,,, .,.. ,. .,.

The “firescenarios developed in this ‘~alysis will-have three p~~ effects on the first
floor of Building 234-5Z thatyill result in reps+ or replacement of equipment or the building

. . ..

..

(3) maximum wea of radiological contamination.
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The following sections address each of these aspects of the fire scenario.

6.3.2.5 Structural Effects

Structural damage resulting from a fire could occur in two manners. First, direct exposure
to the columns located in, or partially in, the office r+d lab spaces. Even though the columns
are protected by 1.91 cm (3/4 in.) plaster, failure is still possible if the fire is located near th~
column and burns long enough. The second manner in which structural damage can occur is via
heat transfer through the ceiling assembly. As noted earlier, unprotected light fixtures, duct
openings, “mdpipe penetrations provide an exposure to the steel structural members in the ceiling -
assembly. The transient heat transfer will depend on the location of the unprotected openings
with respect to the structural element under consideration.

6.3.2.5.1 Column Analysis

The columns modeled in the analysis are the lightest column members on the first floor.
Based on the structural drawings, the lightest columns are W14X26. This assembly has a
minimum tire resistance rating of one hour based on fire test data [AISG, 1964] Details of this
column and the vermiculite plaster on metal lath protection are sho’m in Figure 6-6. Based on
the site survey and the drawings provided by WHC, the columns are located within the pa-tition
walls between offices, laboratories, and corridors. Therefore, the column exposureresulting from
a fire in a room will typically consists of direct flame impingement over one half of the column,
with the other half exposed to the adjacent space. However, since no credit is taken for the
passive fire protection provided by the partition walls; a direct flame impingement exposure over
the entire column surface area is also considered in this analysis.

The response of the column assemblies to the fire is modeled using a two-dimensional
finite volume heat transfer model. The finite volume heat transfer software STAR*CD [1994]
is used to solve the time-dependent two-dlmensioiial heat transfer equations. In essence, this
program determines a ‘temperature distribution within a modeled structure resulting from a heat
flux of elevated temperature imposed on the boundary of the structure. The resulting temperature
distribution is a function of the thermophysical properties of the assembly (i.e., conductivi~,
density, and specific heat).

Based on the fire durations estimated in Table 6-2, it is considered that a column assembly
can be exposed to direct flame impingement for a period of up to 30 minutes. A dkect flame
impingement exposure is estimated basedon an average flame temperature of 1000”C and flame
emissivity of 0.8. This temperature and ernissivi~ pro;lde an incident flame heat flux of
approximately 120 kW/m2 to the cohunn surface, which based on test data conservatively
represent heat fluxes measured within the flame region (see Table 6-3). The material properties
of the steel and plaster rue presented in Table 6-4. The mesh arrangement for the column slice
is shown in Figure 6-7.

,.
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Table 6-3. Large Scale Pool Fire Maximum Average Heat Flux Measurements

LargeCalorimeters Heat Flux(kW/m2)

Gregory,Mata,Keltner[1987] 120

Wachtellaid Langhaar[1966] 85

Andersonet al. [1974] 100

NationalAcademyof Science[1973] 110
..

Moodie[1987] 100

McLain[1988] 85

Tayloret al. [1975] 75

.

.
....

Table 6-4. Thermal Material properties of Plaster and Steel

Material Thermal Heat Capacity Density Surface Surface
. Conductivity (J/kg-”C) (kg/m3) Emissivity Absnrbtivity

(W/m-”C)

Plaster 0.19 1200 678 0.9 0.9

Steel 51.0” 1250 7700 0.6 0.6

Air 0.01 1000 1.0” 1.0 0.0

* Decreaseswithtemperature

Typically, steel will begin to lose its structural integrity at temperatures of about 600”C
(-1 100”F). ASTM E-119’[1993], which is used to determine fue-resistive properties of materials
and assemblies, specifies that no singe point on the steel col~ can exceed 649”(2 (1200”F),
and the average temperature cannot exceed 537°C (1000”F) during the fire exposure.

-.
Figures 6-8a and 6-8b show the average and single point maximum temperaties for the

W14x26 coltyrrr protected yith 1.91 cm plaster on metal lath for both the half column and full
column fl@e exposure scenarios. The exposures assmne that there is direct flame impingement
for 30 minutes, the fire ,duration for the 3000 kW fire.

.,
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For the half column exposure, the resulting maximum steel temperature of 300”C and the
average temperature of 155°C at 30 minutes do not exceed the ASTM E-119 failure criteria. In
fact, as seen in Figure 6-8a, the column can withstand direct flame impingement on one side for
over one hour without exceeding the failure criteria. For the full cohumr exposure, the resulting
maximum steel temperat~e of 540”C and the average temperature of 455“C at 30 minutes also
do not exceed “theASTM E-119 failure criteria. A 30 minute full column exposure is a wors-t
case scenario since the partition walls containing the columns will provide some passive fire
protection. Although a fire can potentially spread through the wall, the exposure to the column
on each side will not be simultaneous during the entire fire duration.

Since the columns do not fail the ASTM E-119 temperature criteria during the maximum
fire duration for the worst case thermal exposures, the expected fire scenarios ‘inthe office anrYor
laboratory spaces on the first floor are not expected to cause structural failure of a column. This
is not surprising since the fires are of relatively short duration and the columns are well<protected.

6.3.2.5.2 Ceiling Assembly/Joist Analysis

Flush mounted light fixtures, duct openings, and pipe penetrations provide an exposure
hazard to “the steel structural members in the ceiling assembly. Previous fire tests and heat
transfer analyses have shown that heating, ventilation and air conditioning (HVAC) duct
penetrations, measuring up to 91 cm (3 ft) in diameter, in the interstitial floor/ceiling assembly
space do not compromise the integrity of steel beams and joists during a fire exposure for a
period of at least 2-3 hours [American Iron and Steel Institute, 1971; and Htighes Associates,
Inc., 1995]. For the fire tests, the joists and structural members were located within 8 cm (3 in.)
of the metal duct during ASTM E-119 fire exposures. Therefore, it is concluded that the ducted
openings in the PFP first floor ceiling will provide a fire resistance to the structural members of
at least 2 hours.

In this section, an analysis is conducted to d~ermine the maximum exposure provided by
a flush mo’untedlight fixture to the steel structural members located above. The exposure to the
ceiling members resulting from the miscellaneous pipe penetrations in ceiling are small comp~ed
to the exposure from the unprotected flush mounted light fixtures. As such, the analysis of the
light fixtures is assumed to bound other miscellaneoirs penetrations.

The effects of the fire scenarios on the structural elements above the ceiling me
determined by analyzing the effects on the lightest strrictural member above the plaster ceiling.
The analysis assumes that a,light fixture is directly below the lightest structural member, in this
case a steel joist (SJ126). The dimensions of the flush mounted light ‘fixtures on the f~st floor
are 0.30 m (1 ft) wide and have lengths varying from 0.91 m to 4.6 m (3 ft to 15 ft).. In this
analysis, the largest fltih mounted light fixtore (i.e., 0.32 m by 4.6 m) is tried to provide a
bounding scenario. As a conservative estimate, it is assumed that the room is exposed to post-
flashover conditions for the duration of the fire (e.g., 30 rnlnutes based on the longest fire
duration in Table 6-2).
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The maximum post flashover upper gas layer temperature resulting from the’NBS.fire test
series (see Section 6.3.2.3) is 958”C. Since the light fixture is direcrly exposed to this
temperature, the back side of the fixture is assumed to have a conservative temperature of 958-C
for the duration of the fire. The resulting thermal exposure to the joist is a radiation heat flux
that depends on the distance between the lower angle, middle bar, and upper angle of the joist
referenced off of the backside of the light fixture. The temperature of the air surrounding the
joist is also conservatively assumed to be 958”C. Although convective exposure between the joist-
and the heated air surrounding the joist is considered, the convective exposure is small compared
to the radiative exposure from the heated light fixture.

The radiation configuration factor between the backside of the light fixture and the steel
bar joist is given as a function of the dktance between the joist element member (lower angle,
middle bar or upper angle) and the fixture, ““c”(m); the length of the light fixture, “b” (4.6 m);
and the width of the light fixture, “a” (0.30 m) [Howell, 1992]:

(6-2)

where X = &C,and
Y = blc.

The equation calculates the coti!guration factor for the point on the j6ist that is’directly
over the middle of the panel. Other locations on the joist will have a lower cofilguration factoq
however, the higher value is conservatively used throughout. The height betweenthe light fixture
andjoist’s lower flange, middle bar, and upper flange is 0.46 m, 0.61 m, and 0.76 m, respectively
(consistent with the offices and labs located in Zones 1 and 3; the ceiling assembly is somewhat
different in Zone 3a and is addressed separately in Section 6.3.3). These correspond to
configuration factors of 0.55, 0.45, and 0.37, respectively.

The joist exposure is modeled using FIRES-~3 [Idlng, 1977], a finite element heat transfer
program designed for fire exposures; “mthree two-dimensional slices: one through the lower
angle, one through the middle bar, and one through the top angle. Figures 6-9 and 6-10 show
the boundary conditions and the mesh arrangement that is employed for this analysis. The
material properties are identical to those listed in Table 614 for steel “andair.

The ASTM E-1”19failure criteria for joist-beam &semblies where joists are spaced greater
than”1:22 m is 704°C (130~F) for a single point hot spot, and 593°C (110(YF)forthe average
temperature across “my section. Based on ASTM E-119 criteria, the average temperate is
obtained by averaging the temperature of two points on the lower flange, one at the middle of
the bar, tid one on the upper flange. Figure 6-11 shows,the temperature versus time of the four
locations as well as the average (dotted line), It is seen that the joist temperature does not exceed
the 704°C single point criteria nor the 593°C average temperature during the 30 minute exposure
(3000 kW fire).
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Several conservative assumptions are made in this analysis, including:

(1) h actual fire will have a growth and decay period and, therefore, will not result
in post flashover temperatures during the entire tire duration,

(2) The light fixtures used on the first floor of the PFP are typically 0.25 m by 1.22.
m, smaller than the assumed dimensions used in this analysis. This would resuli
in a less severe radkint exposure to the structural members, rural

(3) The temperature of the light fixture will have some thermal lag between the upper -.
gas layer temperature. This will result in a less severe radiant exposure to the
structural members.

This analysis over compensates for actual conditions in order to provide bounding results
which can be applied to all of the office and lab areas on the first floor of Building 234-5Z.
Since conservative estimates are made regarding fuel load, fire duration, ceiling openings, and
thermal exposures, it can be concluded that a fire in an office rind/or lab space is not expected
to cause structural failure for areas in Zone 3a. The ceiling height, gap height, and the structural
member. size in Zone 3a are the same”for the office locations in Zone 1. Therefore, this
discussion can be extended to include those spaces as well. A separate analysis is presented in
Section 6.3.3 for areas in Zone 3 which have different fuel loadings and less advantageous ceiling
contlgurations.

6.3.2.5.3 Fire Spread “&rdInvolvement

The “maximumnumber of spaces vat a tire can involve depends on a number of factors,
including whether the doors are open, the amount of combustibles present within the offices,
laboratories, and halls, and also the extent of the penetrations in partition walls. This analysis
assumes that all doors are open, providing the maxi’mumpossibility for flame spread. Without
penetrations, a vegniculite plaster wall of such a construction has a fire rating of 1 hour.
However, since many of the walls have penetrations and unprotected openings, no credit is taken
for their passive protection capabilities.

The 20 cm concrete wall separating Zone 3a from Zone 3 will provide passive fire
protection for a period of.at least 1-hour (see Section 3.1). During the site visit, there were no
combustibles present in the hallway adjacent to the wall which could provide a direct fire
exposure., Therefore, exposures to the concrete wall ,result from flames and hot gases emitted
through openings in the wall of the office and laborato~, spaces across the hall. Openings in the
concrete wall are tyPicaIly not dkectly exposed to other corridor openings. Where doors in the
concrete wall are exposed, they are typically ,doors serving contaminated areas; therefore, ,they
are being kept closed. Also, there are no combustibles in the vicinity of these doors. Since an
office andlor lab fire is not anticipated to last longer than 30 minutes based on the available firel
load, a fire in these spaces is not expected to spread to the north areas of the building beyond the
concrete wall.
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Since Zone 3 is at a lower pressure than Zone 3a, smoke and radiological contamination
resulting from a fire in Zone 3a is assumed to spread throughout Zone 3. The same is true for
the first floor ceiling assembly; while the plaster prevents structural failure and fire spread
through the ceiling assembly, smoke and contamination is assumed to spread to the duct level
through small penetrations and unprotected openings.

‘ WMle a fire can occur in any Qfthe office and laboratory spaces on the first floor, this
analysis focuses on the area resulting in the maximum fire spread and potential monetruy darnage.
A tire in the south-east corner of the first floor (e.g., analytical labs) has been identified as the
worst case fire scenario based on the value of the contents in this aea and the extent of potential -“
fire spread.

Since no credit is taken for partition walls between spaces, a fire in the analytical labs can
spread laterally until it reaches a point where either there is no fuel to propagate the tire, or some
barrier provides a fire stop. Figure 6-12 shows the maximum ‘area of fire spread which can
potentially result from a fire in the analytical labs. As noted earlier, the limited fuel load and
concrete “wall separating Zones 3 and 3a prevents fire spread”beyond the north end of the
analytical labs. ,.

To the west, the fire can continue to spread through the Instrument Shop, offices, change
room, and room nos. 166 and 170. Because of limited tirel. load in the exposing area and
exposed area, the fire is not expected to spread beyond the airlock (i.e., room 171) into the
Plutonium Can Storage area. This is because there are no combustibles within the airlock nor
in the storage room to sustain a fire capable of penetrating the plaster partition wall. In addition,
the vaults adjacent to the airlock are constructed of concrete walls which will further prevent any
fire spread. Since there are limited combustibles in the hallway adjacent to the fire area (i.e.,
corridor 3 and 5), this is not expected to be a viable route for fire spread.

The’4-hour fire wall which separates Building 234-5Z from 234:5ZA prevents fire spread
to the east of the analytical labs. ”This fire wall is’importrmt because it preverits the fire from
spreading into Building 234-5ZA and back into 234~5Z on the other side of the concrete walls
located along coluhur lines C and E. Therefore, it is recommended that a l-hour fire resistance
rating be maint~lned for this wall. However, the 2-hour fire resistance rating of the 234-52A
roof assembly is not required and should not be maintained.

., ,.

While the plaster ceiling will protect”-{hesteel structural members for the duration of the
expected fire scenarios, heat transfer through the c<lling assembly can causethe steel deck on the
duct level floor to exc~d ignition temperatures for ordhry combustibles.’ During the site,visit,
there were no combustibles observed in the duct level: Therefore, there is no means for the fire
to spread to the duct level. If conditions change and combustible mitetials are stored in the duct
level, the maximum fire spread analysis will ~ to be re-assessed.’ ‘‘

,,



I
4

.,
\ .: .:.-, . .~.fzy I -. :::5+ ‘.m.\Jl ,1 -. . . . . ------ .“- .— + .-, .,,. - % — ———---.i.

,,

....,



HNF-SD-CP-FHA-O04, REv o
PAGE 6-31

Since Zone 3a is a contaminated zone, smoke from the fire will contaminate all zones and
areas of equal and lower pressure. As discussed in Section 15.5, the smoke and combustion
products resulting from afire in thk area can potentially clog the High Efficiency Particulate Air
(HEPA) filters in the E-3 filter banks. This can result in contamination spreading throughout the
building as the differential pressure between zones is compromised. In addition, a chance of the
loss of negative pressure in’the building relative to the outside exists and, therefore, a radiological
release can occur. A release to the enviro~ent is expected to be minimal because there are no
direct openings to the outside. However, smoke and contamination products can escape through
doors, cracks, and other small openings.

,.
The contamination area requiring cleanup is estimated for the analytical lab fire scenario

by calculating the total wall, floor and ceiling area for the perimeter of each level for the entire
building (i.e., the first floor, duct level, and second floor). The area of the first and second floors
is tripled and the area of the duct level is doubled to conservatively account for the surface aea
of individual room partitions arid walls. Table 6-5 shows the contamination areas by level for
a fire in the analytical labs.

..

Table 6-5. Maximum Contamination Areas for Office Fire

Location -ContaminatedSurfaceArea

~~? ‘~
. ..L. ,.

The maximum damage resultinj from an office or laboratory fire in either Zone 1 or Zone
3a is fire involvement in the analytical labs. .This area contains the highest concentration of.
expensive equipment as well as a large number of office and lab spaces close together. This area
is also contaminated and ‘results in a larger surface area requiring cleanup of radio nuclides than
if the fire were loc:ted in”2one 1,or Zone’.3.’Si-ucIL@ dmage is not expected based on the
conservative fire scenarios considered. In otaer to ensure,that the worst case fire scenarios have
been considered for the first floor,, the potential for structural darnage and fire spread for a fue
occurring in the glovebox process line..area of Zone 3 is considered in Section 6.3.3.

...-. .
,.. .,:,

6.3.2.6 Impact of Automatic sprinkler System -. ;‘ ‘‘;‘, <
..: .: , . ..~.- . “’”’.’

The results ofti’e previous”sections assiie that the automatic sprinkler system, which is
installed throughout the PFP office “knd lab &eas, does not operate. In this section, the
effectiveness of the automatic .sprirrkler system is assessed.,.:-... ,,

.’,, .
;..

... :‘:.-,.
,’. ” ,.”” ..:
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DETACT-QS, as included in FPETOOL Nelson, 1990], is used to determine the ;esponse
time of the rmtornatic sprinkler system. The heat release rate of the fire is assumed to be
characteristic of a fast growing fire, which is consistent with the NBS test results presented in
Section 6.,3.2.4. It is assumed as a worst case scenario that the fire starts at a point which is in
the center of the sprinkler spacing. Based on a ordinary hazard occupancy, the sprinklers in the
office and lab spaces are ‘installed on an approximate 3.0 m x 3.7 m (1Oft x 12 ft) spacing. This
yields a maximum radial distance of 2.4 m (7.8 ft) between the fire and the closest sprinkler:
The activation temperature of the sprinklers is taken to be 74-C (165.F). Because the RTI value
of the actual sprirrlders is unknown, a typical value of 165 (rnk.)”2 (300 (ft/s)*’2)is assumed.
The fire is assumed to occur at the floor level and the sprinklers are located approximately 3.o
m (10 ft) above the floor.

A predicted response time of 180 seconds is calculated. At this time, the fire has grown
to a size of approximately 1500 kW. Since DETACT.QS assumes art unconfined ceiling, which
is not the case “forthe office and lab spaces, the predicted results will be conservativecompared
to the actual response time. Sprinkler activation within 3 minutes (i.e., 180 seconds) is expected
to control the fire to the room of origin and prevent fire spread to adjacent areas. Therefore, the
maximum damage resulting”from a fire in an office and lab space protected by an operational
automatic sprinkler system is limited to loss of contents in a single room. Depending on the
location of the fire, contamination of the facility is also possible. The maximum contamination
for this scenario”is bounded by that described in Section 6.3.2.5.3.

6.3.3 Analysis of Glovebox Process Area Fire

6.3.3.1 Fuel Loading

The process areas located in Zone 3 contain a number of gloveboxes and hoods which
typically have plastic window panels and other combustibles (See Section 7.0). The worst case
scenario for the process areas is selected based on the largest concentration of gloveboxes and
process equipment. The area which contains the former RMC-line, located roughly in the center
of Zone 3 (Rooms 228A, 228B, and 228C), has been qualitatively identified as having highest
fuel load potential. The total firel load within this space is reported in the FSAR [WHC, 1995]
as 2790 kg of wood equivalent, or approirirnately 5 times the estimated office/lab fuel load.

Since most of the fuel in this -mea consists of plastics, the wood equivalent mass is
converted to a plastic equivalent mass using the method desciibed in Section 6.3.2.3. Using this
method, the heat output from 2790 kg of wood is equivalent to approximately 1000 kg plastic
fuel load. While the heat output from the two different fiiel loads is equivalent, the fire growth
rate for celhdosic (wood) and plastic fires will be different. For the office and lab fuel loads,
full-scale tire tests are “used to estimate the tire .grow-ih’rate based on similm, fiel loads and
conflgrsrations. For the process ties fire, the gro’ivthrate is conservatively estimated based on
literature correlations consistent with plastic fuel loadings. ,,
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6.3.3.2 Fire Scenario Development

The actual process area containing the former RMC glovebox process line consists of three
rooms which are” se,mi-connected. The” total floor area of these three process rooms is
approximately 126m-(1350 ft2), orabout42m2 (450 f?)pers pace. Thedistrmce between the
plaster ceiling and the d~ct level floor is the smallest in thk area for the three zones on the first
floor. As a result, the heat transfer to the unprotected steel beams, columns, and joists within
the~ceiling assembly will be at a maximum in thk location.

~~ Based on the site survey, the three rooms containing the former RMC line appear to have -”
similar fuel loadings and configurations. In this fialysis, the three rooms are considered as a
single compartment since they have similar fuel loads and are open to one another. In addition,
the fuel load reported in the FSAR is for the three rooms as a whole. Rather than divide the fuel
load evenly between”the rooms and consider each room individually, the total fuel load is used
based on the floor area and volume of all three rooms. Since ventilation conditions are uniform
in the rooms, the effects from a fire will be equivalent. :.

....

~~,’ A ‘tire involving the gloveboxes in Rooms 228A, 228B and 228C can be characterized
breed on the fuel load, ventilation air supply, and room geometry. Several fire scenarios are
developed and used to determine the most severe duration-temperature combination. The fuel
load “inthis area consists primarily of the plastic window panels on the gloveboxes.’ The are
limited runounts of other combustibles. The fire is assumed to grow quadratically as a fiction
of time. The heat release rate versus time for a tire is calculated from the following equation
[Evans, 1986]:

,.

Q = at’ (k.W) (6-3)

where Q = the ,heat release rate (kW),
a = the fire growth rate coef~cient ‘(kW/s2),and ~
i = time (s).

The growth rate of the fire is expected to be a fast fire with a ‘equalto 0.0469. This heat
release rate is consistent with plastic based materialsin various Cotilg&ations ~FPA 72E, 1993].
The fire is assumed to grow at the ‘fast’ growth rate until either of two events ‘occrm

,Flashover is’considered the “Pointwhere’the”firestops growing and eitheideclines or levels
off, burning under ventilation li&hed conditions. This typically Oc&u&’whenth’eroom upper gas,. ...
layer temperature reaches 500”C to 600°C,’ wtich is g&ierilIy hot”“enough to ignite most
combustible surfaces and results in an increase in the hiai’ release rate to the point the fire
becomes ventilation limited.
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The total fuel available for combustion is estimated to be 2700 kg wood equivalent or
about 1000 kg of equivalent plastic materials, as described in Section 6.3.3.1. The mass loss rate
for the fuel is determined by dividing the heat release rate by the heat of combustion of the fuel
and the duration is determined when the integral of the mass loss rate over time equals the total
mass of fuel available (i.e.,. 1000 kg). The heat release rate and heat of combustion are known
for the plastic fire in the process area. A fire that continues to grow at the ‘(fast”rate and which-
develops without constraint requires approximately 1345 seconds (22 minutes) to consume 1000
kg of fuel. Using Equation 6-3, when all of the fuel is consumed, this corresponds to a peak heat
release rate of 84,750 kW withh the space. This is an unreasonable tire because of ventilation
limitations, but serves as a boun@rg scenario. A tire in the C-Line gloveboxes will reach a -
ventilation limited condition before all of the mass is consumed and will burn at a steady state
value depending on the ventilation until all of the fuel is consumed.

6.3.3.2.1 Ventilation
+

The ventilation of the process area consists of several doors and an air stipply through
ceiling vents. The total flow rate for the supply air is reported as 17.9 m3/s (37,900 cfm) for all
of Zone 3 [WHC, 1995]. Based on the HVAC drawings, the air flow in Zone 3 is uniform based
on air changes per hour. This results in equal air flows per unit floor ‘meaof spaces with equal
room heights. The rooms containing the former C-Line comprise less than 1/8the total floor area
of Zone 3. Assuming that the supply rate is proportional to the floor area in each of the rooms
in Zone 3, this yields an air supply rate of approximately 2.2 m3/s (4,660 cfm) for Rooms
228A,B,C. Since higher ventilation rates can support larger fires, the supply is conservatively
assumed to be 1/2the total supply to the zone, or 8.95 m3/s (18,950 cfm) for a bounding analysis.

In addition to the supply, there are two doors comecting the space to the adjoining
hallway in Zone 3a and two doors connecting the space to the adjacent Room 230A. .~e two
doors between Rooms 228A-C and the hallway are double width and measure approximately 1.82
m wide by 2.13 m high. The remaining two dr)ors that connect to Room 230A measure
approximately 0.91 m wide by 2.13 m high.

6.3.3.2.2 Fire Growth and Duration

In order to calculate the fire effects on the struc~al elements, the brrrrjduration and upper
gas layer temperature over time are required. Based on the potential veritilation conditions”in the
process are< four different configurations are considered in order to determine the worst case
upper gas layer temperature - fire duration’ combination. These foti ventilation configurations
are listed in Table 6-6.

The doors betyeen the compartments in the process area are assumed to be open at all
times. However, while the doors leadlng to the hallway are assumed to ‘be open in estimating
the peak fire sizes and temperatures for two of the scenarios, these doors are normally kept closed
since they serve contaminated areas and are used maintain negative pressure between zones.
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Table 6-6. Ventilation Configurations for Glovebox Process Area Fires

Configuration SupplyFans Doorsto Hallway
. I On Open

2 On Closed ..
3 off Open.>..

./. ..,, . 4 off Closed
.,., . . . ,.

The multi-zone computer fire model, CFAST Version,2.0.1 (Consolidated Model of Fire
Growth and Smoke Transport), is utilized to appraise the potential conditions developed for the
various configurations.

.,

.,< ..CFAST was developed at the National Institute of Standards and Technology (NIST):.
.[Peacock;’et al., 1991]. CFAST is capable of modeling steady or non-steady burning conditions
in /multiple compartment configurations. In CFAST, the initiating tire is user-specified, but
internally.controlled by fuel and air supply rates. The model divides each compartment into two
zones in vertical relationship with the development of the fire. The two zones are an upper zone
which:contains a hot layer and a lower zone which is, at least ititially, relatively cool. The basic
equations .’describethe mass and energy transfer from zone to zone. Mass and energy transfer
between the zones is produced by plumes, mixing at vents (comections between compartments),
radiation between layers, and heat transfer at the boundary surfaces. The prime equations in
CFAST are based on the application of mass and energy conservabon principles (control
volumes) to homogeneous upper and lower gas regions in multi-compartment systems.

The CFAST model and its predecessor, FAST, have been exte~sively tested. The results
have been repofted in peer reviewed documents.. The two most applicable me .’<Comparing
Compartment Fires with Compartment Fire Models” by Nelson and Deal [1991]and “Verification
of a Model for Fire and Smoke Transport” by Peacock, Jones, and Bukowski [1993]. These
analyses showed good agreement between CFAST (o: FAST in the case of Nelson and Derd) and
fire tests for the estimation of temperature and interface layer. There are cases of variation
between the tests and +e predictions of the model. In these,, the upper layer temperatures
predicted by CFAST are somewhat,higher than experimental measurements, a conservative result.

.,. ,
Each ventilation cofilguration in the”process area “is modeled in CFAST to determine,,

when the fire becomes ventilation limited. Once each fire scenario reaches steady state ‘burning
conditions, the fire is allow. ~!to run in CFAST until the fuel is efiausted while burning at the
steady state heat rele+e rat?., After the fire becomes ventilation limited, a 75 percent burning
efficiency is used as decribed in Section 6.3.2.4. A copyof the CFAST input data is provided.
in Appendix C. . . .

.,; ,
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The duration of the fire after it has become ventilation limited is calculated from:

(m, -m,) AH=
td= Xb

Q.
(6-4)

where xi) = the burning effrciency(O.75),

r% = thetotal fuel mass available (1000 kgphrstic),

‘L = the mass lost during the fire growth as calculated from the fast fire
growth equation, and

AHC = the heat of combustion for plastic (38000 kJ/kg).

Table 6-7 shows the tire characteristics for each configuration and Figure 6-13 shows the
upper gas layer temperature versus time for each case as predicted using CFAST. A1though
CFAST is a pre-flash over model and each contlguration flashes over, the model is only used to
determine the average upper gas layer temperature. Since the layer drops almost to the floor, this
reduces to an energy balance where the model is injecting a known quantity of energy into the
layer and calculates the heat transfer losses to the wall and theresulting temperature rise of the
gas layer.

Table 6-7. Fire Characteristics Glovebox Process Area Fires

Contiguratiou Time to Ventilation MaSSLost SteadyState BurnTimeat Peak UpperGas
ControlledBurning During Heat Release SteadyState (s) Layer

(s) Growth(kg) Rate (kW) TemperatureCC)

1 864(14.4rein) 265 35000 599 (10.0 rein) 1028

2 669 (1 1.2 rein) 123 21000 1190 (20.0 rein) 854

3 786 (13.1 rein) 200 29000 786 (13.1 rein) 966

4 584 (9:7 rein) 82 16000 1635 (27.3 rein) 770

,.: ...
6.3.3.3 Effects of Glove60x Process Area Fire

A fire in the ‘=ea containing the former RMC glovebox process line is expected to be the
worst case fire scenario for all ~eas within Zone 3. This is due to the high”fuelload in the space
compared to. other areas, and also the small distance between the plaster ceiling and the
unprotected structural elements in the ceiling assembly. Since a fire in this zone will not
contaminate a greater area than the fire scenario considered for the analytical labs (Section 6.3.2),
only two issues are considered. First, does the larger fire size and smaller separation between
the unprotected structural elements and ~elight fixture in the ceiling present a structural dangeq
and second, what is the largest area expected for fire involvement?
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6.3.3.3.1 Column Analysis

The structural analysis for the tire is performed in a similar manner as for the weas in
Zone 3a (i.e., the analytical labs, Section 6.3.2). The columns in the process area are assumed
to be exposed to direct flame impingement for the duration of the fire. As with other areas of
the PFP, the lightest cohirnrrmember is W14X26protected by 1.91 cm (3/4 in.) plaster. Based
on the fire durations presented in Table 6-7, the longest fire in the process are% including th;
growth period and steady burning, is approximately 37 minutes (cordiguration no. 4). As seen
in Figure 6-8 in Section 6.3.2.5.1, the maximum and average temperatures of the column do not
exceed the ASTM E-119 criteria within 37 minutes. Therefore, structural failure of the columns
is not expected.

6.3.3.3.2 Ceiling Assembly/Joist Analysis

The exposure to the unprotected elements in the ceiling assembly is done sirrdlar to the
analysis in Section 6.3.2. As with the analytical labs fire scenarios, a SJ126 joist is used as the
lightest structural member. However, the separation distance between the ceiling and the joist
member is much smaller for this scenario: 0.22 m between the lower angle and the light fixture,
0.37 m between middle bar tid “the light fixture, 0.52 m be~een the top angle and the light
fixture.

The resulting radiation contlguration factors, assuming that all portions of the joist
elements are directly over the center ,of the light fixture are ,0.81 for the lower flange, 0.63 for
the middle brw, and 0.50 ‘for the tipper bar (Equation 6-2). The upper gas layer temperature
curves that are calculated in section 6.3.3.2.2 using CFAST are used to approximate the exposure
temperature rather than assuming a constant peak post flaahover temperahwe. This is because the
space will not reach flashover condhions as rapidly as the smaller offices and labs considered
earlier. In addition, given the smaller spacing of the ceiling assembly, a slightly less conservative
approach is followed. ‘ The boundary conditions’ are otherwise the, same as with the joist
calculation in Section 6.3.2.5.

,. .,. ,

Flgtie 6-14 shows the joist average and peak .ternpeiatures for the worst-case ventilation
conditions (i.e., doors open, fans on). In all cases: the,peak temperature and average temperature
are below the ASTM E-1 19 failure’criteria for joists (i.e., 704°C and 537”C,respectively). Since
the fire scenarios postulated in the process area are worst case fire scenarios within Zone 3,
structural failure of the ceiliig assembly’is not expected. -

,,

6.3.3.3.3 Fire Spread’”~d Involvement . . . .-

~e maximum ““seaof fwe involvement resrrltkg from a .~re in tie glovebox process area
is shown in Figure 6-15. No “involvementis expected into Room 236 because of the ‘absence of
combustibles as obse~ed during the site visit., The’ wall between ROOrn ZS5B” “md the
Radioactive Acid Digestion Test Unit is plrister on metal lath that without penetritioni”will “have
at least a 1 hour rating. Although small penetrations will permit smoke fid contamination
spread, they are considered too small to permit flame spread. In addition, there are Iirnhed
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combustibles in the Radioactive Acid Digestion Test Unit area to permit fire spread. Finally, the
fire is not expected to travel to room 224 for similar reasons. The wall between Room 227 and
Room 224 is the same plaster on metal lath, and the space between Rooms 233 and Room 224
(Room 232) is essentially a hallway/stair area without any combustibles for spread. The length
of thk section is about 12 m. Thus, the area of fire involvement is confined to the C-Line end
A-line of the glove boxes ‘and to several adjoining office end “laboratory spaces. The concrete
walls are expected to limit fire spread as dkcussed in Section 6.3.2.5.3. -.

6.3.3.4 Impact of Automatic Sprinkler System
. .

The results of the previous se~tions assume that the automatic sprinkler system, which is
installed throughout the RMC process area, does not operate. In this section, the effectiveness
of the automatic sprinkler system is assessed.

DETACT-QS, as included in FPETOOL Nelson, 1’990],is used to determine thf response
time of the automatic sprinkler system. The heat release rate of the tire is based on the growth
rate described in Section 6.3.3.2 for the process area firel load.” It is assumed as a worst case
scenario that the fire starts at a point which is in the center of the sprinkler spacing. Based on
en ordinary hazard occupancy, @resprinklers in the process area are installed on an approximate
3.0 m x 3.7 m (10 ft x 12 ft) spacing. This yields a maximum radial distance of 2.4 m (7.8 ft)
between the fire and the closest sprinkler. The activation temperature of the sprinklers is taken
to be 74-C (165°F). Because the RTI value of the actual sprinklers is unknown, a typical value
“of 165 (m/s) ‘n (300 (tVs.)*n)is assumed. The fire is assumed to occur at the floor level end the
sprinklers iue located approximately 4.9 m (16 ft) above the floor.

A’predicted response time of215 seconds is’calculated; At t+is ‘time,the fire h= grown
to a size of approximately 2,150 kW. Since DETACT-QS assumes en uncordhed”ceiling, which
is not the case for the process area,’‘the predicted results will be conservative compared to the
actual response time. Sprinkler activation within 3.-4 minutes (i.e., 21’5seconds) is expected to
control the”fire to the process area ~d prevent fire spread to’ adjacent areas. ..Therefore,the
maximum damage resulting from a fire in the RMC process area with’ automatic sprinkler
actuation is limited to the .1OSSof contents in the process area. Fire involvement of the
gloveboxes is “expected to be controlled prior, ,to breac~g the, glovebox ti,ndow panels.
Therefore,’ fire spread throrrgh the gloveboxes doe:,,:ot occ~ (see Section 7.0).,.. . ,, . .,”.

The most severe fire exposure on the second floor of Building 234-5Z results from a
breach of the hydraulic elevator pump, piping, or resekvoir located in Room 321 between cohtrnn
Ba-14 end the elevator. This scenario can potentially result in 568 liters (150 gallons) of
hydraulic oil spilling on the floor in Room 321 witlisubsequent ignition.’ The oil is used in the
elevator hydraulic lift &d the amount which cim potentially spill in Room ’321will depend on
the location of the,elevator. .As a worst case scenario; all 5@,liters (150 grdlons)is a@rned to
spill &id ignite. ‘” ,. .

. . . . .’ .,. .,,-;’.,
; ‘.. ,’ -.. 4“,>,,.”,>, . :..,...,,,,. ..:,
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The concerns for the analysis of the fire include the extent of structural damage to the
building and the degree of fire propagation resulting from the initial fire event. The thermal
exposure to the structural elements in the building is estimated in two ways. The first approach
is to calculate the potential haimrds, using zone fire models, to estimate the average upper gas
layer temperature. The second is to estimate the direct exposure of the structural members
located within the spill tire. Based on the degree of structural damage and the available fuel
load, the maximum extent of fire propagation can be determined.

.

6.3.4.1 Fire Development

The size of the fire will depend on the rate at which the fuel is spilled and the area in
which the oil spreads out over the floor. Since there are no barriers to confine the hydraulic oil
spill, the geometric size of the fire is not well defined and can vary significantly. In order to
determine the maximum impact of the fire on the fan room, a range of fire sizes are chosen and
evaluated. Table 6-8 summarizes the pool fires used in this analysis. In this analysis,tiall spill
configurations are assumed to be circrrlru; however, the actual cofilguration can have a variety
of geometric shapes. Changing the shape of the pool fire for a constant surface area does not
affect the total heat output from the fire and does not change the overall results of this analysis.

Table 6-8. Pool Fire Characteristics

Diameter Area MassLossRate Heat ReleaseRate Fire Duration
(m) (m2) (kglsec) (MW) (rein)

3.0 7.1 0.31 13.1 25.6

4.0 12.6 0.55 23.3 14.5

5.0 19.6 0.86 ,L 36.3 9.3

6.0 .28.3 1.25 52.4 6.7

For each of the post@ateclfire scenarios, the computer tire model CFAST is used to
estimate the conditions in the’fan room. Figures 6-16, 6-17, and 6-18 show the heat release rates,
upper gas iayer temperatures, and layer interface heights”as estimated by CFAST for each of tie
four scenarios, respectively. The 13.1 MW fire is the only configuration of the four which does
not reach ventilation controlled conditions. The larger fires reach their maximum heat release
rates and begin to decay as oxygen”becomes limited in the room. As seen in Figure 6-17, the
52.4 MW fire yields the maximum upper layer temperature of approximately 420”C. This is
below the 500-600”C temperature criteria typically used to determine flashover in a compartment.
Therefore, flashover conditions are ,not expected in the fan room.

.
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Figure 6-18 indicates that the hot gas layer descends to the floor within 5 minutes “forall
four fire conflgtrrations. Therefore, all equipment (including the fans) in the room will be
exposed to elevated temperatures during the fire. Typically, temperatures on the order of 175-
250”C are sufficient to cause electrical damage resulting in equipment failure. While the upper
gas layer temperatures for the various spill configurations are not sufficient to cause damage to
structural members, the temperatures are expected to thermally damage all of the equipment in
the fan room.

6.3.4.2 Localized, Direct Exposure of Structural Elements

Most of the structural members on the second floor me exposed steel. Several of these
unprotected colurrms and beams will be dkectly exposed to the pool tire for this scenario.
Typically, steel will begin to lose its structural integrity at temperatures of about 60VC
(-1 IOO”F).ASTM E-119 [1993], which is used to determine fire-resistive properties of materials
and assemblies, specifies that no singe point on the steel column can exceed 649°C (120QTF)and
the average temperature cannot exceed 537°C (100VF) during the fire exposure. As such, once
the thermal exposures are krrown, heat transfer.models can be applied to the structural elements
in order to determine the possibility of reaching critical failure temperatures.

The response of the exposed column members to spill fire is modeled using a two-
dimensional finite volume heat transfer model. The finite volume heat transfer software
STAR*CD [1994] is used to solve the time-dependent two-dimensional heat transfer equations.
In essence, this program determines a temperature distribution within a modeled structure
resulting from a heat flux of elevated temperature imposed on the boundarj of the stmcture. The
resulting temperature distribution is a function of the therrnophysical properties of the assembly
(i.e., conductivity, density, and specific heat).

A direct flame impingement exposure is estimated based on an ave<ageflame temperature
of 1000’C and flame emissivity of 0.8. This tempenwure and emissivity provide an incident
flame heat. flux of approximately 120 kW/m2 to the column surface, which based on test data
conservatively represent heat fluxes measured withhr the flame region (see Table 6-3). As with
the earlier colunm analysis, the lightest stmctwal member is used in the model (i.e., W14x26).

... .,.’ ,-.
“‘Figure 6-19 shows the boundary conditions for the exposed columns. The maximum

single point and average steel temperatures for the column as determined using STAR*CD are
shown in Figure 6-20. It is seen that the steel temperatures exceed both the ASTM E-119 single
point and average temperature criteria within 1-2 minutes.
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For direct fire exposures, steel columns will typically exceed failure temperatures y+ithin
2 to 5 minutes. The estimated faihre time predicted using the heat transfer software is somewhat
faster than this because conservative assumptions are made regarding flame heat flux and column
dimensions. Even so, the pool fire durations, as seen in Table 6-8, are sufficient to cause
structural failure to exposed column members. As a conservative estimate, it is assumed that
exposed columns can withstand no more than a two minute hydrocarbon pool fire exposure. The
maximum number of cohuims which can fail is determined by the largest size fire which will
consume all 568 liters of fuel in 2 rpinutes. This corresponds to a 90 m2 (970 f?) spill
corrtlg~ation having an equivalent diameter of 10.7 m (35 ft). Whereas a ruimber of spill
contlg~ations’are possible, a circular spill centered at column Ba-15 will expose and fail cohrrmrs
A-14, ~n15,’A-16, Ba-14, Ba-16, and C-16.

....
Column failure resulting from direct flame exposure can potentially resul~in collapse of

the “ceilingassembly. This can have several impacts on the facility.” For one, collapse of the roof
can provide an opening to the exterior. ” If areas of contamination are involved in the fire, this
provides a means for spreading contamination tothe outside. Second, failure of the columns and
ceiling assembly can potentially cause the walls separating adjacent areas, including the backside
of the facility, to collapse. This can allow the fire to spread to these areas if combustibles are
present:,

6.3.4.3’ Fire Spread and Darnage

Office and storage areas adjacent to the fan room contain combustible materials including
typical office supplies, storage boxes and crates, paper goods, m-dmiscellaneous plastic materials
Thk tiel load provides a means for propagating the fire beyond the fah room. All of the
partition walls are corrrtructed of plaster on metal lath and contain miscellaneous penetrations.
Further, local faike of the roof assembly “inthe fan room. can potentially violate the partition
walls. Therefore, the ‘passive fire protection features in this area ae not considered.

The fire can spread. throughout much of the front side of the seco~d floor. The extent
of fire spread is ,expected to involve all of room 321 and the, offices and spaces along corridor
31. Unprotected columns and beams in the office areas will also likely exceed failure
temperatures, and caiI potentially, result in additicmal structural fdlure. This will provide
additional openings to the exterior and result” in’ additional “damage to partition walls and
assemblies. The fire can continue to spread we,s~,untilit reaches the 1-hour fire wall protecting
room 304 (i.e., the Plastics/Supply ,Shop). Since;of~ce fjres ~e,not expected to burn longer than
30 minutes (see Section 6.3.2.4), +e fire is not,expected to penetrate the I-hour”fire wall.

,.: ‘. ,,,,, ,,

Structural failure of col~s ~d roof assembly can potentially collapse the wall
separating the front side”from the””,backside. .This hllows fire -spre~d“into tie= “’whichare
potentially contaminated. Since there are limited combustibles (almost none) in tie backside of
the second floor, the fire is expected to be contained primaily to the front side. However, as a
worst case analysis, the walls enclosing the E-4 filter b-s. are assumed to collapse, thus
exposing the contaminated @pA filters to the”fire. It”skoidil be noted that fire spread to this
area is unlikely but is considered in order-to evaluate the consequences of such an event. ,,,,
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The filter boxes on the backside of the second floor (e.g., room no. 308) me also
contaminated. However, they are further, from the fire than the filter rooms and there are no
combustibles to allow fire propagation to the filter boxes. ”Therefore, whtle structural collapse
of the roof assembly may breach fid expose the filter boxes, their contents are not expected to
become involved in the fire.

.,
Figure 6-21 shows the extent of fire spread and damage resulting from this scenario. Fire -

spread is primarily contained to the front side.of the floor. However, given the large number of
column and be~ failures expected as a result of the dkect flame exposures, structural collapse
of the entire roof asseriibly can not be precluded. Conttihia&on resulting from the fire will -
include the entire second floor arid release to the environment through the breached roof
assembly. The total floor, ceiling,’“ad wall srirface area “which will require cleanup on the
second floor is approximately 15,200 m2 “(16.3,650@’). ‘The extent of contamination to the
outside is assessed in Section 15.2. ‘ .,

*

6.3.4.4 Impact of Automatic Sprinkler “System’

The results of the previous section: ass~e that the automatic sprinkler system installed
tlyoughout the PFP facility does not operate. In this section, the effectiveness of the automatic
sprinkler system in controlling the hydraulic oil spill fire is assessed.

A combustible “liquid oil fire”’pres,entsa special ,problem in that ,the water flowing from
the sprinklers may carry the floating b~ng liquid from the soriice to other areas in the space.
Therefore, while sprinkler activation yfrll,:occ~ :during *: ~rst Several minutes of the fire, the
sprinklers rue not expected to fully con~ol the spill fire. ~As a result, thermal darnage and fire
spread in the fan room can OCCW. ““:..-”.’~ ‘,. ;“ .“ :,“”. ”””

.

Although automatic sprinkle; protection in the fan room is’not expected to extinguish the
liquid pool fire, sprinklers in adjacent spaces wilipreveht,fire sp;ead,throughout the second floor.
In’addition, while the pool fire can spread,out’@co,ntinue to br+mfollowing sprinkler actuation,
the cooling effect of the water i: expected,,to prevent,~~gnifictirrt darnage to the structure.
Therefore, the maximum damage resulting fiorn”the hydraulic oil spill fire is limited to loss of
contents in the fan room and loc,al~zed-it~”c~~,al d~age, resu!t~ngfrom the,pool fire exposure.
Since automatic sprinkler protection contains’ the ,fire to .y@hin the fan room, there is no
contamination resulting from this scenario. - +..,:.i:> ~‘: -,.,>.:,,., .-, . . . ... . .. . ...:..-..., ,,.. . ...,
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6.3.5 Analysis of Hydrogen Generation in Plutonium Storage Rooms

The largest plutonium solution storage area in Building 234-5Z is Room 236. “Hydrogen
generation data for stored plutonium solutions in Room 236 was provided by WHC [Genoni and
Washburn, 1985]. The data reflects a bounding analysis based on the storage of plutonium nitrate
solutions. The analysis asiumes that the plutonium concentration in the plutonium nitrate solution
is 450 g per liter and 8.5 to 10 liters of solution are stored per container. In reality, twe
concentrations are maintained at about 350 gr~s per liter to reduce solids formation [Rodgers,
1996]. ,4n analysis is performed to determine if a flammable concentration of hydrogen can be
generated in the storage room. The lower flammable limit (LFL) for hydrogen gas in air is 4.o%
volume [Beyler, 1988].

The bounding hydrogen generation rate calculated in the WHC analysis [Genoni and
Washburn, 1985] is 0.82 liter per week per container. Since the containers are vented to the
room, the maximum volume of hydrogen introduced into the room is 0.82 liter per’”week per
container. The maximum number of containers in Rooin 236 at any one time is 378 [Rodgers,
1996]. As such, the maximum vohrme”ofhydrogen introduced into the storage roomis310 liters
per week or 44.3 liters per day. Becatise of the high diffusion rate of hydrogen and the layout
of the drums on the floor, any hydrogen mixture generated in the space will be well mixed.
Therefore, only well mixed hydrogen environments are considered in this analysis.

Under normal conditions, the air flow rate through Room 236 is 193m3/min (6800 cfm)
[Rodgers, 1996]. we steady state hydrogen concentration is calculated using the following
equation:” ‘. ,,, ,

%H . Hz generation rate
2 x 100

ventilation rate
(6-5)

-, ... . ,.,< .,:,
where the H2 generation rate is ‘44.3 liters/day or 3.076 x“10-5 m3/min, and

the ventilation rate, is 193 m3/min.

Substituting into Equation 6-5 yields a steady state hydrogen concentration of 0.00001 6%.
ThIS is much less than the LFL of 4.OVOfor hydrogen. Therefore, assuming a well mixed
hydrogen mixture, it is not credible to generate a flammable concentration of hydrogen in the
room while the ventilation system is operating under normal condhions.

.. .. ... . . .. . . .’,
If the ventilation system’isnot operating, the hydrogen generated in the plutonium solution

storage containers can vent to”the room and ;accumulate. Over time, this may result in an
explosive concentration of hydrogen. Asstiig that the’ room is “completely sealed and no
Ieakageoccurs, the time dependent average hydrogen concentration in the room is estimated using
thefollo~ngequation‘.‘: . ‘“’.“,.~~ .. “, :“ .’‘~,,

,.’ .-r:......- . . . . ..; ,,.’”..,....
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Hz generation rate x time
%H2 = x 100 (6-6)

room volume

In order to determine the time needed to generate a flammable concentration of hydrogen
in the room, the LFL (e~g., 4.OVO)for hydrogen is substituted for the “AH2in Equation 6-6C
Room 236 has nominal dimensions of 7.9 m x 30.5 m x 5.9 m (26 fr x 100 t? x 19.5 ft). This
yields a room volume of approximately 1,422 m3 (50,700 ft3). Solving Equation 6-6 for time,
using a H2 generation rate of 0.0443 m3/day, indicates that a period of 1,284 days is required to
generate a flammable concentration of hydrogen in the storage room. Again, this assumes that
the room is completely sealed and the hydrogen mixes throughout the room. In reality, leakage
will occur through the walls, doors, and cracks in the room thus resulting in a lower hydrogen
concentration. ,.

Another possib!e hazard associated with the plutonium storage is the potential to..
acc@ulate an explosive concentration within the sealed containers. Since the containers are
no~ally vented, thk scenario assumes failure or omission of the vent. The free space volume
of the drum containers is approximately 189 liters [Genoni and Washburn, 1985]. -

1-’”
In order for damage to occur as is result of hydrogen generation in a single container, a

detonable atmosphere is necessary. For a detonation to occur, hydrogen concentrations on the
orde[ of 10 to 15 percent in air are required [Dorofeev, et al,, 1996]. As a conservative estimate,
a de~onationhydrogen concentration of 10 YOvolume is assumed. Stibstituting into Eq~tion 6-1
v$th a 0/0H2concentration of 10°/0,a hydrogen generation rate of 0.82 Iiters/weekj ‘ad setting the
room volume equal to the free volume in the container (i.e., 189 liters) yields a time period of
23 weeks or 161 days. Therefore, containers which are not vented can accumulate hydrogen
concentrations which can potentially result in a detonation.

The maximum pressure rise resulting from”adetonation is estimated in order to deterniine
its impact on the room and the facility. The maximum local pressure at the completion of
combustion for the hydrogen~airmixture is estimated using the followhsg equation [Zalosh, 1988]:

“P T&. ..,. ‘., ..4 =_, ..’: ,. (6-7)
,, PO:. To’ ;-,.. ... . .. . -, ., . ...:, ,’ ., .,., :,, .. ... .,!
. . .. .. . ......... . . ,,,.” . ... .

.,, .
Pm’=

.,.
where maximum pressure at completion of combustion,

:.: P. =.ititial pressure’prior lo ignition, , , -;;. :,. “ . .- “ .
Tad = adiabatic flanie tempera~e of ~e hydrogen-air rnixttire~~d,.: .:. ..
To = initial terriperature of.the propWe-&r mixture. ~ ~~.‘ ‘.. . . .. . . ,..

. ... . . . . .... .... . . :, .,..-,. ..’ . . ..’.”....
Since a stoichlometric hydrogen-air nixture has the highest adiabatic flame temperature,

and will result in the. maximum pressure ~se, it is assumed that stoichiome~c concentrations ../
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coated with Butvar prior to the area being sealed. The fire performance of the Butvar is
unknown since both combustible and noncombustible forms of the material exist and theie is no
documentation stating which type was used in 242-Z. However, based on the facility being
sealed with welded doors and caulking, the space being unoccupied, sprinkler protection being
provided and being caps.ble of protecting the entire ties of concern, and the fuel load specified
by facility staff and the FSAR, the interior finish is not a concern.

..

Since detailed information regarding fuel loading and potential fire hazards was not
available for withhr the 242-Z facility, the fire hazard identified for 242-Z is the exposure hazard
from-a fire in the annex (i.e., TC-66) located along the west wall of the building. TC-66 is .
constructed of corrugated metal walls and roof and provides enclosed access to Building 242-Z.
Currently the structure is used to store rolls of plastics and cardboard boxes. During the site visit,
there were approximately 120 rolls of plastic each’having a mass of approximately 45 kg (100
lb). The plastics generally consisted of fire retardant polyvinyl chloride (PVC), polyethelenes,
‘andvinylhrylon laminate fabrics. .

6.4.2 Analysis of Fire Scenarios
.

Although the plastics in the storage area are fire ret~dant,” they &ill rea@ily burn if
exposed to an. external heat source. A fire. involving cardboard boxes or other transient
combustibles in the space can ignite the plastic rolls and provide the necessary heat input to burn
the fire retardant plastics. Once the fire begins to “grow,radimt feedback from’’the’fl~es ad
“hotg~ layer will continue to spread the fire throughout the storage area. . ‘..

. . . . ... :. ...
Cone’calo~meter tes’t results for fire retardant PVC y{eld peak heat release rates of

approximately 60 to 120 kW/m2 for external heat fluxes ranging from 20 m TO kW/m2,
respectively [Babrauskas and Grayson, 1992]. Small fires involving ordinaq combustibles which
impinge upon the plastic rolls will easily provide heat fluxes in the range of 20’to 70’kW/m2.
As an estimate of heat release rate, a value of 120 kW/m2 is ,ass+n~d for the .fir&.retardsnt
plastics. ,’ ., -“

,.
. . .; .,:,. .. . .

,.. .. . .
The.heat release rate resulting from a t%e inv:~lvirigthe;.pl=fic‘rolls-isdepe~dmtOnthe

storage contlguration ,of the rolls,and the ac~al surface area of the firel involved in the fue. me
total .m’assof the plastic will impact the brrrriing duration but till not effect the overall heat
releriserate. In general, the rolls were stacked horizontally on top of one ariother fith the stacks
occupying approximately 40 to 50 percent of the total floor Mea:”. ‘fhe Storage @mex h=
approximate dimensions of 6 m x 11 m (20 ft x 35 ft). For this SC::ariOj’it is esiimated that the
plastic rolls occupy 50 percent of the floor .area. This yields a maximum possible heat release
rate of 4.0 MW (33 mz x 120 kWlm2) assuming unlimited oxygen SUPPIY. “.

Figure 6-22 shows the layout of TC-6f5. An airlock is located in ihe northeast’comer
which leads directly into the 242-Z Building. the upper “portion,of the east wall ,of ~C-66 is the
,exterior wa!l of the 242-Z Building. .3+is presents an exposure .hazard tolhe 242-?. facihi.’ An
analysis is performed to dete~kre the potential fire intensity &td burning duration in the ,stPrage
annex. Withthis, the expoi~ .~d fue spread potential.to the 2427.ZBuilding .is asseise.+

- i .“, : .,.. “.,’.”,., . .. .. .. ... .,..,, . . .
,, >. .:.- -’.. . ..... . . .. .. . .,: ..’.. ....!;.. -.,. ,..- ., ..:...:... .... ... . ...



HNF-SD-CP-FHA-004, REv o
PAGE 6-54

exist. The stoichiometric adiabatic flame temperature for hydrogen is 2380 K [Zalosh, 1988].
For an initial room temperature of 295 K and initial pressure of 101 M’a (14.7 psia), Equation
6-7 yields a maximum pressure of 815 kpa (118 psia) or a maximum pressure rise in the
container of 714 kpa (103.3 psig). The maximum pressure rise in the room, APm, is
approximated as follows, [Zalosh, 1988]:

.( )
‘v

AF’m = ~ APm
rm

.

(6-8)

where v“can’ = the volume of the plutonium storage container (0.189 m3),
Vm = the volume of the storage room (1422 m3), and
APmw = the maximum local pressure rise in the drum (714 kpa).

<-

Solving Equation 6-8 yields a maximum pressure rise of approximately 0.095 kpa (0.014
psig). This pressure rise corresponds to a hydrogen deflagration. For detonations, which CaII

occur at Klgher hydrogen concentrations (e.g., greater than 10 percent volume), peak pressures
me approximately four times those resulting from a deflagration. Therefore, the maximum
pressure rise due to a hydrogen”detonation is cm the order of 0.38 Wa (0.06 psig). PFP 234-5Z
Building Wall Panel Testing “[WHC, 1989] shows that simulated PFP wall pr&els can stilve a
maximum pressure rise of 3.4 kpa (0.49 psig). -Therefore, while a detonation can rei.ult in metrd
shrapnel fragments which can cause”local darnage in the room, the resulting shock wave is not
expected to cause failure of the “roomwalls or ceiling assemblies.”
,, ..,. ,. .:..., ,,. . . . ... .. . . . .. ,. ...,,

6.3.5.1 Impact of Automatic Sprinkler Protection’
.

Because of the rapid nature of a detonation resulting from a flammable hydrogen-air
mixture, automatic sprinkler protection will not previ%tthe igrsnediate darnage resulting from the
detonation. Since the detonation in the storage room does not cause structural damage to the
fa6il@ and the fire”is expected to be ‘containedto within the storage room due“tothe’limited fuel
load, automatic sprinklers provide little to no benefit inthe aiea of the detonation:” In the event
“that‘afire did develop in the storage room, the sprinkler protection would help Iirnit the darnage
resglfing frorn.the tire. However, even without the sprinklers, the fire is expected to be contained

‘: “to within”the’stoiage room. .; ;~‘ ‘ ‘ ..’+,,,. .,. ,.... .. . . .. . . .. :’, ,. .. . .
,., .,- .... .. .. :,.:,.<.,, -,..,.., ,., .,:.:? .,,:. .-, ,., .,. ,. .. .. . .. .. ..:,..
. 6.4 “.,BWLD~G242-Z. ;..’,; ~~ ;,, 1, ;, ;; . ‘: . . ‘- .;:

,. .,,,., ..... . . . .... . ,’. -,...

6.4.1 Fuel Loading :
.-.

. . .. . ..,, , .,, ..”,,, ...$ ‘. ...... ,.’.
,. .;,

“’Bhlding 242-Z was not accessible at “~e’tirne’”of“tie Ate Wvey because the building has
been sealed shut ahd ii inaccessible. B~ed on facili~ staff input and FS~-’the’firel loadlng in
the facility”is similar ‘to‘the miscellaneous trea~ent room (room”41) in Building 236-Z ”(see
Section”6.5.1). “This ‘inch-ides gloveboxes; and process equipment “with little ‘to”no trarrsient
combustibles in the room. In addition to the room contents, the interior surfaces of 2“42-Zwere

. .
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The CFAST [Peacock et al., 1993] computer model is used to estimate the peak ,heat
release rate and temperature history in the storage compartment. It is assumed that the souih door
of the facility is open, thus providing oxygen to the fire. The growth rate of the fire will depend
on the ignition source, specific configuration of the plastic rolls, and thermal properties of the
materials. Plastic rolls stacked horizontally will have a slower growth rate than rolls stacked
vertically. It is estimated that the fire growth rate is chmacteristic of a fast growing fire ~FPA
72E, 1993]. D~ng the growth period, the heat release rate is a function of time and is given :
as [Evans, 1986]:

Q(r) = 0.047 rz [W’, s] (6-9) “

At this growth rate, it takes approximately 5 minutes to reach the maximum heat release rate of
4.0 MW (assuming unlimited oxygen SUpply). A copy of the CFAST input data is provided in
Appendix C. *

Figures 6-23 and 6-24 show the heat release rate and temperate resu!ts for the storage
room fire. The tire becomes ventilation limited reaching a. steady heat release rate of
approximately 3,650 kW. The potential for a space to flashover provides ~ indication of the
severity of a fire m the space. Flashover typically occurs when upper layer temperatures exceed
500-600”C. If flashover occurs, all exposed combustibles in the room will ignite. In addition,
flashover temperatures cao cause failure of structural steel assemblies if the exposure is prolonged
long enough. As seen in Fig~e 6-24, temperatures in the space reach flashover conditions within
10 minutes. Because the fife is ventilation limited at this point, the intensity of the fire does not
significantly increase.

Because the purpose of this analysis is to determine the exposure to the 242-Z Building,
it is desirable to know the burning duration of the fire. The burning dura~ionis estimated based
on the maximum steady heat release rate of the fire using the following equation

m AH
.tb =

~

Q,

(6-10)

where tb = the burning d~ation (s),.
m = the total mass of fuel (kg),
AHC = the heat of combustion of the fuel (kJ/kg), and
Q, = the maximum steady heat release rate (kW).

The total mass of the fuel is approximately 5,400 kg (45 kg/roll x 120 rolIs). The heat
of combustion is based on Cone Calorimeter results for fire retardant PVC and is given as 10,000
kJ/lcg [Babrauskas and Grayson, 1992]. Substituting into Equation 6-10 yields an approximate
burning duration of 4,1 hours.
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For post flashover conditions, this exposure time is more than sufficient to fail s~ructural
stee~members rmd wall ,~semblies. The wall separating TC-66 from Buildlng 242-Z, which is
constructed of corrugated metal and braced steel framing, is expected to fail during the fire
exposure. Therefore, fire spread into the 242-Z facility is possible. Since the fuel load in the
242-Z facility is unknown, a worst case scenario must assume loss of the entire 242-Z facility.

.,.

In order to limit “the exposure hazard to the 242-Z facility, it is recommended that the
plastic rolls be removed from TC-66 or that they be enclosed in non-combustible containers.

“6.4.3 Impact of Automatic Splinki;r Sy5tem

The storage hex ‘is equipped with an automatic spr’irtkler system.. Activation of the
sprinkler system during the early stages-of the fire is expected to control the fire and prevent
flashover conditions.. The activation time of the sprinkler system is estimated using DETACT-
QS, as included in FPETOOL ~elson, 1990]. The maximum sprinkler spacing in the annex is
3.0 m by 3.7 m (10 ft by 12 ft), based on an ordin~ hazard occupancy. The fire is assumed
to occur at the floor level, approximately 4.0 m below the sprinklers, at a point which is in the
center of the sprinkler “spacing. Because the RTI value of the ipfinklers is unknown, a typical
.vahre of 165 (+)< (300 (ftLs)x) is assumed. .Based on the fire growth rate sho~” in Fig~e 6-
23, a predicted response time of 200 seconds is calculated. At this time, the fire has groym to
a size of approximately 1900 kW. As seen in Figt+re6-24, sprinkler activation occurs before the
onset of flashover. }Vith spri~ler activation, the wall separating the 242-Z Building is not
expected to be compromised. As such, tire damage should be contained to witi?n the storage
building. ., .’, ‘. .:. .“’ . : , ,.. .,, .,

,, .. . .,, ,,. 1.
“6.5 BUIiDNG’236-Z , .“:, ,

,,,
6.5.1. Fuel Loading . . :.. ,!

The fuel “’loadingin Brr~&rig,236-Z is, generally limited. The chyon area is currently
inactive and contains almost no combustibles. ‘fhe,gloyeboxes serying the c+nyonalong the east
and ,itiest’wallshave combustibles typical to other PFP gloveboxes (see Section 7.0). ”However,
the window paitels are’typically glass which significantly reduces the”fire spread.potential. The
liquid cohrrims “in the capyon area do “not contain My organic solutions accor@ingto WC
persomel. Therefore, their use does not add to the fire hazard in the facility.

. . ..:,.. . .... . ,., . ....: ,,. . . . .. . . .. . . .
.. In addhion to &e light firel load, the b~@ng is constructed ,of fue resistiv~construction

throughout. Therefore, a kig~ficant fire is required ’10cause ,any ‘effects on the .sinrcture or
outside the structure.

Because there Me no significant fkel loads, the fuel load in the building which would have
the most serious consequences is determined from the FSAR. The FSAR discussesa fire scenario
in the Miscellaneous Treatment (MT) process room (room no. 41). T%eprocess line consists of
five gloveboxes connected by a conveyor glovebox~ The window panels on all of the gloveboxes
appeared to be glass.. Combustibles in the gloveboxes consist of gloves and paPer/pkistic storage
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containers. The contents of the gloveboxes include plutonium bearing materials and, therefore,
pose a contamiriation hazard in the event of a fire. There were no other combustibles in the room
during the site visit. The room is enclosed iri noncombustible construction and there are limited
combustibles in adjacent spaces.

:.

6.5.2 Analysis, of Fire Scenarios

As noted in the previous section, the cornbustible,fuel loading”in the MT gloveboxes is
light. In order to determine the rn,axi,murneffect on lhe room and facility resulting from a fire
in the gloveboxes, a conservatively high fire growth rate and maximum heat release rate are used
to analyze the effects of a tire. CFAST is used to determine the hot gas layer temperature in the
room. With thk, the potential for flashover and fire spread is assessed. The tire is modeled
having a fastgrowth rate with a maximum heat release rate of 1.0 MW. TMs is greater than the

“”actual fuel loading condhions are anticipated to permit, “evenif the’fire were to spread throughout
all of the MT gloveboxes. However, it provides a bounding analysis for the glovebox fire.

. .,:..,,.. +’
,Figures”6-25 and 6-26 show ~heheat release rate skid”average upper gas”Iayertemperature

in the MT process area using the ‘CFASTmodel. It is seen that the ‘maximumtemperatirre in the
space is approximately 20VC while the fire burns at its mtilmuin heat release rate. This is well
below the 500-60VC flashover criteria. Since this fire”is more severe thari an actual anticipated
fire in the gloveboxes, wlrich’have glass window panels and low,combustible loading, flashover

- conditions rue not;expected; ”,: ~:> .,. .: . ... . “,’. . . .
, ,i.~.:’.:’:., “- .’ .’ . . .....,

“Since there”are limited ‘combustibles in the. room, there i; “no means for fre spread to
adjacent spaces. Therefore, a fire in the MT gloveboxes is not expected to spread beyon”d‘the
confines of the room. During the fire exposure, the glass window panels ue assrirned to crack
and fall out resulting in spread of contamination to the room. Althorigh smoke and contamination
spread to the room, there is no means of fire propagation due to the limited combustibles in the
space. The smoke and contamination in the MT room will spread to adjacent spaces through
cracks and penetrations. Since there are no smoke tight barriers in Building 236-Z, it is assumed
that the entire building is contairinated from “thefire. Although this is likely overly conservative,

~~it seryes v a’ upper bound with’ respect to cont~lnation. “As a rough estirnate~’them’tilmum
~ea of. contamination is approximately 17,000 mz (180,000 ftz). This is based on the total
‘surface”aiea’of the floors, ceilings, tid ‘perimeter walls. The area-is then tripled to account for
interiorp~itions.,.: ,.~!.:;,:..j.::j,-:, ..... “. ..;., “ .:

.,:;
. . ...’.<,, .,”. ‘. ..-’...........,:.’.

, Based on the limited fuel load and fire resistive constWction, the analysis”of the MT
glovebox fire is expected to bound any fire conditions in Building 236-Zj:Eff~ts will be ~lity
contamination and IOSSof eqtiipriient in “the”MT room.:’ ::, ~“”’“’.’ ~;”‘ ,. ...,.. .

.. . . .. , :: /’:...
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,.

6.5.3 Impact of Automatic Sprinkler System

Although there tie no suppression systems Withk the MT gloveboxes, the room containing
the process line (e.g., room”41) is protected by an automatic sprinkler system. Since the fire is
expected to be contained to the gloveboxes, activation’of the sprinkler system would have limited
benefit. However, the sprinklers further ensure that a fire in the room will be contained and not
spread to other areas. Since the fire cart still spread throughout the gloveboxes whether the’
sprinklers operate or not, the extent of contamination may not be significantly reduced.

6.6 BUILDING 291-Z

6.6.1 Fuel Loading

The most notable fuel load in Building 291-Z is located in the Electrical Room where
there are two oil filled transformers which serve the PFp Complex. Each of the tmn~formers
contain 1,890 liters (500 gallons) of oil. As such, a leak in one of the oil reservoirs could
potentially result in spilling 1,890 liters of transformer oil onto the floor in Room 500 (e.g., the
Electrical Room). During the site visit, other areas of the building had a very light fuel load.
Combustibles consisted primarily of transient materials such as trash containers. All construction
materials are noncombustible and, therefore, do not add to the firel load in the building.

6.6.2 Analysis”of Fire Scenarios .-

A fire resulting from a leak in one-of the transformers in Room 500 provides the worst
c~e fire scenario for BuiMkig 29 1-Z. It is assirned that the entire oil content (e.g., 1,890 liters)
from one of the transformers spills onto the floor yfith subsequent ignition. Although there are
drains on the floor, they ae assumed to be clogged and do not provide liquid runoff for the
transformer oil. In order to estimate the MPFL;, the water deluge system protecting the
transformers is assumed to fail. For the MCFL, acti~ation of the deluge system is considered.

Room 500 has,nominal dimensions of 10.7 m x 8.5 m x 4.4 m high (see Figure 6-27).
There tie two doors serving the Electrical Room; one leading directly to an exterior stairwell,
the other lead~ngto the main fan room. Both of these doors are normaliy kept closed and locked.
me west wall of Room 500 ‘ispart of the ~re wall which separates Rooms 500 and 501 from the
main “fan room. The fire wall is constructed of reinforced poured concrete having a nominal
thickness of 30.5 cm (12 in.). The fire “re@ance rating of the fire wall is not identified on the
facility drawings. A 30.5 cm (12 in.) concrete masonry waU will typically provide at least a 8
hour fire resistance rating ~BC, :1994];’-”~

The wall separating Rooms 500 and 501 is also constructed of 30.5 cm (12 in.) reinforced
poured concrete. However, ‘there are several penetrations in this wall inchrdkug ventilation
openings without dampers and pipe penetrations. As such, while the wall will provide some
passive protection, it does not serve as a fire wall having a fire resistance rating.

..

,.
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Depending on the configuration of the oil spill in Room 500, the intensity and duration
of the resulting fire can vary. In order to assess the effect of the fire on the facility, a range of
spill configurations which bound the actual expected conditions are considered. A slow oil leak
with immediate ignition can result in a smaller pool fire only a few meters in diameter. On “the
other hand, if all of the fuel spills rapidly, or if ignition does not occrir right away, the entire
floor area can be consurhed by the pool fire. However, if a spill fire in this room becomes
ventilation controlled, larger spills will not significantly increase the fire intensity and subsequerrt
hazard to the facility. ~In this analysis, a range of spill configurations are considered in order to
assess the poteniial hazard to the building. ,.

‘fire maximum free burning (i.e., not ventilation controlled) energy release rate for a
hydrocarbon pool fire is estimated using the following equation:

.
“where Ab = the area of the pool fire, : . .

AHC = the heat of combustion of the fuel, and
. ,,m = the mass burrring rate of the fuel given by [Babrauskas, 1988]:

,,

where mm” = the mass loss rate for an inhnite-diarneter pool,
k~ = the product of the extinction-absorption coefficient of the flame and the

mean-beam-length corrector, and
‘D =-the r@steter of thepool. ‘.,

Flammable liquid fires ~e typi”c~ly specified as very fast in, NFpA IOIM; [1 9921.
Therefore] the predlcte~grotih rate for the ~re is ass~ed to,,corresporid to a very fast growth
rate fire. A very fast growth rate fire as+rnes that the’heat release data.is ? qu?dratic fiction
of time as follows @mris, 1986]:,. . ., .’...:

.\ ’.-... ,, !. .,: . .

The physical and thermal properties for the transformer oil are estimated using data
provided by Babrauskes in the Society of Fire Protection Engineers (SFPE) Handbook
[Babrauskas, 1995]:

quantity: 1,890 liters (500 gallons)
density: 760 g/liter



HNF-SD-CP-FHA-004, REV O
PAGE 6-67

AHC: 46.4 MJ/kg
,,.

mm. 0.039 kg/m2-s
kfk 0.7

The burning duration of the fire is a function of both the quantity and burning rate of the
fuel..,For liquid pool fires.where the burning rate quickly reaches ap approximate constant value,
the burning duration can be estimated using Equation 6-10 in Section 6.4.2.

Mere the fire has an unlimited oxygen supply, the steady energy release rate is given by
Equation 6-11. For ventilation controlled fires, where the limited available oxygen controls the
burning rate of the fire, the steady energy release rate is determined using the computer fire
model CFAST [Peacock et al., 1993]. The CFAST input data files used in the arialysis are
provided in Appendix C.

Although the doors to Room 500 are normally kept closed, it is assumed that the door
leading to the outside is open during the fire. This results in a more severe fire expo>ure than
if both doors are closed. Door no. 693, leading to the main fan room, is assumed to remain
closed since it is part of the fire wall assembly. A pipe penetration opening measuring
approximately 0.3 m x 1 m is included in the wall separating Rooms 500 and 501. CFAST is
used to estimate the effects of the. fire in these two rooms. The concrete fire wall will prevent
the direct spread of hot gases and flames to the main f~ room. ,.

Table 6-9 provides a summary of the spill fire scenarios assessed in the analysis. Spill
fires, rhging from 1.0 to 4.0 m diameter pools, me evaluated. Figures 6-28; 6-29, and 6-30
show the heat release rate and temperature results from the CFAST simulations.

.,
Table 6-9. Summary of Spill Fire Scenarios

.

‘.PoolFire PeakHeat Refease SteadyHeat BurningDuration
Rate (kW) ReleaseRate (kvi) (hours)

.,: ‘Diameter(m) Area(m*) (CFAST)
., 1.0 “0:8 “ 720 720:. i5.7

2.0 3.1 4,280 4,280 ; . 4.3

3.0 7.1 11,200 6,600 2.8
. ; 4.0 12.6 21,400 “. 8,650 2.1
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The potential for a space to “flmhoverprovides an indication of the severity of a fire in
the space. Flashover typically occurs when upper layer temperatures exceed 500-600”C. If
flashover occurs, all exposed combustibles in the room will ignite. In addition, flashover
temperatures can cause failure of structural steel and concrete assemblies if the exposure is
prolonged.

“As shown in Figure 6-28 and summarized in Table 6-9, pool fires greater than ‘-
approximately 2.0 m in di~eter become ventilation limited ~d do not reach the peak heat
release rate predicted by Equation 6-11 for unlirnhed oxygen condhions. The smaller pool fires
(i.e., 1.0 m ~d 2.0 m dimeter) have sufficient oxygen to reach their medlcted Desk heat release -.-
rates; however, they are not of sufficient size to cause flashover condl~ons in the’room. As seen
in Figure .6-29, the 3.0 m diameter ,oo1fire is the minimum size fire needed to cause flashover
in Room 500 based on a conservatiI e 50WC tkhover temperature criteria. Fires lerger than this
also result in flashover and will have similar effects on the facility.

,,

.,.>

,.
, Although the smaller fires do not cause the room to flashover, direct flame impirigement

on the roof assembly for prolonged periods of time could result in stnrchiral failure of the
concrete roof. The compressive strength of concrete is significantly reduced ‘at a critical
tempera~e of 650”C (120rYF)for silicious aggregate or 760”C(1400-F) for carbonate aggregate
[Fleisclyrmrm, 1988]. The temperature at the ceiling directly above the fire plume is estimated
using +e continuous flame height and intermittent flame temperature correlations of McCaffiey
~eyler, 1986].

;The ,continuous flame height correlation yields,a prediction of the height of the flame
below which there is no intermittence. The temperature of the flame within this continuous
flaming region is approximately const~t with’ height and is about 800”C (1472”F). The
continuous flame height, Zc, is given as:

ZC = 0.06 QZ15 (6-14)

If the ceiling assembly is within the continuous flaming region, structural failure may
occur since the flame temperature is greater than the critical temperature for concrete
(conservatively assumed to be 650”C for this analysis). Above the continuous flaming region,
the flame is intermittent. If.fie underside of ~he concrete ceiling lies within this region, it is
useful to estimate the flsme/phune temperature at the ceiling in order to determine the thermal
exposure. The temperature whhin the intermittent flaming region is given as [Beyler, 1986]:

where Z = the height above the @sorrce (m). ,..
.,
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The mean flame temperature in the intermittent flaming region decreases to a _limit of
approximately 500”C (93~”F), corresponding to the visible flame height.

For the 2.0 m spill fire, and corresponding heat release rate of 4,280 kW, Equation 6-14
yields a continuous flaine height of 1.7 m. The height of the concrete ceiling in Room 500 is
4.4 m, which is “well above the continuous flame height. At 4.4 m, Equation 6-15 yields a
temperature of approximately 405”C. Since this is below the lower 500”C temperature limit for
the intermittent flaming region, it stands to reason that the ceiling is above the visible flame
height for the 2.0 m spill. Moreover, ‘the temperature at the ceiling directly above the pool fire
is well below the critical failure temperature of 650”C (120VF) for concrete. Therefore, -.
structural failure is not expected for ‘the smaller spill fire configurations.

The burning duration for the 3.0 and 4.0 m diameter fires is appro~mately 2.8 and 2.1
hours, respectively. These tires will result in flashover conditions in the space and, therefore,
provide the maximum exposure to the facility. Since the 30.5 cm (12 in.) concrete fir$wall has
a fire resistance rating in excess of 8 hours, these exposures do not compromise the structural
integrity of the fire wall nor do they pose an ignition hazard for combustibles on the unexposed
side of the ,fire wall. During the fire exposure, heat transfer through the fire door may cause a
temperature rise on the unexposed door face that is capable of igniting ordinary combustibles.
However, there”rrreno combustibles stored in the main fan room near the tire door. As such, fire
spread to the main fan room is not expected.

.,. . .,
,. “Figtie ‘6-30 shows the upper layer temperature results for Room 501. The 1.0 and 2.0

m diameter fires have little effect on the room temperature. Although the 3.0 and 4.0 m f~es
cause a slight temperature rise, the effect is “not significant enough to cause ignition of
combustibles or damage to the stnrcture. However, since there are no fire dampers in the
ventilation ducts between Rooms 500 and 501, thk may provide an additional means for fire
spread, potentially resulting in thermal damage to equipment in Room 501. .,

.. .,
.:. . ,,:. -~, -: .

6.6.3 Impact of Automatic Suppression System “. :

The automatic deluge system protecting the transformers ii”Roorn 500 is actuated by spot
type heat detectors a-ranged over the top of the two transformers. Actuation of the system
transmits a local alarm and signal to the Fire Department, via the radio ak+-mbox. The purpose
of the deluge system is,to protect the trairsfonners in the event of a fire. They are not ,intended
to’extinguish or ‘control a fire in the room.!: y ~ ‘ ‘:. - ..’

,.. , ,. .,,,,.,, ,,.
; A combustible ‘liq~d 6il fire presents a special problem in that the ‘waterfloiving “from

the nozzles ,rnay cm the floating burning liquid from the sotice to’ other areas in the ‘space,
exposing additional components. In this scenario, given the quantity of fuel available, it is not
expected that the deluge system would control the oil fire. Even with actuation of the “deluge
system, the contents of Room 500, includlng the tivo transformers, will be darnaged.

. .
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6.7 BUILDING 2736-ZB

6.7.1 Fuel Loading

The heaviest fuel loading in Building 2736-ZB is in the office spaces and the NDA Lab.
Combustibles c~nsist of typical office supplies, storage.boxes and containers, bookdpaper goods,
and laboratory equipment. Metal desks and bookcases are used in the office and lab spaces. The
fuej.load in the Receiving, Shipping, and Staging Vaults generally consists of drum storage. The
combustible contents in these rooms is low compared to other mess of the facility. U1kewise,the
fuel’loading in the Mechanical Rooms is also low. . .

6.7.2 Analysis of Fire Scen~los

The worst case fire scenario resulting in the maximum d~age to equipment and the
facility is a fire in the NDA Lab. The analysis of this fire scenario is consideredto be bounded
by the description in 5ection 6.3.2 for the office/lab spaces in Building 234-5Z. Although the
NDAlab is completely enclosed in concrete construction, the door serving the room is kept open
while the lab is occupied. Therefore, a fire in the lab can potentially spread to the office spaces
along corridors 623 and .625. The maxim~ possible fire spread includes the NDA lab and all ..
of t~ office spaces in the back side. Fire spread into the storage vaults and to the front side is
not ,~ticipated because of the,”solidconcrete, walls separating these areas.

,, ,, .’.
.. The NDA Lab contains plutonium bearing materials, and therefore, a fire in this space can

potentially contaminate the building. Contamination to the outside is not expected &nce the fire
will “be contained to ~thin” the lab ,arrd office spaces, ,~d there are no direct openings to the
outside. 1 ‘ ‘. }. “. .. , ..’ . ... . -:..: . .’ ..:.:

“; .>, .. . . . .. ,..
“tie’ rn”~imum area of contamination is ba+sed,on smoke and “contaminationspread

throughout the facility. The total maximum contaminated mea is approximately 8,500 m2
(91,500 ft2). This mea includes the floors, ceilings,and perimeter walls. The area is then tripled
to consematively account for interior partitions. “’ ~ . . : ~‘” “

6.7.3 Impact of Automatic Spritier System . ~. .. ‘...,. ~ “ ‘” ~ “.
,., ;, ,’”.,‘ ..’. .. ... :,.;. .,,’. ... . .... . ... .
‘Buildhig 2736-ZB is protected by an autorriatic sprir&ler-system. The spri~er system

is expected to activate and control the fire in,;the NDA Lab sirnilakto Me.spfi~er protection
discussed in Section 6.3.3.4 for the office and lab spaces. However, the extent of damage in the
room cannot be accurately determined since there are no sepmations or barriers in the space.
~erefore;-~ a worst case event, it @ assumed, that all”of. the ,contents,in the .NDA Lab are
damaged even with. sprinkler:,actjvation. .::, ~. ‘;!...+, .:;, - .,. c...~ .. . ~:. .,:: ..:: =.

,, ’.. . . .. . . ... .’ ,-”...,. . . . .. . .‘,:,...,,. ., ... .. .;,. .’.’ .. .. .... “..~...,.
. .,..,,:..’ ... :,’ :.,’..’, .. !..’,. .. . .. ... ..... . . .. ..” .-.-,:..,.’‘. >.: .:.

,, ..-. ,. ,,.’,.. ,,. :,. . . . ... ... . .. . . . :.. -

,.
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During the site vi:it.there were no ordinary combustibles or transient fuel loads present
in either the hallway or vau”ltsof the 2736-Z Buiidhg. -Plutonium materials within the vaults do
include combustible polycubes. However, these, like the other SNM stored in the vaults, are-
contained in sealed noncombustible canisters withh specially designed concrete storage cubicles.

.,
6.8.2 Analysis of Fire Scenarios

., ,.
There are no credible fire scenarios which present a hazard to the structure or the special

nuclear materials (SNM) in the vaults. It is possible to have a small electrical fire or a fire
involving transient storage in the hallway. However, such fires would have little consequence’
(other than local darnage to the equipment itself) and, therefore, are not presented. ‘“

6.8:3 Impact of Automatic Sprinkle: ,System. . .. . . .. . .

‘‘The vaults are”not provided with automatic suppression systems. The hallway has an
automatic sprinkler system. Since there are no credible fire scentilos in the vaults a suppression
system”’is’not warranted (a small electrical fire would “not activate a sprinkler system). In the
hallway, the fuel load is very low, however, the potential exists for a small fire involving
traqsient storage. Even \tithout a sprinkler system, such a fire would not spread to the vaults or
to Building”2736-ZB due to the solid concrete constriction of the building walls.

.-... .. . . ...:., ,,. . .. . .. .

6.9 BUILDING 2721-Z

6.9.1 Fuel Loading .. .

~The pnm~ fuel load in Building’2,721-Z is the “dieseloil cont~ned in the three 325 kW
generators. Each generator contairis “95iiters (25 gallons) ‘of diesel fuel. D@ng ‘thesite visit,
there were,’no ,ordi,oary ,cornbustibles or,.transient .firels. in the ,.,building. n:. building is
constructed ‘of noncombustible materials “Ad therefore does not add to the fuel load.

.,. .
6.9.2 Analysis of Fire Scenarios

., :’:,

A fire resulting from a leak in one of the emergency generator tanks provides the worst
case fire scenaio for Buil@g ,2721~Z. lt is asiirrned.that *S entire oil. content (e.g., 95 liters)
“fromone,of the gerierators~ll spill, onto the floor ~~”s:bjequen~ ignition. ln eider.t,o.estiiate
the l@FL, the.9 pipe .automatic.spri~er i.ystem.is.~surned ,Iofail, For the ,MCFL, acpvation

. of the,sprinkler system. is considered: ., ,,:1.”~.,.. :. ~,: ,. . . . .. .,; :,,.-.

The analysis of the fuel spill fire follows the methodology outlined in Section 6.6.2 for
Building 291-2. A rrmge of spill cottflgurations are considered in order to determine the,fire size
needed to cause flashover in the space. Whh this, the average gas layer temperatures and burning
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durations are estimated in order to determine the overall exposure to the facility. The physical
and thermal properties of the diesel fuel are assumed to be the same as those used for the
transformer oil in Section 6.6.2. The ‘CFAST input data files used in the analysis are provided
in Appendix C.

.
.“ Table 6-.10provides’s summruy of the heat release rate; temperature, and burning duration

results for tiyee different ‘size fires. Based on a flashover temperature criteria of 500-600”C, a
2.0 m diameter pool fire will cause flashover in the space. Although the burning duration is only
approximately 14 minutes for this fire, the actual duration can potentially be UP to s times this

if the diesel oil in the other two generators spills and ignites as a result of the fire exposure . -.
Even so, while a 42 minute fire (3 x 14 minutes) can cause damage to contents and equipment
tithln the building, it is. not expected to cause significant structural damage to the concrete
facility. ;

Table 6-10. Summary of Spill Fire Scenarios *

PoolFire PeakHeat SteadyHeat Peak Average Burning
ReleaseRate ReleaseRate Layer Duration

Diameter(m) Area (m,z) (kW) (kW) ‘ Temperature ‘ (rein)
. . (CFAST) cc) ‘-

. . .
1.0’ ‘: 0.8 720 .720. ‘235”’““ ‘“ “17;;“;”

‘-,2.0 3.1 .4,280 4,080, ; .550 : .,. , 14. ,

3.0 7.1 11,200 0 ~35rJ ; .670 ‘:: ..g - ;

6.9.3 Impact of Automatic Sprinkler System
,.

me southern area of Buildlng 2721-Z is eq~pped with an automatic drypipe sprinkler
system:” Water discharge through the dry-pipe sprinkler system is’not expected to ‘extinguishthe
liquid pool, fire: Although the cooling effect of the water will certainly reduce the severity of the
fue in t~s building, thermal, d~age to the contents “tid equipment is still expected.”... . .. .. . ,.. ~.:....
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6.10.2 Analysis of Fire Scenarios

The most probable fire scenario in this facility involves the burning of transient materials
involving ordinary combustibles. In order to determine the effect on the stmcture, several fire
scenarios involving the burning of orte or more bags of trash are considered. FigMe 6-31 shows
the layout of the facility amdlocation of the postulated fife scenarios. CFAST is used to estimate -
the room conditions during the fire scenarios.

B~ed on fill-scale test results, heat release rates ranging from 50 tO 300 kW appems to -
cover the bulk of the expected fires from typical trash bags containing ordinary combustibles
~abrauskas, 1988]. As a conservative approximation, a peak heat reIease rate of 300 kW is
assumed for a single burning trash container. Where multiple trash containers tie considered, the
peak heat release rate is taken to be the sum of the individual peak heat release rates. Table 6-11
summarizes the number of trash bags and corresponding peak heat release rates used. in the
ahalysis...

Table 6-11. Summary of Trash Bag Heat Release Rates
,.

Number of Trash Bags Peak Heat ReleaseRate
(kW) .

1 300

2 600.. .
5 1,500

10 3,000

.

The input data files for the CFAST simulations”are provided in Appendix C. In order to
provide the worst case fire scenarios, door no. 162 leadkg to the exterior is assumed to be open
during the fire. This allows the trash bags to bum at their peak heat release rates without
becoming ventilation ,controlled. Figure 6-32 shows the average upper layer temperature in the
Process Room as a result of each of the trash bag fire scenarios. It is seen that even for 10 bags
of trash burning (e.g., a 3,000 kw), the upper layer, temperature does not exceed approximately
325”C. This is well below flashover conditions (e.g., 500-600”C) and will not result in structural
damage to the facili~.
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,,

,, .,, ,!

.,
!,: ,,. .

356 “< “

.:

300

250’

200”

,50;

100

50

o

:,. ,>’ . .
,.. 10 bags (3000 kW)

,.

.,

,,. . .,.

.,.

.::

,..,.

1 bag (300’kW)

,,

,,
,0:

100 200$ 300 :; 400 500 600,, ,,,. ,,
,,. . time (see)

.“’.,,

.,

,;-. ,.’:, ., ,,., ,..
Figure 6-32 Upper”gas layer temperature results for trash fire scenarios (Building 232-’Z)



HNF-SD-CP-FHA-004, REv o
. ... ... . PAGE 6-7’9

While a 3,000 kw fire resulting tlom the burning of 10 trash bags does not cause
flashover in Process Area, flames from the fire may impinge the roof assembly, in which case,
structural damage can result. The height of the flame is estimated using Equation 6-14 in Section
6.6.2 for the continuous flame height. The wmperature, of the flame in this continuous region
is approximately constant with height and is about 800”C (1472”F). For a 3,000 kW fire, the
continuous flame height is calculated to be 1.5 m. This is about half the height of the ceiling in
Buildlng 232-Z. Therefore, structural damage resulting from direct flame impingement on the -.
ceiling assembly is not expected.

Since 10 bags of trash is a more severe fuel loading than that observed during the site .-
visit, a fire involving the actual fuel Ioadkg will have less severe consequences. A fire in the
facility can potentially cause damage to the contents of the Process Area but will not cause
s~c~al damage to the facility. - .’

6.10.3 Impact of Automatic Sprinkler System
<-

The automatic sprinkler ‘systemin Building 232-Z was temporarily out of service at the
time of, the site visit. However. iince the system is scheduled to be reactivated, this analysis
assesses. the impact of the sprinkler system on the fire scenti,o. The response time of the
sprinkler system is estimated using DETACT-QS. The heat release rate’of the trash fire is
assumed to be characteristic of a fast growing fire based on “similarfirel load fire growth rates
~FPA 72E, 1993]. It is assumed as a worst case scecrmiothat the fire starts at a point whicl-i
is in the center of the sprinkler spacing. Based on a ordinary hazard occupancy, the sprinklers
in the Process Room are installed on an approximate 3.0 m x 3.7 m (1Oft x 12,fr) spacing. This
yields-a maximum radial distance of 2:4 m (7.8 ft) between the fire and the closest sprinkler.
The ac~vafion temperature of the sprinklers is taken to be 74°C (165”F). Because the RTI value
of the actual sprinklers is unknown, atypical value of 165 (rnk)x (300 (ft/S)YI)is assumed. The
fire is tisrrrqed to occur at the floor level and the sprinklers are located approximately 4.6 m (15
ft) “abovethe floor.

...

A predicted response time of 210 seconds is calculated. At this time, the fire has grown
to a size of approximately 2000 kW. Activation of the sprinkler system would reduce the fire
intensity and limit fire damage to equipment. in the immediate vicinity of the fire.

j6.11 BUILDtiG 241-Z
,..

~ 6.11.1 Fuel ~oading ‘” .“
,,

... ....
There were no combustible fhel loads,present in Building 241-2 during the site visit. The

tank srrmps are located underground and are constructed of noncombustible materials. There are
little”to no combustibles yjthin’the t+s.. According to facility staff, the t~ contents contain
less than 1 percent o~grmicsand hydrogen generation does not present a hazard. It is possible
that the above grade ,facility”could ,be used for,~ernprya.rj storage of combustible materials.
However, the roof, exterior walls, and interior walls are constructed of corrugated metal and the

. . :;” ,,..,.. >: ..: .> ,
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floor is poured concrete. As such, a small fire involving transient combustibles does not present
a hazard.

6.11.2 Analysis of Fire Scenarios

There sue no fire scenarios which result in a hazard to the facility or which present an
exposure hamrd to other facilities.

6.11.3 Impact of Automatic Suppression System

There are no automatic suppression systems in Building 241-Z.

6;12 BUILDING 243-Z

6.12.1 Fuel Loading

During the site visit there was a very light fuel load in Building 243-Z. The limited
amount of combustibles present consisted primarily of transient materials inchrdlng trash rmd
linen containers. All construction materials are noncombustible”and therefore do not add to the
fuel load in the building. .

6.12.2 Analysis of Fire Scenarios

The most probable fire scenario in this facility involves the buritirsg of transient materirds
involving ordinary combustibles. The analysis of the fire”’scenariosin this facility follows the
methodology used for Building 232-Z. Several fire scenarios involving the burning of one or
more bags of trash are considered to provide a conservative estimate of the actual fuel load in
the facility. Figure 6-33 shows the layout of the by~lding and location of the postulated fire
scenarios. CFAST [Peacock et al., 1993]is used to estimate the room conditions during the fire
scenarios.

As in the analysis of Building 232-Z, a peak heat release rate of 300 kW is assumed for
a single burrring trash container. Where multiple trash containers are considered, the peak heat
release rate is taken to be the sum of the intlvidual peak heat release rates. Table 6-12
su”arizes the number of trash bags and corresponding peak heat release rates used in the
analysis.

-Theinput data files for the CFAST simulations me provided in Appendix C. In order to
provide the worst case fire scenarios, a tingle door leading to the exterior is assumed to be open
during the fire. TMs allows the trash bags to burn at their peak heat release rates without
becoming ventilation controlled. Figure 6-34 shows the average upper layer temperature in the
Process Room as a result of each of the trash bag fire scenarios. It is seen that even for 10 bags
of trash burning (e.g., a 3,000 kw), the upper layer temperature does not exceed approximately
325”C. This is well below flashover conditions (e.g., 5130-600”C)and will not result in stmctural ..
darnage to the facility.
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Table 6-12. Summary of Trash Bag Heat Release Rates

~ .(H
Numberof Trash Bags Peak Heat ReleaseRate

2 600

5 1,500

II 10 I 3,000 “11

..

While a 3,000 kW fire resulting from the burning of 10 trash bags does not cause
flashover in Process Room, flames from the fire may impinge the roof assembly, in whigh case,
structural damage can result. The height of the flame is estimated using Equation 6-14 in Section
6.6.2 for the continuous flame height. ”The temperature of the flame in this continuous region
is approximately constant with height and is about 80VC (147ZF). For a 3,000 kW fire, the
continuous flame height is calculated to be 1.5 m. This is less than half the height of the ceiling
in Building 232-Z. Therefore, structural damage resulting from direct flame impingement on the
ceiling assembly is not expected.

Since 10 bags of trash is a more severe fuel loading than that observed during the site
visit, a fire involving the actual fuel loading will have less severe consequences. Although a
325°C temperature can cause damage to equipment in the facility, it will not cause structural
damage to tie building.

6.12.3 Impact of Automatic Sprinkler System ‘.
<

..
The buildkrg is protected throughout by an automatic sprinkler system. The.response time

of the sprinkler system is estimated using DETACT-QS. The heat release rate of the trash fire
is assumed to be characteristic of a fast growing fire based on simihw fuel load fire growth rates
~FPA”72E, 1993]. It is assumed as a worst case scenario that the fire starts at a point which
is in the center of the sprinkler”spacing. Based on a ordkmry htid occupancy, the sprinklers
in the Process Room are installed on an approximate’3.0 m x 3.7 m (10 ft x 12 ft) spacing. This
yields a maximum radial distance,,of 2.4 m (7.8 ft) be~een the fire and the closest sprinkler.
The activation temperature bf the sprinklers is taken to be 74-C (165. F). Because the RTI value
of the acturd sprinklers is ,&own, a typical value of 165 (m/s)Y’“(300(ft/s)%) is assumed. The
fire is assumed to occur,at the floor level and the swinkleti are located approximately 4.6 m (15
ft) above the floor.’ y ““

., ;,,

,.. , .,
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A predicted response time of 210 seconds is calculated. At this time, the fire has grown
to a size of approximately 2000 kW. Activation of the sprinkler system would reduce the fke
intensity and limit fire darnage to equipment in the immediate vicinity of the fire.

6.13 COMPtiSSED GAS STORAGE AREA
. ,’

6.13.1 Fuel Loading
.,

During the site visit, the compressed gas storage shed contained 4 large propane tanks and
several P-1O cylinders along with other nonflammable gases.

6.13.2 Analysis of Fire Scenruios

NFPA 55, Standard far the Storage, Use, and Handling of Compressed and LiqueJed
Gases in Portable Cylinders [1993 cd.] provides guidance regarding the location tid storage
conditions for fltiable gas cylinders. The following summarizes the requirements for outside
storage of flammable gas cylinders:

● Storage areas shall have a minimum of 25 percent of the perimeter open to the
atmosphere.

,.. .
● “ Storage areas shall be kept clear of dry vegetation arid combustible materials for

a minimum distance of 4.6 m (15 ft).

:0 Cylinders shall not be placed on the ground or surfaces where water can
accurimlate. ~‘

.,
● Storage aseas shall be provided with physical protection’ from vehicle damage.

● Storage areiis shall are perrrikted ‘tobe covered With’canopies or noncombustible
construction.

.

● ✎ Smoking “=d, open fl~es ~e not permitted in storage ~eas ‘or’within 6.1 m (20
,., .

ft) of storage-areas. :‘
,, ,“. .

. .. . ... .. . . ....... . . . ... ..”: ..’ .-.. -. . . . . .
..... . . . . . ........ . .. ... ...... ,; .,..

● Gas “cylinders shall be stored a minim~’distrmce of 6. l’”’rn;(20”ft)from storage
of flaininable and combustible liquids and ‘solids. ~~,.. ..,. ” :’-. .,.... ’..’... .. ....”....

● Liquefied flammable gas cy~nders shall be stored in we irpright’posi~onor, such
that the pressure”relief valve is in direct cornnibnication with the vapor space of
the cylinder.

..,-. .. ’,,-..

In general, the ,2734-z series compressed gas storage areas are in compliirrce with the
criteriaof NFPA 55. ,However? we, 2734-Z. storage shed,.cont$njng +e fl+qiable’ g% cylinders
is constructed of wood. In order to comply ‘~tb NFPA 55, the open storage shed should be
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constructed of noncombustible materials. The 2734-Z shed is currently being renovated to meet
NFPA 55 criteria. During the renovations, the compressed flammable gases will be temporarily
stored in other 2734-Z series storage sheds.

Even though the storage areas are generally in compliance with NFPA 55, it is still
possible to have a propane leak with subsequent ignition from one of the cylinders. The fire
haziud associated with the propane storage includes flaming jets, the formation of a flammable
vapor cloud, and a boiling liquid expanding vapor cloud explosion (BLEVE) if the cylinders are
exposed to a fire (e.g., liquid spill fire or fire involving the wood shed). Since all of the 2734-Z
seri& storage sheds are open to the outside and all. exposed facilites are noncombustible -.
con~ruction, it is not expected that the propane cylinders will pose an exposure hazard.
Th&efore, no additional analysis is considered.

6.13.3

‘.+:
. ..

6. J4::.

6.14:1
,.,,.

Impact of Automatic Sprinkler System

There are no automatic suppression systems installed in the compressed gas stofage areas.

HtiAtiOUS PRODUCT AND WASTE EXTERIOR LAY DOWN AREAS

Fuel Loading” -

,.”: Trarrsurarricwaste (TRU) is temporarily stored within the fenced security area outside the
PFP’. The TRU waste is stored in 55-gaIlon steel d,rurnsfor eventual transfer. The materials in
the-ti~te drrrrrisconsists mainly of combustible materials such “mpaper, metals, and rubber, with
surf~ce arrd/or internal contamination, packaged in multiple layers of plastics [WHC, 1995].
.Table 6-13 provides a summary of the contents of the wastedmm transferred from PFP from
1978 to 1988. It is anticipated that new waste generated from PFP will be similar and that this
description represents the container content for futwe waste to be stored outside of PFP.

.
..

‘Table 6-13. PFPTRU Mixed Drum S~~ [WHC, 1995]
,.,. . .

Time Span “”,, ,, Wastedrum: (55,galkyr)
,: ,.

1978to 1981 1982tn 1985.’ 1986to 1988

Totalruimberof, 4,945 5,258 “. 1,212
-containers‘ : ; z: ’..: . .... ... . . .... . .

AverageTRU(g) 21.0
‘-

10.6 ‘“ ““ 28.2

Average?4combt!stible ...” :79,.: . . , “. 85,.,”:.!:; ,.. 81
,,. ,, . . . ... :. ,..,,. ....’.. . . ..

During the she visit, there were a few dozen 55-gallon w~te drUMSstored outside of the
PFP buildings within the fenced area.,, The actual contenti’of the CIMMSa+ unknown and,
‘therefore are”.asstied to be characteristic of ~at described in .T@le 6-13. ‘ne primary hazard

.,,
!,”::..,, :., >.:... ,:. :,, ‘....,. ,.,,::. .’;:-. “.. ,, .:’- :.:.



HNF-SD-CP-FHA-004, REv o
PAGE 6-86

associated with the drum storage is the potential to breach one or several drums and ignite the
combustible contents resulting in an airborne release of the TRU.

Breaching the drums couk”occur in a number of ways, however, the most likely involves
a vehicle crash into the storage drums. If the vehicle firel tank ~ptures as a result of the impact,
a liquid pool fire can r~~lt’, which cti expose nearby- @rns, and ignite the contents of the
breached drums. In addltlonj sealed solid wa.s{e-storage,*S exposed to, liquid pool fires for =
several minutes are” expected-to experience ..lld “loss’failure due to”.a ~thermally induced
pressurization and, lid seal degradation “modes, et, ,d., 1995] .””:Lid loss “failure,typically results
in expelling some of the’drum contents @tin subsequent ignition. llkm contents wlich are not
expelled typically ignite and bum within the @m.. In general, ,all of the combustible contents
in the dnrrn are expected, to ‘burn folloting lid 16ss”failtie. “... . . . .

6.14.2 Analysis of Fire Scenarios

The primary hazard associated }~th a fire involving the solid waste storage drums’is the
contamination release potential to the environment. A liquid spiil fire and resulting storage drum
tire do not present an exyosure hazard to any of the facilities. Therefore, there is no potential
for a fire to spread to other areas. Also, since the storage waste has no replacement or.salvage
value, the primary cost associated with a drum tire”event is the contamination cleanup.

A worst case scenario is considered in which a vehicle impacts a storage array of solid
waste drums within the fenced area of PFP. The vehicle is assumed to h“avea firel tank capacity
of 227 liters (60 galIons) [WHC, 1995]. The fiel spill spread is assumed to”occur in an optimal. “
configuration such that the maximum number of storage drums are exposed to the fire for a
period sufficient to cause lid 10SSfailure. Figure 6-35 shows the layout of the storage drums m“d
the cofilguration of the liquid spill fire.

Based on full-scale solid waste drum fire tests’in which DOT 17H 208 liter (55-gallon)
storage dmrns containing typical combustible wastes were exposed to liquid pool fires, an average
exposure time of approximately 120 seconds was required to cause lid loss failure of a drum
[Beitel, et al., 1994]. The drum fire tests considered several different exposures of the dnuns and
demonstrated that lid loss”failure can be expected where flames from a pool fire impinge the
drum wall surface. In cases where the flames dld not impinge the drums, lid loss failure did not
occur.

..... .

In order to expose and breach the maximum number of drums to the pool fire, it is
assumed that the fuel spills over an uea such that the burning duration is 120 seconds (just long
enough to cause lid loss faihrre). Kerosene properties tie used to estimate the properties of the
fuel. Based on values in the SFPE Handbook [Babrauskas, 1988], kerosene has a density of 820
kg/m3 and a maximum mass burning rate of 0.039 kglm2-s. The area of the fuel spill is
estimated using the following equation

.. .. ---- ,.. ,. ,’”
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(6-16)

where m“= the””mass bfi”irig rate (0.039 kg/m2-s),
A = the area of the fuel spill,
t = the burning duration (120 seconds), and
m = the total mass of fuel. . .

..

The mass of fuel is approximately 186 kg (0.227 m3 x 820 kg/m3). Equation 6-16 yields
a pool fire aea of 39.7 m2” Assuming a semi-circle spill configuration as shown in ,Figure 6-35
(a semi-circle spill configuration provides the maxim~ exposure to the drums) yields a diameter
of 10.0 m. The diameter of a DOT 17H 208 liter (55-gallon) storage drum is 0.58 m. Assuming
that the diums are arranged such that they are touchhg one another, approximately 18 drums in
the first ro~v are directly exposed to the pool fire. Figure 6-35 shows the drums which are
expected to experience lid loss failure as a result of the fuel spill fire.

For this’scenario, a total of 128 drums experience lid loss failure. It is assruned that all
of the cortibustible contents withh the breached drums burn. Although the liquid pool fire burns
for ordy two” minutes, the waste contents will continue to burn for several ho~s. Fire
propagation through the storage array does not occur [Rhodes, et al., 1995]. This scenirio
bounds the ‘solid waste drum fire event since conservative assumptions are made regarding diurrr
spacing, fuel spill configuration, and lid loss failure. Contamination resulting from this event is
addressed in Section 15.3.

6.14.3 Impact of Automatic Suppression System

There are no suppression systems protecting the outside solid waste dmrn storage rreas.

6.15 SUMMARY OF FIRE HAZARDS
. .

Ba$ed on the fire “scenariosexamined throughout Section 6.0, Table 6-14 surnrn~zes the
potential maximum effects.

., ...

.
... ,, :,.

,.
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Table 6-14. SUnunswyof Fire Scenario Effects

Building Fire Scenario PotentialImpactwith PotentialImpactWithout
AutomaticSprinkler AutomaticSprinkler

Protection Potential

)4-5Z Office/Lab/ProcessArea - Damageto fuel - Damageto Sections
FireFirst Floor package and of building

equipment
- Contamination of

- Contamination within various levels of
,... facility facility

- Clogging of HEPA
filters

OfficeFirelCombustible - DamaZe to equipment - Stmctuml failure of
Liquid Fire Second Floor second floorhf

-. D&rage to equipment

.
Release of materials
outside strucmre

Hydrogeri Gen&+tion ‘,. ~ ‘ Damage to drums Damage to drums
Hazard ,., . .

42-Z Plastic Fire @ A~ex . Damage to fuel Of - L?ss,of.~ujl@g . ..
origin contents

,.. ,: -:. . .

Structural failure of
242-Z

!36-Z Transient Combustibles in - Damage to glovebox , - DamaZe to glovebox
MT Glovebox Room and equipment,, and equipment

- Contamination in - Contamination in
facility facili~’

!9I-z TransformerOilFire - Damageto “ - Damageto
trausfonners transformers

.:,...,. .,
- Damageto equipment - Damageto equipmen

in Room501 in Room 501

2736-ZB Office/Lab Fire - Damage to fuel of - Damage to
origin equipmentlcontents

- Contaminationin - Contaminationin
facility facility

272 l-z Diesel 011 Fire - Loss of equipment . Loss of equipment

- Damage to shucture

..
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Table 6-14. Sununag of Fire Scenario Effects (continued)

Building Fire Scenario PotentialImpactwith PotentialImpact Without
AutomaticSprinkler ..iutomaticSprinkler

Protection Potential

232-Z TransientCombustible WA - Damageto contents
Fire

- Contamination

241-Z TransientCombustible NIA - Damage to contents
Fire

243-Z Transient Combustible - Damage to equipment - Damage to equipment
Fire

Compressed Propane Cylinder Leak NIA - Loss of storage
Gas Storage structure
Areas

- Damage to cylinders

Hazardous Vehicle Fuel Exposure NIA - Contamination release
Product and Fire
WastesExterior
LaydownAreas

N/A- Notapplicable;sprinklersnotprovidedin facility



HNF-SD-CP-FHA-004, REV O
PAGE 7-1

SECTION 7 – GLOVEBOX FIRE PROTECTION ANALYSIS

As requested by Westinghouse Hanford Company (WHC),the tire safety features within
the gloveboxes used in the plutonium Finishing Plant (PFP) are assessed. The fire safety
approach for gloveboxes includes analysis of existing active gloveboxes and existing glovebo~es
which have been removed from service. In this analysis, the existing active gloveboxes used for..
the 94-1 Thermal Stabilization Process are specifically addressed for compliance with the Draft
Glovebox Fire Protection StandNd (DGFPS) [WHC, 1993] prepared for the U.S. Department of
Energy by WHC. In addition, the fire hazmds and potential fire spread for existing PFP
gloveboxes is assessed based on the anticipated fuel loading. Recommended fire protectbrr

features are presented as a general guide; however, other alternatives are available for specific
application based on a risucost analysis of the protection method versus overall hazard. The
recommended glovebox tire protection features are proposed to be applicable to all existing
gloveboxes used in PFP.

7.1 APPLICABLE CRITERIA

The need for fire safety systems is based on meeting the intent of the criteria found in the
DGFPS based on its application to existing gloveboxes. Although not an official DOE document,
the DGFPS is required by DOE-RL via RLID 5480.7, Fire Prorectlon [1993]. Other criteria for
glovebox tire protection is provided in NFPA 801, StandardJor Facilities Handling Radioactive

Maferials [1 995]. However, the DGFPS is generally more restrictive and incorporates most of
the requirements for gloveboxes found in NFPA 801.

The DGFPS criteria applies to all new gloveboxes. Existing gloveboxes need only comply
when a fire hazard analysis demonstrates conditions warrant their application. As such, thk
analysis investigates the fire hazards associated with existing PFP gloveboxes.

The DGFPS contains restrictive criteria regarding glovebox features including
construction, ventilation, fire suppression and detection systems. M analysis of compliance of
the existing gloveboxes with the DGFPS criteria is provided in Appendix D. Since it is often
impractical to apply all of the DGFPS requirements to existing gloveboxes, an analysis of the
potential f~e hazards has been performed to determine what fire protection features are necessary
based on criteria specified in Section 7.4.

7.2 94-I THERMAL STABILIZATION PROCESS SUMMARY

The fire safety features required in the gloveboxes used for the 94-1 Thermal Stabilization
Process are of particrslrx concern to PFP facility staff. Figure 7-1 shows the layout of the
gloveboxes and conveyors used for the 94-1 Stabilization Process. Plutonium bearing materials
are sealed into glovebox 235-B-5, removed from the package, weighed, placed into a container
called a boat, and then transferred via the conveyor system to glovebox HC-21C, HA-20MB, or
HA-211., The boat is placed into a muffle frrrriaceand the appropriate temperature controller
program started. The control program is pre-prograrnmed to ramp and hold the furnace
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temperature at rates and temperature soaks specific to the material being processed. The material
is cooled, ground, blended, and sampled to verify that less than 1 percent volatiles remain. A
Loss on Ignition analysis is used to verify that volatiles have been removed. The process material
is then packaged for long term storage. [PFD-Z-1 90-00004, Rev B]

In addition to plutonium residues and oxides, solutions and combustible solids, including
polycubes, will be stabilized and stored in the 94-1 gloveboxes. For a detailed description of the .-
stabilization process and operations, the reader is referred to the DNRSB Recommendation 94-1

Hanford Site Integrated Stabilization Management Plan [WHC, 1995] and the Thermal

Stabilization Process Flowsheet Rooms 230 and 235, 234-5 Building [PFD-Z-1 90-00004].

7.3 FIRE POTENTIAL FOR EXISTING GLOVEBOXES

In Appendix D, the tire protection features required to comply with the DGFPS criteria
for new gloveboxes are identified for the 94-1 Stabilization Process Line. In this section, the
performance of the existing gloveboxes under actual fire conditions is assessed based on the
existin~ fuel load and glovebox conditions. The fire hazard associated with gloveboxes and
acrylic window panels and the effectiveness of a fire suppression system within the gloveboxes
are of particular concern. The purpose of this performance based design is to determine the
minimum tire protection features required to provide an acceptable level of safety based on actual
fire performance rather than prescriptive code criteria contained in the DGFPS.

7.3.1 Glovebox Fuel Load

In general, the combustible fuel load in PFP gloveboxes is low. The acrylic window
panels and Hypalon gloves are the primary combustible fuels in the gloveboxes. These items are
particularly important because they also provide containment for the gloveboxes. However,
neither the plastic windows nor gloves are expected to be a primary ignition source. Rather, a
fire within the glovebox will likely involve transient combustibles or other fuels associated with
the glovebox process. A fire involving these fuels may then ignite the gloves or window panels,
resulting in a more serious fire and potential loss of containment.

Transient combustibles may include rags, plastics, paper, insulation, flammable liquids and
miscellaneous organic compounds. These combustibles may be plutonium-bearing residues and,
therefore, represent a contamination had. In addition, some of the gloveboxes contain
hydraulic oil filled systems. A!!houghthe hydraulic oils used in the PFP gloveboxes are Factory
Mutual (FM) approved fire resistant oils (i.e., oils having a high flash point) [TWRS Industrial
Safety and Fire Protection, 1995], they still pose an added fuel load.

Since the operational uses of the PFP gloveboxes are continuously changing, the ability
to quantify the amount of combustibles in a particular glovebox at any given time is limited.
However, the potential exists for any of the active gloveboxes to contain a number of transient
combustibles. As such, this analysis focuses on the minimum amount of combustible materials
required to pose a fire hazard in a glovebox.
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7.3.2 Window Panel Fire Hazards

Most of the window panels on the PFP gloveboxes are constructed of acrylic plastic (i.e.,
polymethylmethacry late or PMMA) andor polycarbonate. PMMA readily ignites when exposed
to small tires and results in a rapid rate of heat release and tire spread. The tire performance of
polycarbonate is markedly better than that of PMMA (i.e., harder to ignite and lower rate of heat
release). However, polycarbonate window panels still represent a significant fuel load in the’
gloveboxes.

Several of the window panels on the PFP gloveboxes are acrylic plastic (PMMA). Many
of the P?vlMApanels extend the length and height of the gloveboxes along several sections. In
a vertical configuration, such as the window panels, once the PMMA is ignited, it can sustain and
propagate a flame without any external heating. Therefore, if a window panel is ignited, the fire
can potentially spread from one glovebox to the next withocit intervention. In addition, if the
PMMA is allowed to bum long enough, the window panel will bum through to the exterior or
melt and deform away from the glovebox frame. In either case, the glovebox containment is
compromised leading to potential tire spread and contamination of the room.

Because PMMA is inherently a.tire hazard, it is necessary to either avoid igniting the
PMMA window panels or control the fire before significant damage occurs. In this section, the
minimum fire exposure required to ignite the glovebox windows is determined in order to assess
the potential fire hazard based on the existing glovebox fuel load. In Section 7.3.3, suppression
systems to control d~age are discussed.

7.3.2.1 Fire Characteristics of Plastics

There has been a great deal of research regarding the ignition and burning characteristics
of PMMA. This includes both small scale and full scale experiments and actual glovebox fire
tests. Whereas the small and full scale tests provide insight as to the relative ease of igniting
PMMA, the glovebox fire tests demonstrate its performance under realistic tire conditions. In
addition to PMMA, experimental results for polycarbonate are also presented.

Table 7-1 provides ignition and heat release data for PMMA and polycrwbonate
[Babrauskas and Grayson, 1992]. The materials were tested in the Cone Calorimeter [Babrauskas,
1982] at three different exposure levels. In summary, the results indicate that PMMA ignites at
very low incident heat fluxes and burns with a relatively high rate of heat release. By
comparison, polycarbonate requires a much greater incident heat flux for ignition and burns at
a much lower heat release rate.



HNF-SD-CP-FHA-O04, REv o
PAGE 7-5

Table 7-1. Igni~ion and Heat Release Rate Data for PMMA and Polycarbonate

hlaterial Time to Ignition Average Rate of Heat Release Flux for Time
(see) (kW/m2) to Ignition of

Incident Flux 20 kv.{lm~ .40 k\Vlm2 70 kWlm2 20 kW/m2 40 kW/m2 70 kWlm2
10 minutes
(kW/m2)

t
PMMA 176 36 II I68 486 874 <15

Polycarbonate x“ 182 75 o“ 89 115 34

* No igni! ion

The Cone Calorimeter results indicate that PMMA will ignite at incident heat fluxes as
lowas 15 kW/mz. This flux iseasily produced bye~,en small fires impinging upon aPMMA
panel. Fire tests involving 4 ft by 8 ft sheets of PMMA [Omega Point Laboratories, 1993]
mourlted in a vertical cotilguration show that an 18kWfLre canignitethe PMMA sheet in less
than two minutes. Once ignited, the PMMA continues to bum and propagate the flame across
the sheet. Eventually, the PMMmelts mdfomsa pool fire b~ingwith mintensi~ in excess
of400kW. Insurnmary, test data demonstrates that asmall fire will ignite aPMMA panel and
once ignited, the PMMA will self propagate the flame.

TohelpvisuaIize thesize fireneeded toignite the PM~tindows, m18kWfire, wtich
was used as the ignition source in the previous experiments, is approximately equal to a small
pile of bumingpaper (or several rags) oran8 in. diameter oil spill fire. Since an 18 kW fire
causes ignition of PIMWinless thmtwominutes, thelonger ignition times in Table 7-l suggest
that an even smaller fire would also cause ignition (e.g., smaller tires require a greater exposure
time toignitethe PMMA). Itisexpected that afire in~,olvingthe Vpicalcombustibles fomdin
a glovebox is capable of igniting a PMMA panel. Using polycarbonate would make it more
difficult to ignite the window panel but still would not negate the possibility of burn through and
loss of containment.

7.3.2.2 Glovebox Fire History and Fire Tests

Aserious glovebox fire occtn-red at Rocky Flatsin 1969 resulting inanestimated $45
million in damages. The fire continued to burn for several hours before it was brought under
control. Failure of the PMMA glovebox windows provided a means for plutonium oxide to
escape andcontaminate the building. Theabsence of fire suppression in both thegloveboxes and
building contributed totheextent of fire spread [Patierson, 1970].

Since the occurrence of the Rocky Flats glovebox fire, there have been several
experimental studies investigating the perfori-nance of various glovebox designs under fire
conditions [Peatross, 1992; Williams, 1970; Domning, 1970; Domning and Woodward, 1970].
These glovebox tire tests consistently sho~ved that acrylic windowsburn through or melt and
deform away fromthe glovebox frame during afire. Polycarbonate windows tended tomelt and
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deform but did not burn as readily as the PL4M.4. It was observed in several of the tests that
once the glovebox Ivas breached due to bum through or deformation of the \vindow, the intensity
of the tire ~vouldtypically increase due to the additional air supply. Where Pyrex, safety glass.
and wired glass ~vereused. the windows typically cracked but remained in place during the test
fires. Only when the glass remained in place was the glovebox integrity maintained.

In general, tests indicate that when noncombustible window panels are used, glovebox--
fires typically bum themselves out without serious incident. However, where combustible plastic
windows are used, contairunent is almost always lost and the window panels usually contribute
to the fuel load resulting in a more serious tire.

The experimental data discussed above demonstrates that PMMA glovebox panels present
a serious tire hazard. It has also been sho~)n that combustibles typically found in gloveboxes are
sufficient to ignite acglic window panels. Polycarbonate windows provide some resistance to
ignition and have a lower rate of energy release than PkiMA under fire conditions. However,
for a glovebox fire, polycarbonate ~vindowscan ignite and bum, potentially resulting in loss of
containment. In general, it was found that where combustible plastic windows are used, adequate
tire breaks and/or tire suppression systems are needed to offset the flammability of the window
materials. ,.

7.3.3 Automatic Fire Suppression

Controlling a tire before significant dtiage occurs can be achieved by an automatic fire
suppression system. Currently there are three different types of existing automatic fire
suppression systems used in PFP gloveboxes:

1. Total flooding Halon systems,
2. Dry chemical systems, and
3. Limited water bottle stations (LWBS).

In this section, the ability of a fire suppression system to respond to a fire and its
effectiveness in controlling a fire is assessed based on the existing conditions of the 94-1 Process
Line gloveboxes.

7.3.3.1 Suppression System Activation

In order for an automatic tire suppression system to be effective, it must actuate under the
expected fire conditions in a glovebox. The systems currently used in the PFP gloveboxes and
the systems recommended in the DGFPS me all heat actuated systems. Therefore, the heat
generated by a tire must raise the temperature of a heat sensitive element above a preset threshold
limit in order for the suppression system to respond. The heat sensitive element maybe a fusible
link, such as that of a sprinkler system, or a separate heat detector type device. In either case,
there will be some lag time between the temperature in the glovebox and the temperature of the
activating device. Issues such as fire intensity, size of the glovebox, location of the activating
device, and ventilation flow rates will all affect the response time of a suppression system. In
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order to determine the minimum fire size needed to activate a tire suppression system, a validated
heat detector actuation model is used.

AI-Ianalysis usin; DETACT-QS, as included in FPETOOL Nelson, 1990], was conducted
to estimate the response time of the tire suppression heat activating devices in the gloveboxes,
DETACT solves heat transfer equations bettveen the ceiling jet or plume and the heat sensitive
activating device. The input parameters include the height and radial distance of the heat
sensitive element above the tire, the actuation temperature and response time index (RTI) of the
element, and the heat release rate of the tire. DETACT-QS assumes that the ceiling is
unconfined which is ideal for large rooms. For smaller compartments, such as a glovebox, this
will result in longer predicted actuation times since the heat transfer from the descending hot gas
layer is not included. In a glovebox tire, the hot gas layer is expected to significantly affect the
response time of the suppression system. Factors such as ventilation airflows and heat losses
through openings make it difficult to model. As such, a conservative approach is taken using the
unconfined ceiling model to provide worst case response times for the suppression system.

Table 7-2 provides a summary of the DETACT-QS results for various giovebox heights,
fire locations, and detector RTI values. The reported heat release rates indicate the minimum
quasi-steady fire size needed to cause actuation of the suppression system within 5 minutes.
Although a 5 minute actuation time does not necessarily prevent significant glovebox damage,
it allows a comparison of the minimum fire sizes using a representative response time for a
glovebox. The glovebox heights used in the model generally correspond to the range of heights
found in the 94-1 Process Line gloveboxes. The activation temperature of the activating device
is taken as 93°C since this is the activation temperature of the existing Halon and dry chemical
systems in the 94-1 gloveboxes. The two RTI values selected effectively cover the range of
values expected of heat sensitive devices. The radial distance of the detector from the fire ranges
from being directly above the fire (rad. dist. -0.0 m) to 0.9 m from the fire, reflecting a nominal
1.5 m detector spacing. Again, these represent the expected range of values for the glovebox
configuration.

Table 7-2. Mkrimum Fire Size Requi::d for an Acmation Time of Less Tfrrm5 Minutes

GloveboxHeight Minimum Fire Size (kW) MinimumFire Size(kW)
(m) RTI=IOO(m/s)x RTI=300(m/sjA

rad.dist.- 0.0m rad.dist.- 0.9m rad.dist.-0.0 m rad.dist.-0.9 m

0.75 5 30 7 65

1.00 10 45 15 90

1.50 25 80 35 140

AS seen in Table 7-2, relatively small fires (i.e., =5 kW) directly under the slower heat
sensitive device (i.e., RTI=300 (rrrk)x) will actuate the suppression system within 5 minutes.



HNF-SD-CP-FHA-O04>REv o
PAGE 7-8

This size fire is representative of transient fuel loads found in marry of the gloveboxes. For tires
along the edge of the glovebox (i.e., radial distance = 0.9 m), larger tires are required to activate
the suppression system. However, a fire along the edge of the glovebox can ignite the acrylic
window panel within several minutes. As seen in Table 7-1, PMMA bums at a very high rate
of heat release. As such, this will provide, as a minimum, the necessruy heat output required to
activate the suppression system.

Based on the DETACT-QS results, small to moderate size fires are expected to activate
the automatic suppression system within a glovebox. Again, it should be noted that conservative
assumptions are used in the analysis to obtain bounding conditions. Depending on the size of the
tire and its location, it is possible that acrylic and polycarbonate window panels will ignite prior
to activation of the suppression system. However, due to the rapid increase in fire intensity
associated with burning plastics, the suppression system is expected to activate quickly thereafter.

7.3.3.2 Suppression System Agent Effectiveness

The ability to control or extinguish a glovebox fire depends on the type of suppression
system used and the extent of coverage provided. For the 94-1 Process Line, only partial
coverage is provided using LWBS, Halon, and dry chemical systems, Regardless of the type of
suppression system provided, it is necessary to corrfke a fire to the glovebox of origin in order
to prevent tire spread through a process line or to connected gloveboxes.

Glovebox fire tests [Dorrmingand Woodud, 1970] have shown that automatic sprinklers
are effective in controlling a glovebox fire but may not completely extinguish it. Sprinklers
maintain control of the fire by continuously wetting and cooling the combustibles in the
glovebox, thereby preventing ignition and fire spread. Since the fire is not always extinguished
by sprinklers, the continuous application of water is important.

The LW,S used in the PFP gloveboxes function the same as automatic sprinklers.
However, only a limited water supply is available. The purpose of limiting the water supply is
to prevent a criticality event in the glovebox. However, if a glovebox tire is not completely
extinguished when the water supply is depleted, the fire may continue to grow and spread to other
gloveboxes. Factory Mutual [Factory Mutual Research Corporation, 1967] and the DGFPS both
recognize the use of LWBS; however, these systems have not been tested to veri~ their
effectiveness.

A HaIon system is installed throughout the gloveboxes along the HC-1 and HC-2
conveyor. The Halon is a total flooding system and extinguishes a fire by interrupting the
combustion chain reaction. For this to occur, an effective concentration is required throughout
the volume of the gloveboxes for a period of at least 10 minutes. ,%sairlock between gloveboxes
HC-2 and HC-3 is provided to allow the containment needed to maintain the required Hafon
concentration in the protected gloveboxes.

Dry chemical systems are installed (or will be installed) in several gloveboxes containing
furnace operations in the 94-1 Process Line. The dry chemical may act as a total flooding or
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local application system. If the system is total flooding, it must maintain the required tire
extinguishing concentration of agent in the glovebox. where a local application system is used,
the nozzles must be arranged to discharge the agent directly onto the protected areas.

Dry chemical systems are effective in extinguishing fires involving ordinary combustibles.
flammable liquids. plastics, and electrical components. In some cases, a fire involving the plastic
window panels can potentially spread beyond the protected glovebox prior to actuation of the
suppression system. As such, where openings between gloveboxes are not equipped with
automatic dampers, local application of the dry chemical may be required. A dry chemical system
should be designed and installed in accordance with the applicable NFPA standards.

7.3.4 Potential Fire Spread and Contamination

As experienced in the Rocky Flats glovebox fire [Patterson, 1970], fire propagation
through a glovebox process line is a possibility. The tire at Rocky Flats originated in a glovebox
having plastic Ivindow panels. Once the windows ignited, the fire quickly spread to the
comected conveyor box. Since the conveyor was also lined with plastic windows, the fire was
able -to rapidly spread throughout the process line to o:irer gloveboxes. With no tire suppression
or fire separations, a tire in one of the 94-1 gloveboxes could potentially spread throughout the
process line, similar to the Rocky Flat-sfire.

A small fire in one of the 94-1 gloveboxes would require only minutes to ignite the
acrylic window panels. During thk time, smoke and combustion products would begin to clog
the HEPA filters in the exhaust system. Once the window panels ignited, assuming there is no
suppression system in the glovebox, the fire would rapidly grow in size producing large quantities
of smoke. As the HEPA filters clog, the negative pressure in the glovebox would be lost and a
positive pressure would be created by the fire. In turn, contaminated smoke would begin to leak
to the room since the room is at a lower pressure. As the fire grows in size, the window panels,
combustible gloves, and HEPA filters between the glovebox and the room would begin to burn
through. This would allow additional air into the glovebox and would provide an additional
means for contamination to spread to the room. Since there are no fire stops or dampers to
contain the fire, the fire could spread to adjscent gloveboxes through the unprotected openings.
Likewise, the fire could spread through the entire glovebox process line consuming all of the”
combustibles along the way.

The tire that occurred at Rocky Flats in 1969 shows that this scenario is possible. Such
a fire would result in significant darnage to the gloveboxes and would require contamination
cleanup of the rooms containing the process line x a minimum. Since the building is protected
throughout by an automatic sprinkler system, significant thermal damage or tire spread to other
rooms would not occur. However, if the sprinkler system failed, a maximum possible fwe 10SS
could spread beyond the rooms containing the gloveboxes.

Since the gloveboxes are no longer used for production purposes, losing part or all of the
process line would not result in an impact on the “site mission”. In the event of a significant fire,
WHC persorurel indicate that the stabilization process would likely be moved to another part of
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the facility and the damaged glovcboxes \vould no longer be used. As such. there ~e minimal
replacement costs associated ~vithloss of the process line.

The cost of cleanup is based on the cost of the recent decontamination of Building 232-Z.
The cost per square foot of room surface area was approximately $3.18 for the Charge Room and
S3.62 for the Process Room in Building 232-Z [McKinnis, 1996]. Although the cost is
normalized with respect to room surface area, the values reflect the cleaning of the room and its--
associated equipment and con~ents, Although these areas were not highly contaminated, they
were decontaminated completely. ,% a conservative estimate, a cleanup cost of $4.00 pe, squa-e
foot cf room surface area is used in this analysis. This value is used for all levels of
contzmnatlon znd mchxk ;he clemmg of the room wails, iloor, ceiling, and all contents within
the room.

To evaluate the loss for a credible tire event, it is assumed that cleanup of the rooms
would require decontamination of the walls, floors, ceilings, equipment, and other materials. .4
fire involving the entire 94-1 Process Line would potentially cause contamination in all of the
rooms containing the damaged process line including: Room 227, Rooms 228A,B,C, Rooms
230A,B,C, Room 234A, Rooms 235A,B,C, Room 232 and Room 233. Based on a cleanup cost
of $4.00 per square foot of surface area, a rough estimate of the floor, ceiling, and wall surface
area in the potentially contaminated rooms yield an estimated cleanup cost of approximately
$180,000 (45,000 sq fr @ $4/sq fr).

Limiting smoke contamination to the rooms containing the process line assumes that the
negative pressure in the rooms with respect to the corridor is maintained. A fire involving the
acrylic window panels on the gloveboxes will produce large quantities of smoke and combustion
products. Smoke from the fire could potentially clog the room exhaust HEPA filter boxes
resulting in a positive room pressure. In this case, smoke would escape to the corridor where it
wouId be drawn into other rooms at lower pressures. Tfris would result in a much larger area of
contamination and cleanup cost than that estimated above.

In addition to contamination cleanup, gloveboxes and equipment in the process rooms and
adjacent spaces may be damaged from a fire. The maximum extent of fire propagation resulting
from a fire in the glovebox process area is discussed in Section 6.3.3. It should be noted that for
the 94-1 gloveboxes, the installation of a suppression system in the gloveboxes does not affect
the MPFL.

7.4 RECOMMENDED FIRE PROTECTION FEATURES

Based on the analysis of the existing PFP gloveboxes, in particular those used for the 94-1
Thermal Stabilization Process, recommendations with respect to gIovebox fire protection are
provided for both active gloveboxes and gloveboxes removed from service (i.e., inactive
gloveboxes).
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It is recognized that the facility staff ~vishesto comply with the intent of the DGFPS and
other applicable codes. HoIvever, it does not appear cost effective to retrofit all of the
gloveboxes to comply lvi[h the DGFPS. Given the condition of the exisring gloveboxes and
extensive modifications necessary TOcomply with all of the applicable criteria, more pract: .d
methods of protection are considered. In this section, alternatives are presented which proI Je
a specific level of tire protection for the glo~eboxes consistent with the intent of the DGFPS.
The alternative tire safety features presented in this section are intended to be applicable to al~
existing PFP gkweboxes.

Tables 7-3 and 7-4 provide a summary of the recommended fire protection features for .”
exisring active and inactive gloveboxes which are part of process lines in addition to those which
are isolated from other gloveboxes.

The overall goal of the recommended protection strategies is to control the extent of
burning from a tire to a single glovebox. Where contamination or operational concerns do not
allow for the loss of a particular glovebox, including the loss of integrity of the glovebox and the
spread of contamination to other gloveboxes or the room, additional fire protection features may
be required.

Appendix F contains a costkisk analysis of the potential glovebox tire hazards amd
protection options. The costhisk assessment evaluates the relative benefit of several different
protection options in terms of extent of damage and contamination spread. Based on the desired
level of protection, an acceptable tire protection scheme can be implemented for the 94-1
gloveboxes.

7.4.1 Inactive Gloveboxes

In several areas, inactive gloveboxes (i.e., gloveboxes removed from service) are
connected or adjacent to other active gloveboxes. Inactive gloveboxes ae not utilized in any
manner for storage, processing, transfer or other functions relating to a process occurring at the
facility. Since many of these inactive gloveboxes will not be used again and will eventually be
decontaminated and decommissioned, it is undesirable to install or maintain fire suppression and
detection systems within them. However, these gloveboxes often still contain combustible
materials and, like the 94-1 gloveboxes, many have acrylic and/or polycarbonate window panels.
In addition, several of these gloveboxes are directly comected to active conveyor systems serving
other active gloveboxes. As such, the existing fuel Ioadtng and potential fire spread hazard may
not justify the absence or removal of automatic detection and suppression systems.

Consistent with the intent of the DGFPS, feasible protection options are presented which
provide a level of protection sufficient to limit a fire to a single glovebox. Fire spread is limited
by eliminating ignition sources and fuel loads, and by minimizing the potential for fire spread.
Compliance with the stated conditions is required at all times in order to implement the
alternative protection methods. Other existing features such as glovebox construction, ventilation
arrangement, manual fire suppression, and glovebox operating procedures are assumed to remain
unchanged.
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Table 7-3. Process Line Gloveboxes — Recommended Fire Protection

status PlasticWindow Glass \Vindows
(polycarbonate or acrylic)

nactive . Automatic suppression or inerring ● Automa~ic suppression or
system inerring system

or or

. Separation; and remove all ● Sepmation; and contents limited
combustibles; s.nd provide to ordinary combustibles; and
automatic detection provide automatic detection

or or

● Sepwa:ion: and remove all ● Remove all combustible contents;
combustibles; and remove ignition and remove i~nition sources; and
sources; and cap gloves provide automatic detection

or

. Separation; and remove all
combustibles; and remove
ignition sourceq and cap gloves

ictive . Automatic suppression or inening ● Automatic suppression or
system inerting system

or

● No flammable liquids storage of
combustible materials less than
that required to activate
suppression system; and
combustible materials transposed
during supervised operation onlfi
and provide automatic detection

;ontaining . Gas inerting system ● Gas inening system
combustible or
>yrophoric metals or or

. Applyinactive factive glovebox . Applyinactive/acdveglovebox
criteriaforoxidationprocesses criteriaforoxidationprocesses
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Table 7-4. Stand Alone Glovebox - Recommended Fire Protection

Status Plastic(polycarbonateor acrylic)and/orGlass I

Windows

eparatedgreaterthan 10 feet from other %Ioveboxes ● Automatic suppression or inertin~ system

or

. Automatic detection

or

● Remove all combustible contents; and
remove ignition sources; and cap gloves

,eparated less than 10 feet from o[her glove bo.xes ● Must comply wi[h Table 7-3 criteria:
Physical separation complies with separation
criteria specified in Table 7-4

or

. Analysis demonstrates that the fire exposure
to other glove boxes within 10 feet does not
cause tire spread

● An inactive glovebox having acrylic or polycarbonate window panels and
which is physically connected to at Ieast one other active glovebox requires
an automatic fire suppression or gas inerting system urdess the following
conditions are maintained:

1. The inactive glove box is completely separated jom all other” active
gloveboxes by a permanent norrcombustible~re wall or partition (note: any
physical separation or spacing behveen gloveboxes meets this criteria); md

2. All combustible materials (excluding plastic window paneis and jixed
gloves) are removedfiom the inactive glovebox, ad

3. Automatic j?re detection is provided.

Providing separation prevents f~e spread between gloveboxes. This also inhibits
the use of the inactive glovebox for temporary storage or other operations associated with
the process line. Separation can be provided by either a permanent wall or partition or
by physically sepmating the gloveboxes (e.g., a 1 foot spacing between gloveboxes).
Removing the combustible materials from the glovebox eliminates most fuel load and
potential ignition sources for the plastic window panels and combustible gloves.
Combustible materials required to be removed include transient items such as rags,
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plastics. paper, filters, insulation, and miscellaneous organic compounds. In addition. any
hydraulic oil filled systems \vithin the glovebox must be drained.

. An inactive glovebox having solely glass window panels and which is
connected to at least one other active glovebox requires an automatic fire
suppression or gas inerting system unless the following conditions are
maintained:

1. The inacrive g[ovebox ix completely separated J-em all olher aciive
glove boxex by a permanent noncombustible j7re wall or parti[ion, and the

glovebox comenu are limi~ed to ordinary combustibles (i. e., no~ammable
liquids or combustible metals), and automaiic Jre de!ec!ion is provided,
Q-

7-. All combustible materials (excluding jxed gloves), electrical power, and
o[her ignirion sources are removed j-em [he inactive glovebox, and
au!omalic jre detectian is provided.

Glass window panels significantly reduce the fuel load and fire spread potential
in the inactive glovebox. This “isreflected in the less stringent criteria than that required
for inactive gloveboxes having plastic windows. If separation is provided, a fire in the
inactive glovebox will be contained by the noncombustible construction. Also, the
separation prevents a fire in the active gloveboxes from spreading to the unprotected
inactive glovebox. If separation is not provided and all of the combustibles and potential
ignition sources are removed, this will prevent a fire from originating in the inactive
glovebox. Likewise, removing all of the combustibles will minimize the potential fire
spread from an adjacent active glovebox.

These requirements significantly reduce the fire hazard within the inactive
glovebox, thereby, minimizing the need for automatic tire suppression. However, the
combustible gloves, existing electrical equipment rmd wiring, and in some cases plastic
windows, found in the inactive glovebox necessitate the need for an automatic fire
detection system in the absence of an automatic suppression system.

. An inactive glovebox having acrylic, polycarbonate, or glass window panels
and which is connected to at least one other active glovebox requires an
automatic fire detection system unless the following conditions are
maintained:

1. An automatic fire suppression or gas iner!ing system is provided w

2. a. The inactive glovebox is completely separatedfiom all other active
gloveboxes by a permanent noncombustible fire wall or partition,
~d
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b. A1l combuslib[e materials (excluding plastic ~vindo>vpanels) are
removedfiom the inaclive glovebox, Ed

c, All gloves are removed j-em rhe inactive glovebox and replaced

with covers or plugs, ~d

d. Electrical power and other ignition sources are removedj-om ~he-
inaciive glovebox.

Removing the gloves and electrical power further reduces the combustible fuel load and, in -
conjunction with the other requirements, eliminates all possible ignition sources from the
glovebox. In addition, removing the gloves and electrical power firsther inhibits the use of the
inactive glovebox for future process operations.

These protection requirements for inactive gloveboxes provide the means for deactivating
existing detection and suppression systems. In addition, ~vhereautomatic suppression systems
may be required in active gloveboxes, the recommended alternatives provide a basis for not
installing new systems within the unprotected. inactive gloveboxes. Implementing these tire
protection features will require strict administrative controls to ensure that all of the conditions
are maintained. Where only partial compliance is possible, the required fire protection features
must meet the more stringent glovebox criteria or may be determined on a case-by-case basis.

7.4.2 Active Gloveboxes

Active gloveboxes include those used in the 94-1 Stabilization Process and any other PFP
gloveboxes not meeting the conditions established in Section 7.4.1 for inactive gloveboxes.
Although many of these are in a standby mode, their combustible loading and potential for fire
spread require them to be treated as active gloveboxes. In this section, recommended fire
protection features are provided for existing active PFP gloveboxes. The recommendations afe
consistent with the intent of the DGFPS and provide a level of protection sufficient to limit a tire
to a single glovebox. Compliance with the stated condhions is required at all times in order to
implement the alternative protection methods. As with the inactive gloveboxes, the
recommendations in this sectionassume that other existing features such as glovebox construction,
ventilation arrangement, manual tire suppression, and glovebox operating procedures remain
unchanged.

● An active glovebox having acrylic or polycarbonate window panels and which
is connected to at least one other active glovebox requires an automatic fire
suppression or gas inerting system.

● An active glovebox having solely glass window panels and which is connected
to at least one other active glovebox reqtrires an automatic fire suppression
or gas inerting system unless the following conditions are maintained:

1. The active glovebox is not used to handle flammable iiquids, ~d
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7-. The arnounr of combustible materials s(ored in [he active glovebox is less

(ban d]a! required to aclivate an auioma!ic j7re suppression sys(em (see

Seciion 7,3.3), ~d

3. Combustible materials (other than those permitted by number 2) which are
transported or temporarily handled ~vithin the active glovebox are only
permi~[ed during supemised glove box operations, cd

4. Au(amatic jre detec~ion is provided.

● A glovebox in which combus:iblc cr pyrophoric metals are in use must be
equipped with arc ‘inert gas purging system.

Exception: Gloveboxes usedfor oxidizing combustible or pyrophoric metals (e.g.,
in mufle jimnaces) should comply with the applicable glove box criteria for
gloveboxes not using combustible or pyrophoric melals.

A gas inerting system is necessary in these cases because the suppression systems described in
Section 7.3.3.2 are not effective in extinguishing combustible or pyrophoric metal fires. In cases
where the glovebox is used for oxidation processes, it is impractical to inert the glovebox since
air (i.e., oxygen) is needed for the oxidation process. Given the small amounts of materials
involved during the oxidation process, the glovebox detection and suppression criteria are
expected to provide an acceptable level of protection. Where gas purging systems are used, they
must be designed and installed in accordance with the applicable NFPA standards and the
DGFPS.

Although the DGFPS recommends several fue protection features, all of which provide
additional protection, automatic fire suppression is essential to controlling tire development and
spread through the glovebox process line. For gloveboxes having only glass window panels, in
some cases, a detection system may be used in lieu of a suppression system. However, if a
suppression or inert purging system is provided, a separate fire detection system, unless used to
activate the suppression system, is not required. Again, these criteria apply to all existing
gloveboxes not meeting the conditions established in Section 7.4. I for inactive gloveboxes.

7.4.3 Stand Alone Gloveboxes

In Sections 7.4.1 and 7.4.2, fire protection criteria is established for gloveboxes which are
comected to other gloveboxes. However, many of the existing inactive and active gloveboxes
in PFP are not comected to other gloveboxes. Rather, these stmd alone gloveboxes are isolated
and do not necessarily pose a fire spread hazard to other gloveboxes. For the purpose of this
report, stand alone gloveboxes are defined as existing active or inactive gloveboxes which are not
connected to other gloveboxes.

In order to prevent a fire in a stand alone glovebox from spreading to other gloveboxes,
a safe separation distance is needed. The radiant heating from a fully involved stand alone
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glovebox fire can ignite the gloves andfor ~vindowpanels of nearby gloveboxes. Providing a
separation distance of at least 10 feet bet~veena stand alone glovebox and other gloveboxes
minimizes the tire spread potential resulting from a stand alone glovebox fire. This separation
distance is based on a conservative estimate of a glovebox fire radiating to mother glovebo~ 10
feet away. The tire is approximated as a 10 feet wide by 10 feet high flame at 1000”C. The
radiant heat flux to a point at mid-flame height located 10 feet away is less than 10 kW/m2. This
heat flux is less than the minimum heat flux required to ignite PMMA (see Table 7-1). In some.-
cases, an analysis may demonstrate that a separation distance of less than 10 feet is sufficient to
prevent fire spread to other gloveboxes.

For gloveboxes which are part of a process line, fire protection provisions are provided
to contain tire involvement to a single glovebox. Since a tire in a starrd alone glovebox carmot
easily spread to other gloveboxes, this goal is expected to be maintained. Assuming that the
room containing the glovebox is sprinklered, a tire in a stand alone glovebox may destroy the
glovebox and its contents, but for a credible scenario, ~villnot spread beyond the confines of the
room. As such, regardless of the glovebox construction, stand alone gloveboxes do not require
automatic fire suppression. However, since prompt response to a glovebox fire is desired,
automatic tire detection is still recommended.

● A stand alone glovebox.separated from other gloveboxes by a distance of not
less than 10 feet requires an automatic fire detection system unless the
foIlowing conditions are maintained.

1. An automatic fire suppression or gas iner!ing sysiem is provided, ~

2. a. Al[ combustible materials (exc~uding plastic window panels) are
removedj-om the glovebox, ~d

‘b. All gloves are removedfiom (he glovebox and replaced with covers

or plugs, ~d

c. Electrical power and other ignition sources are removedfiom the
glovebox.

● A stand alone glovebox located within 10 feet of another glovebox must
comply with the criteria in sections 7.4.1 or 7.4.2 for gloveboxes connected
to other active gloveboxes unless an analysis can demonstrate that the fire
exposure hazard to any glovebox within 10 feet is not sufficient to cause fire
spread.

Note: Any physical separation (e.g., 1 foot) complies with Section 7.4.1 criteria for
separation of gloveboxes.
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It is important to note that if loss of containment from a stand alone glovebox fire is not
acceptable due to contamination, life safety, or operational concerns, automatic fire suppression
or other protection features will be required.

7.4.4 Automatic Fire Suppression

Since automatic tire suppression is being relied upon to control a glovebox fire and”
prevent it from spreading to other gloveboxes, proper selection and installation of the suppression
system is important. General guidelines are provided regarding the potential use and effectiveness
of various suppression systems. However, the specific design and installation details depend on
the fire y:;yession system ultimately chosen. Systems instailed must be in accordance with the
applicable design standards (e.g., NFPA).

Based on test data, automatic sprinkler protection provides the best means for controlling
fires and is recommended where criticality is not a concern [Williams, 1970]. Installation of a
sprinkler system must be in accordemcev.ith NFPA 13, Standard for [he Installation of Sprinkler

Systems [1994], and the DGFPS.

The DGFPS and Factory Mutual [Factory Mutual Research Corporation, 1967] both
recognize limited water bottle stations (LJVBS) as an acceptable means of fire suppression.
Currently there appears to be no tire test data to demonstrate the effectiveness of LWBS.

If criticality is a concern, using an automatic sprinkler system as the required fire
suppression may not be desired. If so, a total flooding and/or local application dry chemical
suppression system should be used. The system should be installed in accordance with NFPA
17, Standard for D-y Chemical Extinguishing Systems [1994], and the DGFPS. Unlike a
sprinkler system, a dry chemical system does not continuously discharge the extinguishing agent.
As such, it is important to design the dry chemical system to completely extinguish a glovebox
fire during the limited dischasge time. If pre-engineered systems are used, they should be
installed in accordance with their listing and the manufacturer’s installation mamraL

Halon fixed fire suppression systems are being phased out of DOE facilities [DOE, 1993].
When feasible, existing HaIon systems should be removed and replaced with either an automatic
sprinkler or dry chemical suppression system. Where existing HaIon systems are to be
maintained, such as in some of the 94-1 gloveboxes, the design of the Halon system must be in
accordance with NFPA 12A, Standard on HaIon 1301 Fire Extinguishing Systems [1992].
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SECTION S – PROTECTION OF ESSENTIAL SAFETY CLASS Equipment

“An engineered safety feature is a system, component, orstrucmrer hat prevents and/or
mitigates theconsequences ofallpotential accidents including thedesi+n basis accidents'' [DOE
Order 5480.7A, 1993]. A Westinghouse Hanford Safety Class item ls comparable to a DOE
Order 6430. 1A “safety class”’item and provides protection of the offsite public and environment.
Westinghouse Hanford also provides criteria for Safety Significant Items; however, these are not
addressed as essential safety class systems.

Westinghouse Hanford’s Safety Class system defines Safety Class as any system,
component, or structure, including portions ofprocess systems, tvhose failure could cause undue
risk to the environment or the safety and health of the public. Safety Class items are subject to
the appropriate higher quality design, fabrication, and industrial test standards and codes per DOE
Order 6430. 1A or to other comparable safe~-related codes and standards that are appropriate for
the system being designed. Safety Class items must be controlled by a comprehensive quality
assurance program consistent !vith the requirements of Qualiv Assurance Program Reguiremems

for Nuclear Facilities (ANSIIASME NQA-1).

The only fire protection systems which are Safety Class items are the stnrctural tire
bariers (e.g., Stairs 1 and 2 in 234-5Z). A comprehensive list of PFP Safety Class items is
documented in PFP Safety Equipment List, WHC-SD-CP-TI-108, Rev. 15 [WI+C, 1996]. There
sre 7 general categories of Safety Class items at the PFP. The categories are aa follows:

(I)

(2)

(3)

(4)

Plutonium Building Structural Features - Items in this group provide the final
barrier to the envirorunent. Loss of these barriers could potentially result in
release of dispersible contaminated material during emergency conditions.

HEPA Filters, Seconda~ and Final Stage - These items are part of the
confinement safety boundary. which is established to ensure that air from
potentially contaminated and known contaminated areas witbin the PFP Complex
is filtered by nuclear-grade HEPA filters before dischasge to the environment.
These HEPA filters maintain a protection envelope for off-site releases of
radioactive materials from the PFP Complex.

Efluent Stack A ir Monitors and Alarms - The Effluent Stack Monitors ensure that
the release of alpha emitting radionuclides to the environment via the building
exhaust stacks is continuously monitored and alarms are initiated if the release
exceeds identified limits.

HKAC Supply Fan Seismic Shu[down System - A significant contamination spread
could result from a 0.25g safe shutdown earthquake if the building were
pressurized by the main supply fans while the exhaust fms no longer firnctioned.
The seismic shutdown system ensures ventilation supply shutdown during an
earthquake event.
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(7)
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Liqziid Defector and In/erlock in 26 in, Vacuum Sysrem - Upon detection of liquid
in the 26 in. vacuum header, this system must shutdown to preclude liquid from
entering the geometrically unfavorable HEPA filters. This equipment provides a
defined contingency in the double contingency principle of nuclear criticality.
Components whose failure could result in the loss of double contingency
protection for an accidental nucleas criticality independent of dose consequences
are Safety Class.

Glovebox Cr~/icaMy Design Features - Items in this group consist primarily of
glovebox criticality drains and screens. This equipment provides a defined
contingency in the double contingency principle of nuclear criticality.
Components whose failure could result in the loss of double contingency
protection for an accidental nuclear criticality independent of dose consequences
are Safety Class.

Plu/onium Sioruge Arrays - The plutonium storage arrays provide a defined
contingency in the double contingency principle of nuclear criticality.
Components whose failure could result in the loss of double contingency
protection for an accidental nuclear criticality independent of dose consequences
are Safety Class.

In general, Safety Class systems in the PFP are protected by one or more of the following:
(1) automatic suppression systems, (2) automatic fire detection, (3) compartrnentatiorr/separation
of hazards, (4) redundant safety systems, and (5) scheduled maintenance and testing. Potential
damage of Safety Class systems is described in Section 6 for the applicable MPFL tire scenarios.

If the suppression systems in the buildings fail, scenarios exist that can cause damage to
Safety Class Systems. PFP’s Safety Equipment is described by classification of structures,
components, and systems in the FSAR (Chapter 4, Section 4.4) [WHC-SD-CP-SAR-021 ]. The
FSAR describes the equipment important to safety and necessary to control the operational risks
that PFP imposes on the environs and on and off site personnel. WHC-SD-CP-OSR-01 O, “PFP
Operating Safety Requirements,” provides additional controls and information necessary for
proper function of the equipment and operationrd responses and restrictions when the safety class
equipment performance has degraded.

Based on FHA analyses, total failure of all SafeV Class Systems is not possible as a result
of any of the MPFL scenasios. Based on PFP staff input, failure of Safety Class equipment and
subsequent consequences of their failure is addressed in the FSAR and bounds all possible
scenarios in the FHA.

The following discusses the effects of failure of individual safety class equipment and
systems as specified by PFP staff:

m Total failure of Plutonium Building StrUctura Features and HEPA Filters Safety
Class systems is addressed in Chapter 9 PFP FSAR [WHC-SD-CP-SAR-021]
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which accepts total shutdoIvn of all safety systems in the most severe case. the
design basis earthquake. The maximum release of radioactive materials out o! ihe
facility is within the limits specified by DOE. The analysis includes loss of
containment through building structure failure. PFP has designed the ventilation
system to shut doI\n in the event of an earthquake. Seismically induced
concu~ent criticality and fire events have also been analyzed and do not ~: .duce
an unacceptable release. The two stages of the HEPA Filters are localed in
different loca~ionswithin the facility. The Primay Filter S~stem located in room
308 is not expected to become invol~,edin the h4PFL scenario which prevents total
loss of filtration. The alternative exists to manually shut down the system without -
resulting in unacceptable consequences. Thus, the total loss of this safety class
equipment has been addressed and the resultant consequences deemed acceptable
by facility staff.

■ The Effluent Stack Air Monitors are located on the stacks with common alamn
equipment located in rooms outside of those areas affected in MPFL scenarios.
Due to the various locations of the equipment, and the stack structures being
remote from the building and noncombustible, total failure is not addressed.

m Both the HVAC SUpply Fan Seismic Shutdown System and Liquid
Detection/Interlock In 26” Vacuum System have been designed with fail safe
modes that shut down both systems with any disruption to the power supply.

■ Glovebox Criticality Design Features Systems ae located through out the facility.
These systems were designed as passive safety features that will perform as needed
in any fire scenario.

■ The Plutonium Storage Arrays are not addressed in MPFL scenarios because of
lack of fire potential. These systems were designed as passive safety features that
will perform as needed in any fire scenario.

‘J.
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SECTION 9 – LIFE SAFETY CONSIDERATIONS

9.1 OCCUPANCY TYPE

For the purposes of this Fire Hazmd Analysis, each of the structures evaluated is classified
according toaspecific occupancy type asdefinedby NFPA 10IL~~eSu~e&Code~FPA, 1994].-
The buildings addressed fall into one or more of the following occupancy classifications:
business, general mdspecial pu~oseindustrial, storage, mdmixed useoccupmcy. Amixed use
occupm.cy classification co},ers structures whose primary firrrctions include more than one
occupancy type.

The specific occupancy type of each structure is presented in Table 9-1

Table 9-1. Building Occupancy Classifications

Building Occupancy Classification

232-Z Building Special Purpose and General Industrial

234-52 Complex Mixed Use - Business, Storage, Special PurposeandGeneral
Industrial

236-ZBuilding SpecialPurposeandGeneralIndustrial

241-ZBuilding Mixed Use - Storage, Special Purpose and General Industrial

242-Z Building Mixed Use - Storage, Special Purpose and General Industrial

243-Z Building Special Purpose and General Industrial

II 291-Z Building I Special Purpose and General Industrial

II 2721-Z Building I Special PurposeandGeneralIndustrial
!

II 2736-Z Complex Storage

In order to meet the requirements of the code, each building must meet the requirements
for the applicable occupancy type. Where two or more occupancy types occur in the same
building or structure and are so intermingled that separate safeguards are impracticable, the
installed safeguards must comply with the most restrictive requirements for the occupancies
involved.

9.2 MEANS OF EGRESS

All of the buildings have exit capacity and numbers exceeding that required.
Buildings 232-Z, 234-Z, and 236-Z have more than one-story which require exits from

only
above
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grade. The majority of these exits are provided by stairs. The only exceptions are the installation
of ladders on the west end of 234-5Z Building and the roof access ladders in 236-Z Building.

Ladders are permitted for use as exits if (see Section 5-2.9.1):

1. They provide access to unoccupied roof spaces, and
2. They provide a secondary means of egress from towers, elevated platforms, boilef

rooms, and similar spaces which are subject to occupancy by only able bodied
adults, totaling more than three in number.

Both of these spaces meet these requirements and are therefore in compliance with the
code.

Some of the exit doors in the facilities (e.g., door no. 8 in Building 2736-Z) require
multiple actions in order to open. Section 5-2.1.5.3 requires that a latch or other fastening device
on a door shall be provided with a knob, handle, panic bar, or other simple type of releasing
device having an obvious method of operation under all lighting conditions. Doors shall be
operable with no more than one releasing operation.

9.3 EXIT CAPACITY -

The Ljfe Sczfery Code mandates that all structures provide a minimum amount of exit
capacity. The required exit capacity is a function of the actual maximum anticipated occupancy
(number of persons). In order to ensure adequate exiting ability, the code established minimums
based on the occupiable space (area) available. For the occu arrcy classifications listed in Table

?9-1, the occupant load factor is one person for every 100 fr of building footprint area. Table
9-2 indicates the L/~e Safe& Code minimum number of occupants for whom exits must be
provided, the number of exits, doors and or stairs, and the estimated exit capacity. In all cases,
the exit capacity provided by existing exits exceeds the minimum code requirements.
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Table 9-2. Exit Capacity

Building
hlinimum Exit Capacity Number of Exits Estimated Exit

Capacity

232-Z Building 20 Each Floor 2- lstfloor 360

I -2nd floor 180

234-5Z Building 696 Each Occupied Floor 18- Ist floor 3~40

5- duct level 900

6- 2nd floor 900

236-Z Building 58 Ist floor 9 1620
48 2nd floor 3 540

6 5th and 6th floor 1 180

241-Z Building 15 2 360

242-Z Building 13 2 360

243-Z Building 15 - 5 900

291-Z Building 95 2 360

2721-Z Building 9 2 360

2736-Z Building 150 5 900

9.4 NUMBER OF MEANS OF EGRESS

The L~~e,Sa~eV Code requires two means of egress from every floor except in the
industrial occupancies where the travel distance is less than 50 feet. All of the areas listed in
Table 9-2 as having only one exit are in industrial occupancies and have travel distances
significantly less than 50 ft.

9.5 ARRANGEMENT OF MEANS OF EGRESS

Where two exits are provided, they must be remote from each other (NFPA 101, Section
5-5. 1.3). Further, no common path of travel or dead-end can exceed the distance specified in
Table 9-3. Over the years, special life safety features have been implemented in the PFP
buildings in order to facilitate occupant egress. In addition to exit signage, all exit doors have
been painted green so that they are easily identified in an emergency. In the duct level, the exit
routes are identified by a painted path on the floor. During the site survey, there were no
arrangement of means of egress deficiencies identified for the PFP facilities.
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Table 9-3. Dead End and Common Path of Travel Criteria

Occupancy Classification Dead-End Limitation Common Path of Travel Limitation
(Sprinklered Facility Criteria)

Business 50 ft (27-2.5.2) 75 ft (loo fr)

Storage 50 ft (29-2.5.3) 100 ft in sprinklered 50 ft (loo fr) “
facility

Industrial 50 ft (28-2.52) 50ft (loo rl)

9.6 TRAVEL DISTANCE

In order to ensure prompt access to exits, the .Li~eSafery Code has maximum allowable
distance persons are allowed to travel before reaching an exit. This distance is limited as
specified in Table 9-4.

Table 9-4. Travel Distance Criteria

Occupancy Classification Travel Distance without Travel Distance with Sprinklers
Sprinklers

Business 200 ft (27-2.6) 300 ft (27-2.6 Ex,)

Storage 200 ft (29-2.6) 400 ft (29-2.6 Ex. No. 1)

Industrial 200 ft (28-2.6.1) 250 ft (28-2,6.1 Ex. No. 1)

DOE 6430.1A provides additiona! criteria for areas where an accidental breach of a
primary conilnement could expose persormel to radioactive material (e.g., the 94-1 glovebox
areas). In these areas, the travel distance is limited to 75 feet to reach an exit access route in a
different air zone. None of the buildings or areas contained within the scope of this study are
in violation of the travel distance provisions of NFPA 101 or DOE 6430.IA.

9.7 PROTECTION OF VERTICAL OPENINGS

The exit stairs and elevator in Building 234-5Z and the stairs in Building 236-Z appear
to be enclosed in fire resistance rated construction. Penetration of the stairs for conduit or other
devices exists. In addition, emergency cabinets that contain supplies for emergency contamination
conditions are stored in the stairs of 236-Z. The cabinets do not block the path of the stairwell
and must remain in their present location to facilitate emergency response at all levels of PRF.
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The hydraulic elevator pump for the PRF elevator is located on d-,efirst floor level in
Stair No. 1. However, since this stair is not a required exit stair, there is no deficiency related
to ~heelevator equipment.

Exit stairs are required to be enclosed in rated construction (Sections 27-3.1, 28-3.1 and
29-3. 1). Sealed existing penetrations are allowed to remain.

9.8

paths.

EMERGEISCY LIGHT~G AND EXIT SIGh’S

Banery pack emergency lights are pro~,ided in most rooms and along the primary exit
Illuminated exit signs are installed at exir doors. Based on facility staff inmrt. the. .

emergency lighting system in the plant has known deficiencies which are being evaluated. It is
recommended that a complete evaluation of the emergency lighting system be conducted. If
deficiencies are found, they should be addressed with ivork packages or corrective actions to
ensure compliance with NTFPA101 for emergency lighting and exit signage. (See NFPA 101,
Section 5-5, 5-9, and 5-10).

9.9 INTERIOR FINISH

Interior finish in Industrial Occupancies is required to have a maximum flame spread
rating of 200 and a maximum smoke developed rating of 450 based on NFPA 101 criteria
(Sections 28-3.3.1 and 6-5.3.2). However, DOE-RL [RLID 5480.7, Section 8.2.e] provides more
restrictive criteria for nuclear facilities and laboratories. In these ~em, interior fifish materi~s
(e.g., decorations, furnishings, and exposed wall or insulating materials) are required to have a
flame spread rating of 25 or less and a smoke developed rating of 50 or less, except for acoustical
materials, which shall have a smoke developed rating of 100 or less. In Building 234-5Z, there
are several mess which do not comply with these criteria (e.g., Room 303L - foam rubber, 303-
plywood, 306- wood paneling). However, since these areas are limited to the second floor office
spaces of a fully sprinklered building and not nuclear rweasor laboratories as specified in DOE-
RL, it is not recommended that actions be taken to correct the deficiencies.

The interior finish in Building 242-Z is known as “Butvar” (trademark of Monsanto
Company). Since there are several different types of Butvar available and detailed information
regarding the type was not available from facility staff, the flame spread rating and smoke
development properties of thk material are unknown. However, based on the facility being
unoccupied, sprinkler protection being provided, and the fuel load specified by facility staff, the
interior finish is not a concern.



HNF-SD-CP-FHA-O04, REv o
PAGE 10-1

SECTION 10 – CRITICAL PROCESS EQUIPMENT

Critical process equipment is not clearly defined in the applicable DOE order, DOE
5480.7A. For this Fire Hazard Analysis critical process equipment is defined as equip.ncnt that
is considered necessary to the Hanford Site mission. Based on this definition and input from
facility staff, there are no critical process equipment designated for the PFP facilities. =
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SECTION 11 – HIGH VALUE PROPERTY

High value property for purposes of this analysis is defined as property or equipment \vith
replacement costs estimated in excess of S1 million as identified in the RL Property System
(Appendix E). The RL high value property/equipment and associated replacement costs for the
PFP facilities are identified in Table 11-1. Damage to some of the high value property/equipmenf
is possible based on the postulated fire scenarios as discussed in Sections 6.0 and 12.0. In some
areas, such as Room 132 in Building 234-5Z, \vhere the mass spectrometer is located, additional
fire protection (e.g., smoke detectors) is installed to protect the high value property. However,
in most areas, high value property is pro:ec:ed to the same level as the building in which it is
located. Based on the identified high value items and existing level of protection, no additional
fire protection systems are recommended for the high value property.

Table 11-1. High Value Property (RL Property System)

Room Property/Equipment Property Number RL Replacement
Costs (dollars)

Building 23.4-52

-. Power Wiring F174335 2,362,005

.- General System Equipment Ft 74866 14,377,50t

.- General System Equipment Ft75343 l,t62,584

. . Piping F227418 9, t 47,096

.- Fire Alarm Equipment F258335 5,437,134

.. Monitoring System F262090 1,632,871

. . Piping F262536 t ,149,854

Perimeter Fence Detection System F264301 2,735,91 I

132 Mass Spectrometer Wt3i0697 t ,278,644

228 Hood/Equipment -. 2,455,021

233 HoodiEquipment .- 2,176,580

321 Fans/Equipment -. 2,844,500

Building 236-z

.- Piping F22 1925 2,605,140

.- Instrumentation F226233 t ,415,772

. . Process Cell Equip F226225 1,556,570

35 Piping F269057 1,321,337

41 HoodlEquipment -- 1,090,604

Building 241-Z

-- Piping F269 100 6,078,162
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Room Property’/Equipm ent Property Number RL Replacement
Costs (dollars)

Building 242-Z

. . Piping F226491 1,332,003

Building 243-Z

. . Piping F26906 1 2,100,878 .

Buildine 2736-Z.
.. Building Storage F256107 1,585,456

Building 2736-ZB

.. Building Storage F26.1613 6,188,389

637 Lab Equipment .- 1,471,803

II
Building 291-2

. . Power Wiring F264421 1,047,300

.. Piping F268561 1,018,384
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SECTION 12 – DAMAGE POTENTIAL

Estimates of damage potential are based on the worst-case fire events in each of the
facilities. Cost estimates include loss of contents, structural damage to the buildings, and
contamination cleanup. Based on facility direction, loss of production or program continuity is
not a monetary concern in this analysis because operations can be relocated. Based on DOE
Order 5480.7A, estimates of the MPFL assume that one automatic suppression system will
malfunction. Manual firetighting efforts are also ignored for determination of the MPFL.
Estimates of the MCFL are based on the assumption that the fire protection features, inchrding
automatic sprinkler systems, function as designed. Table 12-1 provides a summary of the iviPFL
and MCFL cost estimates for each of the PFP facilities.

Table 12-1. Summary of MPFL and MCFL Estimates for PFP Facilities

Building MPFL MCFL

234.5Ztire (first floor) s 14,000,000 $1,300,000

234-5Z fire (second floor) S13,000,000 S3,000,000

242-Z S5,300,000 S16,000

236-Z S1,800,000 $1,800,000

291-Z $530,000 S530,000

2736-ZB S2,227,000 S2,227,000

2736-Z S800,000 S800,000

2721-Z Sl,ooo,ooo S500,000

232-Z $100,000 Sioo,ooo

24 I-Z S250,000 S250,000

243-Z S500,000 <$500,000

Compressed Gas Storage <$1,000,000 -S1,000,000
Areas

Hazardous Product and Waste $980,000 $980,000
Exterior Lay Down Areas

Replacement costs of building contents and the stntcture are based on RL Property
Systems cost breakdown as provided by WHC. A copy of the cost breakdown by room for each
of the PFP facilities is included in Appendix E. Cost of contamination cleanup is based on the
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recent cleanup efforts in Building 232-Z, A fixed rate of $4,00 per square foot of surface mea
is used as a conservative cleanup estimate [McKimis, 1996].

In accordance with DOE Order 5480.7A, facilities having a MPFL in excess of
$1,000,000 require an automatic suppression system designed in accordance with the applicable
NFPA standards. When the MPFL exceeds S50 million, a redundant fire protection system is
required such that, despite the failure of the primary fire protection system, will limit the loss td
$50 million. When the MPFL exceeds S150 million, a redundant tire protection system and a
3-hour fire resistance rated barrier are required to limit the MPFL to $150 million.

12.1 BUILDING 234-5Z

12.1.1 First Floor

12.1.1.1 Ma~imum Possible Fire Loss (MPFL)

The MPFL for a tire on the first floor occurs for the office/laboratory fire in the analytical
labs. Darnage results from complete burnout of the analytical labs, instruments Shop, and office
and lab spaces located in the south center portion of the first floor. As a result of potential
HEPA filter clogging in the E-3 filter bardcs, contamination of the entire 234-5Z facility is
possible. There is no significant struchrral damage to the building; however, the areas of the first
floor directly involved in the tire will have to be reconstructed.

The replacement cost for loss of all contents in the burned area (e.g., room nos. 126-170)
is approximately $8,200,000. The reconstruction cost is estimated based on Means Facilities Cost
Data [1994] for office reconstmction (office occupancies have the highest reconstruction cost) and
is based on a fixed rate of$915 per square meter of floor area ($85.00 per square foot). The
total burnout area on the first floor is approximately 455 m2 (49oo fr2). This yields a
reconstruction cost of approximately $416,500. The contamination cleanup cost, based on the
contaminated mess identified in Table 6-5 is approximately $5,380,000 (1,345,000 ft2 x
$4.00/ft2). This yields a total MPFL of approximately $14 million.

12.1.1.2 Maximum Credible Fire Loss (MCFL)

The MCFL for a fire on the first floor occurs for the office/laboratory fire in the analytical
labs. The ,automatic sprinkler system is expected to contain the fire to a single lab space. As a
worst case event, it is assumed that the tire occurs in the area having the most expensive
equipment. A fire in Room 131 results in a loss of contents which have the maximum
replacement cost of approximately $1,278,644. This includes NVOmass spectrometers and related
equipment.
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12.1.2 Second FIOOI

12.1.2.1 Maximum Possible Fire Loss (h4PFL)

The MPFL for a tire on the second floor results from a hydraulic oil spill in room 321.
Unprotected structural ste”elmembers which are directly exposed to the fire will exceed maximum
temperature criteria and are assumed to result in collapse of the roof assembly in the main fan’
room. With the exception of the 2-hour fire barrier enclosing the Plastics Shop, wall partitions
on the second floor are not sufficient to prevent tire spread. Therefore, the tire can spread from
the main fan room laterally throughout the front side offices and storage areas (e.g., room nos.
300-303, 321-329). Exposed structural members in these areas will exceed maximum temperature
criteria and sue assumed to result in collapse of the roof assembly.

Due to the large number of columns and beams which fail the maximum temperature
criteria on the second floor, it is assumed that all second floor interior partitions and the entire
roof assembly collapses. Since the roof assembly can potentially collapse for this fire scenario,
contamination has a direct route to the exterior. The fire is primarily contained to the front side
(which is not contaminated) because there are limited combustibles on the back side to allow fire
spread. However, since the paftitiorr“walls separating the front and back sides may collapse
during the tire exposure, it is assumed that the two E-4 filter banks (i.e., room nos. 309 and 310)
are exposed to the fire. The other filter rooms, which serve the E-3 ventilation system, ue
relatively uncontaminated compared to the E-4 filter rooms. It is unlikely that any of the filter
rooms would become involved in the fire since they are separated from areas containing
combustible materials. However, the E-4 filter rooms are the closest source of contamination to
the fire on the front side. Therefore, it is assumed that their entire plutonium inventory is
dispersed in the fire to the outside. This provides a worst case cleanup scenario.

The filter boxes on the backside of the second floor (e.g., room no. 308) are also
contaminated. However, they are fwther from the fire than the filter rooms and there rce no
combustibles to allow tire propagation to the filter boxes. Therefore, while strucmral collapse
of the roof sc+semblymay breach and expose the filter boxes, their contents are not expected to
become involved in the fire.

The total MPFL includes 10SSof all contents on the second floor, contamination of the
entire second floor, contamination to the outside, and reconstruction of the entire second floor.
The replacement cost for loss of all contents is approximately .S6,000,000. The reconstruction
cost is estimated based on Means Facilities Cost Data [1994] for office reconstnrction (office
occupancies have the highest reconstruction cost) and is based on a fixed rate of.S915 per square
meter of floor area ($85.00 per square foot). The total area of the second floor is approximately
6,720 m2 (4,900 ft2). This yields a reconstruction cost of approximately $6,150,000

The contamination cleanup cost for the second floor, based on the contaminated areas
identified in Section 6.3.4.3, is approximately $700,000 (163,650 fi2 x $4.00/@. The
contamination cleanup required outside of the PFP is based on the area determined in Section
15.2. The cleanup cost is based on actual cleanup costs of soil contaminated by low level
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uranium waste [Myott. 1995]. The cost includes samples and surveys which are to characterize
the waste and assumes that the I~asle is stockpiled according to present policy and not buried.
The actual cost of the 25 acre soil cleanup was approximately $550,000. This equates to a cost
of $5.44 per square meter ($0.51 per square foot). Based on this cleanup cost value for
contaminated accessible soil, the cost of the PFP contamination to the outside is approximate;:
$53,500 (9,825 mz x S5.44/m2).

This total MPFL for the second floor is approximately S13 million

12.1.2.2 Maximum Credible Fire Loss (MCFL)

Sprinkler activation resulting from the hydraulic oil spill fire in Room 321 is expected to
prevent tire spread into adjacent areas. In addition, the cooling effect from the water ~vill limit
structural darnage to areas in the immediate vicinity of the pool fire. However, since the
sprinklers will not necessmily extinguish the liquid pool tire (and may actually spread it out over
a greater area), thermal damage can still occur in the main fan room. Therefore, the MCFL for
this scenario involves the loss of all contents in Room 321. Since this area is not contaminated,
there is no cleanup associated with the MCFL. The replacement cost of all contents is
approximately $3,000,000. This is expected to be a conservative estimate of the MCFL since it
is unlikely that all contents ~vouldbe ciiunagedduring the fire exposttre.

12.1.3 General

The MPFL and MCFL in Building 234-5Z is approximately $14 million arid $3 million,
respectively. In this case, the MPFL occurs for a fire in the analytical labs on the first floor and
the MCFL results from a fire in the second floor fan room. Since the MPFL is greater than $1
million, DOE 5480.7A requires an automatic sprinkler system. However, since the MPFL is less
than $50 million, redundant protection and additional tire protection features are not required.

Whh a feiv exceptions, Building 234-5Z is protected throughout by an automatic sprinkler
system and automatic fire detection system (providing redundant protection). Therefore, with the
exception of several areas which a: not protected by sprinklers (vaults, filter rooms, etc.),
Building 234-5Z is in compliance with DOE 5480.7A loss limitations (see Section 5.2.1).

12.2 BUILDING 242-Z

12.2.1 Maximum Possible Fire Loss (MPFL) ““’

The worst case fire event for Building 242-Z is an exposure hazard resulting from a tire
in the storage annex. A fire in this space can compromise the west wall of the 242-Z facility and
potentially spread throughout the 242-Z Building and into 234-5Z. Assuming total loss of the
242-Z structure and all equipment results in a MPFL of approximately $4,000,000. The sprinkler
system in 234-5Z, an independent system from 242-Z, is expected to limit fire darnage to the
MCFL lirrds for 234-5Z first floor (i.e., $1.3 million, see Section 12.1). In addition, fire
involvement of the 242-Z Building will result in a release to the exterior. The level of
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contamination which \vill require cleanup efforts is not easily quantified since the contents of the
faciiity are unknown. Therefore, this cost is not included in the MPFL.

The 242-Z Building and ~hestorage annex are equipped with automatic sprinkler systems.
Therefore, assuming that contamination cleanup does not cause the MPFL to exceed S50 million,
Building 242-Z is in compliance with the criteria of DOE 5480.7A.

12.2.2 ,MaximurnCredible Fire Loss (MCFL)

The automatic sprinkler system in the storage annex is expected to control the fire and
prevent fire spread to the 242-Z facility. Damage resulting from the fire includes loss of the
storage contents in the annex building. The MCFL for the facility (i.e, the replacement cost for
the contents) is approximately S15,750.

12.3 BUILDING 236-Z

12.3.1 Maximum Possible Fire Loss (MPFL)

The MPFL for Building 236-Z-results from a glovebox fire in the MT Process Room .
The tire is expected to be contained to the MT room; however, contamination of the entire
facility is possible. The concrete structure is not expected to be darnaged.

The replacement cost for loss of a~l contents in room no. 41 (i.e., the MT room) is
approximately $1,100,000. The contamination cleanup, based on the contaminated areas
identified in Section 6.5.2, is approximately $720,000 (180,000 ft2 x $4.00/ft2). This yields a
total MPFL of approximately S1,800,000. The 236-Z Building is protected throughout by an
automatic sprinkler system, except in the canyon. Therefore, the facility is in compliance with
DOE 5480.7A.

12.3.2 Maximum Credible Fire Loss (MCFL)

Since this fire scenario involves a fire within the MT gloveboxes, which are not equipped
with an automatic suppression system, the fire can spread throughout the gloveboxes. Therefore,
all of the gloveboxes and the contents within them, can be damaged by tbe fire. Also, while the
sprinklers in the room will prevent fire spread to other areas, smoke and contamination can still
spread throughout the facility. Since the fire is contained to within the MT room for the MPFL
scenario, the extent of damage to the building is not reduced by activation of the sprinkler system
in the MT glovebox room. For this scenario, the MCFL is equal to the MPFL, which is
$1,800,000.
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12.4 BUILDING 291-Z

12.4.1 Maximum Possible Fir* Loss (MPFL)

The worst case fire event for Building 291-2 is a transformer oil spill fire in Room 500.
The MPFL for this scenario includes the loss of all contents in Rooms 500 and 501, There is
no contamination potential associated with a fire in this facility and the tire is expected to be”
contained to within the building. As such, the total cost includes the replacement cost of the two
transformers, and the compressor and vacuum pumps in Room 501. The total damage resulting
from this fire scenario is approximately S530,000. Since the MPFL is less than S1 million, DOE
5480.7A does not require an automatic sprinkler system.

12.4.2 Maximum Credible Fire Loss (MCFL)

The only suppression system in Building 291-Z is the automatic deluge system protecting
the transformers in Room 500. The deluge system is not expected to control the fire or
significantly reduce the subsequent darnage potential. Therefore, the MCFL is the same as the
MPFL, which is $530,000.

12.5 BUILDIN’G 2736-ZB

12.5.1 Maximum Possible Fire Loss (MPFL)

The maximum possible tire event in the 2736-ZB Building results from a fire in the NDA
Lab. Fire spread includes the NDA Lab and back side office spaces. Dhage results from loss
of contents in the lab and office spaces and contamination of the facility. The concrete structure
is not expected to be damaged.

The replacement cost for the contents of the NDA Lab and back side office spaces is
approximately S1,900,000. The contamination cleanup, based on the contaminated areas
identified in Section 6.7.2, is approximately $370,000 (91,500 fi2x $4.00/ft2). This yields a total
MPFL of approximately $2,270,000. The 2736-ZB Building is protected throughout by an
automatic sprinkkr system. Therefore, the facility is in compliance with DOE 5480.7A.

12.5.2 Maximum Credible Fire Loss (MCFL)

A fire in the NDA Lab is expected to be contained within the Lab room based on the
limited fuel load, sprinkler protection, and fire resistive construction. While sprinkler activation
will reduce the tire spread within the room, smoke and heat damage to equipment can still occur.
In addition, water from the sprinklers may damage some of the surstii,,e equipment in the Lab.
Therefore, even with sprinkler activation, all of the contents in the NDA Lab are expected to be
darnaged. In addition, contamination resulting from the fire can potentially spread throughout
the facility even with sprinkler protection. As such, for this scenario, the MCFL is equal to the
MPFL.
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12.6

12,6.1

BUILDING 2736-2

Maximum Possible Fire Loss (MPFL)

.4 mmimum possible fire event in Building 2736-Z is arr electrical fire damaging the
sun,eillance and securitj equipment in the vaults. Assuming that all alarm equipment and
instrumentation are damaged, the MPFL for the facility is approximately S800,000. Since th;
MPFL is less than $1 million, DOE 5480,7A does not require an automatic sprinkler system,

12.6.2 Maximum Credible Fire Loss (MCFL)

There are no automatic suppression systems in the vaults of Building 2736-Z. Although
the corridor has automatic sprinklers, a srna11electrical tire is not expected to activate the
suppression system prior to causing thermal damage. Therefore, the MCFL is equal to the
MPFL, tvhich is S800,000.

12.7 BUILDING 2721-Z

12.7.1 Maximum Possible Fire Loss (“MPFL)

The worst case tire event in Building 2721-Z is a diesel fuel spill fire. The MPFL for
the facility assumes that the structure and all equipment in the building are damaged since the,re
are no separations to control the spread of fire. This includes the loss of three diesel generators,
the control panel, and other buildlng service equipment. The MPFL for the buiIdhg is
approximately $1,000,000. Building 2721-Z is equipped with an automatic dry pipe sprinkler
system. Therefore, Building 2721-Z is in compliance with the requirements DOE 5480.7A.

12.7.2 Maximum Credible Fire Loss (MCFL)

The automatic dry-pipe sprinkler system in the Building 2721-2 is not expeeted to
significantly reduce the damage to the building contents. However, the cooling effect of the
water will likely prevent any significant damage to the structure. The MCFL is approximately
$500,000.

12.8

12.8.1

BUILDING 232-Z

Maximum Possible Fire Loss (MPFL)

The worst case fire event for Building 232-Z is a fire involving transient combustibles in
the Process Area. Such a tire will not cause darnage to the structure. Equipment and contents
in the vicinity of the fire will be damaged. Since the facility is entering a decontamination and
decommissioning (D&D) phase, the building and its contents have no value. Therefore, the ordy
cost associated with the tire is decontamination cleanup. Based on the recent cleanup efforts in
this facility, the MPFL (i.e., cleanup cost) is less than $100,000.
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12.S.2 Maximum Credible Fire Loss (MCFL)

There are no automatic suppression systems in Building 232-Z. Therefore, the MCFL is
equal to the MPFL, Ivhich is less than $100,000.

12.9 BUILDING 241-Z

12.9.1 Maximum Possible Fire Loss (MPFL)

The worst case fire event in Building 241-Z is a small fire involving transient
combustibles. Such a fire will not cause damage to the structure and is not expected to damage
the pump and tank equipment. As a consemative estimate, it is assumed that the fire damages
the electrical ~viringand alarm system equipment in the facility. The MPFL for this scenario is
less than S250,000. Since the MPFL is less than S1 million, DOE 5480.7A does not require an
automatic suppression system.

12.9.2 Maximum Credible Fire Loss (MCFL)

There are no automatic suppre:~ion systems in Building 241-Z. Therefore, the MCFL is
equal to the MPFL.

12.10 BUILDING 243-Z

12.10.1 Maximum Possible Fire Loss (MPFL)

The worst case fire event for Building 243-Z is a fire involving transient combustibles in
the space. Such a fire \vill not cause damage to the structure or piping equipment. Electrical
equipment and contents in the vicinity of the fire are expected to be damaged. Conservatively
assuming that all of the power wiring in the facility is damaged results in a MPFL of
approximately $500,000. Building 243-Z is equipped with an automatic sprinkler system. Since
the MPFL is less than $1 million, DOE 5480.7A does not require an automatic suppression
system.

12.10.2 Maximum Credible Fire Loss (MCFL)

The automatic sprinlder system in the Building 243-Z will reduce the thermal damage to
equipment in the facility. The MCFL is less tharr $500,000.

12.11 COMPRESSED GAS STORAGE AREAS

12.11.1 Maximum Possible Fire Loss (MPFL)

There ue no accident scenarios for the Compressed Ga,s Storage Areas which present a
f~e h-d to the PFP facilities. Scenarios involving a flaming jet from one of the propane
cylinders can result in loss of a single storage shed and may damage other gas cylinders. The

.
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MPFL is limited to the replacement cost of the gas cylinders and storage shed, approximately
S25,000.. .An explosion from a propme leak would damage the buildings and surrounding
structure. Damage is expected to be limited to less than .$1 million.

12.11.2 Maximum Credible Fire Loss (MCFL)

There are no automatic suppression systems protecting the Compressed Gas Storage Areas:
Therefore, the MCFL is equal to the kfPFL.

12.12 HAZARDOUS PRODUCT .MJD WASTE EXTERIOR LAY DOWN AREAS

12.12.1 Maximum Possible Fire Loss (MPFL)

The MPFL for the Hazardous Product and Waste Exterior Lay Down Aeas results from
a diesel spill tire engulfing 55-gallon drum storage containers. The pool fire breaches a
maximum of 128 drums containing TRU waste materials (see Section 6,14.2). Because the drum
contents have no monetary value, the cost associated with this scenario is based solely on the
contamination cleanup resulting from ~heburning contents in the 128 drums.

The maximum contaminated mea determined in Section 15.3 is 180,068 m2. The cleanup
cost is based on actual cleanup costs of soil contaminated by low level uranium waste ~yott,
1995]. The cost includes samples and surveys which characterize the waste and assumes that the
was{eis stockpiled according to present policy and not buried. The actual cost of the 25 acre soil
cleanup was approximately S550,000. This equates to a cost of $5.44 per square meter ($0.5 I
per square foot). Based on this cleanup cost value for contaminated accessible soil, the cost of
the burning drum contents scenario is approximately S979,570.

12.12.2 Maximum Credible Fire Loss (MCFL)

There are no automatic suppression systems protecting the Hazardous Product and Waste
Exterior Lay Down Areas. Therefore, the MCFL is equal to the MPFL.
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SECTION 13 – FIRE DEPARTMENT/BPJG.ADE RESPONSE

The Hanford Fire Department (HFD) consists of four fire stations covering the 560 square
mile area of the Hanford site. These stations are strategically located across the site to ensure
minimum response time to all facilities. Front-line engines are aerial device/pumpers in all
stations with regular pumpers as back-up/reserve. The HFD maintains a fleet of39 vehicles with
a diversified range of capabilities. Of these, 29 ae fire/emergency response apparatus. Of the
29 emergency response apparatus, 24 are considered first-line equipment. The remainder are fully
maintained reserves. . .

The 200 area staticm is the closest to PFP. This station is located between the 200W and
200E areas. The estimated response time for apparatus to arrive on the scene of an incident is
expected to be four to five minutes after notification from the dispatch/communications center.
This estimate assumes the firefighters are in the 200 area fire station and normal road and
traveling conditions. The HFD response time for fire alarm trouble (i.e., supervisory) signals is
limited to 30 minutes.

The present operating procedu~e for a Hanford Site Emergency Response is to dispatch
an ambulance and single aerial device/pumper from the closest station md a second aerial
device/pumper from the next closest station. This provides a two “engine” response with
additional manpower/medical capabilities. The first apparatus due on scene constitutes what is
termed “Initial Attack Response Capability.”

The HPD has an established mutual/automatic aid agreement with the surrounding
jurisdictions. The agreement enables the HFD to augment its own fire and emergency medical
resources in the event of a major incident. This agreement is known as the “Tri-Cities Mutual
Aid Agreement” and has been in existence since 1985. Participating agencies include the cities
of Richland, KenWick, and Pasco, and the Fire Protection Districts of Benton County #1, Benton
County #2, Benton County //3, Benton County #4, Benton County #5, Benton County #6,
Franklin County #3, and Walla Walla County #5. Participation in the agreement is delivered
utilizing existing manpower and equipment.

Facility pre-fire plans were reviewed for this FHA. All of the plans were up-to-date.
Procedures exist to obtain fire department access to the site through the security requirements
[Campbell, 1996]. Future changes to the HFD include closing Station 1 during the night. This
will have no impact on fire department services to the PFP.
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SECTION 14 – RECOVERY POTENTIAL

Table 14-1 identifies the primary consequences and recovery potential, as provided by PFP
facility staff, for the fire,scenarios presented in Section 6.0 which involve active PFP facilities.

Table 14-1. Effects of Fire Scenarios on PFP Operations

Scenario Description Recovery Potential and Consequences

Building 234-52: First The PFP would utilize the R&D Lab and redirect the overflow of work to one
floor tire including loss of of the other labs located on the Hanford site, Additional equipment could be
analytical labs, offices and purchased for the R&D labs to handle the additional work. Operatiom would
other lab afeas, and be delayed, but not greatly impacted, because of job priorities at other labs,
storage rooms.

Building 234-52: First The 94- I Stabilization project would be temporarily shut down. Process line
floor fire includinz loss of equipment and gloveboxes would be required to be relocated to a different part
entire 94-1 Thermal of [he facility to allow 94-1 project to continue its efforts. This would cause a
Stabilization Process Line delay of approximately 6 months for some 94.1 project operations.

Building 234-52: Second Loss of ~he supply fans would have an impact on the facility causing all
floor fire including radiological work to stop until the supply system could be replaced. PFPcould
comptete10ssof supply maintainnegativeconfinedpressurein the facitityby continueduseof the
fans and equipment exhaust fans. This would cause a down time of about one month before

temporary supply fans could be installed and one year before permanent supply
fan replacement.

Building 291-Z: Including Loss of rhe transfonrrers woutd be a temporary power loss until the power could
loss of transfonrrers, be switched to a differenr power source. Loss of the compressor, &yer and
compressor, dryers and reservoir would be temporary until ponable equipment, which is on site, could
vacuum pumps be setup. There would be a down time of approximately two weeks. Loss of

tbe exhaust fans would have a major impact on the facility causing all
radiological work to stop until the eshaust system could be replaced. However,
there are no credible fire scenarios which could potentially damage all of the
exhaust fans simultaneously.

Building 2721-Z: Loss of The generators are not emergency generators but are considered standby
emergency generators generators. If these generators were lost due to tire, uninterrupted power

supplies (UPS) are in place to support the needed areas of concern. Loss of
operations would not be effected because of the UPS and emergency generators
that would start up. Needed power feeds would be re-routed to other
generators. The damaged generators would not be replaced.

Building 2736-ZB: The PFP would utilize the analytical, R&D, or any of the other labs located on
Including complete toss of the Hanford site to process any needed tests or materials. There would be no
the NDA Lab operational loss to the PFP.
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Table 14-1. Effects of Fire Scenarios on PFP Operations (Continued)

Scenario Description I RecoveryPotential and Consequences II

Building 2736-Z: Fire Patrol would man security smtions as they currently do. Onlylimitedaccess
involvinglossof security \vouldbe allowedintothe vaults. Eachvaultbeingenteredwouldhavea
equipmentin storage security guard stationed outside the vault door to survey everyone leaving the
Vaul[s vault until the security systems were brought back on line. Loss of operations

would be minimal since administrative procedures would be put in place to
secure the area until new systems could be purchased and installed, Equipment
would be purchased and installed within three weeks.
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SECTION 15 – POTENTIAL FOR A TOXICOLOGICAL, BIOLOGICAL, AND/OR
RADIOLOGICAL INCIDENT DUE TO A FIRE

This section addresses special fire hazards resulting from chemicals, radioactive materials,
and toxic materials and the potential for their release to the site or the public. A release to th?
environment can create a health hazard and also result in contamination of both on and off site
areas. The health hazards associated with toxicological, biological, and/or radiological materials
are addressed in the FSAR [WHC, 1995]. In thk section, the analysis focuses on the extent of
contamination and maximum cleanup costs resulting from the MPFL tire scenarios developed in
Section 6.0. Although a toxicological incident due to fire can also occur in some of the PFP
areas (e.g., 236-Z Chem Prep Room 40), the FHA addresses worst case events, and involving a
toxicological incident rather than radiological does not change the MPFL scenario results.

Contamination Jvithinthe PFP facilities occurs for several of the tire scenarios considered
in this analysis. Since the buildings are maintained at a negative pressure with respect to the
outside, most of the fire scenarios do not result in a release to the environment. A rele~e from
the building to the outside can occur if any of the following occur:

(1) The building is intentionally vented;

(2) The building is exposed to an abnormal event such as an earthquake which could
lead to loss of building perimeter integrity;

(3) An explosion occurs which violates the integrity of the exterior wall>

(4) Fire products escape through building openings (e.g., roof or door); or

(5) Fire products escape through building openings created by structural collapse due
to fire.

There are two MPFL fire scenarios which can potentially restdt in a release to the outside:
(1) second floor hydraulic oil spill tire and (2) exterior TRU drum storage fire. The fue damage
resulting from these scenarios is discussed in Section 6.0. In the following sections, the
maximum onsite and offsite contamination is determined.

15.1 CONTAMINATION DISPERSION MODEL

The contamination to the outside is estimated using a model developed by Himes [1994].
In the model, the dispersion of radioactively contaminated particles is calculated using classical
plume equations. The model assumes no containment effect by the structure and is considered
to be a conservative estimate of the acturd dispersion. In developing the model, assumptions
regarding the maximum heat release per unit area and environmental conditions are consistent
with the context of this analysis. The end result of the model yields a maximum downwind



HNT-SD-CP-FHA-004, REV O
PAGE 15-2

extent of the contour and the corresponding area relating to a minimum contamination level. The
maximum downwind extent, Xl. is given by,

( )X, = 64.9 ~ A 08A07‘llm
Cf

(15-1)

where

m = - (0.02940 In A, + 3.248) (15-2)

and I is the totalradioactiveinventory consumed in the fire (Ci),
c is the minimum contamination level (Ci/m2), and
Af is the burn mea of the contaminated area involved in the tire (m2),

The area of the minimum contamination level contour is given by,

AC = 0.0724 G X/w3 (15-3)

The minimum contamination level, C, is determined from the WHC Enviromnentu/
Compliance Manual [WHC-CM-7-5, Rev. 2]. Specifically, Table 6-2 specifies the accessible soil
concentration limits for specific isotopic nuclides in pCi/g. The author of the dispersion model
(i.e., Himes) stated that it is common practice to assume a soil depth of 1 cm and an average soil
density of 1.6 g/cm3 when converting the units of the contamination values in Table 6-2 to Ci/m2.
With this assumption, the conversion factor is 1 pCi/g = 1.6 x 10-8 Ci/m2.

Using this model, the maximum contamination resulting from the design base tire
scemwios is estimated. The area of ground contamination is significant both as a life safety
concern and of determining the MPFL of the fire scenario.

.
15.2 SECOND FLOOR HYDRAULIC OIL SPILL FIRE

The design base tire scenario on the second floor can potentially result in collapse of the
roof assembly, thus providing a direct route for combustion products to escape to the exterior.
While the fire is primarily contained to the front side of the second floor (which is not
contaminated), thermal failure of the structural members (i.e., columns,”bearns,roo~ can collapse
interior partition walls. Since the pkrtition walls separating the front and back sides may collapse
during the fire exposure, it is assumed that the two E-4 filter banks (e.g., room nos. 309 and 310)
are exposed to the fire. These other filter rooms, which serve the E-3 ventilation system, are
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relatively uncontaminated compared to the E-4 filter rooms. Therefore, their involvement in the
fire is not considered.

It is unlikely that any of the filter rooms would become involved in the tire since they are
separated from areas containing combustible materials. However, the E-4 filter rooms are the
closest source of contamination to the tire on the front side. Therefore, it is resumed that their.
entire plutonium inventory is dispersed in the fire to the outside. This provides a worst case”
cleanup scenario.

The filter boxes on the backside of the second floor (e.g., room no. 308) are also
contaminated. However, they are further from the fire than Lw filter rooms and there are no
combustibles to allow tire propagation to the filter boxes. Therefore, while structural collapse
of the roof assembly may breach and expose the filter boxes, their contents ~e not expected to
become involved in the tire.

The total radioactive inventory in the filter banks is estimated based on maximum
plutonium content values presented in the FSAR. Each E-4 filter bank contains a maximum of
0.1 g of plutonium in the HEPA filters.. As a worst case, it is assumed that the entire inventory
is consumed in the fire and dispersed to the outside via the roof openings.

The isotopic breakdown of the plutonium content in the E-4 filter banks is based on the
mass weighted average and 90th percentile plutonium breakdown for PFP materials presented in
the FSAR. Table 15-1 provides the mass weighted isotopic values for PFP materials and the total
activity for the E-4 filter banks based on the mass weighted breakdown.

Table 15-1. Mass-Weighted Isotopic Values for E-4 Filter Banks

Isotope PercentPu Specific Activity E-4 Fitter Banks E-4 Filter Banks
(%) (ci/g) Mass (mg) Activity (Ci)

238h 0.13 17.4 0.26 0.00452

239h 86.59 0.0615 173.18 0.0t065

240fi 11.99 0.227 23.98 0.00544

241h 0.89 114.0 1.78 0.20292

242W 0.40 0.004 0.80 0.00000

241Am \.49 3.24 2.98 0.00966

Total 101.49’ 202.98 0.23320

* The percent Pu is calculated on a er gram plutonium basis. Ttre total is greater than 100%
because of the contribution of the !2 ‘Am mass.
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In order to provide a conservative estimate of the total activity for the plutonium
inventory, ~alues for the 90th percentile Pu materials used at the PFP are used rather than mass-
weighted values. Based on the FSAR, the activity for the 90th percentile Pu materials is
approximately S times greater than that for the mass-weighted average. Therefore, in this
analysis, the total radioactive inventory identified in Table 15-1 for the E-4 filter rooms is tripled
so that it reflects the activity of the 90th percentile materials used at the PFP. This yields a total
radioactive inventory of 0.70 Ci for the t~voE-4 filter banks. Again, it is conservatively assumed-
that the entire inventory is consumed in the tire.

The minimum allowable soil contamination level is based on the specific isotopic .
breakdown of the PFP materials in accordance with Section 6.5.2 and Table 6-2 of the WHC

Environmental Compliance Manual. The minimum accessible soil contamination level for the
Pu material in the E-4 filter banks is 3.03 x 10-6 Ci/m2.

The fire area of the contaminated area is estimated based on the total floor area of the two
E-4 ,~lter banks. The total bum area for this scenario is approximately 50 m2.

“”Solving Equations 15-1through 15-3 yields a maximum downwind contamination distance
of approximately 362 m (1190 ft) and a maximum contamination area of approximately 9,825
m2 (105,700 frz). The closest site boundiry from the PFP is approximately 12.5 km to the west.
Therefore, this level of dispersion will not contaminate any offsite areas.

15,3 EXTERIOR TRU DRUM STORAGE FIRE

The maximum damage resulting from this scenario involves breaching and burning the
contents of 128drums (see Section 6.14) within the fenced yard area of the PFP. Each 55-gallon
drum contains a maximum TRU content of 15 g 239Pu equivalent based on nuclear-criticality
safety control limits presented in the FSAR. Assuming that all 128 drums contain the maximum
TRU content, this yields a total plutonium mass of 1920 g 239Puequivalent. The specific activity
of *3gpuis 0,0615 Ci/g [Wick, 19s8]. This yields a total radioactive inventory of approximately
120 Ci for the contents of the 128 55-gallon drums involved in the tire scenario.

The minimum allowable soil contamination level is btied on the value for 239Puin Table
6-2 of the WHC Environmental Compliance Manual. The minimum accessible soil contamination
level is 3.04x 10-6Cilm2. The burn area of the drum contents is approximately equal to the area
of the liquid spill fire determined in Section 6.14 (i.e., 39.7 mz). Since some trash contents may
be expelled from the drums during the fire exposure, the burn area is estimated as 50 m2 in order
to calculate the maximum contamination area.

Solving Equations 15-1 through 15-3 with 1=120 Ci, C=3.04 x 10-6 Ci/m2, and A=50 m2,
yields a maximum downwind extent of approximately 1,669 m (5,475 ft) and a maximum
contamination area of approximate]y 180,068 m2 (1,937,530 ft2). The closest site boundary from
the PFP is approximately 12.5 km to the west. Therefore, this level of dispersion will not
contaminate any offsite areas.
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conducted at Lawrence Livermore National Laboratory
(LLNL) which investigated smoke aerosol exposure to HEPA filters [Alvares et al,]. The study
included plugging of the HEPA filter. The plugging tests involved smoke generation from a
variety of fuels in different configurations. The material of interest for our analysis is smoke.
generation from wood. Based on the test results, the minimum quantity of fuel required to buni
in order to cause a fifty percent reduction in airflow is determined. A fifty percent reduction in
airflow is defined as failure by clogging of the HEPA filter in the LLNL study.

Based on the analysis of I;.CLLNL test data, 25 kg (55 lb) of wood can potentially clog
(i.e., reduce the airflow by fifty percent) a 61 cm x 61 cm (24 in. x 24 in.) HEPA filter [Beyler
and Iqbal, 1995]. The 234-5Z Building ventilation exhausr system filters air from Zones 3 and
3a (i.e., the contaminated areas) through a single stage of testable HEPA filters that are located
in seven filter rooms (i.e.. room 311 through 316 and 318); any three of which may be in no,mral
service with the remainder in standby. Each filter room contains 112 HEPA filters (61 cm x 61
cm x 29 cm), yielding a total of 784 HEPA filters in the E-3 exhaust system.

Assuming that all of the HEPA filters in all seven of the E-3 filter rooms must clog in
order to lose negative pressure in the facility, a total fuel mass of approximately 19,600 kg
“(43,120 lb) must be burned. Based on the maximum estimated fuel ioad developed in Section
6.3.2.3 for an office or lab space (i.e., 511 kg), a fire must spread and consume all of the fuel
in over 38 office or lab spaces in order to clog the E-3 exhaust system. The maximum fire
spread determined in Section 6.3.2.5.3 involves approximately 40 to 45 office and lab spaces in
the southeast comer of the first floor. Although every office and lab space does not contain the
maximum fuel load, the total fuel consumed in the fire is in the range of that required to clog
the HEPA filters. Therefore, both a loss of negative pressure in the building and a radiological
release could occur.

As the negative pressure in the facility may be lost, radiological release to the exterior is
expected to be minimal. First, the total quantity of fuel required to clog the E-3 filter banks is
approximately equal to the totalamount of tie] consumed in the worst case fire scenarios. Since
conservative estimates are made regarding fuel load, the degree of HEPA clogging may not
reduce the airflow to rut extent required for complete 10SSof negative pressure. In addition, the
only openings to the exterior are doors which are normally kept closed and small crackMeaks in
the exterior walls. Therefore, while some level of contamination may be dispersed to the
exterior, if there is no structural damage to the building, most of the contamination dispersed
during a fire is expected to be contained within the facility.

15.5 LIQUID RUN OFF

Liquid runoff resulting from fire protection water (e.g., automatic sprinklers, fire
department hose streams) provide an addttiomd means for contamination to spread from the
facility to the outside. In order to prevent the liquid runoff from spreading off-site, the facilities



HNF-SD-CP-FHA-O04, REV o
PAGE 15-6

within PFP are provided \vith sink and process drains (see Figure 15-l). The drains ivhich have
a potential for containing contaminated runoff are piped through manholes to 2-!3-2 Building.

Based on the total lvater supply for fire protection requirements for ~hePFP complex as
defined in Section 5, Table 5.2 and the hydraulic calculations found in Appendix A of the FH.A,
liquid run off lvill not exceed the capacity of Pump Station hTo 1. The flow of the automatic
sprinklers and hose stream (approximately 700 gpm) for 20 minutes is within the capacity of the-
pump station tank capacity. Contaminated liquid rrm-off may escape the building causing grormd
contamination and cleanup. However, the release to the soil will not impact the dose
consequences addressed in Chapter 9, Section 9.2.4A.8.3 of the FSAR analysis.

Rainfall adds water to Pump Station No 1 via the storm drains. The average rainfall for
Hanford Area is 6.26 inches per year based on a 30 year average from 1961 to 1991 according
to Pacific Northwest Laboratory Weather Forecaster. The drains have been flow tested at up to
695 gpm without exceeding capacity.
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SECTION 16 – EMERGENCY PL.ANOJING

Several prefire plans have been developed by the fire department and PFP staff for the
Complex. The primary tactic selected for manual firefighting is a direct interior attack unless
conditions prevent such a strategy. The PFP Complex does not maintain a fire brigade. In most
situations, the personnel are instructed to activate the building fire alarm system and notify s
personnel within the immediate area. In some cases, there are plant operating procedures which
address specific responses to fire (e.g., ZO-2OO-O1O,“Respond to Plutonium Metal Sump Fires”).
Other plant documents, such as WHC-lP-1054-PFP, “PFP Emergency Response Guides,” and
WHC-IP-0263-PFP, “Building Emergency Plant for the PFP Complex,” Parr 7.2.4, Fire and
Explosion, provide additional specific emergency planning procedures for the PFP facilities.

The PFP Complex is included in the site-wide emergency plan and WHC-CM-5-8 [WHC-
CM-5-8, Volume 1, 1996]. Fire incidents are reported to the fire department by the fire alarm
system or use of the phone. Water flow alarm from the sprinkler system is also transmitted to
the fire department. A local fire alarm bell is installed outside the building to provide notification
of a fire incident.
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SECTION 17 – SECURITY AND SAFEGUARDS CONSIDEWTIONS RELATED TO
FIRE PROTECTION

Access to the PFP facility is restricted to authorized or escorted persomel. There are no
special security considerations identified in the PFP Complex that were judged to impact the fire
hazard analysis. Most doors are operable for egress, without lockout or cipher locks. In addition, ”
site security plans do not inhibit access to the building for fire department personnel and
apparatus. Operating procedures should minimize fire department response time and provide
access to the facilities as quickly as reasonably achievable.
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SECTION 18 – NATURAL HAZARDS IMPACT ON FIRE SAFETY

The impact of floods. tornadoes. and earthquakes on the PFP Complex have been
previously analyzed and is presented below.

18.1 FLOODS

The Columbia River probable maximum flood (PMF) (the flood discharge that may be
expected from the most severe combination of meteorologic and hydrologi$ conditions reasonably
possible in the region) would produce a flow of 40,793 m3/s (1,440,000 ft’/s). This flood would
not affect the central part of the site (the plateau of the 200 East and West Areas) including the
PFP facilities. Likewise, waters of a 100-yr flood (13,000 m3/s (459,000 ft3/s)) would have no
effect on the PFP facilities. [WHC]

Since credible floods from the Columbia and Ytilma Rivers have no impact on ~hePFP
facilities, no further analysis is considered.

18.2 TORNADOES

The Pacific Northwest is one of the areas of the courrtry with the lowest frequency of
tornadoes. The entire state of Washington has aruaverage tornado frequency of less th~ one per
year. An Walysis of the Hanford Site concludes that the probability of a tornado hitting any
partictilar on-site facility is six chances in a million during any one year.

The 234-5Z facility is qualified to withstand an extreme wind condition of 90 miles per
hour. The extreme wind analyses and strength evaluations are included in Extreme Wind Anu/ysi.s
PFP Structures .236-Z, 291-Z, and 234-5Z Buildings [Giller]. The PFP facilities are not designed
for tornado conditions [WHC].

18.3 EARTHQUAKE

A 0.2 g (maximum) acceleration level at the ground surface in the site area is assigned
as the design basis earthquake [DOE-RL]. The 234-52 Building, as is, could resist the design
basis earthquake motions without collapse; however, some buildings in the PFP Complex are not
designed to withstand a seismic event. For”some buildings in the Complex, interior walls,
exterior wall panels, gloveboxes, filerboxes, and exhaust ducts may fail during a seismic event.
As a result, radiological contamination within the building and potentially airborne contamination
can occur. A detailed analysis of the seismic event is presented in the FSAR. Fire hazards
associated with the seismic event which are greater than the MPFL fire scenarios could result if
the concrete walls or first floor plaster ceiling fail as a result of the earthquake and a fire is
initiated. Results of fire following an earthquake could include loss of building structure due to
potential fire spread and breach of structural fire protection (e.g., ceiling and column plaster
protection).
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SECTION 19– EXPOSURE FIRE POTEhlTIAL

Piloted ignition of adjacent structures can occur due to flame radiation from fully
developed fires. Minimum separation distmces bet~veenstructures aredetemined based on the
construction arrddimensions of the perimeter walls, building heights, potential fire severity, and
the number ofunprotected openings.

Minimum separation distances for adjscent structures are estimated based on procedures
provided in NFPA 80A, Recommended Prac[ice for Fire Protection of Buildings j-ox Exterior
Fire Exposures ~FPA 80A]. NFPA 80A is used to determine the minimum separation distance
required between the PFP facilities in the scope of this study and other buildings which pose a
potential exposure hazard. Table 19-1 provides a summary of the potential exposure hazards to
the buildings, their location lvith resDect to sDecific structures. and the reauired semration
distance ac~ording to NFPA 80A, ‘ ‘

A

Table 19-1. Required Separation per NFPA 80A for PFP Facilities
,.

BuiIding Approximate Required Comments
Distance (m) Separation

(m)

BUILDING 234-5Z

242-Z Attached 0 Protectedby an automaticsprinklersystem

236-Z Attached via 242-Z o Protected by an automatic sprinkler sysrem

234-5ZA Attached o Protected by an automatic sprinkler system

29 1-Z Attached by plenum; o Underground structure
structure is 11 m away

2736-Z 8 4 NFPA 80A, Table 2-3

2736-ZA 3 0 Protected by an automatic sprinkler system

2736-ZB 4 0 Protected by an automatic sprinkler system

2721-2 tl o Protected by an automatic sprinkler system

252-Z Electrical 2 0 Protected by an automatic deluge system
Substation
Transformers

273 I-Z 6 5.4 Table 2-3; all exposed wall openings are
closed with material equivalent to the wall
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Table 19-1. Required Separation per NFPA 80A for PFP Facilities (Continued)

Building Approximate Required Comments
Distance (m) Separation

(m)

BUILDING242-Z

234.5Z Attached o Protected by automatic sprinkler sysrems

236-Z Attached o Protected by an automatic sprinkler system

.Norage Annex Attached o Protected by an automatic sprinkler system

BUILDING 236-Z

242-Z Anached o Protected by an automatic sprinkler system

234-5Z Attached via 242-Z o Protected by automatic sprinkler systems

2727-Z I o Exterior walls of 236-Z provide a
minimum 3-hour fire resisrive rating

Building 291-Z

245-Z 7 0 Protected by art automatic sprinkler system

2736-ZB 8 0 Protected by an automatic sprink[er system

2731-Z 2 -. Limited exposure and loss potential (see
text)

234-5Z Attached by plenum; o Protectedby automaticsprinklersystems
structureis I1m away

Building2736-ZB

2736-Z Anached o

232-Z 4 0

2721-Z 8 0
Buildins273fi-Z

2736-ZB Anached o

2736-ZA 1.5 0

234-5Z ,8 0

Separatedby a 3-hourfirewall

Protectedby an automaticsprinklersystem

Protectedby an automaticsprinklersystem

Separated by a 3-hour tire wall

Protected by an automatic sprinkler system

Protected by automatic sprinkler systems
1

2736-ZC 3 4.8 Table 2-3; all exposed wall openings are
closed with material equivalent to the wall I

Building2721-Z

2736-ZB 8 0 l+otectedby an automaticsprinklersystem

Building232-Z

2731-ZA 4.6 4.9 Table2-3; all exposedwallopeningsare
closedwithmaterialequivalentto thewall

2736-ZC I 2.5
I

4.s Table2-3;all exposedwallopenings are
closed with material equivalent to tbe wall II

II27’36-ZB I 4 10 I Protected bv an automatic sririnkler svstem []
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Table 19-1. Required Separation per NFPA 80A for PFP Facilities (Continued)

Building Approximate Required Comments
Distance (m) Separation

(m)

Building241-Z

24I.ZG 1.5 .. Limitedexposure and loss potential (see
text)

241 -ZA 2 .- Limi!ed exposure and loss potential (see
text)

Buildine 243-Z

291-Z 1 I o Undermm,nd ctn, cnwe

Buildings 234-5Z, 242-Z (including the adjacent storage annex), 236-Z, 243;Z, 232-Z,
234-5ZA, 2736-ZA, 2736-ZB, and 2721-Z are protected throughout by an automatic sprinkler
system and the 252-Z Electrical Substation Transformers are protected by an automatic deluge
system. In accordance with NFPA 80A (Section 4-4), ivhere the exposing building or structure
is protected throughout by an automatic suppression system, no exposure hazard is considered to
exist. Therefore, these buildings do not present an exposure hazard to other facilities.

Buildings 2736-Z, 273l-Z, and 2727-Z are not protected by an automatic sprinkler system
and are located within 6 m (20 ft) of Building 234-5Z. For these buildings, the method outlined
in NFPA 80A is used to determine the minimum separation distance.

Building 2727-Z is located approximately 2 m west of Building 236-Z. The building is
of noncombustible construction and has nominal dimensions of 5 m wide by 10 m long. The
exterior walls of Building 236-Z are constructed of 20 cm (8 in.) thick concrete having a tire
resistance rating of at least 6 hours. NFPA 80A allows a separation reduction to Om where the
exposed wrdl is of noncombustible construction with a minimum fire resistance rating of 3-hours
(Section 4-2.3). Therefore, there are no separation requirements for this facility.

Building 2736-Z is located approximately 8 m (26 ft) south of the 234-5Z Building. The
exterior walls of 2736-Z are constructed of 30 cm (12 in.) thick concrete with a single door
opening along the exposing wall. In accordance with Section 2.2.3, the wall of Building 2736-Z
facing Building 234-5Z is treated as having 20 percent openings. The width and height of the
exposing wall are approximately 20 m and 4 m, respectively. The severity of the exposing fire
is taken as light based on the low tirel loading in the facility and the non-combustible
construction of the exterior wall. Using NFPA 80A, Table 2.3 yields a guide riurnber of 0.51.
In accordance with Section 2-3, the minimum separation distance is calculated by multiplying the
minimum of the height and width of the exposing building by the guide number and adding 1.5
m (5 ft). A minimum separation distance of approximately 4 m (12 ft) is calculated. Since the
building is located 8 m away, the separation distance is in compliance with NFPA 80A.
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Building 2731-Z is located approximately 6 m south of the 234-5Z Building. The exterior
walls and roof of 273I-Z are constructed of noncombustible corrugated metal. In accordance
with Section 2-2.3, the wall of Building 273 I-Z facing Building 234-5Z is treated as having 100
percent openings because it does not have the ability to withstand fire penetration for more than
20 minutes. The width and height of the exposing wall are approximately 5.5 m and 4.o m,
respectively. The severity of the exposing fire is taken as moderate based on the fuel load in
Building 2731-Z in accordance with NFPA 80A Table 2-2.4(a). Using NFPA 80A, Table 2-3-
yields a guide number of 2.30. In accordance with Section 2-3, the minimum separation distance
is calculated by multiplying the minimum of the height and width of the exposing building by
the guide number and adding 1.5 m (5 ft). A minimum separation distance of approximately 10.7
m (35 ft) is calculated. hlFPA 80A Section 4-2.3 allows a separation reduction of 50 percent
where the exposed wall is of noncombustible construction and where all wall openings are closed
with materials equivalent to the wall. Therefore, the required separation distance is reduced to
5.4 m (18 ft). Since the building is located 6 m (20 ft) away, the separation distance is in
compliance with NFPA 80A.

Building 2731-ZA is located approximately 4.6 m west of 232-Z and 3 m south of 2736-
2B. The peaked roof structure is noncombustible construction and, based on facility input, has
a moderate fuel load. The width and height of the non-sprinklered facility is approximately
7.6 m and 3.0 m, respectively. Foiloiving NFPA 80A criteria, a minimum separation distance
of 9.8 m was calculated. Since all exposed wall openings are closed with materials equivalent
to the wall, the minimum separation distance can be reduced to 4.9 m. Although 2731-ZA is
tithin 4.9 m of 232-Z and 2736-ZB, automatic sprinkler protection in 232-Z ~d 2736-ZB
substantially reduces the exposure hazard. Therefore, no recommendations are provided to protect
or mitigate the exposure hazard.

A similar situation exists for 2736-ZC which is located approximately 2.5 m east of 232-
2. The facility is used for storage and has a light fuel loading. The building is of
noncombustible construction and has a width and height of approximately 7.6 m and 4.6 m,
respectively. Based on NFPA 80A criteria, a minimum separation distance of 4.8 m was
calculated. Since 232-Z is provided with automatic sprinkler protection, the exposure potential
is considered to be minimal, and therefore, no recommendations are provided.

NFPA 80A does not address all of the potential exposure hazard at PFP. Other small
buildings and storage areas present potential exposrue hazards to the main facilities and are not
included in Table 19-1. The 2734-Z series gas storage shed are located in various rueas of the
yard. Some of these storage sheds are attached to 234-5Z and are sometimes used for flammable
gas storage. The 2734-Z storage sheds are addressed in Section 6.13 and are not considered to
bean exposure hazard. In addition to the storage sheds, several cormex units are to the north of
234-52. The connex units are used for storage and are constructed of combustible materials.
Since the boxes are stored at least 6 m (20 ft) away from the facility, they do not present an
exposure hazard.

Building 291-Z is an underground structure with a concrete block roof. However, the
urethane foam coating the exterior of the roof is combustible. The only building which is a
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potential exposure hazard is 273l-Z, which is located approximately 2 m (6 ft) ,vest of 291-Z.
Like~vise, the combustible roof coating of 2?91-Z is a potential exposure hazard to 2731-Z,
However. since a fire on the roof will not penetrate the 291-Z concrete structure and given the
limited value of the 2731-Z contents and structure, no recommendation is provided to corrector
protect the exposure hazard.

Several ancillary building expose rhe 241-Z facility. For example, 241-2A and 241-ZG -
are located Ivirhin 2 m of the 241 building. Although neither the exposed buildlngs nor 241-Z
are protected by automatic sprinkler systems, the exposure hazard is considered to be minimal
based on ~henoncombustible construction and limited fuel load. The primary use of241 -Z is to
house the underground storage tanks. There are almost no combustible contents within the
facility. Therefore, the existing separation distances do not present an exposure hazard.
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SECTION 20- RECOMMENDATIONS

20,1 GENERAL RECOMMENDATIONS

● Maintain all existing automatic sprinkler systems installed in

● Maintain existing housekeeping efforts in the PFP facilities.

PAGE 20-1

the PFP facilities.

● Provide automatic tire suppression and fire detection in gloveboxes in accordance
with the recommendations presented in Section 7.0 or, based on glovebox specific
evaluation, provide cost effective protection.

● Document fire resistance rating of fire barriers on facility drawings.

20.2 BUILDING 234-5Z

● Limit the combustible loading in offices, labs, storage rooms, and process areas
to existing levels with a maximum fuel load as discussed in Section 6. Increased
fuel loads will result in-longer fire durations and can potentially increase the
MPFL for the building.

● Do not allow the storage of combustible materials in the duct level. The
floor/ceiling assembly for the first floor may not prevent fire spread to the duct
level if combustibles materials are stored on the duct level floor. Fire spread to
the duct level will increase the MPFL for the building.

. Do not store combustible materials in the corridors except in designated storage
areas (e.g., second floor near elevator). During the site survey, corridors were
generally free of combustible however, in some areas, the corridors were used
for temporary storage (e.g., laundry bags, cardboard boxes). Combustible
materials in the corridor provide a means for fire spread throughout the facility
and could result in a greater MPFL for the building.

● Maintain the integrity of the first ffoor ceiling assembly. The pkt.ster ceiling is
heavily relied upon to maintain structural integrity of the buildhg. Existing
penetrations and unprotected openings do not violate the passive fire resistance of
the plaster ceiling for the design basis fire scenarios. Future unprotected
penetrations or operdngs should not be permitted.

● Maintain a minimum l-hour fire resistance rating for the fire barrier separating
234-5Z and 234-5ZA. The 2-hour fire resistance rating of the 234-5ZA roof
assembly is not required and should,not be maintained.
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. Deactivateor abandon in place the manual firealarm stationlocated in the
corridor 4B airlock (i.e., no. 27-50) and provide a sign indicating that the de;,ice
is not or may not be operational.

. Deactivate or abandon in place the heat detector located in the corridor 4B airlock
(i.e., no. 27-49) and provide a sign indicating that the device is not or may not be
operational.

● Continue to store combustible and flammable liquids in approved flammable liquid
cabinets.

● Conduct a complete evaluation of the emergency lighting system. If deficiencies
are found, they should be addressed with work packages or corrective actions.

● Automatic sprinkler protection is not required in the filter rooms or plutonium
storage vaults based on the limited fuel load and criticality concerns. However,
all other areas of ~he building which do not have sprinklers should be provided
with automatic sprinkler protection (e.g., Rooms 194, 334, and 335).

. Provide a diked area asound the hydraulic elevator pump in room no. 321 (i.e., fan
room) in accordance with NFPA 30, Flammable and Combustible Liquids Code.
The automatic sprinkler system on the second floor is expected to control and limit
damage resulting from a fire involving ordinary combustibles. However, a
combustible liquid fire may not be controlled by the sprinkler system; therefore,
the exposed structural steel members on the second floor maybe exposed to such
a fire and result in structural failure of the roof assembly. As such, limiting the
maximum fire size of a hydraulic oil spill will minimize the potential damage to
the facility.

. Maintain the water spray deluge system protecting the oil filled transformers (i.e.,
Station 252-21). The water spray system is required since the trarrsfomners
provide an exposure hazard to the 234-5Z facility.

20.3 BUILDING 242-Z

. Deactivate or abandon in place the fire alarm equipment that casmot be accessed
for testing and is not necessary based on this analysis. In addition, post a sign
upon entering the facility indicating that the fire alarm equipment is not or may
not be operational.

. Remove the plastic rolls from TC-66 or enclose them in noncombustible
containers.
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~0,4 BIJILDrnTG236-Z

● There are no recommendations for this facility.

20.5 BUILDING 291-Z

. Maintain the i~ater spray deluge system protecting the oil tilled transformers in .
Room 500.

● Fill all penetrations and maintain a minimum 3-hour fire resistance rating for the “”
wall separating Room 500 and the fan room.

. Fill all penetrations and maintain a minimum 1-hour fire resistance rating for the
wall separating Rooms 500 and 501.

20.6 BUILDfNG 2736-ZB

. Relocate the designated fire wall to along the south wall of the NDA Lab. Thk
will allow the door se~-ing the NDA Lab to remain open while maintaining
adequate separation between the office and iab/storage areas.

20.7 BUILDING 2736-Z

. Provide door no. 8, which serves as an exit, with a knob, handle, panic b~, or
other simple type of releasing device which opens with no more than one releasing
operation. Currently, this door requires multiple actions to open.

20.8 BUILDING 2721-Z

● There are no recommendations for this facility.

20.9 BUILDING 232-Z

. There are no recommendations for this facility.

20.10 BUILDING 241-Z

● There are no recommendations for this facility.

20.11 BUILDING 243-Z

● There me no recommendations for this facility.
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ZO.12 COMPRESSED GAS STORAGE AREAS

. Replace the combustible ~vood storage shed with a structure constructed of
noncombustible materials in accordance with NFPA 55, S/andurd for the S/orage,

Use, and Handling of Compressed and Liquefied Gases in Po~table Cylinders.

20.13 HAZARDOUS PRODUCT AND WASTE EXTERIOR LAY DOWN AREAS

. There are no recommendations for this facility.
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APPENDIX A

Hydraulic Calculations
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25.53

27,6S

O.oa

0.00

0.00

0.00

28.27

0.00

28.s5

29,20

0,00

30.33

~.~”~T1oN ~. ~*=~~ ~~~

[FFXT1 (sO.?-8.1

...............................

718

718

7:8

718

718

718

718

718

717.25

714

7>3.17

713.17

716

715.5

715

718

671.92

718

718

718

718

718

?18

718

?18

718

718

‘/18

718

71B

,18

718

?18

718

718

?,*

718

718

718

,,a

718

718

SOURCE

5.6

5.6

5.6

S.6

5.6

5.6

5.6

5.6

5.6

5,6

‘5.6

5.6

5,6

5.6

5,6

0,0

0.0

0.0

0.0

5.6

0.0

5.6

5.6

0.0

S.6

130

111

111

75

96

106

106

82

120

120

71

120

120

120

120

60

120

65

115.5

Inc. ?ag, :

DENSITY

(GPF!/sQ.m.)

................

0.150

0.185

0.210

0,325

0.269

0.189

0.198

0.288

0.203

0.217

0.389

0.172

0.181

0.223

0.230

0,471

0.138

0.449

0.263

1

.

.
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NODE

. ............
h!

L

m

Ko

J

10

11
K

G

F

E

19

18

17

D

15

14

13

12

c

:1

10

9

8

7

6

B

5

4

A

3

2

21

20

22

2+

x

23

25

HNF-SD-CP-FHA-O04, REv o
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.w.z”s~r>nkle:Program by FPE! So fcwa=e. In. . P.q. z

(G?M) (lxcms) IFEETI (FEET) (F2H1 (Psi/m-. )

.....

668.23

$68.23

468.23

468.23

468.23

468.23

463.23

<68.23

468.23

<69.23

468.23

0.00

0.00

0.00

0,00

437.90

95,S2

67.86

42.33

20.61

313.19

142.70

115.07

83.0:

64,10

41.08

20.0s

161.94

113,67

87.82

63,43

23.36

40,07

19,50

0,00

28.27

28.55

0.00

0.00

29.20

30.33”

8,249

8.249

6.06S

6.065

6.0:5

5.C47

5.047

5.047

4.026

3.549

3.069

1.613

1.380

1.C49

1.049

3.068

1.610

1.380

1,0,9

1.049

3.068

2,067

1,6:0

1.610

1.380

1.049

1,049

2.469

1.610

1.610

1.380

1,049

1.049

1.049

1.610

2,067

1.610

1.049

1.610

1,610

1.61o

10 E

10 T

40 3SF-T

40 E

4> E

40 2Z

40 E

40 3X

40

49

49

,0 T

43

,0 42

43

40

40 T

40

43

40

40

40 T

40

40

40

,0

40

40

40 T

40

40

40 T

40

40

40

60 T

40 T

+0 T

40 3s

<0 T

40 T

43

33.5

77.67

2.83

:41

100.83

3.25

35.83

25.75

:s .3,

6.75

8.25

>0.83

16.5

9,58

10.25

2.83

11

1:

11

10.75

1

6.S

11 -

3.5

7.5

9.75

9.75

2.67

9.33

1.33

1.83

10.83

11

6

2

2.58

0.5

7,17

3.25

2.58

18.00

35.00

79.00

14.03

14.00

2,,0>

:2.00

36. oO

0.00

0.00

0.00

8.00

0.00

8.00

0.00

0.00

8.00

0,00

0.00

0,00

0,00

10.00

0,00

0.00

0,00

0,00

0.00

0.00

8.00

0.00

0,00

5.00

0.00

0.00

0,00

10.00

8.00

5.00

12.00

8,00

8.00

61.00

68.50

156.67

16,83

155.00

124,83

lS .25

71.83

25.75

ls .34

6.75

16,25

10.83

24.30

9,58

10.25

10.83

11.00

,1.00

11,00

10.75

11.00

6.50

11,00

3.50

7.50

9.75

9,75

10,67

9,33

1.33

6.83

10,83

11.00

6.00

12,00

10.58

5,50

19,17

11.25

10.58

0.002

0,002

0.009

0.009

0.009

0,021

0,021

0.021

0.064

0.118

0.239

0.000

0,000

0.000

0.000

0.211

0.291

0.328

0.521

0.138

0.113

0.181

0.411

0.256

0.300

0.493

0,131

0.076

0.402

0.250

0.290

0.173

0.471

0.124

0.000

0.009

0,031

0.000

0.000

0.033

0.035

(?s:) (PSI) (PT/s::,

....................... ...........

12C

i20

:20

12C

120

120

120

120

120

120

120

120

120

120

120

12G

120

120

120

120

120

120

120

120

120

120

120

120

120

120

120

120

120

126

120

120

120

120

120

120

120

18,67

0.22

0,22

-1,23

0.00

1.77

-1.41

1,73

0.00

0.00

0.00

0.,00

0.09

0.00

0.00

0,00

0.00

0.00

0.00

0.00

0.00

0,00

0,00

0,00

0.00

0.00

0,00

0.00

0.00

0.00

0.09

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0,00

0.00

0.00

0.12

0.13

1.3s

0.15

1.34

2.64

0.32

1.52

1.64

1.80

1.61

0.00

0.00

0,00

0.00

2,16

3.16

3.61

5.73

1.51

1.22

2,09

2.67

2.81

1.05

3.70

1.28

0.74

4.29

2,33

0.39

1,18

5.10

1.37

O,GO

0.11

0,33

0.00

0.00

0.37

0.37

2.8,

2.81

5,23

5.2C

5.23

7.5,

-.?.51

7.51

11.80

15.19

20.32

O.oc

0,0$

O.oc

0.00

19.00

15.05

14.56

15.72

7,65

13.59

13.64

18.1<

14.03

13.88

15.25

7,44

9.51

17.91

13.8<

13.61

8.67

14,87

7.24

0.00

2.70

4.5$

O,oc

0.00

4.60

4.7a

,.



RI’ DR.4ULIC

WATER SJPY.Y 1NFOPJVATIOA,

stat>, : :24,00 p., .

.?esld.al! 80.00 pei. @ 1170.00 m“

H,8e : 250.00 W.,

SU!4 MARY

9,s:,. requires: 62.30 PS, , @ 718.23 sm. (,nclud, ng Hose AI1.”a,., )

supply ava:l able: 106,16 P., .

........

safety margin: 43.86 P$i.

Maxim:. velocity in the system .s 2C .32 ft/sec

mn~c LPGWE PIPE TYPE LEGENT

F . 45 DSGRES ELBOW

s . 90 Wmm ELBOW

~ . ~. ~:GRE: ‘ONG ~Q%,

T - TEEORCX05S
B . BUTTERFLY VALVE

G . GATE VALVE

C - CHECK VALV=

A . -~ VALVE

NOTES :

40 - SCHEDULE 40

10 - SCHEDULE 10

Emo. 33 - SCHEDULE 30

.W . AC’KJAL DIAYETER

CK - COP?E2 TYPE K
CL - COPPE2TY?E L
CM- coP?m TYPS M
PB . POLYBLTYLENE - IRON PI ?E SIZE
CP . CPVC

................................................................................

................................................................................

................................................................................

.... ...........................................................................

~lF.sD.cp-FH&()()4, WV o

PAGE A-5

................................................................................



1 I
I HIW-SD-CP-FHA-004, REV O

PAGE A-6

,

,
I

I

I

I
I
I
j

I
1

I
I

I

,,
I

___ _ ————_L— ——-— . _ ~ J!
—



,,1, : ,236 Z.T)?, .THz- SP,, r.xle: Program by FPE S.! :..,., 1.. . ,.9.. 1

NOD?

...

3?4

3

x

,Y

x$

x:

J

ES

h,

c

:0

F,

Eo

El

D1

,0

c

BO

B,

AO

Al

P

Q

R1

U

s,

so

T

u

v

.3

w]

Xo

xl

Y

20

21

20Z

21Z

22Z

23z

242

25Z -

26Z

27Z

AA

m

AC

m

51.93

49.14

45.27

33,06

27.31

23,16

21.15

19.61

19.22

17.41

16.1,

15.16

14.S2

12.39

14.25

12.15

14.04

14.49

:4.33

13.57

12.73

12,61

10.50

13.82

13.87

14.56

14.6>

15.19

15.80

6.66

7.72

10.81

16.01

13.63

14.22

1,.30

15.0?

16.35

15.56

>2,:0

,3,s6

14.13

14.50

12,58

14,09

,4.68

15.06

16,56

17.16

18.59

18.44

854,0C

0.00

Coo

0.00

0.09

0.03

0.00

0.00

0.00

O.GO

0.00

0,00

0.00

0.00

0.00

0.00

0,00

0.00

0.00

0.00

0,00

0.00

0,00

0,00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0,00

0.00

0.s0

0.00

0,00

0.09

0.00

0.00

0,00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0,00

-30,5 SOUR:?

-24.90

-18,61

7.58

7.62

7.69

9.54

9.56

9.58

9.62

10,91

10.92

10,9+

11.33

10.96

11.33

11.00

9.75

9,75

9,77

10,2s

9.79

10.25

11.92

1> .92

11.83

:1,83

11.83

11.33

11.92

11.83

11,82

11.33

11.80

12,19

12.19

12.18

11.31

12.18

12

12

12

12

12

12

12

12

10.37

10.17

9.58

10.17

HNF-SD-CP-FHA-004, REv o
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?RESSURS FLe.

(PSI>

..........

19,81

13.85

9.48

8.91

10.94

9.89

8.82

10.10

8.93

12.95

15.13

14.46

13.73

12,10

12,S7

10.67

7.91

7,0C

13 .95

13,32

11.72

11.83

13,12

13.63

13.96

12.25

,3,s9

14.12

14.46

12.48

16.84

12.42

18,03

(G?M)

.........

0.00

O.cc

17.25

:6.72

18.52

1’7.61

16,63

17.79

16.74

20.15

21,73

2:.29

20,79

19,48

19.85

18,29

15.75

14.82

20.92

20.,4

19.17

19,26

20.29

20.68

20.92

19,60

20.65

21.04

21,29

19.78

22.98

19,74

23,78

ELZVAT:OX K.FX7C3

{FEET!
.......

9.57

11.9

10.92

10,58

:0.92

11.67

12.08

11.67

12.25

11.33

>1 .33

9

9

9

9

9

9

9

9

9

9

9

9

9

9

9

3

9

9

11.9

10.17

11.9

10.17

....

5.6

5.6

5.6

S,6

5.6

5.6

5.6

5.6

5.6

5.6

5.6

5.6

S.6

5.6

5.6

3.6

5.$

5.6

5,6

5.6

5.6

5.6

5.6

5.6

5.6

5,6

5.6

5.6

5.6

5.6

5.6

....

112

112

1:2

65

85

108

108

115

115

115

124

115

70

70

78

78

65

75

75

112

110

110

110

113

94

94

9+

104

104

72

48

.................

0.1=,,

0.149

0.165

0.207

0,196

0.155

0.155

0,17S

0.1$9

0.185

0.168

0.169

0.284

0.261

0.202

0.190

0.322

0.273

0.256

0.146

0.184

0.188

0,190

0.173

0,220

0.224

0.227

0.190

0.221

0.274

0,495

HNF-SD-CP-FHA-O04, REv o
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2?GIN END

SODE NODE

FI.ow D:AXZTER TYPE F:T7:NGS LWGTH

(GPKI (INCHES) (FEET)

.. ...................................

2

1

Al

ho

3

B1

BO

c

DO

D1

5

4

:1

Eo

7

6

F1

FO

8

G

9

xl

no

AC

1

.7

AE

K>

Xo

31

L

M

S

0

19

P

18

Q

Xl

17

R2

S1

so

13

16

T

15

u

14

v

HI

16.72

17.25

33.96

33,96

:8,52

18.52

52.48

52 .,8

52.45

52.48

>6 .63

3,.24

34,24

86.72

16.74

34.53

34,53

:21.26

20.15

141.41

21.78

163.19

163,19

186,17

416,49

580.22

604.00

604.00

604.00

23.78

604.00

604.00

604.00

604.00

19.17

19.17

20.44

39.61

33.61

20.92

60.52

60.52

60.52

19.85

14.82

14.82

15.75

30,57

18.29

48,86

68.71

1.049

1,049

1,049

1.380

1.049

L.049

1.610

2.469

2,469

2.469

1.049

:.049

:.049

2,469

1 .0,9

1.049

1.049

2.469

:.049

2.469

1.049

2,469

2.469

2,469

3,548

4.026

4.026

6.026

4.026

1.049

4.026

4.026

S.047

6.065

1,049

1.380

1.049

1,610

1.610

1.049

2.067

2.067

2.067

1,049

1.049

:.049

1.049

1.049

1.049

1,360

1.380

40 T:F

40 T

,0 T

40

40 T

40 T

40

,0 5

49 E

40 E

40

,0 7

40 T

40

40

40 T

40 T

*O

40 7

,0 T

40 T

,0 E

,0

40

40

40

40 E

40 E

,0 E

40 ET

40 2E

40 4;

<0 2:Z

40, 2?

40 E2T

40

40 22T

40

40

40 2ET

40 T

40 T

40

40 2ET

40 2ET

40

<0 2S1

40

40 2ZT

40 T

40 T

8.5

2.31

0.5

10.5

8,33

0.6

8.45

2.13

1.25

10.16

9.71

0.5

8.75

9.71

1

0.5

11.08

10.37

0,4

1.3

10.96

5.75

4

2.25

3

1,85

30.5

1.5

6.84

21.88

11.93

12,05

16

1.58

4.42

11.42

1

4.42

5.33

0.5

5.67

8.75

3,33

13,67

3.33

10.83

3.33

9.75

0.47

SOV LSNGTH TOT LENGTH FRICT IOX C-VXU= P,

[FEET) [FEET) (Psi/FT.1 (?s:,
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

7.00

5.00

5.00

0,00

5,00

5,00

0,00

6.09

6.00

6.00

0,00

5.00

5.00

0,00

0.00

5.00

5.00

0.00

5.00

12.00

5.00

6.00

0,00

0,00

0,00

0.00

10.00

10,00

10.00

7.00

20.00

16.00

22.00

14.00

12,00

0.00

9.00

0.00

0.00

9.00

10,00

.0 .00

0.00

9,00

9.00

0.00

9.00

0.00

9.00

6.00

6.00

15.50

7.33

5.50

10.50

13.33

5.60

8.45

8.13

7.25

16.16

9,71

6,00

S.50

8,75

9.71

6.00

5.50

11.08

15.37

13,00

5.40

7.30

10.96

5.?5

4,00

2.25

13.00

11.85

40.50

8.50

26.84

37.88

33.93

26.05

28,00

1.58

13.42

11.42

1.09

13.42

15,33

10.50

5.67

17.75

12.33

13.67

12.33

10.83

12.33

15.75

6.47

0.093

0,099

0.347

0,091

0.113

0.113

0.096

0.012

0.012

0.012

0,092

C.352

0.352

0.030

0.094

0.357

0.3S7

0.056

0,132

0.075

0.152

0.098

0.098

0.125

0.095

0.095

0.102

0,102

0.102

0.179

0.102

0.102

0.034

0.014

0.120

0.032

0,135

0.057

0.051

0.141

0.037

0.037

0.037

0.128

0,075

0.075

0.084

0.285

0.110

0.179

0.336

123

:20

:20

120

120

120

120

120

120

120

120

120

)20

120

123

120

120

120

120

123

120

120

120

120

120

120

120

120

120

120

120

120

120

120

120

120

120

120

120

120

120

120

120

120

120

120

120

120

120

120

129

0.14

0,29

0.20

0.01

0.29

0.21

0.01

0,00

-0.5,

0,02

0,18

0,15

0.16

0.01

0.25

0.15

0.17

0.01

0,18

0.00

0.1s

0,56

0.C2

0.00

0,01

-0.00

0.01

0.80

0.03

0.26

0.02

11.35

2.72

2.43

-1.27

0.00

-1,27

0.04

0.00

-1.23

0.00

0.22

0.00

-1.21

-1.2?

0.04

-1.23

0.00

-1,22

0.01

0,20

PAGE A-9
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P! VZLCC:TY

(?s11 (F?ls,c,

.. . .

1.45

0.73

1.91

0,96

1.59

0,63

0.81

0,10

0.09

0.19

0,92

2,11

1.94

0.27

0.91

2.>4

1.97

0.63

2.C3

0.98

0,82

0.71

1.07

0.72

0.38

0.21

1.32

1.21

4.12

1.52

2,73

3.86

1.15

0.36

3.37

0,05

1.82

0.65

0.06

1.90

0.57

0.39

0.21

2.28

0.92

1.02

1.03

3,09

1.36

2.81

2.17



NODE (GPM) (I!+CFSS)

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

,.>
12

Xo

11

x:

13

Y

z>

22

29

24

25

26

27

20

2,.

22

23

2$2

2:2

222

232

24Z

25Z

26Z

27Z

AA

Aa

AD

30

28

~:

129.24

19.48

19,48

20.73

40.27

2:.29

61.56

61.56

190,80

22.98

19.63

20.65

21. C4

>1.29

19.26

20,29

20,68

20.92

19.26

39.54

60.22

81.14

19,60

40.25

61.29

82,58

81.14

163.73

163.73

19.74

19.78

39.52

2.469

1,049

1.383

:.049

1.61C

1.C49

2.067

2.067

3.068

1.049

1.049

1.049

1.049

1.C49

1.049

:.049

1,049

1.049

1.049

1.610

2.067

2.067

1.049

1.6>0

2.067

2,067

2.067

2,469

3.o68

1.049

1.049

1.049

,0

,0 D!T

40

40 2n

40

40 2ET

40 T

40 T

40 3ST

40 ET

40 2:7

43 2ZT

+0 2ZT

40 2X

40 2ZT

49 2Z7

40 2E7

40 2ET

40

4$

40

40 ET

40

42

40

40 E?

,0

40 T

40 ET

<0 T

40 T

40 ET

(FEET)

.......

5.33

16.2

2.5

4.62

13

4.62

2.84

0.87

:9.59

1.33

,

4

<

4

4

4

4

:2

:0

!0

4.92

12

,0

10

4.92

9.42

0,92

4.s

6.2s

5.75

2,5

E@, LENGTH TOT LENGTH FRICTION C.VAW2 P. P: VZLCC:TY

(FEET) IFEET) {PS1/FT.1 (PSI) (PSI) tn,s::)

O,oa

12,00

0,00

9,00

0.30

9,00

10.00

10.00

36.00

7.00

9.00

9.00

9.00

9,00

9.00

9.0’2

9,00

9.00

0.00

0.00

0.00

15,00

0.00

0.00

0.00

15.00

0.00

12.00

22.00

5.00

5.00

7.00

5.33

28,29

2.50

13,62

13.00

13.62

12.84

:0,87

46.59

8.33

13.00

13.00

13.00

13.00

13,00

13.00

11,00

13.00

12.00

10.09

10.00

19,92

12.00

13.00

10.00

19,92

9.42

12.92

26.50

11.25

10.75

9.50

0.064

0.124

0.033

C.l, o

0.059

0.146

0.038

0.033

0,045

0.168

0,,25

0.138

0.143

0.146

0.121

0.134

0.138

0.141

0.12:

0.057

0,037

0.064

G,125

0.059

0.038

0,066

0.064

0.098

0,034

0.127

0,128

0.459

:2C ,3.,31

120 -,.18

120 O.co

320 -1.33

120 0,00

120 -1.38

120 0.00

123 0,39

120 0.75

120 0.26

120 -1.30

120 -1.30

120 -1.30

120 -1 .,0

120 -1.30

120 -1.30

129 -1.30

120 -1.30

120 0.03

120 0.00

120 0.00

120 0.79

123 0.00

120 0,00

120 0,00

120 0.79

120 0.00

120 0.00

120 0.26

120 0.00

120 0.00

120 1,01

0.34

3.50

0.03

1.9C

0.?7

1.99

0.49

0.42

2.11

1.40

1.63

:.79

1.86

1.9>

1.58

1.74

1.80

1.84

1,<6

0.57

0.37

1.27

1.s0

0.59

0.38

1,31

0.60

1.27

0.91

1.43

1,37

4.36

8.66

7.23

4,16

7.72

6.35

?.90

S.89

;.89

8.28

8.53

7.2a

7.C6

7.81

7.33

7,15

7.5,

7.68

7.7?

7,15

6.2:

5.76

,.76

7.2e

6.34

5.86

7.90

7.76

10.97

7.11

7.33

7,34

14.67

..



“.

>- SYDRA ‘“:

..,7s, SJF, LY :SFO?XATIOS

s,.,,:: 124.00 p., .

?,.:*.*} : 80.00 P,:. .S 1170,00 gP.

SU83ARY

:-:,,, 250.00 gpm.

;,,...m ,eq:, :e, , 51.93 p,i. ‘3

SJP:l Y ava,l able: 99.,2 P*1.

15.22 :c/sec.

,0 0.01 *>.

40 . SCHEDULE 40

10 . SC+.Z3U:E 10

30 - S:<S:ULE 39

XI . ACTUAL D:?-.!ETER

CK - COPPEX T’f?E K

CL . COP?ER TYPE L

CM . COPPER TYPE M

p3 . PcLYaLTYLEsz . lRON PIPE SIZE

CP . CPVC

HNF-SD-CP-FHA-004, REV O
PAGE A-11
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HYD

WATEF.SUPPLY INFORMATION

Static: 124.00 psi.
Residual: 80.00 psi. @
Hose: 250.00 gpm.

HISF-SD-CP-FHA-004, REV O

RAULIC SUM MA 21’
PAGEA-13,

1170.00 gpm.

System requires: 91.59 psi. @ 630.86 gprn. (including Iiose Allowance)
Supply available: 109.97 psi.

--------
Safety Margin: 18.37 psi.

Naximum velocity in the system is 26.49 ft/sec.

Continuity at all nodes satisfied to 0.01 gpm.

FITTING LEGEND

F = 45 DEGREZ ELBOW
E = 90 DEGREE ELBOW
L = 90 DEGREE LONG TURN ELBOW
T . TEE OR CROSS
B = BUTTERFLY VALVE
G . GATE VALVE
C = CHECK VALVE
A = ALARMVALVE
D = DELUGE VALVE

.

PIPE

40 =
10 =
30 .
AD.

.

.

.

.

.

TYPE LEGEND

SCiEi)ULZ 40
SCHEDULE 10
SCHEDULE 30
ACTUAL DIAMETER
COPPER TYPE K
COPPER TYPE L
COPPER TYPE M
POLYBUTYLENE- IRON PIPE SIZE
CPVC

XOTES:

.__ JLqp.LL __uQ’LA!!_p&&d & JA@d -.&2-44_ _42e.QuM.L ._cwz-#_____

.&d&,&d@dAd_ ,-b&?__k%+_Q___-&mei _JM4L’4__iuuw+@4Aimi
-Au_w-__&Q__Q-_Lti%-ti.-~--LQ~w-*k~--ptiz_@@__,:.
.-tiiLk__C~4’&&9_~ -hh3-SUL-bi%Ltik_b%-ti&).

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

------------------------------------------------------------------------------

Elm .,7’.2’\\-z ,;C.<nm!c..___......-_--s---------:----------------------------------------------------------
d

------------------------------------------------------------------------------

----------------------------- ----------------------------------------- ---------
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~: TRANS. THE IITEEII sprinkler Progran by FPE SoftWare, Inc. Page : :

PRESSURE
< (PSI)
---- --- ----- ----

73.40
57.42
52.04
66.76
61.50
58.03
37.98
35.99
34.17
32.73
29.76
62.54
40.62
35.35
91.59

FLow
(Gp~)

------- ----
42.84
37.89
36.07
40.85
39.21
38.09
30.81
30.00
29.23
28.60
27.28
0.00
0.00
0.00
630.86

ELEVAT1ON K-FACTOR AR.EA
(FEZT) (sQ.FT.)

------ ------- ------ ------- ------
11 5.0 100
11 5.0 100
11 5.0 100
11 5.0 100
3.5 5.0 120
11 5.0 100
11 5.0 100
3.5 5.0 120
11 5.0 100
11 5.0 100
11 5.0 100
11
11. .
J.J.

7.75 SOURCE

DENSITY
(GPM/SQ.FT.)
---- ----- ------- .-

0.428
0.379
0.361
0.409
0.327
0.381 ,
0.308
0.250
0.292
0.286
0.273



ile: TP.PJS. TEZ

EGIN END
ODE NODE
. . . -------------------

D
) B
> c
) L

F
M
G
J
K
I

, E
H

1 N
: A

FLOW DIAMETER
(GPM) (INCHES)

-------

338.02
73.96
36.07
223.21
38.09
145.92
86.69
55.88
27.28
29.23
39.21
30.00
59.22
380.86

--------
2.500
1.250
1.000
2.000
1.000
1.500
1.500
1.250
1.000
1.000
1.000
1.000
1.250
2.500

HNF-SD-CP-FHA-O04, REv o
PAGE A-15

“THE” Sprinkler Prograra by FPE S

TYPZ FITTINGS LENGTH EQV LENGTH TOT L
(FEET) (FEET) (~~~

----- ----- ----- ---- ---—-- ____ -----------
40 T 6.75 12.00 18.
40 E 11 4.00 15.
40 11 0.00 Il.
40 T 2.667 6.00 8.6
40 8.33 0.00 8.3
40 T 14.33 10.00 -24.
40 E 2.667 5.00 7.6
40 E 10.167 4.00 14.1
40 10.167 0.00 10.1
40 3.58 0.00 3.5:
40 7.5 0.00 7.5(
40 7.5 0.00 7.5(
40 T 4.75 8.00 12.’
40 GET 19 19.00 38.!



1

Water SUPPIY VS. Demand Curve

140

130

120

110

100

. 90

50

40
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20
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B 500 1000 1500
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Node

c
D

G
H

I
J
K
L
M
N
z

Elevation

11
11
11

11
3.5

11

11

3.5

11

11

11

11

11

11

7.75

5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0

SOURCE

HIW-SD-CP-FHA-O04, WV (
PAGE A-1;

Area

100
100
100
100
120
100
100
120
100
100
100



A

Len9th

6.75
~~

11

2.667

8.33

i4 .33
2.667
10.167
10.167
3.58
7.5
7.5
4.75
19

i)iarn

E
c
A

B
A
D
D
c
A
A
A
A
c
E

~lF.sD-cp.FH~.oo~, REv o

PAGE A-18
?~t~:~:~

Type i)escript;o~ C-Value

40 T
40 E
40
40 T
40
40 T
40 E
40 E
40
40
40
40
40 T
40 GET

120
120
120
120
120
120
120
120 :
120
120
120
120 . .
120
12C



Static

124

HNF-SD-CP-FHA-O04, REv o
?.esidual @ Flow Hose PAGE A-19
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tic: 124.00 p,, ,

:*4,:: 83.00 p,>. e 1>7C .0$ gpm

,: 250. co gPm.

-.t:wi:y a. .11 nodes sa:is: ied P C.ol 57.

_ 45 D:GREE SLBG#

_ 90 DZG2EE ELBOd

_ 90 D5GR$E LONG II%! ELB04

= TZS OR CROSS

- 3LTZ?+FL% v%=

=. GATE VALW

- CHECK V.X.VE

.- AIJ,r+YVALVE

. CELUGE VALVE

PIPETY?SLEGE.3

40 - Sc<=ii-s 40

10 - SC?:DLLE 10

39 - SCHE9ULE 30

XI . ACTUAL DIAMZT E?.

. CO?222 TY?2 K

- COP?ZX TYPE L

= CO? PER TY?E M

- P01,Y3b7YLENs - X30N PIPE SIZE

. C?vc

3:

Qk..ti~..&wLhL~ ..~................

=&.&.@’i@&LQL.M&.bL.t...+Q4...... .. .. ......

wA&d4Q_;L!).AA+L_ow+&w.9........ ......
WuJ&wQ&’. . ..+.. . . . .h-Q#JdApw2.. ...............
. ............................................................................

. ............................................................................

.??+ !.LV>0( . ‘. <<L, , . ...J..L....W-. .............................
s.

. ............................................................................

. ............................................................................

. ............................................................................
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F,!,. T?.AWS.RE .TH:- sprinkler Program by F?E software, 10. . Page: 1

?.RSS5XS FLC’4 ELWP.7:OX K.FACTOX AREA DMSITY

Xoo: (?s11 (G?M) (F2Z7) (SQ.FT.) (GPx/SQ. FT.1

B

c

c

F

G

..

I

J
K

L.

H

s

z

40. S3

31.59

28,64

36,70

34,97

31.69

20.69

20.79

18.53

17.72

16.00

34.26

22,19

19. >1

51.61

31.83

28.19

26.76

30.29

29.57

28.14

22.75

22.80

21,52

21.05

20,00

0.00

0.00

0.00

532.80

11

11

11

11

3.5

11

11

3.5

11

11

11

11

11

11

7,75

5.0 80

5.0 80

5.0 80

5.0 60

5“,0 60

S.0 60

5,0 60

5,0 60

5.0 60

5.0 80

5.0 80

Somcs

0.398

0.351

0,334

0.505

0.493

0,469

0.379

0.380

0.359

0.263

0.250



Ta.s .’H:E

,.:O;c.,9

XODZ (GP!41

.....................

D 250,97

B S4 .85

c 26,7;

L 165. s3

F 28,14

H 108,12

G 63.83

J 41.05

x 20.05

1 21.52

E 29.57

R 22.80

K 44.32

A 282,80

(lNCH:S1 (FEET) (FEET) [FEET) (PSZ/FT.)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

2,500 40 T

1.250 40 E

1.000 43

2,000 43 T

1,090 <3

1,500 40 7

1.500 40 E

1.250 40 E

1.000 40

1.000 40

1.000 40

1,000 40

1.250 40 T

2.500 40 GE?

6.15 12.00

:0.25 4.00

10.5 0.00

2.667 6,00

8.33 0.00

13.33 10.00

2.667 5,00

1$.167 4.00

10.5 0.00

3.08 0.00

7.s 0,00

7.5 0.00

4.75 8,00

19 19.00

18.75

14,25

:0.53

8.67

8.33

23.33

7.67

14.17

10,50

3.08

7.50

7.50

12.75

38.00

0.20,

0.358

0.231

0.281

0.309

0,517

0.>95

0.210

0.164

0.188

C.339

0.2C9

0,242

0,255

120

120

128

120

125

129

120

120

120

129

>20

:20

120

120

(?s1) [PSI) (rT/sN)
. . . . . . . . . . . . . . . . . . . . . . . . . . . .

0.00

0.00

0.0>

0.00

0.00

0.00

0.00

0.00

0.00

0.00

-3.>5

-3.25

0,00

,,41

3,83

5.11

2,96

2,44

2,57

!.2.07

1.50

2.97

1.72

0,58

2.54

1.57

3,08

9,68

16.40

14,3,

10.93

16.94

11.50

19.63

;l .58

10,73

8.17

8.79

12.08

9,31

11.59

18.48



Hatev SUPPIY VS. Demand Curve
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HYDRAuLIC

,AT:R S3??LY 1.vFOFwAT1c!i

scat,. : 1>4 .00 psi.

Residual : 80.00 P,>. # 1170.00 Wm

)+,s,: 250.00 gPm.

s:.ste.n requires : 52.23 psi. @ 697.92 ~.. (>mluding Hos,e Al low.>.,)

supply available: 107.09 psi.

........

safety Margin: 54.86 psi.

Maxim. velocity I. the syseem IS 20,33 f:/see

Cm:imi:y ac ?.11 nodes satisfied to 0.01 gpm.

F . 45 CZG2XZ ELBOW

E . 90 CEG3EE ELBOW

L . 90 DEGRZE LONG I’U&* ELBO#

T . TEE 02 CIOSS

9 - BU7TZ?.FLY VALVE

G - CATS VALJE

C . CEECK V?.LVZ

A . ALAw VALVE

PI?E TYPE LEGEND

40 . SCXEDULE 40

10 . sCHED17.E 10

30 . SCHZLXJLE 30

m . h.mv~ D1.WETER

. COPPEX TYPE- K

- CO? PER TYPE L

. CO??ER TYPE M

- POLYBUTYLEXE - IRON PIPE S12S

. CPVC

:07ss,

5++’0. ‘?Sz- %x...........................>...................................................

. .............................................................................

...............................................................................

HNF-SD-CP-FHA-O04, REv o
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...............................................................................



(?s1)

29.51

33,13

34,80

32.33

30.97

38,38

38.19

34.68

34,68

32,34

32.34

26.35

26,35

28.07

26.37

25.00

34.85

32,50

26.48

52.23

(GPM)

........

27.16

28.78

29.50

28.43

27.82

30.97

30,90

29.44

29.44

28.44

28,44

25.67

25,67

26.49

25.67

25.00

0,00

0.00

0.00

697.82

14 5

14 5

~: 5

14 5

1, 5

14 5

14 5

14 5

14 5

14 3

14 5

14 5

14 5

14 5

14 5

14 5

14

14

14

7 .s Sou?:z

A?EA D:NSZTY

(SO.F7.1 (GF+I/sct.FT.)

:00 0.272

100 0.288

100 C,295

1C3 0.284

10? 0.278

100 0.310

100 0.309

100 0.294

109 0.294

100 0.284

1:0 0.284

100 0,257

100 0.257

100 0.265

lca 0.257

160 0.250

HNF-SD-CP-FHA-O04, REv o
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F

c

B

A

>

E

R

s

T

x

0

P

G

H

1

J

K

L

M

FLC4 D1AWSTE2

(.3?”) (INCHZS)

................

447. S2

141.69

5s,94

27.16

56.25

27,82

5a .89

185.37

51.33

77,16

50.67

25.03

30.90

29.44

29.44

28.44

23. <4

2S .67

25.67

3.000

2.000

1.250

1.000

1.5$0

1,000

1.500

2.000

1.2s0

1.s00

1,250

1,000

1,000

1.000

1.000

1.000

1 .Oco

1.000

1.000

HNT-SD-CP-FHA-004, REv o
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(FEET] (FXET1 (FEET]

................. ........................

40 EETG

+0 T

40

40 E

4’3 E

40

40 T

40 T

40 T

<3 E

40

40

,0

40

43

40

40

40

43

20

11

4.5

10.5

11

4.5

11

11

11

:1

5.5

5.5

.5

.5

.5

.5

,5

.5

.5

2s.00

6.00

0.00

2,00

5.00

0.00

lQ.aO

6.OO

8.00

5.00

Coo

0.00

0.00

0.00

0.00

0.00

0,00

0.00

0.00

45.00

17.00

4.50

12.50

16,00
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Appendix B – Analysis of Propane Cylinder Leak

Westinghouse Hanjord Company has determined that the jollowing proposed scenario
depicting the leak ofa l-lb propane boide is not a credible event [Rodgers, 1996]. The MPFL

scenarios were developed and integrated with the PFP SAR based on the requirements of RLID ,
5480. 7A (1/I 7/94) and ?VHC-SD-GN-FHA-30001, Rev O /7VHC, 1994] as directed by WHC
[Bucci, 1996]. Since the propane dejlagration scenario is not a credible event, it is not
considered to be a MPFL j7re scenario. The analysis in this section describes the consequences
of a worst case propane de~agration a{>ddoes not consider (he probability of such an event.

Hazards associated with the use of liquid propane gas (LPG) in DOT 39 cylinders are
divided into two general areas: slow leaks (e.g., releases tbsough the normal discharge orifices)
and catastrophic container failures. The latter, catastrophic cylinder failures, is defined as a
rupture in which virtually all of the LPG escapes instantaneously. Mechanisms that might cause
a catastrophic failure include dropping a fill cylinder, crushing a full cylinder, or exposure of a
full cylinder to a fire. These catastrophic container failure scenarios are addressed in detail in
the FSAR [WHC, 1995]. As such, the remainder of thk analysis focuses on slow LPG leaks.

Figure B- I shows a typical DOT 39 LPG cylinder and its associated features. The
cylinders are constructed of two cylindrical sections of cold-drawn, malleable sheet steei having
a minimum thickness of 0.635 mm (0.025 in.). The two halves are welded together, and the
entire cylinder is completely annealed. Nozzles that attach to the connection are available with
shutoff valves having two orifice diameters.

(1) 0.11 mm, which at the maximum flow rate will discharge an initially full
container in 20 hours, and

(2) 0.23 mm, which at the maximum flow rate will discharge an initially full
container in 6 hours.

All LPG cylinders are equipped with a safety relief valve (SRV) having a diameter of 2.2
mm. At a normal temperature of 30”C, the internal tank pressure is 150 psig. The SRV is
designed to open if the internal pressure exceeds 350 psig and reclose if the pressure falls below
350 psig. If the SRV remains open, a full container will discharge in less than 20 seconds.

A previous assessment examined the consequences of a small orifice discharge from a
single LPG cylinder [Fauske, 1993]. The analysis primarily considers high momentum turbulent
jets resulting from an unconfined LPG discharge. It is shown that the concentration of propane
in the j et near the discharge point exceeds the upper flammability limit, and as dilution occurs,
the propane concentration enters the flammable range and subsequently falls below the lower
flammability limit. As such, an unconfined turbulent propane jet has a limited region within the
flammable limits. An uncontrolled discharge through the 2.2 mm diameter SRV was shown to
bound the slow leak unconfined turbulent jet scenarios. A deflagration under these conditions
in an unventilated 30 m3 room, which is smaller than any PFP process room, yields a peak
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pressure rise of 0.34 psig [WHC, 1995]. PFP 234-5ZBuilding Wall Panel ~es~itrg [WHC, 1989]
shows that simulated PFP wall panels can survive a maximum pressure rise of 0.49 psig. As
such, damage resulting from the deflagration is limited to within the room containing the LPG
cylinder.

In the event of an irrcontrolled LPG discharge, if the turbulent propane jet is obstructed .-
or cortfhsed within the jet region which is at or above the lower flammable limit, it is possible
to generate a flammable vapor cloud. Figure B-2 shows a propane cylinder discharge to an mea
near the comer of a room. This ilhrstrates one example of a confhed turbulent jet in which the
entrainment of air to the propane jet is reduced to an extent which allows the formation of a
flammable gas mixture. Since the densiry of propane is greater than air, the propane will
accumulate along the floor with minimal diffusion to the air above. If the propane concentration
in the vapor cloud is above the upper flammable limit, the propane can burn as a diffusion flame
at the propane-air interface. If the concentration is within the flammable range, the propane-air
mixture can resulr in a flammable premixed vapor cloud. The maximum pressure rise resulting
from the deflagration of a propane-air vapor cloud occurs for a stoichiometric propane
concentration in air (i.e., 4.00/0volume).

As a bounding scenario, this analysis considers a propane discharge through the 2.2 mm
SRV. It is msurned that the turbulent jet is obstructed by an object withh the flammable region
of the jet and a propane-air mixture having a propane concentration of 4.0°/0by volume (i.e., the
stoichlometric propane-air mixture) forms along the floor. The maximum pressure at the
completion of combustion for the propane-air mixture is estimated using Equation 6-7 in Section
6.3.5.

The adiabatic flame temperature for a stoichiometric propane-air mixture is approximately
2300 K [Zalosh, 1988]. For an initial room temperature of 295 K, Equation 6-7 yields a
maximum pressure to initial pressure ratio of 7.8. This result estimates the maximum pressure
in a space completely filled with a stoichiometric propane-air mixture at the completion of
combustion. Since a stoichiometric propane-air mixture resulting from a 465 gram container wiIl
not occupy the entire volume of the compartment, the resulting pressure rise in the space will be
less than that predicted by Equation 6-7.

The maximum pressure rise in the compartment is determined using the following
equation [Zalosh, 1988]:

(1 ‘bAPm=PO:-l —
0

m ~fl

(B-1)

where APm = maximum pressure rise in the compartment,

‘b = mass of propane actually burned (0.465 kg), and

%rr,st = stoichiometric mass of propane which would occupy the entire enclosure.
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Figure B-2 Flammable vapor cloud formation
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The mass of propane actually burned is simply the mass of propane discharged from the
cylinder (i.e.. 0.465 kg). The stoichiometric mass of propane which would occupy the enclosure
is given by

m ~x = YP3 p. Vm (B-2)

where mm St = stoichiometric mass of propane which \vould Gxupy enclosux,
P. ‘ = density of air at 295 K and 100 kpa (1.2 kg/m3),
Yp,st = stoichiornetric propane-air mass fraction (0.06 g c31+8/gair),
Vm = volume of room enclosure.

For a 30 m3 room enclosure, solving Equations 6-7, B-1, and B-2 yields a maximum
pressure rise of 146 kpa or 21.5 psig. The PFP exterior wall panels cm only withstand a
maximum pressure rise of 0,49 psig. Clearly, the pressure rise resulting from a stoichiometric
propane vapor cloud deflagration would cause structural damage to a 30 m3 room. As the
volume of the room increases, the maximum pressure rise will decrease. The smallest size
compartment which would yield a rn~imum pressure rise less than 0.49 psig is a room having
a volume of 1,320 m3. This is larger than almost all of the rooms in the PFP.

Whereascatastrophic cylinderfailures and unconfined/unobstructed turbulentjet discharges
do not pose a fire hazard (that is a tire hazard greater than the orher fire scenarios considered in
this study), the analysis identifies scenarios which cart potentially cause stmcturrd damage to the
building. Premixed propane vapor clouds carsform when the propane jet discharge is obstructed
or confined within the flammable jet region. If such an event occurs in an area along the
perimeter of the building or on the second floor such that the room ceiling is part of the building
roof assembly, it is possible to breach the structure and release contamination to the atmosphere.

In Sections 6.3.2 and 6.3.3, the integrity of the first floor plaster ceiling assembly is
heavily relied upon to limit fire spread and prevent structural damage to the facility. In the event
of a propane deflagration, room over pressures as Klghas 146 kpa (21.5 psig) can result. These
pressures can not only blow out wall panels but can also destroy the plaster protection on the
ceiling assembly. As a worst case scenario, the propane deflagration can occur in an area along
the perimeter such that both the exterior wall and ceiling assembly are compromised. The
burning of the vapor cloud can result in simultaneous ignition of combustibles in the areas
affected by the blast. The tire spread in this case follows that described in Sections 6.3.2 and
6.3.3. However, since the deflagration is assumed to destroy the plaster ceiling protection, the
structural members (e.g., beams, joists, metaI deck) will be dkectly exposed to the first floor fire.

The burning duration of the fires is on the order of 30 minutes based on the analyses of
the existing PFP fuel loads (see Sections 6.3.2 and 6.3.3). Direct flame impingement to the
ceiling structural members in the area of the blast for this period will result in temperatures which
exceed the failure criteria. In addition, flames entering the breached ceiling assembly will spread
laterally within the ceiling assembly thus exposing adjacent structural members. As the ceiling
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assembly starts to collapse in the area directly exposed to the fire, the plaster protection on the
ceiling in adjacent spaces can be compromised along with the partitions between the spaces,
Since the fire will spread through these spaces, this can result in additional ceiling structural
members being directly exposed to the fire.

The fire spread and resulting ceiling failure can potentially continue until there is no
additional fuel load or the tire is extinguished. The maximum tire extent is described in Sections”-
6.3.2 and 6.3.3 for the first floor. Losing the structural members in the ceiling assembly for these
areas can potentially result in catastrophic structural failure of the building. If thk were to occur,
fire spread could continue throughout the facility provided there is sufficient fuel loading. As ..
a worst case event, the tire spread and structural failure would entail the entire facility.

In addition to damaging the facility and all of its contents, this scenario can potentially
result in an airborne contamination release. The level of contamination will depend on the
amount of radiological material directly involved in the fire and the extent of structural damage
to the building.

IMPACT OF AUTOMATIC SPRINKLER SYSTEM
. ...

Because of the rapid nature of a deflagration resulting from a premixed vapor cloud
ignition, automatic sprinkfer protection will not prevent the immediate damage caused to the
building. Also, the sudden pressure rise in the room can damage the sprinkler system, Therefore,
automatic suppression will provide little to no benefit in the area of the deflagration. Sprinkler
protection in adjacent zones will likely remain intact and will limit the fire spread in the building.
However, fire spread and structural damage throughout an entire sprirrkfer zone can still occur.
Therefore, catastrophic structural failure of the buildlng can not be precluded, even with
automatic sprinkler protection.
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23 V-Si?
VljRSN lGlove02. in Fans: On Hall Doors: open
TIMES 5000 25 25 25 0
TAMB 298. 101300. 0.
EAMB 298. 101300. 0.
HI/F 0.00
WIDTH 23.0
DEPTH 6.58
HEIGH 4,88
HVENT 1 2 1 2.14 2.13 0.00
HVENT 1 2 2 2.14 2.13 0.00
HVENT 1 2 3 1.07 2.13 0.0
HVENT 1 2 4 1.07 2.13 0.00
MVOPN 1 1 V 4.40 2.00
MVOPN 2 3 V 4.40 2.00
MVDCT 1 2 0.1 2.00 0.002 0.002.0000.002.0000
MVFAN 2 3 0.0 300.0 8.97
INELV. 1 2.1 2 4.4 3 4.4
CEILI GYPSUM
WALLS CONCRETE
FLOOR CONCRETE
CHEMI O. 0. 12.0 38400000. 300.400. 0.
LFBO 1
LFBT 2
FPOS 3.3 3.3 0.0
FTIME 100 200 300.400.500. 600. 700. 800.900.5000.
FHIGH 0.00.00 .00.00.00.00.0 0.00.00 .00.0
FAREA 2.52.52 .52.52.52.52.5 2.52.52 .52.5
FQDOT 0.0 469E3 1876E3 4221E3 7504E3 11725E3 16884E3 22981E3 30000E3
37989E3 37989E3
CJET OFF
DUMPR glove02a.hi
WINDOW O 0 -100 1280 1024 1100
GRAPH 1 120. 300. 0. 600. 920. 10.5 TIME METERS
GFUPH 2 740. 300. 0. 1220.920. 10.5 TIME CELSIUS
INTER 00001 IU
TEMPERA OOO02 lU
TEMPERA OOO02 IL
TEMPERA OOO02 2L
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239-SZ
VERSN lGlove08. in Faos:, On Hail Doors: Closed
TI.MES 5000 25 25 25 0
TAIAB 298. 101300. 0,
EAMB 298. 101300. 0.
HI/F 0,00
WIDTH 23.0
DEPTH 6.58
HEIGH 4.88
HVENT 1 2 1 1.07 2.13 0.00
HVENT 1 2 2 1.07 2.13 0.00
MVOPN 1 1 V 4.40 2.(KI
MVOPN 2 3 V 4.40 2.00
MVDCT 1 2 0.1 2.00 0.002 0.002.0000.002.0000
MVFAN 2 3 0,0 300.0 8.97
INELV 1 2.1 2 4.4 3 4.4
CEILI GYPSUM
WALLS CONCRETE
FLOOR CONCRETE
CHEMI O. 0. 12.0 38400000. 300.400. 0.
LFBO 1
LFBT 2
FPOS 3.3 3.3 0.0
FTIME 100 200 300.400.500. 600. 700. 800.5000.
FHIGH 0.00.00 .00.00.00.00.0 0.00.00.0
FAREA 2.52.52 .52.52.52.52.5 2.52.52.5
FQDOT 0.0 469E3 1876E3 4221E3 7504E3 11725E3 16884E3 22981E3 30000E3
30000E3
CJET OFF
DUMPR glove08a.hi
WINDOW O 0 -100 1280 1024 1100
GRAPH 1 120. 300. 0. 600. 920. 10.5 TIME METERS
GRAPH 2 740. 300. 0. 1220.920. 10.5 TIME CELSIUS
INIER 00001 lU
TEMPERA OOO02 Iu
TEMPERA OOO02 IL
TEMPERA OOO02 2L
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23q-sz

VERSN lGlovelO, in Fans: Off Hall Doors: Open
TIMES 5000 25 25 25 0
TAMB 298. 101300. 0.
EAMB 298. 101300. 0.
HI/F 0.00
WIDTH 23.0
DEPTH 6.58
HEIGH 4.88
HVENT 1 2 1 2.14 2.13 0.00
HVENT 1 2 2 2.14 2.13 0.00
HVENT 1 2 3 1.07 2.13 0.00
HVENT 1 2 4 1.07 2.13 0.00
CEILI GYPSUM
WALLS CONCRETE
FLOOR cONCRETE
CHEMI 0. 0. 12.0 38400000. 300.400. 0.
LFBO 1
LFBT. 2
FPOS 3.3 3.3 0.0
FTIME 100 200 300.400.500. 600. 700. 800.5000.
FHIGH 0.00.00 .00.00.00.00,0 0.00.00.0
FAREA 2.52.52 .52.52.52.52.5 2.52.52.5
FQDOT 0.0 469E3 1876E34221E3 7504E3 11725E3 16884E3 22981E3 30000E3
30QOOE3
CJET OFF
DUMPR gIovelOa.hi
WINDOW O 0 -100 1280 1024 1100
GRAPH 1 120., 300. 0. 600. 920. 10.5 TIME METERS
GRAPH 2 740. 300. 0. 1220.920. IO. 5 TIME CELSIUS
INTER 00001 lU
TEMPERA OOO02 lU
TEMPERA OOO02 lL
TEMPEP.AOOO02 2L
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23Y-5Z
VERSN 1 Glove 12.in Fans: Off Hall Doors: Closed
TIMES 5000 25 25 25 0
TAMB 298. 101300. 0.
EAMB 298. 101300. 0.
HI/F 0.00
WIDTH 23.0
DEPTH 6.58
HEIGH 4,88
HVENT 1 2 3 1.07 2.13 0.00
HVENT 1 2 4 1.07 2.13 0.00
CEILI GYPSULf
WALLS CONCRETE
FLOOR CONCRETE
CHEMI O. 0. 12.0 38400000. 300.400, 0.
LFBO 1
LFBT 2
FPOS 3.5 3.3 0.0
FTIME 100 200 300.400.500. 600. 700. 800, 50GQ.
FHIGH 0.00.00 .00.00.00.00.0 0.00.00.0
FAREA 2.52.52 .52.52.52.52.5 2.52.52.5
FQDOT 0.0 469E3 1876E3 4221E3 7504E3 11725E3 16884E3 22981E3 30000E3
300COE3
CJET OFF
DUMPR glove12a.hi
WINDOW O 0 -100 1280 1024 IIMI
GRAPH 1 120. 300. 0. 600. 920. 10.5 TIME METERS
GRAPH 2 740. 300. 0. 1220.920. 10.5 TIIME CELSIUS
INTER 00001 IU
TEMPERA OOO02 lU
TEIMPERAOOO02 lL
TEMPERA OOO02 2L
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VERSN 2 234-5Z, ROO\l 321 FIRE-1
TIMES 600 20 20 0 0
TAMB 298. 101300. 0.
EAMB 298. 101300. 0.
HI/’F 0.00
WIDTH 60.00
DEPTH 26.00
HEIGH 4.60
HVENT 1 2 1 1.830 2.000 0.000 0.000
CVENT 1 2 1 1.00 1.00 1.00 1.00
MVFAN 1 2 0.00140000.00 0.800E+O0
INELV 1 3.50 2 3.50
CEILI CONCRETE
WALLS CONCRETE
FLOOR CONCRETE
CHEMI 0. 0. 12.0 42000000. 300.400.0.000
LFBO 1
LFBT 2
FPOS 13.00 10.00 0.00
FTIME 30. 60. 300.
FMASS 0.00000.15480.31190.3119 -
FHIGH 0.00 0.00 0.00 0.00
FAREA 0.00 3.55 7.10 7.10
FQDOT 0.00 6.50E+06 1.31E+07 1.31E+07
CJET OFF
HCR 0.2000.2000.2000.200
co 0.0070.0070.0070.007
OD 0.0220.0220.0220.022
STPMAIX 5.00
DUIMPRRM32 l_l .HI
THRMF THERMAL2.DF
DEVICE 1
WINDOW O 0. 0.1279.1023.4095.
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VERSN 2 234-52, ROOM321 FIRE-2
TIMES 600 20 20 0 0
TA,MB 298. 101300. 0.
EAMB 298. 101300. 0.
HIIF 0.00
WIDTH 60.00
DEPTH 26.00
HEIGH 4.60
HVENT 1 2 1 1.830 2.000 0.000 0.000
CVENT 1 2 1 1.00 1.00 1.00 1.00
MVFAN 1 2 0.00140000.00 0.800E+O0
HNELV 1 3.50 2 3.5o
CEILI CONCRETE
WALLS CONCRETE
FLOOR CONCRETE
CHEMI O. 0. 12.0 42000000. 300.400.0.000
LFBO 1
LFBT 2
FPOS 13.00 10.00 0.00
FTIME 30. 60. 300.
FMASS 0.00000.27620.55480.5548
FHIGH 0.00 0.00 0.00 0.00
FAREA 0.00 6.30 12.60 12.60
FQDOT 0.00 1.16E+072.33E+072.33E+07
CJET OFF
HCR 0.2000.2000.2000.200
co 0.0070.0070.0070.007
OD 0.0220.0220.0220.022
STPMAX 5.00
DUiMPRRM32 l_2.HI
THRMF THERMAL2.DF
DEVICE 1
WINDOW O 0. 0.1279.1023.4095,
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VERSN 2 23-L5Z. ROOM 321 FIRE-3
TIMES 600 20 20 0 0
TAiMB 298. 101300. 0.
EAMB 298. 101300. 0.
HI/’F 0.00
WIDTH 60.00
DEPTH 26.00
HEIGH 4.60
HVENT 1 2 1 1.830 2.000 0.000 0.000
CVENT 1 2 1 1.00 1.00 1.00 1.00
MVFAN’ 1 2 0.00140000.00 0.800E+O0
INELV 1 3.50 2 3.50
CEILI CONCRETE
WALLS CONCRETE
FLOOR CONCRETE
CHEMI O. 0. 12.0 42000000. 300.400.0.000
LFBO 1
LFBT 2
FPOS 13.00 10.00 0.00
FTIME 30. 60. 300.
FMASS 0.00000.42860.86430.8643
FHIGH 0.00 0.00 0.00 0.00
FAREA 0.00 9.80 19.60 19.60
FQDOT 0.00 1.80E+07 3.63E+07 3.63E+07
CJET OFF
HCR 0.2000.2000.2000.200
co 0.0070.0070.0070.007
OD 0.0220.0220.0220.022
STPMAX 5.00
DUMPR RM321_3.HI
THRMF THERMAL2.DF
DEVICE 1
WINDOW O 0. 0.1279.1023.4095.



HNF-SD-CP-FHA-004, REv o
PAGE C-9

VERSN 2 234-5z. ROOM 321 FIRE-4
TIMES 600 20 20 0 0
TAMB 298, 101300, 0.
EAMB 298. 101300. 0.
HVF 0,00
WIDTH 60.00
DEPTH 26.00
HEIGH .4,60
HVENT 1 2 1 1,830 2.000 0.000 0.000
CVENT 1 2 1 1.00 1.00 1.00 1.00
MVFAN I 2 0.00140000.00 0.800E+O0
IXELV 1 3,50 2 3.50
CEILI CONCRETE
WALLS CONCRETE
FLOOR CONCRETE
CHEMI O. 0. 12.0 42000000. 300,400.0.000
LFBO I
LFBT 2
FPOS 13.00 10.00 0.00
FTIJME 30. 60. 300.
FMASS 0.00000.62391.24761.2476
FHIGH 0.00 0.00 0.00 0.00
FAREA 0.00 14.1028.3028.30
FQDOT 0.00 2.62E+07 5.24E+075.24E+07
CJET OFF
HCR 0.2000.2000.2000.200
co 0.0070.0070.0070.007
OD 0.0220,0220,0220.022
STPMAX 5.00
DUMPR RM321_4.HI
THRMF THERMAL2.DF
DEVICE 1
WINDOW O 0. 0.1279.1023.4095.
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VERSN 2.BLDG 242-Z STOllAGE .4NEX PLASTIC FIRE
TIMES 600 20 15 0 0
TAMB 298. 101300. 0.
EAMB 298. 101300. 0.
HVF 0.00
WIDTH 6.00
DEPTH 11.00
HEIGH 4.00
HVENT 1 2 1 0.910 2.000 0.000 0.000
CVENT 1 2 1 1.00 1.00 1.00 1.00 1.00 1.00 1.00
MVFAiN 1 2 0.00140000.00 0.800E+O0
IN’ELV 1 3.50 2 3.50
CEILI STEELSHT
WALLS STEELSHT
FLOOR STEELSHT
CHEMI O. 0. 12.0 10000000. 300,400.0.000
LFBO 1
LFBT 2
FPOS 5.50 3.00 0.00
FTIME 100. 150. 200. 250. 300..600.
FMASS 0.00000.04700.10600. 18900.29400.40000.4000
FHIGH 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FAREA 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FQDOT 0.00 4.70E+05 1.06E+06 1.89E+062.94E+064.00E+06 4.00E+06
CJET OFF
HCR 0.2000.2000.2000.200 0.2000.2000.200
co 0.0070.0070.0070.007 0.0070.0070.007
OD 0.0220.0220.0220.022 0.0220.0220.022
STPMAX 5.00
DUMPR 242-Z.HI
THRMF THERMAL2.DF
DEVICE 1
WINDOW O 0. 0.1279.1023.4095.
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\’ERSN 2. BLDG 236-Z \fT Glovebox Fire
TIMES 600 20 15 0 0
TAMB 298, 10l~oo, ;, “
EAMB 298. 101300. 0.
HYF 0.00
WIDTH ]~,()()
DEPTH 8.00
HEIGH 3.00
HVENT 1 2 1 1.820 2.000 0.000 0,000
CVENT 1 2 1 1.00 1.00 1.00 1.00
MVFAN I ~ 0.00140000.00 0.800E+O0
WELV I 3.50 z 3,5o
CEILI CONCRETE
WALLS CONCRETE
FLOOR CONCRETE
CHEMI O. 0. 12.0 10000000. 300.400.0.000
LFBO 1
LFBT 2
FPOS 5.50 3.00 0.oo
FTIME 100. 146. 6oo,
FMASS 0.00000.04700.10000. Iooo
FHIGH 0.00 0.00 0.00 0.00
FAREA 0.00 0.00 0.00, 0.00
FQDOT 0.00 4.70E+05 1.00E+06 1,00E+06
C.JETOFF
HCR 0.2000.2000.2000.200
co 0.0070.0070.0070.007
OD 0.0220.0220.0220.022
STPJMAX 5.00
DUMPR 236~z.HI
THRMF THERMALZ.DF
DEVICE I
WINDOW O 0. 0.1279.1023.4095.
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VERSN 2 PFP, BLDG 291-Z TRANSFORMER ROOM FIRE - RUN H]
TIIMES 600 20 15
TA.MB 298. 101300.
EAMB 298. 101300.
HI/F 0.00 0.00
WIDTH 10.70 16.90
DEPTH 8.50 8.50
HEIGH 4.40 4.40
HVENT 1 2 1 1.000
HVENT 1 3 1 0.910

00
0.
0.

4.000 3.700
2.000 0.000 0.000

CVENT 1 2 1 1.00 1.00 1.00 1.00
CVENT I 3 1 1.00 1.00 1.00 1.00
MVFAN 1 2 0.00140000.00 0.800E+O0
INELV 1 3.50 2 3.50
CEILI CONCRETE CONCRETE
WALLS CONCRETE CONCRETE
FLOOR CONCRETE CONCRETE
CHEMI O. 0. 12.0 46400000. 300.400.0.000
LFBO 1
LFBT 2
FPOS 4.25 5.35 0.00 .-

FTIME 50. 62. 600.
FMASS 0.00000.01020.01550.0155
FHIGH 0.00 0.00 0.00 0.00
FAREA 0.00 0.00 0.00 0.00
FQDOT 0.00 4.69E+05 7.20E+05 7.20E+05
CJET OFF
HCR 0.2000.2000.2000.200
co 0.0070.0070.0070.007
OD 0.0220,0220.0220.022
STPMAX 5.00
DUMPR 291_l .HI
THRMF THERMAL2.DF
DEVICE 1
WINDOW O 0. 0.1279.1023.4095.
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00
0.
0.

4.000 3.700
2.000 0.000 0.000

VERSN 2 PFP. BLDG 291-Z TRANSFORMER ROO.MFIRE - Rm :2
TIMES 600 20 15
TAMB 298. 101300,
EAIMB 298. 101300.
HUT 0.00 0.00
WIDTH 10.70 16.90
DEPTH S.50 S.50
HEIGH 4.40 4.40
HVENT 1 2 1 1.000
HVENT 1 3 1 0.910
CVENT 1 2 1 1.00 1.00 1.00 1.00 1.00
CVEXT 1 3 1 1.00 1.00 1.00 1.00 1.00
MVFAN 1 2 0.00140000.00 0.800E+O0
INELV 1 3.50 2 3.50
CEILI CONCRETE CONCRETE
WALLS CONCRETE CONCRETE
FLOOR CONCRETE CONCRETE
CHEMI 0. 0. 12.0 46400000. 300.400.0.000
LFBO 1
LFBT 2
FPOS 4.25 5.35 0.00
FTIME 50. 100. 150. 600.
FMASS 0.00000.01020.04040.0921 0.0921
FHIGH 0.00 0.00 0.00 0.00 0.00
FAREA 0.00 0.00 0.00 0.00 0.00
FQDOT 0.00 4.69E+05 1.88E+064.28E+064.28E+06
CJET OFF
HCR 0.2000.2000.2000.200 0.200
co 0.0070.0070.0070.007 0.007
OD 0.0220.0220.0220,022 0.022
STPMAX 5.00
DUMPR291_2.HI
THRMF THERMAL2.DF
DEVICE 1
WINDOW O 0. 0.1279.1023.4095.



VERSN 2 PFP, BLDG
TIMES 600 20 15
TAMB 298. 101300.
EAMB 298. 101300.
HI/F 0.00 0.00
WIDTH 10.70 16.90
DEPTH 8.50 8.50
HEIGH +.40 4.40
HVENiT 1 2 1 1.000
HVENT 1 3 1 0.910

1,. , -o”-G, -. i,rl-””.T, .- , “
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291-Z TR4NSFORl\fER ROOM FIRE - RUIN:3
00
0.
0.

-.
4.000 3.700
2.000 0.000 0.000

CVENT 1 2 1 1.00 1.00 1.00 1.00 1.00 1.00 1.00
CVENT 1 3 1 1.00 1.00 1.00 1.00 1.00 1.00 !.00
MVFAN 1 2 0.00140000.00 0.800E+O0
INELV 1 3.50 2 3.50
CEILI CONCRETE CONCRETE
WALLS CONCRETE CONCRETE
FLOOR CONCRETE CONCRETE
CHEMI O. 0. 12.0 46400000. 300.400.0.000
LFBO 1
LFBT 2
FPOS 4.25 5.35 0.00
FTIME 50. 100. 150. 200. 244. 600.
FMASS 0.00000.01020.04040.0921 0.16150.24110.2411
FHIGH 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FAREA 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FQDOT 0.00 4.69E+05 1.88E+064.28E+067.50E+06 1.12E+07 1.12E+07
CJET OFF
HCR 0.2000.2000.2000.200 0.2000.2000.200
co 0.007 0.0070.’-?070.0070.0070.0070.007
OD 0.0220.0220.0220.022 0.0220.0220.022
STPMAX 5.00
DUMPR291-3.HI
THRMF THERMAL2.DF
DEVICE I
WJNDOW O 0. 0.1279.1023.4095.
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VERSN 2 PFP, BLDG 291-Z TRANSFORMER ROOM FIRE - RUN %
TIMES 600 20 15 0 0
TAMB 298. 101300. 0,
EAMB 298. 10’1300. 0.
HIIF 0.00 0.00
WIDTH 10.70 16.90
DEPTH 8.50 8.50
HEIGH 4.40 4.40
HVENT I 2 1 1.000 4.000 3.700
HVENT 1 3 1 0.910 2.000 0.000 0.000
CVENT 1 2 1 1.00 1.00 1.00 1,00 1.00 1.00 1.00 1.00 1.00
CVENT 1 3 1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
MVFAN 1 2 0.00140000.00 0.800E+O0
INELV 1 3.50 2 3.50
CEILI CONCRETE CONCiWTE
WALLS CONCRETE CONCRETE
FLOOR CONCRETE CONCRETE
CHEMI O. 0. 12.0 46400000. 300.400.0.000
LFBO 1
LFBT 2
FPOS 4.25 5.35 0.00
FTIME 50. 100. 150. 200. 250. 300. 338. 600.
FMASS 0.00000.01020.04040.0921 O.16150.25240.36350.46070.4607
FHIGH 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FAREA 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FQDOT 0.00 4.69E+05 1.88E+064.28E+06 7.50E+06 1.17E+07 1.69E+072.14E+07
2.14E+07
CJET OFF
HCR 0.2000.2000.2000.200 0.2000.2000.2000.200 0.200
co 0.0070.0070.0070.007 0.0070.0070.0070.007 0.007
OD 0.0220.0220.0220.022 0.0220.0220.0220.022 0.022
STPMAX 5.00
DUMPR291_4.HI
THRMF THERMAL2.DF
DEVICE 1
WJNDOW O 0. 0.1279.1023.4095.
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VERSN 2 PFP, BLDG 2721 DIESEL OIL SPILL FIRE - RUN :1
TIMES 600 20 15 0 0
TAMB 298. 101300. 0.
E.4MB ?98. 101300. 0.
HIff 0.00
WIDTH S.53
DEPTH 5.18
HEIGH 3.05
HVENT 1 2 1 0.910 2.000 0.000 0.000
CVENT 1 2 1 1.00 1.00 1.00 1.00
MVFAN 1 2 0.00140000.00 0.800E+O0
INH.,V 1 3.50 2 3.50
CEILI CONCRETE
WALLS CONCRETE
FLOOR CONCRETE
CHEM1 0. 0. 12.0 46400000. 300.400.0.000
LFBO 1
LFBT 2
FPOS 4.25 ‘5.35 0.00
FTIME 50. 62. 600.
FMASS 0.00000.01020.01550.0155 “
FHIGH 0.00 0.00 0.00 0.00
FAREA 0.00 0.00 0.00 0.00
FQDOT 0.00 4.69E+05 7.20E+05 7.20E+05
CJET OFF
HCR 0.2000.2000.2000.,200
co 0.0070.0070.0070.007
OD 0.0220.0220.0220.022
STPMAX 5.00
DUMPR 2721_l .HI
THRMF THERMAL2.DF
DEVICE 1
WINDOW O 0. 0.1279.1023.4095.
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VERSN 2 PFP. BLDG 2721 DIESEL OIL SPILL FIRE - RLW ,%2
TIMES 600 20 15 0 0
TAMB 298. 101300. 0.
EAMB 298. 101300. 0.
HI/F 0.00
WIDTH 8.53
DEPTH 5.18
HEIGH 3.05
HVENT 1 2 1 0.910 2.000 0.000 0.000
CVENT 1 2 1 1.00 1.00 1.00 1.00 1.00
MVFAN 1 2 0.00140000,00 0.800E+O0
INELV 1 3.50 2 3.50
CEILI CONCRETE
WALLS CONCRETE
FLOOR CONCRETE
CHEMI 0. 0. 12.0 46400000. 500,400.0.000
LFBO 1
LFBT 2
FPOS 4.25 5.35 0.00
FTIME 50.. 100. 150. 600.
FMASS 0.00000.01020.04040.092 10.0921
FHIGH 0.00 0.00 0.00 0.00 0.00
FAREA 0.00 0.00 0.00 0.00 0.00
FQDOT 0.00 4.69E+05 1.88E+064.28E+064.28E+06
CJET OFF
HCR 0.2000.2000.2000.200 0.200
co 0.0070.0070.0070.007 0.007
OD 0.0220.0220.0220,022 0.022
STPMAX 5.00
DUMPR 272 l_2.HI
THRMF THERMAL2.DF
DEVICE 1
WINDOW O 0. 0.1279.1023.4095.
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VERSN 2 PFP. BLDG 2721 DIESEL OIL SPILL FIP.I - RUN :3
TIMES 600 20 15 0 0
TAMB 298. 101300. 0.
EAMB 298. 101300. 0.
HUF 0.00
WIDTH 8.53
DEPTH 5.18
HEIGH 3.05
HVENT 1 2 1 0.910 2.000 0.000 0.000
CVENT 1 2 1 1.00 1.00 1.00 1.00 1.00 1.00 1.00
MVFAN 1 2 0.00140000.00 0.800E+O0
INELV 1 3.50 ~ 3.50
CEILI CONCKETE
WALLS CONCRETE
FLOOR CONCRETE
CHEMI O. 0. 12.0 46400000. 300.400.0.000
LFBO I
LFBT 2
Fpc)S 4.25 5.35 0.00
FTIME 50. 100. 150. 200. 244. 600.
FMASS 0.00000.01020.04040.0921 0.16150.24100.2410
FHIGH 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FAR.EA 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FODOT 0.00 4.69E+05 1.88E+064.28E+067.50E+06 1.12E+07 1.12E+07
C&T OFF
HCR 0.2000.2000.2000.200 0.2000.2000.200
co 0.0070.0070.0070.007 0.0070.0070.007
OD 0.0220.0220.0220.022 0.0220.0220.022
STPMAX 5.00
DUMPR 2721_3.HI
THRMF THERMAL2.DF
DEVICE 1
WTNDOW O 0. 0.1279.1023.4095.
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VERSN ? 232-Z, TRASH BAG FIRE-I
TIMES 600 20 20 0 0

TAMB 298. 101300. 0, -
EAMB 298. 101300. 0.
HIff 0,00
WIDTH 13.40
DEPTH 7.60
HEIGH 4,60
HVENT 1 2 1 1.830 2.000 0.000 0.000
CVENT 1 2 1 1.00 1.00 1,00
MVFAN I 2 0.00140000.00 0.800E+O0
~ELv 1 3.5o 2 3.5o
CEILI CONCRETE
WALLS CONCRETE
FLOOR CONCRETE
CHEMI O. 0. 12.0 12500000. 300.400.0.000
LFBO 1

.LFBT 2
FKN 3.80 6.70 0.Oo
FTIME 60. 600.
FMASS 0.00000.02400.0240
FHIGH 0.00 0.00 0.Oo
FAREA 0.00 0.00 0.00
FQDOT 0.00 3.00E+05 3.00E+05
CJET OFF
HCR 0.2000.2000.200
co 0.0070.0070.007

OD 0.0220.0220.022
STPMAX 5.oo
IXJMPR 232_I .FII
THRMF THERMAL2.DF
DEVICE 1
WINDOW O 0. 0.1279.1023.4095,



VERSN 2 232-Z. TRASH BAG FIRE-2
TIMES 600 20 20 0 0
TAMB 298. 101300. 0.
EAMB 298. 101300. 0.
HIiF 0.00
\VIDTH 13.40
DEPTH 7.60
HEIGH 4.60
HVENT 1 2 1 1.830 2.000 0.000 0.000
CVENT 1 2 1 1.00 1.00 1.00
MVFAN 1 2 0.00140000.00 0.800E+O0
INELV 1 3.50 2 3.50
CEILI CONCRETE
WALLS CONCRETE
FLOOR CONCRETE
CHEMI O. 0. 12.0 12500000. 300.400.0.000
LFBO 1
LFBT 2
FPOS 3.80 6,70 0.00
FTIME 60. 600.
FMASS 0.00000.04800.0480
FHIGH 0.00 0.00 0.00
FAREA 0.00 0.00 0.00
FQDOT 0.00 6.00E+05 6.00E+05
CJET OFF
HCR 0.2000.2000.200
co 0.0070.0070.007
OD 0.0220.0220.022
STPMAX 5.00
DUMPR 232_ZHI
THRMF THERMAL2.DF
DEVICE 1
WINDOW O 0. 0.1279.1023.4095.
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VERSN 2 232-Z, TRASH B.4G FIRE-s
TI.MES 600 20 20 0 0
TAMB 298. 101300, 0.
E.41MB 298. 101300. 0.
HI/F 0.00
WIDTH 13.40
DEPTH 7.60
HEIGH 4.60
HVENT 1 2 1 1.830 2.000 0.000 0.000
CVENT 1 2 1 1.00 1,00 1.00
MVFAN 1 2 0.00140000.00 0.800E+O0
~ELV 1 3,50 2 3.5o
CEILI CONCRETE
WALLS CONCRETE
FLOOR CONCRETE
CHEMI 0. 0. 12.0 12500000. 300.400.0.000
LFBO 1
LFBT 2
FPOS 3.80 6.70 0.00
FTIME 60. 600.
FMASS 0.00000.07200.0720
FHIGH 0.00 0.00 0.00
FAREA 0.00 0.00 0.00
FQDOT 0.00 9.00E+05 9.00E+05
CJET OFF
HCR 0.2000.2000.200
co 0.0070.0070.007
OD 0.0220.0220.022
STPMAX 5.00
DUMPR 232_3.HI
THRMF THERMAL2.DF
DEVICE 1
WTNDOW O 0. 0.1279.1023.4095.
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VERSN 2 232-Z. TR\SH BAG FIRE-4
TIMES 600 20 20 0 0
TAMB 298. 101300. 0.
EAJMB 298. 101300. 0.
HI/F 0.00
WIDTH 13.40
DEPTH 7.60
HEIGH 4.60
HVENT 1 2 1 1.830 2.000 0.000 0.000
CVENT 1 2 1 1.00 1.00 1.00
MVFAN 1 2 0.00140000.00 0.800E+O0
INELV 1 3.50 2 3.50
CEILI CONCRETE
WALLS CONCRETE
FLOOR CONCRETE
CHEMI O. 0. 12.0 12500000. 300.400.0,000
LFBO 1
LFBT 2
FPOS 3.80 6.70 0.00
FTIME 60. 600.
FMASS 0.00000.09600.0960
FHIGH 0.00 0.00 0.00
FA~A 0.00 0.00 0.00
FQDOT 0.00 1.20E+06 1.20E+06
CJET OFF
HCR 0.2000.2000.200
co 0.0070.0070.007
OD 0.0220.0220.022
STPMAX 5.00
DUMPR 232_4.HI
THRMF THERMAL2.DF
DEVICE 1
WINDOW O 0. 0.1279.1023.4095.
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VERSX 2 243-Z.TRASH BAG FIRE-1
TIiMES 600 20 20 0 0
TAMB 298, 101300. 0.
EAMB 298. 101300, 0.
HUT 0.00
WIDTH 14.30
DEPTH 9.14
HEIGH 4.00
HVENT 1 2 1 0.910 2.000 0.000 0,000
CVENT 1 2 1 1.00 1.00 1.00
MVF.&N 1 2 0.00140000.00 0.800E+O0
INELV I 3.50 2 3,50
CEILI CONCRETE
WALLS CONCRETE
FLOOR CONCRETE
CHE?Y{l O. 0. 12.0 12500000. 300.400.0,000
LFBO 1
LFBT 2
FPOS 4.57 7.15 0.00
FTIME 60. 600.
FMASS 0.00000.02400.0240
FHIGH 0.00 0.00 0.00
FAREA 0.00 0.00 0.00
FQDOT 0.00 3.00E+05 3.00E+05
CJET OFF
HCR 0.2000.2000.200
co 0.0070.0070.007
OD 0.0220.0220.022
STPMAX 5.00
DUMPR 243_l .H1
THRMF THERMAL2.DF
DEVICE 1
UTNDOW O 0. 0.1279.1023.4095.
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VERSN 2 243-Z, TRASH BAG FIRE-2
TIMES 600 20 20 0 0
TAMB 298. 101300. 0.
EAMB 298. 101300. 0.
HI/F 0.00
WIDTH 14.30
DEPTH 9.14
HEIGH 4.00
HVENT 1 2 1 0.910 2.000 0.000 0.000
CVENT 1 2 1 1.00 1.00 1.00
MVFAN 1 2 0.00140000.00 0.800E+O0
lNELV 1 3.50 2 3.50
CEILI CONCRETE
WALLS CONCRETE
FLOOR CONCRETE
CHEMI O. 0. 12.0 12500000. 300.400.0,000
LFBO 1
LFBT 2
FPOS 4.57 7.15 0.00
FTIME 60. 600.
FMASS 0.00000.04800.0480
FHIGH 0.00 0.00 0.00
FAREA 0.00 0.00 0.00
FQDOT 0.00 6.00E+05 6.00E+05
CJET OFF
HCR 0.2000.2000.200
co 0.0070.0070.007
OD 0.0220.0220.022
STPMAX 5.00
DUMPR 243_2.HI
THRMF THERMAL2.DF
DEVICE 1
WINDOW O 0. 0.1279.1023.4095.
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VERSN 2 243-Z. TRASH BAG FIRE-3
TI,MES 600 20 20 0 0
TAMB 298. 101300. 0.
EAMB 298, 101300. 0.
HUT 0.00
WIDTH 14.30
DEPTH 9.14
HEIGH 4.00
HVENT I 2 1 0.910 2.000 0.000 0.000
CVENT 1 2 1 1.00 1.00 1,00
IMVFAN 1 2 0.00140000.00 0.800E+O0
INELV 1 3.50 2 3.50
CEILI CONCRETE
WALLS CONCRETE
FLOOR CONCRETE
CHEMI O. 0, 12.0 12500000. 300.400.0.000
LFBO 1
LFBT 2
FPOS 4.57 7.15 0.00
FTIME 60. 600.
FMASS 0.00000.12000.1200
FHIGH 0.00 0.00 0.00
FAREA 0.00 0.00 0.00
FQDOT 0.00 1.50E+06 1.50E+06
CJET OFF
HCR 0.2000.2000.200
co 0.0070.0070.007
OD 0.0220.0220.022
STPIMAX 5.00
DUMPR 243_3.HI
THRMF THERMAL2.DF
DEVICE 1
WINDOW O 0. 0.1279.1023.4095.
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\’ERS&T ~ 24S-Z, TRASH B.AGFIRE--I

TIMES 600 20 20 0 0
TAMB 298. 101300. 0.
EAMB 298. 101300. 0.
HUF 0.00
IVIDTH 14.30
DEPTH 9.14
HEIGH 4.00
HVENT 1 2 1 0.910 2.000 0.000 0.000
CVENT 1 2 1 1.00 1.00 1,00
MVFAN 1 2 0.00140000.00 0.800E+O0
INELV 1 3.50 2 3.50
CEILI CONCRETE
WALLS CONCRETE
FLOOR CONCRETE
cHEh41 o. 0. 12.0 12500000. 300.400.0.000
LFBO 1
LFBT 2
FPOS 4.57 7.15 0.00
FTIME 60. 600.
FMASS 0.00000.24000.2400
FHIGH 0.00 0.00 0.00
FAREA 0.00 0.00 0.00
FQDOT 0.00 3.00E+06 3.00E+06
CJET OFF
HCR 0.2000.2000.200
co 0.0070.0070.007
OD 0.0220.0220.022
STPMAX 5.00
DUMPR 243_4.HI
THRMF THERMAL2.DF
DEVICE 1
WTNDOW O 0. 0.1279.1023.4095.
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APPEN’DIX D

Compliance of Existing Gloveboxes viith the DGFPS
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D1.O GENERAL

Table D-1 provides a summary of the requirements stipulated by the DGFPS and. for
comparison purposes, the existing conditions of the 94-1 Thermal Stabilization Process
gloveboxes. Since only new gloveboxes are required to comply with the DGFPS, the DGFPS
requirements are not applicable to the existing 94-1 gloveboxes, However, this section identifies
the existing level of protection compared to that required for new gloveboxes. Each of the -
requirements summarized in Table A-1 are discussed in the following sections.

Other gloveboxes in the PFP facility have similm physical and operational characteristics
to those used in the 94-1 process. In general, the existing PFP gloveboxes are not in compliance
with the DGFPS. Features such as acrylic plastic Ivindow panels and incomplete automatic
suppression systems are deficiencies relating to fire hazard.

In thk section, the active and passive fire protection fkatures required to comply with the
DGFPS are compared Ivith the 94- I Stabilization Process Line. In Section 5.0, alternative fire
protection features are presented for all active and inactive PFP gloveboxes in lieu of application
of all DGFPS requirements to existing gloveboxes.

D1.1 Construction

The DGFPS requires that gloveboxes be constructed of noncombustible materials. The
purpose of this appears to be to minimize the potential fuel load and resulting fire spread within
the glovebox. Noncombustible windows may also help delay breaching the glovebox enclosure.
Once containment of the glovebox is violated, airborne materials and combustion products can
escape to the room resulting in both a life safety hazard and contamination of the room and
associated equipment. In addition, breaching the glovebox enclosure may allow a fire to spread
to additional combustibles within the room.

The frames and walls of the 94-1 gloveboxes are constructed of stainless steel. This is
in compliance with DGFPS criteria. However, some window panels are constructed of acrylic
plastic (i.e., polymethylmethacrylate or PMMA). This material ignites when exposed to smal[
fires (see Section 7.3.2) and results in a rapid rate of heat release and fire spread. In order to
comply with the DGFPS, all of the acrylic plastic windows must be replaced with wire glass, fire
rated gkss, or laminated safe~ glass.

In the past, as glovebox window panels have been replaced, polycarbonate (i.e., Lexan)
panels have been used. The fire performance of polycarbonate is markedly better than that of
PMMA (i.e., harder to ignite and lower rate of heat release). However, polycarbonate windows
still represent a significant combustible fuel load in the glovebox. As such, the DGFPS only

permits the use of fire retardant polycarbonate where the glovebox atmosphere or operations do
not allow glass. In this case, the polycarbonate is required to be “sandwiched” with
noncombustible material (such as glass) whenever possible. Unless it can be demonstrated that
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Table D-1 !)4-1 Tbcrmal Stabilization Process Glovcboxcs (continucti)

;lOvebox Component

Extinguishhrg Agent

Portable Fire
Extinguishers

Tire Detection SyStems

Vcrrtilation

Supply/Exhaust Openings

Exlraus( Filters and
Screens

Flowrate

Overpressure Protection

Multi-UnitExhaust
Manifolds

Constmction

Requiredfor NcwGlovcboxes

Based on the most likely fire hazards

Quick-disconnect couplings shall IJcprovided (if not
feasible, fire extinguishers with bayonet-type
connectors shall be used)

All gloveboxcs shall be provided with an automatic
tire detection system (a separate detection system is
not required if the glovebox is equipped with mr
automatic suppression or inerting system)

Ventilation should incorporate a downdraft design

(i.e., supply Opening near [hc top of the box and the
exhaust opening near the bottom)

Prefilters mrd fire screens required on primary
cxbaust openings

Gloveboxes using flammable liquids or gases shall
have sufficient ventilation Ilowm[cs to prevent the
atmosphere from rcacbing 25% of the lower
flammable limit (unless inert Nmospherc is
provided)

Required wbcrc failure of the primary exhaust
system or internal pressurization may result in
~lOvebox over-prcsSU1iZatiOn

Every glovcbox shall have its own exhaust PO*
single cxlmust nmnifolds connecting m] entire
,@vebox line shall not be used

Noncombustible materials for ducts (rigid and
flexible) and insulation

]Xisting 94-1 Gloveboxes I
Compliance

)ry chemical ex[ingnishers and Magnesium Oxide
Ycs

and

;ome glovclroxcs are equipped with quick-
Jiscmrnec[ coupling> bayonet-type tire

1

extinguishers provided in other areas

Most, but not all glovcboxes me equipped with heat
~etectors

Ventilation does not incorporate a rfowndrafl design

Pretilters and tim screens are provided on most, but
not all primary cxlmnst openings

Gloveboxes where flammable liquids and gasses arc
generated are provided wi!h purging systems to
prevent the buildup of flammable gas mixtures

Emergency cxlmust is provided in the event of
glovcbox ovcrprcssurc

Most gloveboxes have their own exhaust poIT a
linritccf nmmbcr of glovcboxes cxlmust through o[bcr
glovcboxcs

Ducts arc constructed of noncombustible nmtcrials

Yes

No

No

No

Yes

Ycs

No

Yes



Tnblc D-1 !)4-1 Thermal Stabilization Process Glovcboxcs (continued)

GIOVCIJOXComponent Rcquirml for Ncw G lovcboxcs Existing 94-1 Glovcboxcs COmpliancc

Opcraling Safeguards Operated 10 minimize fire potential - limit C0mbustib12 nm[criak remain itl several irmc[ivc No
co[nbustiblc materials zmd flammable liquids/gmcs glovcboxcs; housekeeping appears to be adequately
to tbc amount rcquirccl for daily opcra[ ions; daily maiotaincd
bousckccping to ensure equipment and operations
arc ordcrl~ operating procedures to rctlcct [he fire
protcctioo measures required for safe operations
msociated with the glovcbox
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the use of ZISSS~indo\~s is not feasible, all acrylic and pol~carbonate window panels must be
replaced wl<h wire glass, fire rated W% or laminated safew @MSin order to cOmply i~~ththe
DGFPS.

Glovebox gloves are required to be Hypalon (tradem~k of E.I. du Pent de Nemours &
Company) or neoprene. All gloves used in the 94-1 gloveboxes are Hypalon. This meets the
requirements of the DGFPS.

During the site visit, many of the gloves were left inside the gloveboxes while they were
not being used. The DGFPS requires that “when the gloves are not in use, they shall be extracted
from the box and secured on the outside using an elastic cord or by tieing the gloves together
(provided the potential for an exposure fire from outside the box does not exist).” Although there
is always a potential for an exposme fire from outside the box, the direct exposure fuel load is
typically greater inside the gloveboxes than outside for active process l@es. As such, gloves
should be extracted from the glovebox ~vhennot in use.

The DGFPS requires separatiotikolation dampers or doors to minimize fire propagation
in glovebox process lines. The dampers or doors must close upon activation of a fusible device.
They also must close when the fire suppressiotidetection system is activated, and be able to be
opened and shut manually. Currently, ihere are several airlocks which can be used to separate
sections of the inactive and active process lines. The locations of the existing airlocks in the 94-1
Process Line are as follows:

1.

2.

3.

4.

In glovebox HC-2, between HC-21A and HC-4. The airlock separates the
gloveboxes in Rooms 228A, B, C and Rooms 230A, B, which are equipped with
a HaIon fire suppression system, from the remainder of the process line.

Between gloveboxes HC-5 and HC-2, separating the RMC Line from the inactive
RMA Line.

In glovebox HC-4, separating the RMC Line from the gloveboxes in Rooms 235B
and C.

In glovebox HA-19, separating the glovebox from the HA-28 conveyor.

The location and number of separatiotilsolation dampers is required to be determined from
a fire protection engineering analysis. The analysis depends on the suppressionldetection systems
utilized, the status of the gloveboxes (i.e., active or removed from service), and the combustible
fuel load within the gloveboxes. Recommendations regarding glovebox separations are presented
in Section 7.5. To comply with the DGFPS criteria closure of the airlocks must be provided by
fisible link, activation of the detectionkuppression system (on either side of the damper), and
manual operation.

In accordance with the DGFPS, all heating devices must be equipped with automatic high-
temperature shutoff switches. All furnaces used in the 94-1 Stabilization Process are equipped
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or ~villbe equipped with automatic high temperature and temperature deviation shutoff controls.
This shutoff is provided in three independent ways [PFD-Z-190-OOO04,Rev B]. First, if the
temperature in the furnace exceeds the high temperature set point of 1050”C (maximum
temperature of the furnace is 1093”C), a reiay removes power to the furnace. Second, if the
measured furnace temperature deviates flO”C from the programmed set point, power is removed
from the furnace. Third; the t~mperature in the furnace gloveboxes is measured by three
thermocouples. If the temperature of any of the thermocouples exceeds the alarm set point of
70”C, power is removed from all furnaces in the glovebox. The alarm set point is lower than the
activation temperature of the HaIon or dry chemica~ systems (i.e., 93”C). Furnace temperature
controls are in compliance with the DGFPS.

In accordance ivith the DGFPS, all electrical components in the glovebox are required to
comply with the applicable sections of the Nationa/ Electric Code, NFPA 70. Also, utilities (e.g.,
water, air, gas, etc.) serving gloveboxes must be provided with remote shut off or isolation
valves. ,.

D1.2 Automatic Fire Suppression/Inerting Systems

The DGFPS requires an automatic sprinkler or dry chemical fire suppression in any
glovebox containing flammable/combustible liquids, oxidizers, or where waste characterization
operations are involved. If combustible’or pyrophoric metals me involved, an argon or nitrogen
inerting system maybe required in lieu of the suppression system. If the fuel load and operations
in the glovebox are not indicative of those described above, rm automatic suppression system is
not explicitly required by the DGFPS in existing gloveboxes.

For the 94-1 Stabilization Process Line, based on the materials used and stored in the
gloveboxes, fire suppression is required by the DGFPS in all gloveboxes. The gloveboxes in this
process line may be used for waste characterization operations a.mllor contain oxidizers or
flammabIe/combustible liquids. In addition, the fiture use of the gloveboxes is uncertain rmd
continuously changing. More importantly, since none of the existing gloveboxes meet the
construction’ criteria of the DGFPS, fire suppression is required to address potential hazxds
associated with the fuel loads present in the active process. These requirements also apply to
gloveboxes cormected to the 94-1 Process Line which have been removed from service.

Currently, some of the 94-1 gloveboxes ~e provided with automatic fme suppression
systems. The gloveboxes in Rooms 228A, B, C and Rooms 230A and B are protected by a total
floodhg Halon system. DOE has mandated the phase out of “non-essential” Halon systems
[DOE, 1993]. Currently, there is no plan to remove the existing Halon system. Additionally,
gloveboxes HC-227S and HC-60 are each equipped with a Limited Water Bottle Station (LWBS)
and gloveboxes HA-20MB and HA-21I will each have a dry chemical system. However, other
gloveboxes are unprotected including gloveboxes HA-23S, 235-B-5, HA-28, HC-4, HC-3, and
HC-4 and HC-6 in Room 166.

In order to comply with the requirements of the DGFPS, all of the 94-1 gloveboxes must
be equipped with automatic fire suppression. Therefore, if the existing HaIon system is
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deactivated,a replacement tiresuppressionsystem k required. Likewise. the gloveboxes
currently ivithout a fire suppression system must be provided with either an automatic sprinkler
or d: chemical system. In addition, if in the future any of the gloveboxes in the 9%1
Stabdlzation Process will contain pyrophoric or combustible metals, a local inerting system is
required for those gloveboxes.

DL3 Manual Fire Suppression

The DGFPS requires provisions for manual fire fighting for all gloveboxes. The agent
used.~forfire suppression must be based on the most likely fire hazuds. Where the potential for ..
metal tires is present, magnesium oxide sand, copper metal powder (30-60 mesh), carbon
microsphere, or an equivalent extinguishing agent shall be provided. Where the fire potential
is from other (non-metal) combustibles; dry chemical extinguishers are recommended. Where
portable tire extinguishers are used, quick-discomect couplings must be provided. If it is not
feasible to install quick-disconnect couplings, tire extinguishers with bayonet-type connectors may
be used. How’ever,the designer should document the basis for not installing quick-disconnect
couplings in the design report.

Currently, dry chemical fire extinguishers are provided throughout the rooms containing
gloveboxes. In some areas ~vherether~”is the potential for combustible metal fires, Magnesium
Oxide sand is also provided. Quick-disconnect couplings are used on some of the gloveboxes;
however, in mrmy cases bayonet-type connectors are used instead. The specific gloveboxes
equipped with quick-disconnect couplings has not been documented nor has the basis for not
providing all of the gloveboxes with them. Even so, the current manual fire suppression
conditions generally meet the requirements of the DGFPS.

DI.4 Fire Detection

The DGFPS requires all gloveboxes to be provided with an, automatic fire detection
system. An exception to this requirement is if the ~lovebox is”equipped with an automatic fire
suppression or gas inerting system. Since ail of the gloveboxes on the 94-1 Stabilization Process
Line are required to have an automatic suppression system, a separate fire detection system is not
required.

Nearly all of the gloveboxe: on the 94-1 Process Line sue equipped with heat detectors.
Gloveboxes HC-227S and HC-7 are the only gloveboxes v@hout heat detectors (or future plarmed
heat detectors). However, glovebox HC-227S is equipped with a limited water bottle station so
it does not requires a separate detection system. No additional fire detection devices in any of
the 94-1 gloveboxes are required to comply with the DGFPS criteria.

D1.5 Ventilation
.+.

The DGFPS requires glovebox ventilation systems to be protected against fire. It is
recommended (i.e., “should” is used as specifier in”DGFPS requirement) that the ventilation
system incorporates a downdraft design. This, configcyation has the ventilation inlet opening

,,.
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located near the top of the box and the exhaust opening near the bottom. By doing so, the heavy
combustion products, typically located higher in the box, ~villcause less damage to the exhaust
filters. In addition, all primay exhaust openings are required to be provided with prefdters and
tire screens to reduce vapor mist and fire propaga~ionto HEPA filters. The intent of the DGFPS
criteria appears to be to prevent damage to the HEPA filters and ‘minimize the spread of fire
and/or contamination beyond the confines of the glovebox.

.

The E-4 Exhaust Ventilation Drawings (Drawing No. H-2-23400) do not provide details
with respect to the height of the supply smd exhaust irdet openings for the 94-1 gloveboxes.
However, based on the information gathered during the site survey, the ventilation system does
not appear to incorporate a dov.ndraft design. Based on the drawings, all of the primary exhaust
openings are provided with fire screens and, with few exceptions, are also provided with
prefilters. Since a downdraft design is only recommended, modifying the existing design is not
required to comply with the DGFPS. However, prefilters are required on all primary exhaust
openings. As such, any primary exhaust opening not currently provided ivith a prefilter must be
provided with a prefilter. These include gloveboxes HC-227S, HC-7, HC-I 5A, B, C, HC-60, and
gloveboxes HC-4 and HC-6 in Room 166.

If flammable liquids or gases ,me used in a glovebox, ventilation flowrates are required
to be sufficient to prevent the atmosphere from reachhg 25% of the lower flammable limit unfess
an inert atmosphere is provided. Flammable liquids or gases zre not anticipated to be used in the
94-1 Stabilization Process gloveboxes. However, feed items that originated in the Plutonium
Reclamation Facility (PRF) potentially contain tributyl phosphate (TBP) which upon thermal
decomposition produces butene. Only the furnacesinHC-21 C will thermally treat PRF material.
To prevent a flammable gas buildup, air is continuously circulated through the furnaces at a rate
of 2-3 cfm. In addition, a cover gas of C02 is introduced into the furnace in the temperature
regime where flammable gases may be generated. The C02 is fed into the fiace at a flOWrate
of 30-35 cfh, which will maintain the amount of butene below the flammable concentrations
[PFD-Z-190-OOO04,Rev BJ. The ventilation and C02 cover gas systems are in compliance with
the DGFPS with respect to flowrate considerations:

The DGFPS requires the designer to evaluate whether “dump valves” are required to
prevent glovebox over-pressurization if the primary exhaust system fails, or if there is a breach
in the giovebox, or internal pressurization. Currently, the 94-”1Process Line is equipped with
emergency exhaust manifolds which open when the glovebox pressure exceeds -0.5” WG.
Emergency exhaust is provided within each of the glovebox sections potentially isolated by
airlocks.

The DGFPS does not permit multi-unit exhaust manifolds. Each glovebox is required to
have its own exhaust port in order to minimize fire exposure to adjacent boxes. Single exhaust
manifolds that cormect an entire glovebox line tie not permitted. Most of the existing 94-1
gloveboxes are provided with their own exhaust ports. However, a limited number of
gloveboxes, such as those used by the conveyor systems, exhaust through other gloveboxes.
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Noncombus~ible materials are required for glovebox ventilation ducts (both rigid and
flexible) and insulation. The existing ventilation ducts are constructed of noncombustible
materials in compliance ivith the DGFPS.

DI.6 Operating Safeguards

The DGFPS requires that gloveboxes be operated to minimize the potential for a fire:-
This involves limiting the quantity of combustible materials and flammable liquids/gases to the
amount required for daily operations. In addition, daily housekeeping inspections are required
to ensure equipment and operations are orderly, and that there ~e no unnecessary .“
flammable/combustible liquids or other combustibles in or near the gloveboxes. Glovebox
operating procedures must reflect the tire protection measures required for safe operations
associated with a .gIovebox. If glovebox fire protection systems are impaired, compensatory
measures must be implemented to mitigate the potential risk until the system is fully restored to
service.

Currently, there are combustible materials and hydraulic oil filled systems reinaining in
several inactive gloveboxes. Removal of unnecessary combustibles is required to comply with
the DGFPS. Housekeeping efforts appeared to be maintained during the site visit. Proper
housekeeping efforts must be continued,
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APPENDIX E

Detailed Cost Breakdowns
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P~:mJg:~Y CUST sill
BLOG ROOM PRNAME

R~H&CE
ORG CODE OATE PM TOTMEM COST

. ------- ----------------------- -------- -------- ----------------- -------- ----- -------------- -------- ----- -
2322 WE129465 ALARM W15000 10/83 9.981 12,!315

1 ITEMS FOR ROOM =
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. . . . . . . . . . . . . ----- . . . . . . . . . . . . . . ------ ------ . . . . . . . . . . . . . . . . . . . . . . . -------.--- . . . . . . .
Page 2

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

TtJ

BLOG
-------- .
2345Z
2345Z
Z345Z
Z345Z
2345z
2345Z
234SZ
2345Z
Z345Z
2345Z
Z345Z
2345Z
2345Z
2345Z
2345Z
2345Z
2345Z
23452
2345Z
Z345Z
2345Z
2345Z
2345Z
2345Z
2345Z
2345Z
2345Z
Z345Z
Z345Z
2345Z
23a5z
2345Z
Z345Z
2345Z
Z345Z
2345Z
2345Z
234SZ
2345Z
2345Z
Z345Z
2345Z
2345Z
2345Z
2345Z
Z345Z
2345Z
2345Z
2345Z
Z345Z

,. ROOM
-------.------ . --- --.----- -

FA10183
FA200Z2
FA20305
FA20826
FA20830
FA21403
FA23683
FA23664
FA23685
FA240Z4
FAZ5520
FA25654
F026622
Fo391o4
F136390
F165665
F174335
F174340
F174690
F174866
F175129
F175343
F176517
F176727
F176832
F221334
F221673
Fz23620
F226222
F2Z6223
F226224
F226ZZ5
F226Z29
FZZ6483
Fz27418
F257893
F257894
F257895
F258335
F261760
F262090
Fz62530
F26Z536
F262544
F262551
F262615
FZ63531
F263596
F263652
FZ6376Z

PRNAME-.------- --.----------.-
GLOVE L70X
AGITATOR
CONTROLLER
PUMP
TURBINE
MON170R
TRANSFORMER
TRANSFORMER
TRANSFORMER
MOTOR
MOTOR
GLOVEOOX
PUMP
RoAD
O(JCT
SITE WK /GRADING
POWER WIRING
GENERAL SYSTEM EQUIPMENT
BUILOING INDUSTRIAL
GENERAL SYSTEM EQUIPMENT
GENERAL SYSTEM EQUIPMENT
~[;~~AL SYSTEM EQUIPMENT

GENERAL STATION EQUIP
LIGHT FIXTURE
PUBLIC ADDRESS UNIT
POWER WIRING
GENERAL SYSTEM EQUIPMENT
INSTRUMENTATION
INSTRUMENTATION
INTERCOMMUNICATION EQUIP
INSTRUMENTATION
INS TRUMENTA710N
INSTRUMENTATION
PIPING
PIPING
POWER WIRING
1NSTRUMENTATION
FIRE ALARM EQUIPMENT
PAVED AREA
MONITORING SYSTEM
FILTER BOX
PIPING
FIBER OPTICS
RETENTION WALL
.A~’L~M SOURCE HOLDERS

VALVE
FURNACZ
HEATER

CUST
ORG COOE
--------
w87000
W15000
W15000
W15000
W15000
W15000
W54000
W54000
W54000
W15000
W15000
W15000
Wlsooo
W15000
W15000
W15000
W15000
W15000
W15000
W15000
W15000
W15000 ‘
W15000
W54000
W54000
W15000
W15000
W15000
W15000
Wlsooo
W15000
W15000
W15000
W15000
W15000
W15000
W15000
W15000
W15000
W15000
W15000
W15000
W15000
W8POO0
W15000
W15000
W15000
W15000
W15000
W15000

. .
SERV
OATE
-----
:;;8;

07/91
05/91
04/84
08/49
08/49
08/49

08/93
07/84
01/63
07/49
06/50
06/50
06/50
09/60
06/50
06/50
09/59
09/60
08/49
08/49
06/49
03/65
10/63
11/91
06/50
04/9z
lz/5z
01/66
02/66
09/65
06/50
05/95
11/73
11/73
11/73
01/79
03/79
12/80
12/80
09/80
12/79
09/81
09/86
03/87
03/87
03/87

PM 1
----

:OTMEM COST
----------

64,149
8,660

566
10,215
22.153

141,361
18.004
18,004
18,005

5,584
14,988

167,048
6,176

38.660
773.010
453,212
938.353

13.462
14.678,314

2,758,697
25,459

223.072
76,564

9,951
6,992

14,602
41,403

186,031
43,322

908.239
19.514
65,542
65,010

S,71O
1,755.106

860,01Z
16,434
43,523

2,009,734
50,6Z5

989,91!7
22.502

740,408
6Z ,746

506,640
282,843

6,905
55,705
19,030

8,074

REP I.ACE
COST

------ --------
88.609
10.473

11,456
24.845

182,780
93.831
93,631
!33 .837

15,55G
215,993

32,187
201,484

4,028, G9G-
2.36Z.005-
4,690.414.

70,160
77,541,309.
14.377,501.

132,685
1.162,584 .

399.029
51.862
36,440
72.416

215.780
ZIO. 877
2Z5.761
991.706-
101.701
313.677
106,118

28.202
9,147.096.

860,012+
44,461

117.747
5.437,134-

83,506
1.63 Z. 871*

34.946
1.149.854.

97,445
835.703.
40:::::

67,364
23,013

9.764
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3. . . . . . . . . . . . . ------------ -.----- -.------.--- .---------. .--.-..----.-------------- -.----------------.--- ----- . . . . . ._

PRoPERTY
BLOG ROOM

CUST
NUMBER

Sxv REP I.ACE
PRNAME ORG COOE DATE PM TOTMEM COST COST

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

x

76 ITEMS FOR ROOM =

2345Z A LINE
2345Z A LINE

F136025
F221678

*
2 ITEMs FOR ROOM = A LINE

2345Z A LINE MEZ
2345Z

FA25720
A LINE MEZ F221640

*

2 ITEMS FOR ROOM . A LINE MEZ

23452 C LINE
2345Z C LINE
2345Z C LINE
23452 C LINE

F175147
F175161
F221424
F2570S1

MONITORING SYSTEM
:;; i;;; R

TURNOUT
BARRIER
OISSOLVER
:$ EN:RAL SYSTEM EQUII

INTRUSION DETECTION
STORAGE FACILITY
STORAGE FACILITY
STORAGE FACILITY
STORAGE FACILITY
CHROMATOGRAPHY
COMPUTER
COMPUTER
COMPUTER
SCOOTER
SCOOTER
SCOOTER
SCOOTER
FORKLIFT
FoRKLIFT
FORKLIFT
FORKLIFT
LAWN MOWER

HOOD
SHIELOING

MOTOR CONTROL CENTER
MOTOR CONTROL CENTER

~jAL~NCE

POWER WIRING
SNIELDING

W15000
W15000
W52000
W52000
W15000
W15000

‘MENT W15000
W15000

SYS W15000
W15000
W15000
W15000
W15000
W15000
W15000
W15000
Wlsooo
W15000
W15000
W15000
W15000
W15000’
W15000
W15000
W15000
W15000

W15000
W15000

W15000
W15000

W15000
W15000
W15000
W15000

0S/85 13il.61~
01/86 534,221
08/87 417.896
12/87 14,323
09/93 263,37o
05/94 81,908
05/94 57.277
05/94 57.278
05/94 57,278
08/83 33,279

1.000
3.120
3.J46

08/88 5,398
02/94 8.058
06/93 7,465
09/93 7,466
12/93 24,639

7,559
7 <559

1 1/82 33.215
12/92 9,287

31,398.260

07/62 5,578
10/63 19,136

17!3 ,157
666,868.
5;;,:;;.

273:352
82.490
57.684
57.685
57,.685
43.063

6,459
8.115
7,748
7,749

25,573

4S .880
10,140

.---.-.-.---
130.559 .L46

29.071
99.731

24,714 128,802

08/63 6,685 34,840
08/63 6,685 34,840

-------------- ---------- ..-.
13,370 69.680

08/51 17.954 93, s71
09/59 7.803 40.667
02/63 14,020 73.068
02/74 20.796 52.500
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. . ..-. ------ . . . . . . ------ ------ . ----- ------- ------ ---.-- -------- .------ :-------- -. -.. . . ----- . . . . . . . . . . . . ------ . . . . . .

P;: fl::;Y
BLDG R DDM

CUST S;lv
PRNAME

REPLACE
ORG CODE DATE PN TOTMEM COST

.------ ----------- ------------- -------. .------- ----.------------ -------- ------------------ -
COST

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

*
4 ITEMs FOR ROOM = C LINE

2345Z C%LINE F26S327 FIRE SUPPRESSION SYSTEM W15000

1 ITEMS FOR ROOM = CXLINE

2345Z CANYON 3403961 MANLIFT-SCISSORS W15000

1 ITEMS FOR ROOM . CANYON

2345Z CENTRAL% CONTROL F17S250 IIALANCE
2345Z CEN7RAL*CONTROL F175340 NEATER

W15000
W15000

*
2 ITEMS FOR ROOM = CENTRAL* CONTROL

2345Z CNANGEROOM WC26364 MONITOR W8POO0 ,

i ITEMS FOR ROOM = CHANGEROOM

2345Z COOROW76460N39800 F175882 TANK Wlsooo

1 ITEMS FOR RODM = COORDW76460N39800

2345Z COORDW76580N41120 F1T5881 TANK W15000

1 ITEMS FOR ROOM = COORDW76580N41120

2345Z CORRX1 FA25633 PANEL W15000
2345Z CORR*l FA25741 POWER SUPPLY
2345Z

W15000
CURRX1 FA25742 POWER SUPPLY W15000

*

3 ITEMS FOR ROOM = CORR*l

2345Z CORRX3
2345Z CORR*3

FA25628 PANEL
FA25635 PANEL

W15000
W15000

60.573

03/86 553.33Z

05/87 10,7G3

09/GO 23.091
09/60 7.7c6

30.857

06/92 68,034

06/50 50, Z5Z

12/44 15.002

01/81 56,3G6
10/92 9,500

0----------- -------
65.866

01/81 56.366
01/81 56,366

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

259,806

690,724.

13,016

120.343
40,474

.. ---- .-
160.817

74.286

261,898

78.186

80.885
10,373

91.258

80.885
80,885

-------
x 112.732 161,770

2 ITEMS FOR ROOM : CORRX3

2345Z CORR*7 FA25730 MONITOR W15000 01/79 16,290 26,870



RLPS-MCKINNTS R1. Pro crly Sy%icm
K

03/21/96 13.15.59
DETAIL COST BREAliOOW BY ROOM FOR LEA MCKINNIS Page 5

PROPERTY
BLOG ROOM NUMBER PRNAME
-------- ------------.------.--. --------- ------- ------------------

CAST S::v R~~~~CE
DRG CODE OATE PM TOTMEM COST
-------- ------- ------------ ------ . ---- . . .

1 ITEMS FOR ROOM = CORR%7

ANALYZER
CHROMATOGRAPHY
PRINTER

W15000 06/87 56.302 68.086
W15000 12/84 6,340 6.198
W15000 06/87 7.996 9.670

2345Z 00CK5
2345Z 00CK5
2345Z OOCK5

wB34413
WB39572
WC53016 -------------- ------ --------

70,638 85.9511x

3 ITEMS FOR ROOM = 00CK5

2345Z DOOR%124 F261726

1 1T[14S FOR ITOOM = 000 R*124

2345Z 000 R*12S FA25705

1 ITEMS FOR ROOM = OOOR%125

MONITOR W15000 01/79 16,290 26,870

MONITOR W15000 01/86 64,782 80.867

FILTER 80X W15000
FILTER BOX W15000

02/86
02/86

7,1G7
7,167

8,947
8,947

23.35Z OUCT LEVEL
23452 DUCT LEVEL

FA25301
F265209 -------------- ---------- . . . .

14,334 17.8’34*
2 ITEMS FOR ROOM = DUCT LEVEL

2345Z DUCTXLEVELX150 i FA2S61O

1 ITEMS FOR ROOM = DUCTXLEVEL*l SO

AIR COND1TIONER W15000 05/88 59,684 71.412

AIR COND1TIONER W15000
AIR CONO1TIONER W15000

06/63 5,698
10/84 113,768

29,696
147,102

2345Z DUCT LEVEL
2345Z OUCTLEVEL

wf134305
WB34306 -------------- ---------- ----

119,466 176. 7!38*
2 ITEMS FOR ROOM = OUCTLEVEL

2345Z 0136 :::J:];
2345Z D136

*

2 ITEMS FOR ROOM = 0136

2345Z EFIELO FA25795

1 ITEMS FOR ROOM = EFIELO

2345Z F3E4*FILER*SYS F261027

PIPE LATHE
PIPE LATHE

W15000
W15000

8.775
8.775

17.550

TRANSFORMER W15000

GENERAL SYSTEM EQUIPMENT W15000

08/87 83,820 101,364

04/76 193,044 408,964



RLPS-14CK1NNIS RI. Properly S s!@m
z

03/21/96 13.15.59

DETAIL COST BREAKDOWN BY RO M FOR LEA MCKINNIS
Page : 6

---------- --.---- -.----- ---- -------- -------- -------- - ...-.------ ------------ ------ . . . . . . ----, ----- -------- . . . . . . . . . . . .

Pfi:Ro;~RY
BLOC ROOM PRNAME
-------- --- ---.------ -----.---- -..--.---- ------ ---- -------------

1 ITEMS FOR ROOM . F3E4XFILER*SYS

23452 NAI!3-BI A F136851 FURNACE

1 ITEMS FOR ROOM = HA19-f31 A

23452 MAINXENTRANCE FA25695 MONITOR

I ITEMS FOR ROOM = MAIN% ENTRANCE

2345Z NORTNXSIOE
234S2 NORTNXSIDE

F257751 ENCLOSURE
F258707 GLOVE 80X

*
z ITEMS FOR ROOM = NORTHXSIOE

23452 oFFSITE
23452 oFFSITE

WC17776 COMPUTER
wC30976 cOMPUTER

*
2 ITEMS FoR ROOM = OF FSITE

2345Z OUTSIOE 7305255 wELDER

I ITEMS FOR ROOM = OUTSIDE

23452 PARKING 1EO0982 SCOOTER

1 ITEMS FOR ROOM = PARKING

23452 PERIMETER
Z345Z PERIMETER
23452 PERIMETER

F039087 FENCE
F264299 FENCE
F264300 LIGNT FIXTURE

*
3 ITEMS FOR ROOM = PERIMETER

234SZ PER IMETER*FENCE F264301 oETECTION SYSTEM

2365Z PER IMETER*FENCE F264302 oETECTION sYSTEM

234S2 PER IMETER*FENCE FZ64303 DETECTION SYSTEM

*
3 ITEMS FOR ROOM = PER IMETERXFENCE

2345Z RMC LINE F263567 FURNACE

CUST Si:v R:::;CE
ORG cOOE DATE PM TOTMEM COST
-------- ------- ------------ ----- --- -- . . . .

W15000 12/63 46.670 253.653

W15000 01/79 16,290 26.870

W15000 12173 11.164 30.203

WISOOO 04/17 25,245 49.243
. . -------------- --------------

36.409 79,446

W15000 2,4S7
W15000 2,792

----------------
5.249

Wlsooo 06/80 5,990 ‘3.302

W15000 08/85 6,980 6,957

Wlsooo 12/44 28,144 146,678

W15000 09/82 115,131 159.030

W15000 09/8Z 98.075 135,471
------ --------- ------- -------

241,350 441.179

W15000 09/82 977.226 I,349,84Z,
W15000 09/82 796,059 1.:::,;;:.
Wlsooo 09/82 207.394

. . -------------- ------------ --
1,980,679 2,735.911

W15000 03/86 6.647 6,297



BFTA!L CUT MFAIuMwN DY RWMi FUR LFA WK!NNIS Pag.. /........................------.--------------------------------------------............-----------.............. ..

CUST S;:v R~~~~CE
ORG COOE OATE PM TOTMEM COST

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

PROPERTY
NUMBER PRNAME

-.------- ------ .. ---- ------
BLOG ROOM
-------- --------- --------------

1 ITEMS FOR ROOM = RMC LINE

W15000
W15000
W15000

2345Z ROOM 228
2345Z ROON 228
2345Z ROOM 228

F174011 FE EOER
F174021 HOOO
F174028 I!OOD

09/58 7.696 40.10!3
09/58 36,805 191.817
03/55 5.878 30.634

------------ ----- . . . . . . . . . . .
50.379 262,560x

3 ITEMs FOR ROOM =

2345Z SOUTli

1 ITEMS FOR ROOM =

2345Z SOUTN*S1OE

1 ITEMS FOR ROOM =

ROOM 228

FA25430

SOUTN

F257756

SOUTHXSIOE

12/80 10.855 16.856

12/73 11,165 30,206

AIR CONOITIONER

ENCLOSURE

W15000

W15000

2345Z STR19
2345Z STR19
2345Z STR19
2345Z STR19
2345Z STR19
Z345Z STR19
23452 STR19
2345Z STR19
23452 STR19
2345Z STR19
2345Z STR19

WB33714
w884282
WB86608
WC04437
WCI0455
WCI0456
WC22084
WCZS399
::;:;;:

WC31191

11/87

-----

3,520
3,318
1,646
1,510
3,699
3,699
3,268
3,349
3,268
3.268
3,956

-----.--- -----.- -.
34,501

4.Z57

. . . . .
4.257*

11 ITEMS FOR ROOM =

2345Z TASK* II I%RMA

1 ITEMS FOR ROOM =

sTR19

F175143

TASK* II I*RMA

BALANCE W15000 03/5s 24.684 128.646

23452 TC
23452 TC
2345Z TC

WB29659
W829684
WB54478

OSCILLOSCOPE
OSCILLOSCOPE
ANALYZER

W15000
W15000
W15000

06/62 6,672 9,216
04/84 16,153 20,886
12/89 17, Z95 20.251

-------------- -----.- ------ -
40.120 50,353*

3 ITEMS FOR ROOM =

2345Z TOOLC

1 ITEMS FOR ROOM =

TC

WBL17260

TOOLC

OSCILLOSCOPE W15000 06/90 8.065 9.290
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HL!JL-lklilNNIL 1(1.,Iupully JyLlulll
~CTAIL’COST BREAKDOWN EY RoOM FoR LEA McKINNIs

P~:Nl::~Y
8LDG ROOM
. ------ ------- ----------------- ------ --

*
2 ITEMS FOR ROOM = 103

2345Z 104
2345Z 104
2345Z 104
2345Z 104
23A5Z 10A
Z34SZ 104

x

6 ITEMS FOR ROOM = 104

2J45Z 107
2345Z 107
2345Z 107

x

3 ITEWS FOR ROOM = 107

Z345Z 108

1 ITEMS FOR ROOM = 108

Z345Z 110

1 ITEMS FOR ROOM = 110

2345Z llz

1 ITEMS FOR ROOM = 112

Z345Z 117

1 ITEMS FOR ROOM = 117

2345Z 118
Z345Z 118

*
2 ITEMS FOR ROOM = 118

2345Z
2345Z

119
119

WI186280
WE95197
WC14146
WC30971
WC40042
bJC42261

WC39326
WC41238
wC45836

WC36214

FA25697

WC41380

WB86302

WC45326
wC47ZT8

WC39039
WC40519

CUST s%
PRNAME ORG CODE DATE
------ . . . . . . ------ ------ -------- --.--

cOMPUTER
COMPUTER
COMPUTER

PIIONE

W15000
W15000
W15000

COMPUTER Wlsooo

PANEL W15000 01/81

COMPUTER W15000

COMPUTER W15000

COMPUTER
FACSIMILE

RECORDER
COMPUTER

W15000
W15000

W15000
W15000

#m Iml .11 1$
Page 9

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

R~~~~CE
PM TOTMEM COST
------------- - ----- ----- . . . .
--------------

4,122

1,646
1.610
2,010
2.792

429
2.51Z. . ------------

10.999

2,2Z2
2,s12
z,158

6,892

3.200

56,366

Z,51Z

1,646

2,158
z.601

4,759

629
3,438

80,885



RLP~-;.ICK INNIS
RI. Pro crty SYS Iem

rDETAIL COST BREAI(OOWI BY ROOM FOR LEA MCKINNIS 03/21,’ !)ti IJ ]t sq
Page 10

8LOG ROOM P;;;;;;Y IN
CUST------- ---- PRNAME-------------------- ------- -- ORG CODE ;;~~ PM TOTMEM COST R~~~~CE

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

*

2 ITEf4s FOR ROOM . Ilg

2345z 131
2345z 131

.*
Z ITEIIS FOR ROOM . 131

2345Z
2345z

13Z

2345z
132
132

23452
2345Z

13Z
132

*
5 ITEMs FOR ROOM = 132

2345Z 13211s
2345Z 132MS

2 ITEMS FOR ROOM = 13ZMS

23452 134
2345Z 134
2345Z 134

FA25663
FA25668

FA25622
WE10695
WB10697
W810699
W826736

WB26737
WB34307

FA25616
FA25621
FA25626

3 ITEMS FOR ROOM . 134

2345Z 1341 NL?OX WC02481

1 ITEMs FOR ROOM = 1341NBOX

2345z
2345Z

135
135

2345Z
23452

*
2 ITEMs FOR ROOM . 135

136
136

Nooo
HOOO

PUMP
VACUUM SYSTEM
MASS SPECTROMETER
MASS SPECTROMETER
COMPUTER

MASS SPECTROMETER
MASS SPECTROMETER

HOOO
HOOO
1{000

PUMP

FA25606 HOOO
FA25611 HOOO

FA25640 }{000
W810683 SOURCE

----------- ----
4.067

W15000 06/74
W15000

38,734 97,78406/74 38,736 97.789-------------- ------ .- .-. . --
77,470 195,573

W15000 09/76 7,483W15000 04/84 15,853
9,590W15000 04/84 12.400

524.088 677.646-W15000 12/84 439,638
W15000 lZ/84 568.452.

3,320 4,293-------------- ------ --------
964,119 1. Z76 ,644

W15000 06/63 44,194
W15000 230,32606/63 69.599 362.729

-------------- ----- ----- ----
113,793 593,055

W15000 01/44 6,372W15000 03/87 33.209
59,062W15000 03/87 59.063

71.424
71,425-------------- ------ --------

124.497 176.058

W15000 12/84 10,369 13.407

W15000 01/44 6,372 33,209W15000 01/44 6,372 33,209-------------- ---------- .-. .
J2.744 66.418

W15000 03/6 1 19,414W15000 02/69 101,180
15,482 60.607



RLPS-NCKINNIS RL Pro crty SySt CM
R’

UJJLIJ!IU IJ. lJ JJ

DETAIL CDST LIREAKDOW BY ROOM FOR LEA MCKINNIS
Page: 11

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

P;:;RO; ;Y CUST S:!v R~~~;CE

BLOG ROOM PRNAME oRG COOE DATE PM TOTMEM COST
. --------- ----------------- ----- --------- -------- ---------------- -----..-- ----- ---------------- ------- ----- --

wB10684 CONSOLE W15000 01/84 96.257

WB34308

124.460

QUANTOMETER W15000 02/69 46.197 180.847
------- ------- ----------- ----

234S2 136
2345Z 136

*
.4 ITEMS FOR ROOM = 136

Z345Z 137
2345Z 137

*
z ITEMS FDR ROOM = 137

23452 139
23452 139
23452 139
23452 139
23452 139

*
5 ITEMS FOR ROOM = 139

23452 140
23452 140

%
‘2 ITEMS FOR ROOM = 140

23452 14oA
2345Z 140A

x

Z ITEMS FOR ROOM = 140A

234S2 140B

1 ITEMS FOR ROOM = 140B

2345Z 141

I ITEMS FOR ROOM = 141

23452 143
2345Z 143

*

FA2S601 HOOO
WB26740 CAMERA

177.350 467,094

W15000 03/61 19,414 101.180
W15000 10/81 15,117 21,693

--------------- --------------
34,531 122,873

FA25669 Huuv
FA2567’4

w15000 01/53 6.372
)1000 W15000 01/66

33,209
18,340 87,773

FA25679 1{000 W15000 01/s3 6.372

FA25684 1{000 W15000
33.209

03/71 14,706

WC47005

46.528

}IYGROMETER W15000 09/91 17,104 19.182
--------------- ----------- ---

62.894 219.901

WCIO’396 COMPUTER W15000 ;,;;]

WC36645 COMPUTER W15000 . . . -------------
4,838

WB28116 COMPUTER W15000 800

WB92817 COMPUTER W15000 1.610
. . -------------

2,410

I
w049475 DETECTOR W15000 10/90 9,337 10,755_--— .

FA25659 HOOO W15000 09/73 6,360 17,206
.—

FA25602 tlooo
FA25607 HOOO

W15000 06/74 11. loz
W15000

.J

28,027
06/74 11,103 28.030

--------------- . . . . . . . . . . ----
22.20s 56.057



RLPS-MCK1NN!2 INL I<opcrly byslcnl
DETAIL COST OREAhDOWN OY ROOM FOR LEA MCKINNIS------ ------- ------ ------ ------ ------ ------- ------ . . . . . . . -------------- ------- . . . . . . . . . . . . -------

PROPERTY
IN

NUMBER
CIJST” SERV RLPI. AC[PRNAME ORG COOE DATE PM TDTMEM COST,------ --- COST------ ------------------ -------- -----.------------- ------ ------ --

03/21 /!3G 13 15 :9
Pago : 12

. . . . . . . . . . . . . . . . .

ELDG ROOM
--.----- --------- --------- ---

2 ITEMS FOR ROOM = 143

FA25612
FA2561T
FA25627
FA25631
FA25632
FA25637
WB34401
W1392124
wcl1477
WC28184

1{000
HOOO
HOOD
Hooo
Hooo
HOOO
ANALY2ER
COMPUTER
METER
ANALYZER

W15000
W15000
W15000
W15000
W15000
W15000
W15000
W1500.O
W15000
W15000

06/75
11/70
01/53
06/75
01/53
01/53
05/87
11/90
10/91
10/90

06/65
10/70
06/87
11/8S
09/86
08/87
09/84

09/92

05/73
01/45

6,655
11,141

6.372
6,655
6,878
6,372

35,066
11,809
L2 ,383
36.228

2345Z 144
2345Z 144
2345Z 144
2345Z 144
2345Z 144
2345Z 144
2345Z 144
2345Z 144
2345Z 144

2345Z 144

15.384
40.274
33.209
L5 .384
35,846
33,209
42.405
13,603
13,888
41,731

*
10 ITEMS FOR ROOM = 144

----------- ------
139.559

----- ---
284 933-

:2345Z 145
:2345Z 145
22345Z 145
223452 145
22345Z 14s
22345Z 145
22345Z 145
223452 145
23452 145
22345Z 145

FA25664
WL310680
WB26615
W034304
W034310
WB34438
WC04776
WC21572
WC22385
WC38163

HOOO
PRESS
OETECTOR
COUNTER
OETECTITR
OETECTOR
OETECTOR
COMPUTER
COMPUTER
OETECTOR

W15000
W15000
W15000
W15000
W15000
W15000
W15000
Wlsooo
W15000
W15000

34,862
37,489
38.739
47. d26
17,456
11,029

6.927
1,591
1.591

10.689

172,183
135.519

46.847
59.202
21,790
13.337

8.957

11,671
--------

469.506

------: ----
207.799

-----%
10 ITEMS FOR ROOM = 145

?2345Z 146
??345Z 146

FA25653
FA25658

WC36915
WC42230

FA25685

HOOO
Nooo

COMPUTER
COMPUTER

HOOO

W15000
W15000

39,834 107,767
11.037 57.522

---------------- -----.- .-.----
x

2 ITEMS FOR ROOM = 146
50,871 165.28!3

n345z 147!!3457, 147 W15000
W15000 1,591

3,385
*

2 ITEMS FOR ROOM = 147

:345Z 148

1 ITEMS FOR ROOM = 148

.-----------.-
4,976

W15000 6,372 33,20!2



RLP$-NCKINNIS
1 RI,Pro crly !yslcm

R
UJ)ll,~~g;J lJ JY

DETAIL COST BREAhDOW BY ROOM FOR LEA MCKINNIS 13
. . . . . . . . . . . . . ------ -------------- . ----------- ----------- ----------------------- ------ -------- ----- ------ ------ -----

PROPERTY
BLOG ROOM NUMBER PRNAME
-------- ------- ---------------- ------- -- --------- ------ ----
2345Z 149
2345Z 149
23a5z 149
2345Z 149

*
4 ITEMS FOR ROOM = 149

2345Z 150
2345Z 150
Z345Z 150
23452 150
2345Z J50
2345Z 150
2345Z 150
Z345Z 150
2345Z 150
2345Z 150

*
10 ITEMS FOR ROOM = 150

23452

2345Z
2345Z

2345Z
2345Z
2345Z
2345Z
2345Z

2345Z
2345Z
2345Z
2345Z
2345Z

151

1 ITEMS FOR ROOM . 151

152
152

x

2 ITEMS FOR ROOM = 152

153
153
153
153
153

x

5 ITEMS FOR ROOM = 153

154
154
154
154
154

FA25690
wL710663
wO1O69I
W810693

WB10694
WBZ6616
W836450
W871463
WC21580
WCZ6687
WC26688
WC26745
WC38542
WC39050

WB268Z3

FA15730
FA25680

FA25665
FA25670
FA25675
WFJ10692
WE197232

FA25645
FA25655
FA256G0
wB26746
WB3430Z

GLOVEEIOX
SPECTROPHOTOMETER
CHROMATOGRAPN
ANALYZER

HOOD
HOOD
HoOO
ANALYZER
ANALYZER

CUST s%
ORG COOE DATE PM TOTMEM COS1---------- ------- ------------ -------- ------
W15000
W15000
W15000
Wlsooo

W15000
W15000
W15000
W15000
W15000
W15000
Wlsooo
W15000
W15000
W15000

W15000

W15000
W15000

Wlsooo
W15000
W15000
W15000
W15000

p.: N.::3x W15000
W15000

DE TERMINATOR W15000
CARBON OETERMINATOR W15000
sULFUR DE TERMINATOR W15000

Cm; 205,094
25, o9O

04/85 9,996
01/84 27,398

-------------- -
267.576

09/64 7.675
04/87 15,752
08/87 16,117
09/87 12,303

1.591
3,120
3,120
3,131

10/85 14,680
12/92 9.959

----- --------- -
87.448

10/85 18.249

10/86 102,827
04/72 16.590-------------- -

119.417

-.. .

263,177
;:.::;

35:426
. . . ..- --

347,434
——

9,924
19,04Q
19,4’:
14,8/8

18.637
10,874

. . . -----
93,052—.

23,417

128,359
47,656

----- ---
176.215
—-—

6,372 33.209
6,372 33.209
5,329 16,860
5,766 8,955

23.810 27.679-----.-- -
47,649

183,861
7,210

32,075
13,685
11.888

120.112_—

235.930
13.016
57,911
18.903
23,189



HLP2-I.ICKINNIS
NL Pr. pcrly SYSICm

DETAIL COST BREAKOOWN ay ROOM FOR LEA MCKINNIS------ . . . . . . . ------ ------ ------ -----.--- ------- -------- -------.---------.----- ------ . . . . . . . . . . . . . . 03/21 /!3G 13 I\. sg
Page : 14---------- . . ..- .,.

*
S ITEMS FOR ROOM z 154

2345Z 155
2345Z 155
Z345Z 155

BLOG ROOM
P;: FI;;:Y

PRNAME CUST S:;v
ORG COOE OATE PM TOTMEM COST REPLACE------- ---- -------------------- -----.-- -

--------- --------------- ------.- ----- COST
-------------- . . . ..- ----- . . .
-------------- ----- ------ . . .

248,719 348.951

*
3 ITEMs FOR ROOM = 155

2345z 156
2345z 1s6
2345z 156

*
3 ITEMS FOR ROOM n 156

2345Z 157
2345Z 157

157
::::2: 1s7

%
! ITEMS FOR ROOM = 157

i2345Z 159
i2345Z 159
i23’15z 159
22345Z 159
22345Z 159
22345Z 159
ZZ345Z 159

*
T ITEMS FOR ROOM = 159

034.jz 161

I ITEMS FOR ROOM . 161
!!~,lsz 162

1 ITEMS FOR ROOM = 16z

FA25646 }{000
FA25650 HOOO
W034418 SPECTROPNOTOMETER

FA2564Z GLOVEOOX
FA25647 HOOO
WC54549 TITRATOR

FA25636 GLOVEBOX
FA25641 GLOVE BOX
WBZ675Z METER
WB28103 sPECTROPNOTOMETER

WB29462 ALARM
WB29464 ALARM
WB29466 ALARM
WEZ9650 ALARM
WL7Z9660 ALARM
WB29672 ALARM
WB29677 ALARM

WC23446 COMPUTER

WB36463 COMPUTER

Wlsooo 01/44 6,372 33,209W15000 01/44 6,372
W15000 07/87 33,209

56,147 67,899
-------------- --------------

68,891 134,317

W15000 07/84 167.047
W15000 01/44 215,992

6.37z
W15000 33.209

9,131
---------- ------ .. ---- . . . . . .

18 Z,550 .?4Li. zol

W15000
Wlsooo
W15000
W15000

W15000
W15000
W15000
W15000
W15000
W15000
W15000

W15000

W15000

07/84 167,048
07/84 215, !393

167,048
04/85

Z15 ,993
6,724

11/86 11,06S
8.628

13.612
-------------- ----- ------- . .

351,885

10/83
10/63
10/83
10/83
10/83
10/83
10/83 .

9,980
9,98o
9,979
9,980
9,98o
9,981
9,980

--------- -
69,660

1.o27

1,560
—

454,426
——

12.914
lZ .914
12.913
12,914
12. !314
lZ ,915
lZ.914

90 398-.—

—— .—.. ..—

#$<q -2,663
)
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BLDG R 00M
. . --------- ------------ ---

RLPS-14CKINNIS
RL Properly system

OETAIL COST OREAKOOWN UY ROOM FOR LEA MCKINNIS------ . . ----- .----------- ------ ------ ------- ------- ------ -------------- --------- -. . ..- ---------- .

PROPERTY
NUMBER CUST

PRNAME S::v
ORG CODE OATE----------- ---------- . . . ----- ---------- -------- -----

*
3 ITEMS FOR ROOM = 188

2345Z 189
2345Z 189
2345Z 189

*
3 ITEMS FOR RDOM = 189

2345Z 19Z
2345Z 192
2345Z 19Z
Z345Z 192
2345Z 192

:2345Z 192
:2345Z 192

WC50682
WC53158
WC57046

FA3103o
WB30988
W836804
WB72388
WE172389
WB97228
WC10422

*
7 ITEMS FOR ROOM = 192

FA25793
WB85060
WB85061
WB85062
WB850G3
WB85064
WB85065

*
7 ITEMs FOR RODM = 192A

~~3,15z 194
!~345z 194YJdsz 194!!’J4~z 194WJ45Z 194
‘!345Z 194
$!345Z 194
‘!345Z 1911
,345Z 194
:34SZ 194
:3452
:345Z

194
194

FA08341
FA10156
F264596
WB2389Z
WB72397
WB9324Z
WB94720
WC14091
WC37S16
WC41Z67
WC49994
WC50654

COMPUTER
AUTOSAMPLER
Ct{ROMATOGRAPt{

COUNTER
80X COUNTER
COMPUTER
COUNTER
COUNTER
DETECTOR
COMPUTER

CRANE
CONTAINER
CONTAINER
CONTAINER
CONTAINER
CONTAINER
CONTAINER

GLOVEBOX
AIR CONOITIONER
GLOVEBOX
OSCILLOSCOPE
ULTRA PROBE
ANAL Y2ERIOALANCER
COMPUTER
COMPUTER
HYGROMETER
COMPUTER
FACSIMILE
COMPUTER

W15000
WI SOOO
W15000

Wlsooo
W15000
W15000
W15000
W15000
W15000
W15000

W15000
W15000
W15000
W15000
Wlsooo
W15000
W15000

W15000
W15000
W15000
W15000
W15000
W15000
W15000
W15000
W15000
W15000
Wlsooo
W15000

PM TOTMEM COST
.-----_--.--.-

03/21/96 13 ]5 59
Page : 17. ---- ----- . . . . . . -.

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

57,306 1Z9,31O

2.071
01/95 17.180
07/94

17.180
61,178 61.61Z

-------------- -------- . . . . . .
80.429 78.792

06/95 390,946 3!30 .946
11/88 158,724 189.913

1.560
01/90
04/90 158.31: 182.36’i
04/91 1;:;5; 19,715

-------------- --------- -----
730,369 782.935

08/91
02/78
09/75
09/75
09/75
09/75
09/75

18,883 21.177
11,989 Z1 .646

5,895 13.6z7
5,896 13.6Z9
5,896 13,6Z9
5,89S 13,627
5.896 13.6Z9.------ -.------ ------

60,350 110,964

06/78 11,990 Z1 ,648
02/83 51,668 66,858
04/84 16,604
07/89

21.469
1:.:;:

06/90
17.81Z
11,372

08/89 16;330 ZI ,463
1.610
2,010

09/91 15,280 17.137
2,512

500
Z,071



I(L?JMIWI(lIUNIIJ NL I’F8 FPIY L.Y!l@M
1LITAIL COST ORIAKDOW oy ROOM FOR LEA McKINNrs

UJ))l}!lb lJ lJ.5g
Page 18

. . . . . . . . . . . . . . . . . . . . . . . . . . . ----- ------------ ---------- -------------------------- . . . . . . ,------- ---------- ------ . . . . . .

OLDG ROOM
-------- ------- -------.------ .

*
12 ITEMS FOR ROOM = 194

2345Z 1940

1 ITEMS FOR ROOM = 194D

2345Z 198
2345Z 198
2345Z 198

*
3 ITEMS FOR ROOM = 198

2345Z 200

1 ITEMs FOR ROOM = 200

2345Z 200A
2345Z 200A

*
Z ITEMS FOR ROOM = 200A

2345Z 201
2345Z 201
2345Z 201
Z345Z 201

*
4 ITEMS FDR ROOM : 201

2345Z 202
2345Z 202
2345Z 202
Z345Z 202
2345Z 202
2345Z 202

*
6 ITEMS FOR ROOM = 202

2345Z Z05
2345Z 205

PROPERTY
NUMBER PRNAME

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

WC4071O

WB29429
WC32513
WC34592

WC30879

WC09405
WC41858

WC02223
WC02Z25
WC12976
WC12985

FA24137
WA82037
WA82040
WA62043
WE49468
WCL6119

WB95056
WC32Z71

COMPUTER

OANDSAW
TELEVISION
RECORDER

COMPUTER

COMPUTER
ENGRAVING SYSTEM

CAMERA
CAMERA
FILTER sCOPE
CAMCORDER

c):~:~:tAL12ER

BALANCE
BALANCE
L3ALANCE
MILL

COMPUTER
COMPUTER

IN
CUST SERV REP[.ACE

ORG CODE DATE Pbl TOTMEM COST COST
-------- ------- ------------ ------- . . . . . . .

----.--------- ------. . . . . . . .
147.659 177.759

W15000 2,516

W15000 02/83 24,686 31.944
W15000 6S3
W15000 384

--..---------- -----.-- ----- .
25.723 31,944

W15000 3.956

W15000 1.610
Wlsooo 12,495

--------------
14.105

W15000 09/80 330 51Z
W15000 04/85 1,280 1.642
W15000 08/81. 5,681 6.152
W15000 01/87 1.200 1,451

W15000
W15000

-------------- . . . . . . . . . -----
8.491 11,757

05/87 8,200 9.916
0

12/62
04/91

5.49:
5.287

7,594
0. . . . . . . . . . : ------------ -----

18.985 17.510

3,318
1,591



fRLPS-MCKINNIS RL Property Syslcm 03/21/96 13’. 15:59
.--------------------------------------------------------------------------------------------------------~:~::.---:~~DETAIL COST BREAKOOWN BY ROOM FOR LEA MCKINNIS

EBLDG ROOM
CUST S:tiv

ORG COOE OATE PM TOTMEM COST--------- ----------------------- .-------- ---------..------------- ---.---- ------------------- ------------ --
*

--------------
4,909

2 ITEMS FOR ROOM = 205

Z?345Z 205 CAB WB32036 RECOROER
223452 205 CAB WC21342
Z2345Z

TELEVISION
205 CAB WC23843 COMPUTER

Z?345Z 205 CAB WC36797 COMPUTER

., x’

4 ITEMS FOf! ROOM = 205 CAB

W15000 800
W15000 02/67 530 641
W15000 2,620
W15000 3,370

-------------- ------------ --
7,320 641

Z?345Z Z08
b’, 1 ITEblS FOR ROOM = Z08

!~345z 209
WJasz 209
!!3452. 209
!!za~z 209
!!345Z 209
‘!345Z 209
:3452 209
:345Z 209 . .
?34SZ 209

x

9 ITEMS ,FOR ROOM = 209,, ;.,

:345Z ‘ 210

1 ITEMS FOR ROOM = 210

WC31677 cOPIER W15000 06/92 9,398 10,262

WB23502
WC19330
WC22976
WC37534
WC39690
WC40606
WC40726
WC40867
WC52393

.,.
wB97712 COMPUTER W15000 1.610

Z345Z 211 WC07433
:345Z ., 211

COMPUTER
;;]4~~~ COMPUTER

345Z 211 COMPUTER

*’
3 ITEMS FOR ROOM = 211

,,
S345Z .212
3345Z ., 212

*

.,, ,

INTER

W15000
W15000
W15000
W15000
W15000
W15000
W15000
W15000
W15000

0S/92

;,:;;
3:316

27,784
4,415
2,516
2,516
4,415
2,071

30.337

-------------- --------------
51,468 30,337

W15000 06/90 11,649 13.418
W15000 2,115
W15000 3.120-------------- ----.--------.

. . . 16,864 13,418

WC09387 COMPUTER W15000
WC40866

1,610
COMPUTER W15000 4.415

--------------
6,025

,.



RLPJE14LI(11UI!11 I(L PI(J Ully JYLIUUI
I--------------------------------------------------------------------------------------------------------~::~:----:o

LIJ)L1.IJU lJ. lJ. JJ
DETAIL COST 8REAKiZOW BY ROOM FoR LEA r.iCKINNIS

BLDG ROOM
CUST S;:v

ORG COOE OATE PM TOTMEM COSl
REPLACE

COST----------- -------------------- --------- . ------------------------ ---.---- ----- -------------- --------------
2 ITEMS FOR ROOM = 212

2345Z 215 WC45218

1 ITEMS FOR ROOM = 215

2345Z \ 216 WC2316S

1 ITEMS FOR. ROOM = 216

234SZ 217 WC41310

1 ITEMS FOR ROGM E 217 .,

2;45Z 217A wiz82851

1 ITEMS FOR ROOM =, 217A “

COMPUTER W15000 2,156

COMPUTER W15000 “ 2,996

COMPUTER W15000 2,512

COMPUTER W15000 764

2345Z 216
2345Z 216
23452 218
2345Z 216

WCO0836 FACSIMILE
WC21953 COMPUTER
WC42618. COMPUTER
WC47056 COMPUTER

*
,,. 4 ITEMS FOR ROOM = 216....,, .,, ,.:. ,

2345Z 218A hJC32116

i ITEMS FOR ROOM . 218A
“:

2345Z ‘“,218B t4i95784
,, 1 ITEMS FOR ROOM = 2188

2345Z .’ ‘218E “ WI?41734
,.. .

1 ITEMS FOR ROOM = 218E ““

2345Z : .’2Z1A
2345Z 221A

WF339915

2345Z 221A
WB85992
~::g;g:

2345Z 221A
23asz ,:$f~
2345Z

WC36968

2345Z 221A
WC47394
WC49330

*

,,, ,,

COMPUTER

COMPUTER

COMPUTER

COUNTER
COMPUTER
COMPUTER
COMPUTER
COMPUTER
COMPUTER
COMPUTER

W15000 1,498
W15000 3,120
W15000 2,649
W15000 2,158

--------------
9,425

W15000 2,792

W15000 1,610

W15000 1,560

W15000 04/90 73,471
W33000

84,631
874

W33000 1,510
W33000 ;.;:;
W15000
W33000 2:158
W33000 2,158

-------------- --------------
84.966 84,631

,.

,,



RLPS*MCiiINNIS HI. tiro crly SySt Om
RDETAIL COST L7REAl!OOii BY ROOM FOR LEA MCKINNIS

03/21/96 13.15.59
Page: 2L------ ------- ------------ ------- -------- ---------- ------- ----------------------- ------------------- --------- ------ -

BLDG
P~:;Fm:;Y

ROOM PRNAME
CUST S:llv R~[;+CE

ORG CODE DATE PM TOTMEM COST----------- -------------------- ------- ---------- ---------------- -------- -------------------
7 ITEMS FOR ROOM x 221A

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

23452 221 AXCEILING FA1OI43 AIR CONDITIONER W15000 06/80 33.595 52.173
1 ITEMS FOR ROOM = 221 A*CEILING

23452 221E
2345z

WA14236
221E

BALANCE W15000 09/77
WB31837 COMPUTER W75000

8.265 16.122
01/66 9,948 11.903

,. ., *
-------------- --------------

.,’. 18,213 28.025
,. 2 ITEMS FOR ROOM = 221E

23452 221F. WC01127 COMPUTER W33000 1.610

1 ITEMS FOR ROOM = 221F

2345Z 227 FA25634
2345Z 227

HOOD
FA25638

W15000 05/66
GLOVEOOX

54,358
W15000

260.152
05/66 75,528 361.469

x
-------------- --------------

129,886 621.621
2 ITEMS FOR ROOM = 227

2345Z 228
234SZ 228
234S2 226
2345Z 228
2345Z 228
2345Z
2345Z

226
226

2345Z 22a
2345Z 226
2345Z 228
2345Z 228
2345Z 228
2345Z 228..
2345Z 228
2345Z.
23452

228
228

.x

FA2S404
FA25409
FA25413
FA254L4
FA25416
FA25656
FA25657
FA25661
FA25662
F173968
F173971
F173972
F173976
F174005
F174009
F174014

HOOO
HOOO
HOOD
HOOO
HOOO
HOOO ,
HOOO
HOOO
HOOD
BELT
FILTER
TANK
~~M&ZNER

FEEOER
BALANCE

16 ITEMS FOR ROOM . 228

09/59
09/60
09/59
09/60
09/60
09/59
09/71
09/59
09/59
09/59
09/56
09/58
09/56

‘ j;j;~

26,704
.66,975

1::,;:;

13:463
45,594
54.732
22,133
33,925

8,744
27,655

7,942
21,493

5,130
7,696

24.5oo

139.173
349,054
552.883-
103.160

70,165
;;:,!:;

115:351
176,607

45,571
144,130

41.391
112,015

26.736
40.109

127.687-------------- ---------- :,---
492,565 2,455,021

;2345Z. 228A FA25652 HOOD Wlsooo 09/60 31,459,, 163,955

1 ITEMS FOR ROOM = 228A

;2345Z” 228B FA25419 HOOO W15000 09/60 , 22,607 117,821



-------- ----------------------- .
,,,.,...,.

13LDG ROOM
----------- ------------------- .
234SZ 2280
234SZ 228B

,<23452 228B
Z345Z 228B
2345Z 228B ,.t.
2345Z : “’ 2Z8B
2345Z ZZ8B

.*
8 ITEt4S FOR ROOM 2Z8B

$$::: ,, Z28C
228C

2345Z 228C
2345Z 228C
2345Z 2Z8C

*
5 ITEMS FOR ROOM = Z28C

2345Z 230A
~~ 2345Z 230A

... *
...

2 ITEMS FOR ROOM = 230A.. .. . .

2345Z. ;230B

1 ITEMS FOR ROOM = 2306

2345Z 230C
.2345Z 230C

*
2 “ITEMS FOR ROOM = 230C‘: <:,’

2345Z . 232
2345Z 232
2345Z 232
23a5z 232
2345Z 232

*

., ., ..:, ,.’,.

Ht. F8. P.CIY Syslcm UJ/21/k18 IJ. lLI.’JLI
OETAIL COST “BREAKDOWN BY ROOM FOR LEA MCKINNIS Page: 22

------------- ------------------------------------- --------------------------- -------

Pfi:Fl:g~Y CUST S:!v
PRNAME

R~~&~CE
DRG COOE OATE PM TOTMEM COST

---------- ------------------------ --------, --.-.-------------- ----------- ---
FA25424
FA2S428
FA25429
FA25433
FA25434
FA25438

;FA25443

FA254Z3
FA25439
FA25444
FA2S448
blB29423

,,

FA25449
FA2S453

<},. .

FA25454

FAz5401
FA25402

FAZ5651
FA25788
WC0534T
WC29821
WCZ9822.

HOOO
HOOD
HOOD
HOOD
GENERATOR

HOOD ‘

HOOD
HOOO

HOOO
OFF GAS “SCRU8BER
COMPUTER
GENERATOR
GENERATOR

W15000
W15000
W15000
W15000
W15000
W15000.
W15000

W15000
W15000
W15000
W15000
W15000

W15000
W15000

W15000

W15000
W15000

W15000
\d15000
W15000
W15000
W15000

19,987
18,093
13,805
11,915
17.740
18,044
15.029----------.--- ---- ..,.---,-----

137,220 715,150

08/60 8,015
19,901

::/:: “9.753
09/60 30,839
07/87 8.211

--------------
76,519

4,1.772
103.718

50.830
159,681

9.930--------------
365.931

09/59 72,893 3T9.896
07/62 14,625 76.221

-------------- --------------
87,518 456.117

07/62 17.740 92.456

09/59 47,578
09/70

247.962
36.000 130,136

-------------- --------------
83,5T8 378,098

11/73 81,233
04187

219,768
S20,224 6:~.;~J-

07/90 14,204
01/92 14,363 15:683
01/92 14.363 15.683---------- : -------------- :---

644,387

/,.

896,603

,,



RLPS-WCKINNIS RL lrgpcrty syslcm
DETAIL COST BREAKGCIWN BY ROOM FOR LEA MCKINNIS

03/21;96 lJ.15:5Y
Page: 23--------- ---------- --------- -------- -------- -------------- ---------------------- ---------------------------- . . . . . .

BLOG ROOM
----------- -.-.-
2345Z 233
2365Z 233
2345Z 233
2345Z 233
2345Z 233
2345Z 233

:2345Z 233
:Z345Z Z33
:234SZ Z33
;2345Z 233
:23352 233
:2345Z 233
:23452 ; 233
:Z345Z 233
:2345Z 233
;2345Z 233
:2345Z 233
:2345Z 233
:23452 Z33
i2345Z Z33.
iZ345Z 233
:Z345Z Z33
;2345Z Z33
;23452 233
2Z345Z 233
Z234SZ 233
22345Z 233
223452 233
223452 233
Z2345Z ~ :::
223452
ZZ345Z 233

*
;2 ITEMS FOR

??3452 234
?2345ZS 234
~~345z 234
!~345z Z34!~oa~z 234

*
“ 5 ITEMS FOR\.,

!!3452 234A
!!345Z 234A

.,

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

ROOM = 233

ROOM “= 234

F174030
F174037
F174039
F17404z
F174044
F174046
F174048
F174063
F174067
F174079
F174086
F174090
F174103
F174106
F174107’
F174171
F174181
F174182
F174183
F174184
WB49476
WB5311Z
WB71418
WCOZ447
WCOZ486
WC04286
WC21982
WC38070
WC38071
WC48819
WC50274
WC50277

WB3i503
WB45604
WB83817
WC02267
WC32683

WC13694
WC38068

PRNAME
--------- .
HOOO
HOOD
HOOO
HOOD
HOOO
Hooo
HOOO
HOOO
1{000
Ilooo
HOOO
HOOD
HOOO
HOOO
CONVEYOR
PLATFORM
SHIELOING
SHIELOING
SHIELOING
MG SET
DETECTOR
ANALYZER
MONITOR
ANALYZER
ANALYZER
COMPUTER
COMPUTER
ANALYZER
ANALYZER
DETECTOR ,
ANALYZER
ANALYZER

OSCILLOSCOPE
ANALYZER
DETECTOR
COMPACTOR
COMPUTER -

TABLE LIF1
ANALYZER

CUST
ORG COO-- --- .----- --

W15000.
W15000
W15000
W15000
W15000

W15000
W15000

IE
s%
DATE
--.--
03/55
03/55
03/55
03/55
03/55
03/55
03/55
03/55
03/55
03/55
03/55
03/55
03/55
03/55
03/55
09/58
09/59
09/59
09/59
06/50
10/90
10/63
08/87
07/64
07/84

PM TOTMEM COST
-------------- ---

14.636
5,818

13,188
13,188
;~,;:;

15:375
14,849
13,990

8,163
8,163
7,118
8.719
8,718

62,320
44,239

9;455
52,020
51,398
1s,500

:,:2;

B:689
11,315
11.314

1.510

.-. .
R[;~~CE

--------
76.278
30.322
88,732
68,732
68.737
76,878
60,130
77,389
72.912
42.543
4Z.543
37,097
45,,441
45.436

w:.:::

49;2?7
Z71 ,113
2::,;;!

10:755
11, Z44

8.089
“l4,63o
14.629

3,671
02/88 8.771
02/88

10.495
8.771 10,495

07/84 12,413 I;,:fi
07/84 6,184
07/84 11,316 14:632-------------- ---------- :---

494.777 2,176,580

01/88 9,355
05/88

11,193
18,107

02/89
21,665

1; ,;:~ 13,066
ol/7z 17,885

3:246
-------------- --------------

48,067 63.809

06/84 6,419
05/88

8,300
12,642 15,126



RLPS-MCKINNIS RL Property S slcm
8“DE TAIL. COST 8REAKD0wN 8y RO M FOR LEA MCKINNIS

-----" ----------------------- .------- .------- .----- .------------ .---. -------------- ..--- _---- .-:; ------ .- f:::; _-.. ~:

03/21/96 13.1s, ;9

Pfi~Nl;g[Y
t3LOG ROOM

CUST S:!v R~~~~CE
PRNAME----------- -----.-------------- --------- ORG COOE OATE PM TOTMEM COST
------------------------ -------- ------------------- --------- ,&..---

*
ITEMS FOR ROOM = 234A . . .

2345 ZLEA0 F187436 TRACK
2345 ZLEA0 F187437 TURNOUT

x
.,, .

ITEMS FOR ROOM = 2345 ZLEA0

‘;2345ZPASSING :: F187438 TRACK’.;
ITEMS FOR ROOM = 2345 ZPASSING

235 FA25672
235

HOOO
F266509 BLOWER

x

ITEMS FOR ROOM = 235 “.”

235Al .;fi:;~~~ HOOO
235A1 HOOO,,, . ,
x

.

ITEMS FOR ROOM = 235Al : .’ r,.

‘M FA25i76 HOOO

2358
FA25677 AIRLOCK

235B
FA25661 HOOO
FA25682 HOOO

Z35B FA25687 HOOO
!: .,,. .,

i. . .
,,

“’::!’ 5 ITEMS FOR

23’452 235C
2345Z 235C
23452 235C
2345Z 235c,
2345Z 235C
2345Z 235C
., :,.., .’

“. x
~.,

f’. ,
.:.

ROOM = 2358 “
,,

FA2i671 HOOO -
FA25666 HOOO
FA25692 HOOD
FA25696 HOOO
FA25725 HOOO
F221530 BALANCE

W52000
W52000

W52000

W15000
W15000

\

W15000
W15000

W15000
W15000
W15000
W15000
W15000

W15000
W15000
W15000
W15000
W15000
W15000

-------------- ------.-------
19,061 23.426

07/86 4;;,;;;
07/86

512.548-
16.209

-------------- --------------
423,582 528.757

07/86 30,935 38,616

12/63 16,509
11/79

96.463
5,069 8.394

--------------- --------------
23,598 104,857

03/55 6,667 34.746
03/55 6,667 34.746

--------------- --------------
13,334 69.492

08/63 33,089
02/64

1;;.;;;
10,270,

02/64 32,666 167:168
07/62 5,576 29,071
08/63 25,193 131.298

-------------- --------------
106,796 552,544

5,578 29.071
:;% 5,613 29,253
07/62 S,578
10/63

29, o71
113,285 5::,:;~ .

07/62 5,578
06/63 19,002 99:033

-------------- --------------
154,634 805.906

,!
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R1.PS-14Cti INN :S RL Pro crty System
R

03/21/~~g~~,15.59
DETAIL COST BREAKDOW BY ROOM FOR LEA MCKINNIS 26

--------------------------------------------------------- ----------------------------------------------------------

P;:;I;;Y
BLOG

cUST S::v
ROOM

REPLACE
PRNAME ORO CODE OATE PM TOTMEM COST COST

----------- -------------------- --------- ------------------------ -------- ------------------- --------------

23452 265 WB71600 ,“. - . . . ..

1 ITEMS FOR ROOM = 265’

23452 265A14 FA25468

,: I ITEMS FOR ROOM ❑ 26SA14 - ~

I.Ufi” OH..

OENERATOR

,23452 266
23452 266
23452 266
2345Z 266
23452 266
234S2 266
23452 ::266 “
23452 266
2345Z 266
2345Z 266
.,.
~.,: *

.’

,<., 10 ITEMS FOR ROOM = 266

2345Z .: 267 “’

1 ITEMS FOR ROOM = 267,..

2345Z -’270 ‘

.), ,. 1 ITEMS FOR ROOM = 270

2345Z . 300

1 ITEMS FOR ROOM = 300

FP.25457

,.

WB49473

WC5801O

23a5z 301’ WB44994,
23dSZ 301 ;;:d;;;-
23452 “,, :~~
23452 WC25999

.. x !,,

4 ITEMS FOR ROOM . 301

23452 302 WC42426

, 1 ITEMS: FOR ROOM = 302

.-” ,,. .
,,!.:~,i,:.:<: “:, ,’.,

CONTROL PANEL

CONTROLLER

ACCUSTRIP SYSTEM

CAMERA
COMPUTER
COMPUTER
COMPUTER

COMPUTER

COMPUTER
COMPUTER

W15000

W15000

W15000
W15000
W15000
W15000
W15000
w8Po O0
W15000
W15000
W8POO0
W15000

W15000

W15000

W17000

W15000
W15000
W15000
W15000

W15000

W31000
W31OOO

07/90 7.255 8.357

04/55 10.646 55.484

01/79 16,292 26.814
05/87 11,551 13,969
12/80 52,734 81,896
02/89 ‘32,071 37.552
02/89 32,071
12/87

37.552
20.000

10/89 15.42.0 18.’l2~
11/89 15.922
:3$9;

18.643
29,100 33.520
43.336 44.978-------------- --------------

268,557 313,110

10/92 45,000 49,135

lz/a2 26,85A 37.093

03/95 Z2,608 22.606
—

1,350
3,318
1,510
1.827

--------------
8,005

2.649

,,. $’%!- 1



RLPS-tlChINNIS RL Properly S slcm
DETAIL COST BREAKDOWN BY ROIM FO.R LEA MCKINNIS

03/21 /~~9W#5.5;
--.------- --------. .--------- --------- -----.--- ------ --------------------------- ---------------------------- . . . . . . -

BLDG
PROPERTY

ROOM NUMBER
CUST

PRNAML
Si:v

ORG COOE OATE----------- -------------------- --------- ---.-------- ------..---- ---------- ---
2345Z 303 WC42048

.2345Z 303
COMPUTER

WC42496
W31OOO

COMPUTER W31OOO
2345Z 303 WC4Z630 COMPUTER W31OOO

*
5 ITEMs FOR ROOM = “303

234iZ 303A
2345Z

WC47390
303A

COMPUTER
WC49329

W15000
,. COMPUTER W15000

x

2 ITEMS FOR ROOM = 303A

234SZ
2345Z
2345Z

,.

Z345Z

3038 WL183307 COMPUTER
303B WC47386
303B

COMPUTER
WC49343 COMPUTER

,x

W15000
W15000
W15000

REPLACE
PM TOTMEM COST COST-------------- ----------- ---

2.512
2.649
2.649---------- :---

10.961
>-------

2.158
2,158

--------------
4,316

/_.———

1 .S60
2,158
2.158

--------------
5,876

3 ITEMS FOR ROOM = 3038
~...

303C LJC45297 COMPUTER W15000 2,158
,}, , 1 ITEMS FOR ROOM = 303C .>

2345Z 3030 WC32892 COMPUTER
,. .,-.
1 ITEMS FOR ROOM = 3030 ,

23452 303E WC30991 COMPUTER

1 ITEMS FOR ‘ROOM = 303E

2345Z 303F WC45Z16 COMPUTER

1 ITEMS FOR ROOM = 303F

Z345Z 303G
2345Z 303G

.x

Z ITEMS FOR ROOM = 303G

23452 303H
2345Z 303H

,,

WC34615 COMPUTER
WC37454 COMPUTER .

WC36242 COMPUTER
WC37233 MONITOR

*

/--

W15000 3.s71
//-

W36000 4,194
~.

W15000 2.158

—---””””

W33000 1,591
W33000 2.522

--------------
4,113

W15000
W15000 06/92 2%1#- 26.661

-,------------- --------.-----
27,73d 26.661_; ---—.

!
,,,
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RLPS-MCliINNIS HI. PCO criy SySt.3m
BDETAIL COST BREAKDOW 8% ROOM FOR LEA MCKINNIS

03/21/~~g~3. 15 59
29-------------------------------- - . . ------------------ ------------------------------- ------------------ ------- ---.-.-

BLOG
PROPERTY

ROOM NUMBER--.-------- -------------------- ------- --
2345Z 306A WB44S98
2345Z 306A WB90688
234SZ 306A wB92003
2345Z 306A WB95762
2345Z 306A WC26166
234SZ 306A WC44115

*
,, 9 ITEMS FOR ROOM = 306A

2345Z 306B

1 ITEMS FOR ROOM = 306!3

2345Z 306
2345Z 308
2345Z 308
2345Z 308
234S2 308
2345Z ‘ 308
2345Z 308
234SZ ’308
2345Z 306
2345Z 308
Z34SZ ,, 308
2345Z 308
2345Z .308

., *
‘ 13 ITEMS FOR ROOM = 308.: :,.!

:2345 Z:. 320.
<2345Z 320

, .: ,.,
., *

2 ITEMS FOR ROOM = 320

:2345Z” 321.
:2345Z: 321
:2345Z 321
:2345 Z.- 321
iZ345Z. 321
;234S Z.. 321
i2345Z. 321
i2345Z: 321
i2345Z 321
;2345Z; 321

F262579

‘FA25615
FA25620
FA25698
FA25703
FA25713
FA25787
FA2579Z
FA25796
FA25797
F262535
F269050
F269060
F269063

PRNAME-----.- -------- .
IX;~T;;IVE

COMPUTER
COMPUTER
COMPUTER
COMPUTZR

CUST S&
ORG COOE OATE--------- -------- . . ..-

AIR CONDITIONER

FILTER BOX
~~11-jER BOX

OEMISTER
OEMISTER
FIL7ER Box
HEAT EXCHANGER
tifii~ EXCHANGER

MOTOR .CONTROL CENTER
HEAT EXCHANGER
POWER WIRING
POWER WIRING

FA25782
FA25191

FA20825
FA20862
FA25461
FA25462
FA25464
FAZ5465
FA25466
FA25467
FA25469
FA25470

. .

FILTER HOUSING
FILTER HOUSING

DRYER SYSTEM
ORYER SYSTEM
~fi;~ER

FAN
PUMP
~~:;ER

FAN
BLOWER

W8POO0
W8POO0
W8POO0
W62000
W8POO0
W6,2000

W8POO0

W15000
W15000
W15000
W15000
W15000
W15000
W15000
W15000
W15000
W15000
W15000
W15000
W15000

W15000
W15000

W15000
W15000
W15000
W15000
W15000
W15000
W15000
W15000
W15000
W15000

01/91
01/85
12/69

PM TOTMEM COST
-------------- -----

5;.;::

24;225

---------g##---

R~~&~cE

------- --
59.754

8,990
28.365

569.613 641 900~

09/80 10,850 16,’.8s0

09/81
12/80
12/80
08/79
08/79
09/81
lZ/80
12/80

72,796
22,502
52,734
23,335.
23.335
60,290
21,257

6,445
n

12/80 9.64;
lz/93 23,561
12/93 67,297
12/93 198,194

-.------------ .
581,392

------

I:ll,:m;

81:696
38.491
38.491
86,516
33. o12
10,009

14.980
24.454
69,648

205,706
-----..-

742, B11——

11/90 226,125
11/90

260,473
222,525 25 B.327

-------------- --------------
448,650 516,800

01/90 361,145 416.003
01/90 361,145 416.003
06/50 6,086 31.718

06/50 36,69:
12/80

191,249
5.777 8.972

OB/50 6,086 31.716

06/50’ ,, 36,69:
10/92

191,259
25. OOO 27.297



fiLi%-MLKINNIs il. Fr.pcrly Syslem 35 f21J:5 lY.15. b9
--------------------------------------------------------------------------------------------------------~:~::-- 30DETAIL ,COST BREAKDOWN BY ROOM FOR LEA MCKINNIS ----

B LD’G
PmJjwJ:~Y

‘ROOM PRNAME
cUST’ s%

ORG CODE DATE PM TOTMEM COST
REPLACE

COST

Jzl
321

,321
,321
,321

“ :;;
321
321
321

}321
321
321
321
321
321
.321
321.
321

,321
““ 321

321
321
321
321
321
321
321

I ANK
CHILLER
FAN
BLOWER
CHILLER
FAN
FAN
PUMP
sTILL
FAN
::;NER

TANK
DRYER
FAN
~~;HER

CHILLER
WASHER
WASHER
POWER SUPPLY
WASHER
WASHER
LINE CONDITIONER
HOIST

GANTRY CRANE
GANTRY CRANE
COMPUTER

-----.----. -::-----------.----- --------. ------------------------ -------- ------------------- --------------
23452

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

2345Z
‘Z3452
‘Z345Z
2345Z

:: .’Z345Z
““ ‘2345Z

.2345Z
““ ,2345Z

.23452
2345Z
2345Z
2345Z
23452
2345Z
2345Z

..;:m;

23452
2345Z ;
23f15z
2345Z
2345Z

, 2345Z
2345Z
2345Z
2345Z
2345Z

,x

ITEMS FOR ROOM = 321
.,’, ,,

i2iXCDNTROL FA25491 MONITOR

ITEMS FOR ROOM = 321*CONTROL

321 XRMA%LINE , FA25477 DRYER

ITEMS FOR ROOM = 321 XRMAXLINE .

, 321 XRMCXLINE FA25481 ORYER

ITEMS FOR ROOM = 321*RMcxLINE

3218 Wcoolll COMPUTER
,,.

ITEMS FOR ROOM = 321B ‘<

322 W897292 RECORDER

,,,.!.

06/88
;:/:;

10/92
10/92
06/50
06/50
12/80
06/50
06/50
06/50
10/92
04/55
10/92
06/50
06/50
10/92
10/92
06/50
06/50
03/87
06/50
06/50
04/65
06/68
05/93
05/93

19,617
40;000
36,698
25, OOO
40,000
36.697
36.698

5,777
6,509

36,697
6,086

25,000
12,651

36,69!
6,086

25.000
32,500

6,086
6,066

11,946
6,086
6,086
9,508
5,644
6,274
6.274
2.1S8

23,711
43.676

191.259
27,297
43,676

191,254
191,259

8,972
33,923

191,254
31,718
27,297
6$.933

191:251
31,718
27.297
35.487
31,718
31.716
14.446
31,718
:;,;:;

6:753
6,512
6.512

W15000 12/80

W15000 06/50

W15000 10/92

W15000

W15000 J

-.-------- :---------.---...-
1,332,694

7,998

18,100

32,750

1.610

2.844.500
-

12,421
.—

94.332

35.760

400

,!

p cYl-



RLPS-i4CKINN! ~ RL fropcrly S stem
DETAIL COST BREAKDOWN ITY RO~M FOR LEA MCKINNIS

03/21/96 13.15:S9
Page: 31

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

BLDG
P:;;FW:;Y

ROOM
CUST S::v

PRNAME
R~Ul~CE

ORG COOE DATE PM TOTMEM COST
----------- -------------------- ---.--- ------------ -------------- -------- ------------------- ----------- ---
23452 322 W097293 CONTROLLER W15000 05/90 35.356 40.727

*
2 ITEMS FOR ROOM = 322

234SZ 323
2345Z 323

“ *

2 ITEWS FOR ROOM = 323

2345Z 336

1 ITEMS FOR ROOM = 336

2345Z 337

1 ITEMS FOR ROOM = 337

2345Z 340
2345Z 340
2345Z 340
23452 340
2345Z 340

WC05353 COMPUTER
WCZ5021 COMPUTER

F175067 AGITATOR

F175070 AGITATOR

wi391740 COMPUTER
WCOS282 COMPUTER
WC14132 COMPUTER
WC2104I COMPUTER
WC47051 ‘ COMPUTER

,,
F226230 CHEMICAL PREP EQUIP

* “

5 ITEMS FOR ROOM = 340

2345Z 4TH* FLOOR

1 ITEMS FOR ROOM = 4TH* FLOOR

2345Z .5 wC30569 COMPUTER

1 ITEMS FOR ROOM = 5,“

2345Z 501 ,, FA30777 HYGROMETER

.’ .1 ITEMS FOR ROOM = 501
.-

2345Z 718
2345Z 718

WC23175 COMPUTER
WC23930 COMPUTER

23452 718 wC56286 VIEWER CHARGER

*

---------- : -----------------
35,756 40.727

W15000 3,204
W15000 1.627

--------------
5.031

W15000 04/55 7,932 41.339

W15000 04/55 9,330 46.625

W15000
W15000
W15000
W15000
W15000

3,802
870

2,010
1,827
Z,158

--------------
10,667

W15000 06/50 33,844 176.385

W15000 1,591

W15000 06/94 5,676 5.716

W33000
W33000
W33000 07/91 * 6,661

-------------- --.----------.
12,501 6.661



------- ----.
IIR IIU UIIJ UJJlblh

KDETAIL COST BREAKDOW 8Y ROOM FOR LEA MCKINNIS uY)Y!)jf9;J 15 i4
32----------------- . -------- ----------.-.---- ------------------------- ------- --.-------------.----- --..--

BLOG
P~:m&RY

ROOM CUST s%
PRNAME R~N~:CE

------.---- ------.----------.-- --------- ORG CODE OATE PM TOTMEM COST
,3 ITEMS FOR ROOM = 71S ------------------------ -------- -------------------- --------------

2345Z 728 WC26349

1 ITEMS FOR ROOM = 728

2345z 81 wci9704.,., ,,,:,.
. I ITEMS FOR ROOM = 81

2345Z , 82” WB83497

1 ITEMS FOR ROOM = 82

2345Z . 83,. WC13308

1 ITEMS FOR ROOM = 83.. ’,,

2345Z .- 86 IWJ72678
,, ..:.- 1 ITEMS FOR, ROOM = 86

2345Z ’87 WC37449

1 ITEMS FOR ROOM = S7

MONITOR W8POO0 09/92 73,333 80.072

COMPUTER W15000 1.827

FACSIMILE W15000 1,664

COMPUTER W15000 2,583

COMPUTER W15000 Z,645

.,

COMPUTER W15000 2.5Z2

2345Z 88
2345z
2345Z . ::.

>,; *

3 ITEMS FOR ROOM = 88

,2345Z 89

1 ITEMS .FOR ROOM = 89

2345Z 90

% :,: ‘,

1 ITEMs FOR ROOM = 90
.,,

WC30607 COMPUTER
“WC45928

W15000 3,966COMPUTER
WC46002

W15000 2,158COMPUTER W15000 5.377., --------------
11,501

WC45284 COMPUTER W15000 2.158

W623952 COMPUTER W15000 3,214
-------------- --------------

50,207,544 167,171,811

,,
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I( PS-MCKINNIS IRL Pro crty System

---. ----. ----- .--. -.-.. -.. - . . ..----- .---- .--. --. ----- !------------------------------- . .----------- . . . . ..!?! . . . . ...!!

03/21/96 1.1 15 5$
DETAIL COST L7REAliDOW OY ROOM FOR LEA MCKINNIS

:ILDG
P;::OP:;Y CUST s% R~~&+CE

ROOM PRNAME ORG CODE DATE PM TOTMEM COST
., ---------- -------------------- --------- . . . . . . . ----------------- -------- -----------.------- ------------ .-

!36Z
‘!36Z

‘!36Z
:36Z
:36Z
:36Z
!36Z
:36Z
!36Z
:36Z
:36Z
:36Z
:36Z

,.

:36Z

,:

:36Z

:36Z

,.

:36Z
:36Z
:36Z.
:36Z
:36Z
:36Z
:36Z
:36Z

1 ITEMS FOR ROOM = 27

FA25436 MOTOR CONTROL CENTER
:: F269044 MoTOR CONTROL CENTER

*

2 ITEMS FOR ROOM = 34

35 FAZ5432
35

~j(l~R CONTROL CENTER

35
F262903
F262904 PUMP

35 F263160 AIR SYSTCM
F269041 PUMP

:: F269042 PUMP
35 F269047

.35
HEAT [XCIIANGER

F269048
35

HEAT EXCHANGER
F269049 !i~i;N~XCNANGER
Fz69057

:; FZ69059 POWER WIRING

*
11 ITEMS FOR ROOM = 35

4TH FA25784 MONITOR

J ITEMS FOR ROOM = 4TH

4THxFLOOR FZ26494 CHEMICAL PkEP EQUIP

1 ITEMS FOR ROOM = 4THXFLOOR

40

1 ITEMS FOR ROOM = 40

,. 41.
41
4i
41
41.
41
41
41

*
6. ITEMS FoR ROOM = 41

F226234 CHEMICAL PREP EQUIP

FA25407 HOOD
FA2S411 HOOD
FA25412 NOOD
FA25416 HOOO
FA25417 HOOD
FA25421 ~~;;RIFUGE
F25553S
WB3441O GENERATOR,.

W15000
W15000

W15000
W15000
W15000
W15000
W15000
W15000
W15000
W15000
W15000
W15000
W15000

W15000

W15000

W15000

06/64 13.402 68,565
12/93 49.891 .51 .782

-------------- --------------
63,293 120,367

06/64 8,870 45.392
12/83 29.487 38,156
12/83 29.489 38.159
02/83 198.017
12/93

256,.234
24.781 25,720

12/93 24,78J
12/93

25.720
23,561

12/93
24.454

23,561
12/93

24.454
23,561

12/93
24.454

1,273,087 1,321.337.
12/93 302,838 314.316

-------------- --------------
1,962,033 2,138,396

03/87 28,414 34,361

06/64 111,854 572.413 -

06/64 8,766 44.860

04/65 83,933 414.545
06/64 13.946 71,369
06/64 15.945
06/64

81,599
35.844

10/68
183.432

40,845
03/85

170.087
33,182

09/73
42,579

43,270 117.063
07/87 8,211 9.930

-------------- --------------
275,176 1,090.604

-.., .

>.



II LI1$-HLI(lNN!L.

------- ------- ---------
.,

8LDG ROOM
----------- ----.--.-.-

1{1lJ?8~8Ply $y!l!m UJ)2i)#&9~J 15!5Y
DETAIL COST OREAKOilWN BY ROOM FOR LEA t4CKINNIS 38

. --..-,--- -------------------------------------------------- -------------------------- . ------

P~:tl:::Y CUST S:!v
PRNAME

R:g:~cE
ORG CODE DATE PM TOTMEM COST

--------- -------.- ------.- ---------------- -’------- -------.----------- --------------
236Z 42 FA25422

1 ITEMS FOR ROOM = 42

Hooo

236Z 44
236Z 44

,. ;

FA25406 MOTOR CONTROL CENTER
F269054 CONTROL PANEL
.,

*. .,,. 2 ITEMS FOR ROOM = 44
;; ..., .,
.-236Z 44* PANL*A
,., ,, F221927

.,, ;
1 ITEMS FOR ROOM = 44* PANL*A

236Z ““45, F225503

1 ITEMS FOR ROOM = 45

236Z 5TH*FLR F’A25427

,, .,, 1 ITEMS FOR ROOM = 5TH*FLR

236Z ., 50 . FA25426

.. 1 ITEMS FOR ROOM = 50 .’

2362 60 FA25431
236Z 60 WC40016

\*’.’
..

,..
;:

..!
,,, ,.

,:’.

*

2 ITEMS FOR ROOM = 60

,.
,, ,
.

,.

,..
,,, ,,

... :,?

ALARM UNIT

ALARM SYSTEM

HOOO

HOOD

HOOO
CAMCOROER

W15000 06/64 5,102 26,.109

W15000 06/64 7,990
Wlsooo

40.88”9
12/93 110,933 115.137

.------------. --------------
118,923 156,026

W15000 06/64 10,344 52,935

Wlsooo 06/64 10.386 53:150

W15000 06/64 7,558 38.678

W15000 06/64 40,326 206,368

W15000 06/64 6.978 35,710
W15000 609

-.---------.-- --------------
7,787 35,710

------.------- --------- -----
9.223,446 28,283.249

!.

,,..,,, 1; ,’:).’



RLPS-MCKINNIS RL Pro crty Systcm
R

03/21/~~g~: 15.59
DfTAIL COST 8REAI(OOW BY ROOM FOR LEA MCKINNIS 39

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

P;:FI:;RY

.-------
F174396
F174708
F221762
F221763
F223163
F257730
F257888
F257689
F257890
F257891
F257892
F262666
F262670
F262672
F262673
F262674
F26311O
F2691OO

CUST
ORG COOE
--------
W15000
W15000
W15000
W15000
W15000
W15000
W15000
W15000
W15000
W15000
W15000
W15000
W15000
“~j:::g

W15000
Wlsooo
W15000

BLOG
----------.
241Z
2412
241Z
241Z
241Z
241Z
241Z
241Z
241Z
241Z
2alz
241Z
241Z
241Z
241Z

‘241Z
241Z
241Z

ROOM
------ -. ------- . PRNAME

------------------------
TANK
PIT
GENERAL SYSTEM EQUIPMENT
DUCT
STATION
W::~~OR ASSEML7LY

PUMP
AGITATOR
POWER WIRING
TANK
BUILOING INDUSTRIAL
FILTER HOUSING
HOIST
PIPING
PIPING
ALARM
PIPING

.---- ------
06/50
06/50
11/90
06/64
01/65
03/75
11/73
11/73
11/73
11/73
11/73
OZ/81
02/81
02/81
02/61
01/91
12/82
09/94

------

6

-------.
56.011
83,924

200,000
9,174
6.468
8.484

1;:.;::

20:726
72,981

6,434
93.522

199,696
11.295
256,679
297,186

36,048
.035.311

------

.6

--------
291.913
437.387
230.380

46.948
31.945
19.565

362,302
69.174
56.072

197.443.
17.407

134. Z04
2f; .::;

36g:334
333.294

49.793.
.078 .162-- .-: --- :--------- :_--: ---

*
18 ITEMS FOR ROOM =

CAUSTICXSTORAGE’ “ F266644
CAUSTIC* STORAGE F26664S

*., .

7,553,406 9.027.095

17,101 19.699
11,464 13,205

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

241Z
241Z

,. .

PUMP
PUMP

W15000
W15000

W15000’
W15000
W15000
W15000
W15000
W15000

W15000

11/90
11/90

-----
28,565 32,904

.2. ITEMS FOR ROOM = CAUSTICXSTORAGE

UNOERGROUNO F174323
UNDERGROUND F174361
UNDERGROUND F174383
UNOERGROUNO F174385
UNDERGROUND F174387
UNDERGROUND F174388

241Z ,
241Z
241Z
241Z
241Z
241Z

TANK
TANK
TANK
TANK
TANK
TANK

03/55
06/50
06/50
06/50
06/50
06/50

16.181,
28,692
28.692
28,691
28,691
29.642

84.331
149,534
149,534
149.529
149,529
154.485-------------- ----------.---

*
6 ITEMS FOR ROOM = UNOERGROUNO.,,

175X236 ‘F26’2952

160,589 836.942

.
2ilz”

*’

AGITATOR “ 06/82 15.268 21.090
-------------- ---------- ----

7.757.828 9,918,031

1 ITEMS FOR ROOM = 175*236;,,
:.”

,., ,. ,.



RLPS-MCKINNIS RI P...,..+” <“. 1...’ A?)? l)a. ,., !~ K.. . .. ..
DETAIL COST 8RE~KOOtik-B~’R06M FOR LEA MCKINNIS

. .. . . . . . .
““’-”’ ;;gc: 40

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

BLOG ROOM
SNV
OATE PM TOTMEM COST
.------------------ -
06/64 73,228
05/65 120,484
06/64 53,298
06/64 51,123
06/64 22.544
06/64 260,284
06/64 60,963
06/64 104,782
11/70 14,268
11/74 37,164
03/75 22.330
07/77 6.039

PRNAME
------------------------
BUILOING INDUSTRIAL
GLOVEBOX
TANK
INSTRUMENTATION
oUCT
PIPING
POWER WIRING
13~3~~AL SYSTEM EQUIPMENT

TANK

----------- --.----------
2422
2’s22
2422
2422
2422
2422 ;
2422

..:

2422
2422
2422 .,
2422
2422

----- ---

TANK
DETECTION SYSTEM ---------- :------------ .: ---

826,507 4,008.557x

2 ITEMS FOR ROOM =

ANNEX
ANNE X,. ,
* ., ,,

GENERATOR
GENERATOR

03/92 13’.167 14.377
03/92 13.167 14.377

-------------- --------------
26,334 28.754

W15000
W15000

,.
Z, ITEMS FOR ROOM, =. ANNEX,

2422 306% SEX4ALL F221605 HOOD W15000 06/64

-------~$;: ---e

,:.
.,.:
.,,.,

:..,,> ,,
..
.:

:; ,,. ..
;,

,’

,,

,,,,.;.‘.
\ ,:,

.,.
:,,,,.

: !
. .

.,..,,
., ,,

,,.

.,.

,,.
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Page: 41. . -------- ----------------------- ------------------ ------ ----------------------- --------------------------- --.-----

BLOG
P~:il::jY

ROOM
----------- -------------------- ---------
243Z
243Z

F269051

243Z
F269061
F269062

*

%

3 ITEMS FOR ROOM =

PRNAME
CUST S;!v R~H&cE

ORG COOE OATE PM TOTMEM COST
------------------------ -------- ------------------- ---.---..-----
BUILOING W15000
PIPING

12/93 232,912. 241.739
W15000 12/93

POWER WIRING
2,::;,;;;

W15000 12/93
-2,100.878

456,912.-------------- --------------
2.697,301 2.799,529

-------------- --------------
2,697.301 2.799.529

:!.,,
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BLOG
P;:m&;RY

ROOM PRNAME
CUST S%

ORG CODE OATE----------- ------------------.- --------. ------------------------ -------- -----
2672 NORTHX234S F266006 BUILDING SERVICE W15000 06/88

1 ITEMS FOR ROOM = NORTHX2345

R~V~;CE
PM TOTMEM COST
-------------- --------------

6,240 7.466
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------------ -------- --------------- . . . . . . . . .---------- ------------------------- ---------------------------- . . . . . . .

IILDG ROOM .
P~:il::RY

., ---------- -------------------- -------- .
‘!721Z
:!7212
!!, *1Z
!!, *1Z
‘!721Z

‘721Z

::

FA25405
FA2541O
FA25415
FA25420
F264550

*
5 ITEMS FOR ROOM =

500 FA25789

1 ITEMS FOR ROOM = 500

CUST s%
PRNAME

R~~~~CE
ORG CODE OATE PM TOTMEM CDST

------------------------ -------- ------- ------------ ----------- ---
cONTROL PANEL W15000 10/83 120,195 155.532 -
GENERATOR W15000 10/83 52,550 68.000 ●

GENERATOR W15000 10/83
GENERATOR

52,550 68.000 ●

W15000 10/83 52.550
BUILDING

68,000 ●

SERVICE W15000 10/83 413.828 .535 .493-------------- --------------
691,673 895.025

CIRCUIT BREAKER W15000

08’87’----’-::;;::-

~j ~oo ,~~c
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45

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

B LDG
P;:;;;:Y

ROOM
CUST S:!v

PRNAMC
REPLACE

ORG CODE OATE PM TOTMEM COST COST----------- -------------------- --------- --------------.--------- ------------- ------- ------- --------------
273s2
27352

*
2 ITEMS FOR ROOM =

27352 8EHINOXSLAB

x

1 ITEMS FOR ROOM =

F175712 ~~~$CTURE W15000 04/55
WA90753 W15000

11,740 61,185
11/85 5,515 7,077

-------------- . . . . . . . ..- ----
17,255 68.262

FA22079 CA81NET

BEHINOXSLAB

,’

,.

,, !’.
. . . .

W15000 12/92 11,446 12.498
-------------- --------------

28,701 80.760
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03/21;~~g~3 15 59
------ ------ ------------ ------ ------- ------ -.------ ------ . . . . . . . . . . . ------------ ------ ----------------- ------- ----- -47

fBLDG
.--.-...----
i2736ZA
22736ZA
i2736ZA
i2736ZA
i2736ZA
:2736ZA
i2736ZA
Z?736ZA
P736ZA
2z736zfi

RODM
------ --------------

. . 10 ITEMS FOR ROOM =

.’

.,

,.

,. ,,.

:.

.<

,,,

PRNAME
--------- ---------------
Ci;~ERATOR

FAN
FILTER HOUSING
FILTER HOUSING
STRUCTURE
STACK
SAMPLER SYSTEM
GENERAL SYSTEM EQUIPMENT
SEISMIC CONTRDL SYS

CUST
ORG CODE
---.----
W15000
W15000
W15000
W15000
W15000
W15000
Wlsooo
W15000
W15000
W15000

TN

------

---.------ :---
575.316

------
1

REPLACE
COST--------
33.644
11.866
11.866
99.637
99,637

3:::, ::;

50:310
35.?. OZO

42.032
-----..-
.038 .T35-------------- ---------- .--, -

575,316 1,038 .73S
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UJ)ll)g U IJ. lJ. JJ
Page: 48

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

P~:gwlz:~Y CUST S:[v R~U&CE
IBLDG ROOM PRNAME ORG COOE OATE PM TOTMEM COST
,----------- -------------------- --------- ------------------------ -------- ------------------- --------------
:2736Z8
:2736Z8

FA25714 FAtA W15000
F256109

12,954

:2736ZB
FIV& ALARM EQUIPMENT W15000 11/71 37,085

F263268 W15000
117.333

12/83 6,121
:2736ZB “F264613 BUILOING

7.9Z1
STORAGE W15000 10/83 4,782,372 6,168,389.

:2736ZB F264617 cLOSEO CIRCUIT TV W15000 10/83
:2736za F264620

132,114 170.9S6

:2736ZB
ALPHA MONITOR SYSTEM ;~:wl::

y::];;~
07/84 47,238

COMPUTER
61,079

:2736ZB FORKLIFT
3,746

W15000 10/81 19,525 28.018

*
8 ITEMS FOR ROOM =

:2736ZB DOOR*47S FA2S704

1 ITEMS FOR ROOM = 000 R*475

:2736ZB LUNCHRM WB29648
:2736ZB LUNCHRM W092672

*

2 ITEMS FOR ROOM = LUNCHRM

:2736ZB OFFSITE WC21551

1 ITEMS FOR ROOM = OFFSITE
:.;

:2736Zil , SOUTH FA2S4Z5

1 ITEMS FOR ROOM = SOUTH

:2736Z8 600
;2736ZB 600
:2736ZB 600
:2736ZB 600

*
4 ITEMS FOR ROOM = 600

FA25381
FA25387
FAz S388
FA25783

;z736ZB 602 FA25377
:2736ZB 602 FFt2S378
;2736ZB 602 FA2538Z
..:, :,],.

., .; .,: ,’ x ,.”., .../,,. .“.
,,: . . . 3 ITEMS FOR ROOM = 602::, ,s. ,

:2”i.3 iZi 603 ‘WSi36466
.: ,; t

.... . . . ,,

,.,:.,-. ,

MONITOR

;W;S1ON

COMPUTER

AIR CONDITIONER
r

FILTER HOUSING
FAN
FILTER HOUSING
FAN

COMPRESSOR
COMPRESSOR
CONDITIONER

COMPUTER

,’

Wlsooo

W15000
Wlsooo

W15000

W15000

W15000
W15000
Wlsooo
Wlsooo

W15000
Wlsooo
Wlsooo

W15000

-------------- ----------.---
S,041 ,157 6,573,696

10/83 33,773 43”.702

08/66 950 1.166
480

--.-.--------- --------------
1.430 1.186

12/80 10,85S 16,8s8

f!
01/79 12,95! 21.368

--.----------- --------------
12,954 21,368

10/83 72,479 93.788
10/83 72.479 93,788
12/78 6.564 11,851

---.---------- --------------
1s1.522 199.427

>, 1,s60

,,
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PIQjFl:jY
lLDG ROOM PRNAME

cUST S:lv R5W$CE
ORG CODE DATE PM TOTMEM COST

.. . . . . . . . . . -------------------- --------- ----------- ------------- -------- --------.---------- .----.-....---
773628 603
7T36ZB 603

*
..!

., , 3 ITEMS FOR ROOM = 603

17i6ZB 604
7T36ZB 604
1736ZB 604

x

:;{; 3 ITEMS FOR ROOM = 604.>,
7i36 ia 605

1 ITEMS FOR ROOM = 605

7i3’6 Z8 606,,.
:1 ITEMS FOR ROOM - 606

f ,..
;:7;: 607

607
. . .,.. .., *
: :. 2 ITEMS FOR ROOM = 607
,, .. . .

V36ZB’ 610,. 3

1 ITENS FOR ROOM = 610

V36ZB : 611
1136ZB 611

.%.,:.,.,...
Z ITEMS FOR ROOM = 611

V36ZB 629

1 ITEMS FOR ROOM = 629

ii36zs: 632
V36ZB 632

*
,,.

WB53143 CALCULATOR
WC2Z07Z COMPUTER

WB31836 TAPE ORIVE
WB31881 OISK ORIVE
14E40774 COMPUTER

.,.
,,’..

WB92143 COMPUTER

WC32281 COMPUTER

WB82994 COMPUTER
WC28088 FACSIMILE

.:

UC40697 COMPUTER ‘

WC04386 COMPUTER
WC19732 COMPUTER

,’

b1091387 METAL DETECTOR

W826681 COUNTER
W853103 COUNTER

W15000 01/76 676 1.432
1.591Wisooo -------------- --------------
3,827 1,432

W8POO0
W8POO0
W8POO0

W15000

W15000

W15000
W15000

W15000

W15000
W15000

W8POO0

W15000
W15000

05/67 52,043 62.936
05/87 56,688
01/88

68.553
3,s45 4.242

----------- .----------------
112, Z76 135,731

1,610

1,591

1,646
1,069

--------------
2,715

2,516

1,510
1,827

--------------
3,337

08/89 4,137 0

12/78 48.582 87.715
02/78 5.800 10.472

-------------- --------------
S4,382 98.187

,
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,--- ROOM
--------------------
637
637
637
637
637
637
637

P~:~Fig~Y

---------
WC11505
WC13573
WC13578
WC31193
WC31194
WC38650
WC46552

...--------

*
;’:: 37 ITEMS FOR ROOM = 637 ;’

FA25709 PANEL
F264915 GENERATOR

*
2 ITEMS FOR ROOM =’638 “

n736~~ 640 . wC28382 ANALYZER

1 ITEMS FOR ROOM = 640

!!736z~ 641
!!7.J~~~ 641
!!736ZB. 641
!!736z~ 641

F264916 GENERATOR
W6S7308 COMPUTER
WB57312 MULTIPLEXER CABINET
W857313 MULTIPLEXER CABINET

. . .

CUST s%’
ORG COOE OATE
-------- -----
W15000 09/91
W15000 02/91
W15000 02/91
W15000
W15000
W15000 12/90
W15000

PM TOTMEM COST
--------------

30,684
16,509
16,509

3,956
:,::!

2:158------------.-

R~~~+CE

--------------
34,412
18,515
18,515

10.472

10018”8m
Wlsooo 05/85 59,241
W15000

76.018
05/85

-------------- --------!!:!!:
49,727

106,9S8 139.828

W15000 06/91 7.500 0

W15000 05/85 49,727
W8POO0 05/87

63,810
75,556

W8POO0 133j6;
91.370

21,648
W6POO0

26,179
23.162 28.034---------- : ------------- :---

170,113 209,393

.,
W15000 05/85 49.727 63.810

-------------- --------------
7.026,539 9,271,683
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. --------------- -----: ------ : --------------- ------------------------------------ --------------------------- --------

P;:; fl; ;Y CUST s%
ILOG ROOM PRNAME

R~~&CE
ORG COOE DATE PM TDTMEM COST

----------- -------------------- --------- ,------------------------ -------- ------------------- --------------
EGO OF REPORT MCKINNIS
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Plutonium’ Finishing Plant 94-1 Glovebox Cost/Risk Analysis

F1.O INTRODUCTION

F1.1 Background

As part of the Fire Hazard Analysis (FHA), an analysis was conducted to determine the
level of fire protection needed to limit a glovebox fire to within the glovebox of fire origin. This
objective was developed in accordsmce with the perceived intent of the Department of Energy
(DOE) Draft Glovebox Standard [WHC, 1993], which is mandated by DOE RLID 5480.7, Fire
Protection, and based on Westinghouse Hanford Company (WHC) fire protection staff input.
Developments since the tihing of the FHA indicate that the costs associated with providing the
recommended level of fue protectiotr in the FHA may not be justified based on the established
life of the facility and acceptable loss limitations for specific glovebox operations. Ash result,
alternative protection options have been investigated with the goal of providing a more cost
effective solution while maintaining an acceptable level of risk and safety.

This analysis was developed’under contract with WHC and has been accepted by B&W
Hanford Company (BWHC). Reference to WHC personnel is found throughout this analysis
because interviews were performed while personnel were employed by WHC. Personnel are now
employed under the Project Hanford Management Contractor by various contractors throughout
the site.

F1.2 Scope and Objectives

A risk analysis was performed for the 94-1 Process Line gloveboxes in the Plutonium
Finishing Plant (PFP) Building 234-5Z at the DOE H.@ord site. Figure ‘F1 depicts the general
layout of the 94-1 glovebox Process area. The objective of this analysis was to identify
alternative fire protection options for the individual 94-1 gloveboxes in lieu of those proposed
in the FHA. In addhion, the fire spread and contamination hazards associated with each
protection option are identified. Probability factors me used in order to evaluate the relative risk
between the different protection strategies.

For the 94-1 Process ~ne, there are five gloveboxes which do not currently comply with
the recommended FHA protection criteria. These gloveboxes include HC-3, HC-4, HA-28, HA-
22, and HA~23S. Whereas much of thk analysis is focused on these specific gloveboxes, several
of the protection strategies developed require modhications to other parts of the process line as
well. Likewise, when evaluating the damage potential for the gloveboxes, the entire process line
is evaluated based on the existing level of protection and glovebox cotilgurations.
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This analysis extends beyond the scope of the FHA in that it considers the existing
automatic and manual fire suppressiotidetection systems, and administrative and operational
controls to determine the potential glovebox fire loss. In addition, protection strategies which
require BWHC to accept an increased riSk beyond that evaluated in the FHA are presented,
Based on an acceptable loss limitation and associated level of risk, a feasible and cost effective
f~e protection strategy can “beselected and implemented,

F1.3 Life Safety Considerations

The alternative f~e protection strategies developed in this study comply with NFPA 101,
L]~eSafety Code [1994 cd.]. The 94-1 Process area is equipped with an automatic sprinkler
system and has adequate means of egress for personnel.. Because the options identified add
protection measures, implementing any of the protection strategies presented in Section 8 will not
@crease the level of risk or safety to PFP personnel relative to the existing level of protection
provided in the 94-1 Process area.

FI.4 Glovebox Fire Protection at Other DOE Sites

The level of protection at other DOE sites varies considerably. There is no one standard
which the DOE sites follow regarding glovebox fue protection. The specifics of gloveboxes
(e.g., construction, configuration, shielding materials) are different from site to site and ofterr
require different levels of protection. The protection provided at other sites does not justify or
nullify the level of protection provided at Hanford for the 94-1 gloveboxes. Tb.is section is
simply intended to identify the different approaches used to protect gloveboxes within the DOE
system.

During the investigation of various fire protection options for the 94-1 gloveboxes, other
DOE sites were contacted in order to determine the,{evel of protection ‘currently provided in
gloveboxes at those sites. The DOE sites contacted include the Rocky Flats Plant, Savannah
River, and Lawrence Llvermore National Laboratories.

Gloveboxes at the .Rocky Fiats Plant are sequired per Rocky Flats policy to have UL
approved heat detectors [Campbell, 1996]. Where ,gloveboxes are connected in process Iines,
automatic fue dampers are installed within conveyor.gloveboxes; however, there are no specitlc
criteria regarding number and location of the dampers. In general, automatic suppressionsystems
are not used in the gloveboxes unless high hazard operations are conducted. With the exception
of furnace oxidation processes, gloveboxes contacting pyrophoric and/or combustible metals are

‘ provided with an inert gas purging system. Rocky Flats fre protection staff indicated that the
existing level of glovebox protection has been adequate in the past (since changesmade after the
1969 fire) and is not of particuhr concern. .,

., ,:. ,
At the Savannah River site; glovebox fire protection has been primarily handled on a case

by.case basis.. Depending”on the use of the particular glovebox, different levels of protection are
provided Glo.vebox protection features’ include Halon, automatic suppression (HaIon), ~d.
automatic heat detectors (no Halon alternative agents are in use) [Wheeler, 1997]. The WSRC
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modified glovebox use:

.. . DOE 6430.1A, General Design Criteria,
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mandatory criteria for new or

..... NFPA 801, Facilities Handling Rrrdioactive Materials,
... ~PA 90A,: Instcdlation of Air Conditioning and Ventilation Systems, and
. NFPA 91, Installcition of Eyhaust Systems for Air Conveying of Maierirds. .

The s~e manual lists the following documents as additional criteria
,.
.... DOE Gtovebox Fire ‘Protection Criteria, DR4FT Rev. 1 (March, 1992),
... . DOE-STD-~-95, Glovebox Fire Protection,

. FM Loss Prevention Data Sheet 7-61, Radioactive Materials,

. WSRC-IM-92-60, Appendix to KSRC 2Q, and

. Procedure Manual 2Q, Section 6.0, subsection, “Containment/Confinement of
Hazardous Materials.”

Manual WSRC-IM-92-60 contains an appendix which pro~ldes for the dciign and operation of
gloveboxes. Thk ,pra$tice requires compliance with the follow~g:.

..>. WSRC 2Q,
DOE Fire Protection Resource Manual, Glovebox Fire Profedion Criteria,:...

.,. NFPA 80 l, Facilities “Handling Radioactive Materials, and
!’.<.. NFPA 90A; Installation of Air Conditioning and VentiIafion Systems.

The appendix to Manual WSRC-LM-92-60 specifies several construction and administrative
requirements that management must ensure, such as (1) all gloveboxes and windows are
constructed of non-combustible or fue retardant material in accordance with the DOE
requirement, and (2) fire detectors are required and must be of the rate compensationtype and
shall be UL listed/FM approved.

. >.

‘LawrenceLivermore National Laboratories is currently investigating alternativeglovebox
fire protection strategies [Ray Tell, 1996]. ‘”The gloveboxes are currently equipped with heat
detectors. The fire protection staff indicated that with the ch~ging mission ‘and use of the
gloveboxcis,more appropriate protection”features are ‘being evaluated.””

,. :... . . .., -,..,,!:.,.,.,, :..:-,. . . . . ..... ... ,..,..,..: . . .,

F2.O APPROACH “ “’ “ ,’” ,(.. , .:.:,,
‘. .’,..’ .-.,, :

‘The approach for the development “of thk study”included several tasks. Duriig the’
development of the FHA [Hughes Associates, Inc., 1996], several site visits were conducted to
document the buildings, processes, and fire protection features as well as to obtain general site
information. The kite visits included a walkdown of the 94-1 Glovebox Process sieas, discussions
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Based on the layout of the existing 94-1 Glovebox Process line, different levels of
potential fire loss were developed ranging from loss of a single glovebox to fire spread through
the entire process line. Next, a general list of protection options wlich could potentially reduce
the risk of fire spread and damage was developed. Based on input from PFP facility staff, the
list of options was refined based on cost, ease of installation, and life expectancy of the process.
From the list of feasible protection options, specific fire protection strategies were developed for
the 94-1 gloveboxes. -.

Based on the limited available test data and sound engineeringjudgement, the relative risk
for each of the protection strategies was determined. The relative risk is compared to the level .
of protection recommended in the FHA for the 94-1 gloveboxes and to the level of protection
currently provided. The results of the analysis are presented in a manner such that the potential
monetary loss versus the relative probability of achieving such a 10SSis identified for each of the
protection strategies. .

F3.O ASSUMPTIONS AND LIMITATIONS

The results of this study are based on a number of factors. Several site surveys were
conduc~edwhile developing the Fire Hazard Analysis [Hughes Associates, Inc., 1996] in which
information was gathered regarding fuel load, facility operations, suppressionldetectionsystems,
rmd construction featues. , Additional site drawings, plans, and documents were provided by
WHC facility staff and the fire department. It is assumed that the information provided by WHC
is accurate. The results presented in this study should not be applied to other “apparently”simila.i
problems without careful review and consideration of the assumptions and proceduresdocumented
in this report.

The probabilities presented in this report represent a relative ranking scale among the fire
protection strategies discussed., me vahtes are based on the limited available test data and
engineering judgement. The probabilities are derived from the analysis presented which reflects
the knowledge and experience of Hughes Associates, Inc. The analysis is based in part on the
following asstiptions:

. The combustible plastic windows in the gloveboxes (i.e., acrylic and/or Iexan)
provide a means for fire propagation between connected gloveboxeq

,.. . . . . ,,.,.’,, ... . .
● Any fire in a glovebox is’ assumed to be of sufficient size such that, if left

unattended (even if an operator ,rnoves materials other than the windows away),

the fire till grow to involve the glovebox and subsequently spread to adjacent
., gloveboxes; . . : “:’

●“ All gloveboxes, with the exception of HC-3 and HC-4, me equipped with
automatic heat detectors [McKinnis, 1996];

.,
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. The airlock between gloveboxes HC-2 and HC-3 will be maintained closed in
order to maintain the appropriate concentrations for the HaIon extinguishing
syst,em protecting the eastern portion OFthe RMC line gloveboxes ~cKinnis,
1996];

● Any operational airlocks will prevent fire spread between the gloveboxes;

. Any operational airlocks will prevent airflow between the gloveboxes;
.

. Automatic sprinkler protection in the gloveboxes is not a feasible option due to
7. criticality concerns [Glover, 1996];.

. During operating hours, the process area will be manned by glovebox”operators
[h’fcKitmis, 1996];

.

...

●

.

●

.,,
Glovebox operators will receive hands-on portable fire extinguisher training. They
will be educated to recognize the size of the fire capable of being extinguished by
a 20 pound ABC dry chemical fire extinguisher. Operators will also be trained
in the specific emergency actions to be taken in response to a glovebox fire,

There are currently “no quick-connect couplings irrstalled on any of the 94-1
gloveboxes for file portable fire extinguishers @fcKmnis, 1996];

. .. . .,
The fire depar@ent will’respond to a fire iri the 94-I Process area withhr 5-7
~;mutm following an alarm call [Jordan, 1996]; ~ ‘“,‘ ‘”

,..

The fire department will respond to a fire in the 94-1 Process area using portable
type ext”mguishers. Hose lines will rema”moutside the building pressure zone
unless necessa~” to contain the fire to the room of origin ~Jordan, 1996]. . Hose
stations are available inside the building for manual fire fighting ~ate~ and ~

,., ., -., . . . . :.. .

The room’automatic suppression system will function as designed (except for the
maximum possible fire loss scenario).

:.,,,.. ., ..:::.,............. .... . . .. . . . . .....”. ,, ,,,

F4.O “94-i GLovEtiox PROCESS AREAl~Xti POSSIBLE Fti’Loss,
,,.,’.:’, ,. ,.

. . The maximum possible fire spread’and contamination ‘for a’fire ii the 94-1 Glovebox
Process area was ,evaluated in the Fire Hazard Analysis (F*) for PFP ~ughes Associates, Inc.,
1996]. Figure F2 shows the maximum area of fire involvement. ~‘“Contaminationfor the
Maximum Possible Fire Loss (MPFL) scenario was assumed to spread throughout the entire

, buildhg. The analysis in the FHA assumed failure of the automatic suppression systems in the
gloveboxes and buildin~.’ The MPFL ‘scenario also, did not account for manual response by
facility staff or the fire department. The purpose of the MPFL scenario’was to determine the
maximum possible clama~e resulting from a fire in the 94-1 Process area under worst-case



‘t..
.}”
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condhions. Although the present analysis takes credit for automatic and” manual fire
suppressiorddetection features, and adrnirristrative/operational controls, the MPFL determined in
the FHA serves as an upper bound with respect to fire spread and contamination.

Therefore, the MPFL for a fire in the 94-1 Process flea is bounded by approximately $14
million [Hughes Associates, Inc., 1996]. This estimate includes loss of contents in the fire area
(see Figure “F2)and contamination cleanup of the entire build-g. -=

F5.O : FIRE AND CONTAMINATION SPREAD

~-Thepotential for tire spread and contamination spread has been discussed in the PFP Fire
Hazud Analysis [Hughes Associates, Inc.; 1996] primarily in terms of worst-c~e conditions.
However, the worst-case analysis does not take credit for many factors that may greatly reduce
the probability of fire and contamination spread outside of the glovebox on ~re~ In ‘order to
evaiuate alternative fire protection options for the 94-1 gloveboxes~factors, such as automatic and
manual fire suppression imd detection, must be evaluated. This section discusses the factors that
impact:fire and contamination spread. Based on “these considerations and the physics of the
problem, four different levels of fire and contamination spread are identified.

F5.1 .:Fuel Loading” ~..’ .“
-’. ,... ,,..

In general, the combustible fuel load in PFP gloveboxes is low. The acrylic window
panels-and Hypalon gloves are the primr@ combustible fuels in the gloveboxes. These items are
p~iculaly important because they also provide containment for the gloveboxes. However,,
neither the plastic windows nor gloves are expected .to be the fkst fuel ignited. Rather, a fire
within the glovebox will likely first involve transient combustibles or other fuels associated with
the glovebox process. A fire involving these fuels may then ignite the glqves or window panels,
resulting in a more serious flri ~ad potential loss of containment.,., ...,, ..- ,. -...,,

Of the gloveboxes of interest (i.e:, HC-3, HC-4, ,“H~A~28,,HA-22, and HA-23S), one is
inactive (W-22), three contain conveyors (HC-3, H’C-4,and ~:28), and one is used for storage
only (HA-23S). Glovebox W-22 is a small glovebox corme~ted to HA-28. Since it is inactive,
HA-22 will not contain combustible materials (other than windows and/or gloves) and will not
be used during the 94-1 Pro~.’ Therefore, the fire hazard “inHA-22 is considered to be low.

...2..,. :.’ ......’..~.: .- ... .. ..:.:.:. .,:,..., ... ,.., ,.
Gloveboxes HC-3, HC-4,”and HA-28 will be used to ~ransport stainless steel containers

(boats) of the pre- ahd post-processed materials. Additional iterns,that will be transported from
time to time will include packages of waste (plastic, rags, paper,ofc~dboard), tools, equipment,
and cans of cement. Criticality. Prevention Specifications (CPS-Z4 62-80031) limit material to
one item at, a time being transported in”conveyor HC-4. and HA-28. Criticality Prevention
Specifications (CPS-Z-1 62-80170) spacing lirnitition requires-at least six feet between material
trtisported in conveyor HC-3 which allows up to four items to be transported at any one time.
Glovebox HA-23S has the highest proba~lity of being the source of a fire because of fisel load
and potential ignition sources. This glovebox”}v}ll store up to 178, one-half liter polyjar

.. :,. . . .,..
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containers filled with lag materials. In addition, HA-23S contains a hydraulic oil filled lift.
Although the hydraulic oils used in the PFP gloveboxes are Factory Mutual (FM) approved fire
resistant oils (i.e., oils having a high flash point) [TWRS Industrial Safety and Fire Protection,
1995], they stiil pose an added fuel load. The most likely ignition source of a fire would be a
mechanically or electrically overheated component, although pyrophoric materials could also
potentially be a source.

F5.2 Window Panel Fire Hazards

Most of the window paitels on the gloveboxes are constructed of acrylic pkistic (i.e.,
polymethylmethacry late or PMMA) ancVorpolycarbonate. PMMA ignites when exposed to small
fires and results in the release of energy and fire spread. The fire performance of polycarbonate
is better than that of PMMA (i.e., harder’ to ignite and lower rate of heat release). However,
polycarbonate window panels still represent a t%el load in the gloveboxes. .

Many of the PMMA panels extend the length and height of the gloveboxes along several
sections. In a vertical configuration, such as the window panels, once the PMMA is ignited, it
can sustain and propagate a flame without any external heating. Therefore, if a window panel
is ignited, the fire can potentially spread from one glovebox to the next without intervention. In
addition, if the PMM.A is allowed to bium long enough, the window panel will bum through to
the exterior or melt rmd deform away from the glovebox frame. In either”case, the glovebox
containment is compromised leading to potential fire spread and contamination of the room.

Because PMMA is inherently a fire hazard, it’ is necessary to either avoid igniting the
PMMA window panels or control the fire before significant damage occurs. ,Experimental fire
test results indicate that PMMA ignites at low incident heat fluxes and burns witl a relatively
high rate of heat release Hughes Associates, Inc., 1996]. PM.MA will ignite at incident heat

ifluxes as low ~ 15 kW/m . This flux is produced by small tires impinging upori a PMMA panel.
For example, fire tests involving 4 ft by 8 tl sheets of PW [Omega Point Laboratories, 1993]
mounted in a vertical cotdiguration show that rur 18 kW fire cari’ignite the PMMA ‘sheet in less
than two minutes, ~d once ignited, the PMMA will self propagate the fl~e. An 18 kW fire
is approximately equal to a small pile “ofburning paper’(or several ”rags)or an 8 in. dLarneteroil
spill fire. Based on this data it can be concluded that a fire involving the typical combustibles
found in a glovebox is capable of igniting a PMMA panel. Using polycarbonate would make it
more difficult, to ignite the window panel but still would not negate the possibility of burn... :.,,., .‘.’.~oughfidloss.of.contai~ent. “~ ‘, ‘“ ‘,, ,“ ,, ,, ,,

,. .,, ., .,:

There have “beenseveral experimental studies investigating the performance of various
glovebox designs under fire’ conditions ~eatross, 1992; Williarhi, 1970;’ Do”inning, 1970;
Domning and Woodward; 1970]. These glovebox fire tests coti~itently showed’that acrylic
windows burn through or melt &d deform away from the gloiebox frame during “a‘fire.
Polycarbonate windows tended to melt and deform but did not burn as readily as the PMMA.
It wm observed in several of the tests that once the glovebox wm’ breached due to burn through
or deformation of the window, the intensity of the fire would typically increase due to the
additional air supply. Where Pyrex, safe~” glass, and wired glrki were used, the ivindows

. .
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typically cracked but remained in place during the test fires. Only when the glass remained in
place was the glovebox integrity maintained.

In general, tests indicate that when noncombustible window panels are used, glovebox
tires typically burn themselves out without serious incident. However, where combustible plastic
windows are used, containhient is almost always lost and the window panels usually contribute
to the fuel load resulting in a more serious fire. ..

The experimental data discussed above demonstrates that PMMA gloveboxpanels present
a fire hazard. It has also been shown that combustibles typically found in gloveboxes are
sufficient to ignite acrylic window panels. Polycarbonate windows provide some resistance to
ignition and have a lower rate of energy release than PiMMA under fire conditions. However,
for a glovebox tire, polycarbonate windows can ignite and bum, potentially resulting in loss of
containment. Therefore, for the subject process lines which contain plastic windows (primarily
believed to be PMMA); a glovebox fire has the potential to propagate througtiout the whole line
if not suppressed or interrupted by a fire barrier,.

F5.3 .~.Automatic Fire Suppression

, Controlling a fire before significant damage occurs can be achieved by an automatic fire
suppression system. Currerttly there are three different types of existing automatic fire
suppression systems used in PFP gloveboxes:,.

1. Total flooding Hafon systems,
.. 2. Dry chemical systems, and

3. Limited water bottle st~lons (LWBS).

All of these systems are used in the 94-1 Stabilization process line. The gloveboxes along the
HC-1 and HC-2 conveyors are currently protected by a total flooding HaIon system. Aklocks
and dampers we provided to. allow the containment needed. to maintain the required. Halon
concentration in the protected gloveboxes. Due to the HaIon system and the physical tire barrier
provided by the airlock, the gloveboxes along the HC-1 and HC-2 conveyors are considered fully
isolated from the gloveboxes in Room 230C, 235B and 235C. A fire is not expectedto propagate
between gloveboxei HC-2 qnd HC-3. .

....,.: ,:..,’,,. ... . . -. ..,.,,,,,,.,, .,:..

‘ Glovebox HC-60 is the only box to have a’L<%S~ .A1 other active gloveboxes on the
“94-1process Iine currently have, or will have, automatic suppression systems installed. It is
expected .&ata ,glovebox wj~ aq automatic suppression system will extinguish a fue and limit
the fwe spread to within. fie box. Although he poteritird’maye~st “forfire spread to other boxes
before suppression activation, the impact to this analysis is inconsequential,. As a matter of fact,
the automatic suppression systems do not ultimately impact tie extent of danragein the glovebox
line for a fue that ‘starts‘“inm’ unprotected glovebox. , For ex~ple,, corr~der a fue that is
spreadbrg within HA-28 which is connected to the protected glovebox HA-211. Since the
suppression system inti-2iI (and afl oiher boxes) is a fixed SUpplysystem, it fill eventt@ly
leave the box unprotected w the suppression agentis e~austed. Therefore, no matter when the

. .. . .

..
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system discharges, the fire may potentially be able to spread to HA-21I, despite any partial or
temporary extinguishment of the fire. In conclusion, gloveboxes with automatic fire suppression
systems are not expected to be the source of multi-glovebox fires, but fire spread to these boxes
is possible despite the suppression systems.

F5.4 Fire Detection

Fenwal (trademark of Kidde-Fenwal, Inc) series 17000 thermoswitch temperature
controllers are used as fire heat detectors in all gloveboxes except HC-3 and HC-4, which do not
have any fire detection. These detectors are wired to control panels located in corridor 14A
(outside of pressure Zone 3) and Room 320 located one floor above the process line. Room 320
is manned 24 hours a day. The fire control panel is also monitored by the fire department. The
system is configured to initiate a building wide fire alarm when the temperature in a glovebox
exceeds a preset threshold limit of 74°C (165”F). The alarm sounded will be a general tire alarm
with no dktinction of where or what type of fire initiated the alarm. However, personnel ?re able
to determine the location of the fire to within seversdgloveboxes via the control panels since the
panels designate the fire zone(s) in which the heat detectors have alarmed. Ahhough personnel
could respond to a, tire upon hearing an alarm, the assumed response (which is standard
procedure) is that all personnel in the building would evacuate the building.

Besides the time required for personnel to hear the fire alarm and determine which
detector(s) have alarmed, there is also some lag time between the temperature, in the glovebox
and the temperature of the activating detector. Issues such as fire intensity, size of the glovebox,
location of the activating device, and ventilation flow rates will all rrffect the response time of
a heat detector with a preset alarm temperature. The response time of the detector is, a critical
factor in assessing the extent of darnage that a tire may cause. For example, an extended delay
time can result in a fire that is too large to extinguish with a hand held extinguisher.
Consequently, the probability of limiting tire spread to one or two gloveboxes can be greatly
increased for gloveboxes with detectors set to lower temperature alarm v’;lues. It also follows
that fires Witiln gloveboxes with no detectors have a much greater probability of resulting in
widespread damage. Based on the likely ignition scenarios, the fire is assumed to start at a fixed
location in a glovebox, such as a window.

An analysis using DETACT-QS, as included in FPETOOL Nelson, 1990],was conducted
to estimate the response time of the heat detectors in,the gloveboxes and to estimate the potential
size of the fire at the time of detection. DETACT solves heat transfer equations between the
ceiling jet or plume and the heat sensitive activating device. The input parameters include the
height and radial distance of the heat sensitive element above the fire, the actuation temperature
and response time index (RTI) of the element, and the heat release rate of the tire.

1“ ~~
DETACT-QS assumes that the ceiling is uncofilned (i.e.,’ extends infinitely in all

directions), which is ideal for large rooms. For smaller compartments, such as a glovebox, this
will result, in longer than actual predicted actuation times since the heat transfer from the
descending hot gas layer is not included. Other factors such as ventilation airflows and heat sinks
within the glovebox (e.g., metal structures) can also affect.the response time of a detector. The

. .



HNF-sD-cP-mA-oo4, WV o
PGE F-15

typical flow rate of air through a 94-1 glovebox is approximately 0.017 m3/s (35 cfm) [Dick,
1996]. This flow rate is expected to have little affect on the response of the heat detectors. Heat
sinks Witiln the glovebox may increase the actual detector response time compared to that
predicted by DETACT. Considering these limitations to the model, conservative assumptions are
made where appropriate to provide nominal detector response times to glovebox fires.

Table F5.1 shows the DETACT-QS results for a fire in various gloveboxes, assuming
different detector actuation temperatures. The heat release rate of the fire is assumed to be a
quadratic function of time with a moderate growth rate ~PA 72, 1996]. The fire size is given
as:

Q = 0.012 t’ [k~s] (F-1)

where Q istheheat release rate of the ire @w), and ,.
t’ is time (s).

Table F5.1 Detection Time and Fire Size for Various Gloveboxes and Heat Detector
Activation Temperatures “’

DetectorActivationTemperature
Glovebox Height

(fromtire 74”c (165”F) 57°C(135”F) 38°C(1OO”F)
to detector) det.time firesize det.time tire size det.time fue size

(s) (w) (s) (km (s) (NJ)

HA-23S 3.5m 224 590 184 400 128 200
(11.25fi)

NC-3 0.6m 114 150 97 110 71 60
HC-4 (2 ft)
HA-28

The fire is hssumed to’be on the lowest level for glovebox HA-23S and on the conveyor
for HC-3, HC-4, and HA-28. The fire is also assumed to be at a radial distrwce of 1.5 m (5 ft)
from the detector. This is a worst case assumption for fire location ‘kndprovides a conservative
predicted response time. The “RTI for the them,al detectors was not available from the
manufacturer since the temperature controllers used are not listed for fire detection. Therefore,
a conservative value of 100 (rn/s)fi was used as the RTI in the DETACT model. A“gain,this
provides a conservative estimate for the detector response times.

, The DETACT results show that a standard 74°C (165”F) heat detector will respond in 3-4,,
minutes for a moderate growth rate fire that is 1.5 m (5 ft) away from the detector in HA~23S.
At this time, the fire has grovhr to approximately 590 kW. Lowering the actuation temperature’.,,,,
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of the detector to 57°C (135°F) reduces the response time by approximately 15 percent and the
fiie size at detection by’approximately 30 percent. Lowering the actuation temperature further
to 38°C (1OO’F)reduce; the response time by over 40 percent and the fire size at detection by
almost 65 percent, compared to the existing temperature alarm point. Reducing the activation
time and fire size at detection allows more time to respond to the fire and significantly improves
the chance of controlling and/or extin=mishinga growing f~e in a glovebox,

. .
For gloveboxes HC-3, HC-4, and HA-28, the standard 74°C (165”F) heat detectors will

respond in approximately 2 minutes for a moderate growth rate fire located 1.5 m (5 ft) ‘from the
detector., Lowering the alarm threshold for these detectors will reduce the activation time and
fire size similarly to those achieved in HA-23S.

F5.5 Ventilation System

F5.5.I Glovebox E-4 System
,.

The gloveboxes are maintained at a negative pressure with respect to the rooms via
ventilation systems which draw approximately 0.017 m3/s (35 cfm)’through each box. ” Except
for gloveboxes HA-20MB which also has a HEPA, filter inlet, all boxes on the HA-28 coriveyor
line are supplied with dry air from HA-28.” Glovebox HA-28 is supplied via a 10 cm (4 in.) duct
from the dry. air supply system. Glovebox HC-3 hu no supply or exhaust ports, but it is
connected to HC-60 which “isconnected to in exhaust system: Supply air to HC-6,0 is through
HEPA ‘filters“from the room. ‘Most of the”glovebox=” on ~~d WC conveyor lih~ are
e~austed Via 5 or 10 cm-ducts through a ftie screen, pre-flker, and a ~PA .fiker( ,‘

. . . . .

“ Overall, the ventilation in the gloveboxes will tend to’ draw e’ir f;om tiie conveyor
gloveb,oxesinto the individual process boxes and out through the”exhaust’ducts.”Due to this flow
pattern, fires withh the conveyor gloveboxes will te~d to be drawn info the adjacent boxes
contributing to fire spread. However, because of the low volumetric flow rates, the flow pattern
is not expected to signf!cantly retard the spread of fire from within an adjacent glovebox to the
conveyor glovebox (e.g., HA-23S to HA-28). In typical single opening enclosure fhes, a
bidirectional flow develops through the ,opiniog with air flowing in at the,bottom and hot gases
and possibly flame coming out the top. The gloveboxes”ivith openurgs to, the conveyor
gloveboxes ,are quite sirdar to t~s classic scenario. The-small exhaust flow }tillbe insign@cant,. .. .... . ..
iarticul?rl~ a?,ths fl~t~s !:~o~:clogge~.’ ~.“.~ .: ,, ., .. .. ~:.- “, ,.”

... .. . .... . .. .. ...’ ,. .:’, ,.. ..’,. ,:. -
‘CIogg”mgdf the filters with soot ii ‘expected’andcan lead to’loss of corria~rnent ~ughes

Associat~~Inc.;” 1996]. “However,siri~g all gloveboxes are iriteiconn~ctej,th!ough the cor?veYo;
box, fu:ct~opal loss “ofi.he”filteisi,i,~hebo,~on fire,does not”nec,essardyresult in hprnediate 19ss
of containment. The “ven~lation system. is desi@d ,to .cosnp,ensate;for~?’@,, ~’ P!essvre. by

shutting dowri the supply’ iii aird openin~’ip emergency exhaust systems to maintain “sufficient,
negative pressure in the glovebox lirie. Thus, a partial clogging of some filterscan be handled
without loss ,of containment. . .
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It”is not possible to accurately predtct when 10SSof containment will occur due to the
urrcerrainties in predicting factors, such as smoke yields, the creation of openings in windows and
glove holes, and the extent of clogging of the syitem filters. Therefore, even though the
ventilation system may be able to ,maintain containment temporarily, it is probable that loss of
contai~ent resulting from a gloveboy fire will occur unless the fire is extinguished quickly.

; ....’..
‘ F5.5:2 Zone 3, E-3 System” “‘

.:. .
-...

~,:; The 94-1 Process area is’pm of the E-3, ventilation system. The”process rooms are in
pressure Zone 3, which is maintained at a negative pressure with respect to the remainder of the
building. Each of the process rooms has individual supply rmd exhaust ducts, which help
minimize air floIv between rooms. The exhaust ducts in each room have a 35 percent efficiency
air filter over them to reduce particulate flow to the E-3 system.

For small fires in the process rooms, the individual exhaust ducts are expected to contain
smoke spread to a single room. However, for lager tires, such as a tire involving‘several
gloveboxes, smoke generation can start to clog the room exhaust filters. As the filters become
clogged, the pressure in the fire room l,vilg.increase relative to the adjacent spaces. AS a result,

smoke spread beyond the room of fire ongur can occur through existing openings (e.g., doors,
wail penetrations, cracks). “

.-.....
The extent of smoke and con~arninationspread through the Process rooms }~li depend on

the.fire tize, smoke generation, openings,be~een rooms, Wd extent of ~lter clogging.,,Since the.
E-3”venti1atiorisystem ~~li a~empt to “main,~in,a tydforrq pressure t~oughout Zone ,3, smoke
spread cari potentially extend throughout the”entire zone as a r&Ultof small pressure differences’
causing air flows between rooms. However, contamination of the entire zone would require large
qutitiiies of sm”okeand substantial ‘clogging, of the exhaust $lters. ~erefore, this level of
contamination is only anticipated for the largest fues”(e.g., a fire which spreads throughout all.,
connected gloveboxes). ”,,. . .. .

Glovebox operators are tr~ned to respond to fires within the 9?,:I process line ~ long ~
it does not compromise the:u safety beyond a level of risk’theY me willing to accept.’,‘For this
analysis, it is aksm;ed that the operators will be, trained to adiess “a“fire in a .glovebox. T’hj. .... . .. . ... .,.” ,..:,-
operator is anticipated to attempt to locate and extinguish a glovebox fire per usual practices
@ice, 1996]. If ~ operator becomes aware of.a fire ~vi~ aglovebox, he/she will f~st a!emPt

, to move all combustibles aitay from the fire. If the fire C& be isolated<jt MI1 be” allowed to
b~, ou$, A se~d alternative is {o “kmother”thefue’ir~’g’’s~d Ora “meti covir if aviiilable.
As a l%t resoh, a bayonet&j Ctiernlcal‘exiiigtisher {till bei‘usedto pe~itrdc’ i glove bole s@
suppiesi the ,fire.”This “l&taction”ivillresult in’s breach in the gloveboxj ad could iei~t’iri loss
of contai~ent dependkigon’’other faito;;, s,uch,~ the sizi’df &e hole “tid the extent to ivhich,.,.<>,
the e~aust HEPA filters “tie’’clogged. “““ ‘ “>-: ‘-’ “’ ~ : ,,, , :,
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F5.7 Fire Department

All tire alarms from the glovebox heat detectors are annunciated to the Hartford Fire
Department. Upon receiving an alarm, the expected response time of firefighters to the 94- I
Process area wili be withtn 5 to 7 minutes [Jordan, 1996]. The standard doctrine is for the tire
department to enter the Process area withportable extinguishers. Hose lines will remain outside
the building pressure zone unless necessary to contairi the fire to the room of fire origin. This-
later tactic prevents doors from being opened which can compromise building containment and
potentially further the extent of contamination.

In general, the fire department will respond in the same way as the glovebox operators
in extinguishing a glovebox tire (primaily using portable extinguishers). Firefighters will tend
to be better equipped than the operators (i.e., on mask and able to hook up to manual hose
stations inside the building) }vhenthey arrive on scene. However, due to the minimum,5 minute
response time, the fire department only provides a marginal increase in the level of pro~ection in
terms of fire spread through the gloveboxes and contamination compared to the response of the
gIovebox operators.

The fire department does provide a second level of protection (sprinklers being the first)
in maintaining a fire to the room(s) of fire origin.

F5.8 Potential Fire Spread and Contaminatiori

Fire propagation through a glovebox process line is a possibility. This was demonstrated
by the unprotected facility, Rocky Flats glovebox fire [Patterson, 1970]. The fire at Rocky Flats
originated in a glovebox having plastic window panels. Once the windows ignited, the fire
quickly spread to the comected conveyor box. Since the conveyor was also lined with plastic
windows, the fire was able to rapidly spread throughout the process line to other gloveboxes.
With no fire suppression or fire sepwations,.a fire in one of the 94-1 gloveboxes could potentially
spread throughout the “processline, similarly to the Rocky Flats tire.

A small fire in one of the 94-1 gloveboxes requires o~y minutes to ignite the acrylic
window panels. During this time, smoke and combustion products will begin to clog the HEPA
filters in the exhaust “system [Alvares et al., 1980]. Once the window panels ignite, assuming
there “isno suppression system in the glovebox, the tire will grow in size producing smoke. As
the HEPA filters clog, the negative pressure in the glovebox will decrease “hnda net positive
pressure will be created by the hot fwe ga.ies. In turn, contaminated smoke can begin to leak to
the room since the room is at a lower pressure. As the fire grows in size, the ~indow panels,
combustible glove;, and HEPA filters betiveen the glovebox and the room will begin to burn
~ough. ThLswill “allow additional air into the”glovebox and will provide an additional means
for contamination to spread to the room. Since there are currently no f~e stops or dampers in
the HC-3, HC-4 and HA-28 glovebox conveyors to contain a fire, a fire can potentially spread
throughout all of the conveyor lines and co~ected gloveboxes (including those with automatic
suppression systems).
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Such a fire would result in significant damage to the gloveboxes and would require
contamination cleanup of the rooms containing the process line as a minimum. As “discussedin
Section 5.5.2, clogging of the room exhaust filters may cause contamination to spread to other
rooms and potentially throughout all of Zone 3. Since the building is protected througiimrt by
an atitomatic sprinkler system, significant thermal damage or fire spread to other rooms is not
expected. Even if the sprinkler system failed, the fire department could provide protection and
could control the fire to the room of origin.

.,

The extent of fire damage and contamination spread discussed above is anticipated for the
cm”ent level of fire protection in the gloveboxes. The maximum possible tire loss, assuming no -
marr@ intervention (e.g., fire department) or activation of automatic suppression systems, is
identified in Section 4. The maximum possible loss is greater than the expected loss for the”
current level of protection and is presented as an upper bound for fire and contamination spread.

h evaluating alternative fire protection strategies for the 94-1 gloveboxes, four, ievelsof
poterrfial tire spread and contamination spread were identified. The potential levels of fire and
conk%rination spread are as follows:

“: Fire Swead

● All connected gloveboxes
● Single glovebox conveyor line
● Glovebox of fire origin and adjacent glovebox
● Single glovebox

Contamination

● All of Zone 3
● One side of the 94-1 Process Area
● Room of fire origin
● Whhin the glovebox process line

Both lists represent increasing levels of tire protection with the first buiiet in each list
representing the extent of fire spread and contamination expected tith the current level of fwe
protection. As will be discussed in Section 8.0, for a particular protection strategy, the
corresponding levels of fire spread “aird,contamination will generally coincide; however,’ tlie
probabilities “till not necessarily be the same. The levels of fue spread in gloveboxes reflect ‘tie
use of both passive and. active fue safety measure;. Although conttination spread is heavily
dependant upon the extent of fire spread, features such as glass,windows and glove port covers
help maintain contaimnent without ignificantly”reducing fire spread. ,For these cases, the level
of contamination may not coincide witi, the”same level of ‘fwespread. ~

The extent of fire spread is dependant irpon the fuel loadirig in the gloveboxes, the
configuration of the gloveboxei, the ventilation air supply, automatic suppression systernsjpm”sive
fwe barriers, the transport of burning objects on the conveyors, and the response time of operators

..
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and/or the fire department to provide manual suppression. If left uninterrupted, a fire can
continue to spread through all connected gloveboxes as discussed above. Providing automatic
suppression or passive fire barriers prevents fire spread through the gloveboxes. Both means of
protection are reliable and are expected to minimize fire spread to the extent that they are
installed.

Where m~ual suppression is relied upon to limit fire spread, response time is importan~
in determining how far a fire will spread. As discussed in Section 5.4, the growth rate of a
glovebox fire is anticipated to be moderate (see Equational). At this growth rate, a fire can reach
‘asize of 1,000 kW within 5 minutes. A fire of this size is unlikely to be contained to a single “
glovebox. .Additionally, the fire department will not be able to respond to a fire within this time.
Therefore it is necessary that facility personnel respond to a fire in less than 5 minutes in order
to prevent spread into adjacent gloveboxes.

If the fire is controlled within the.glovebox of origin, dependkrg upon the pe~<’size and
duration of the fire, some damage may occur to connected gloveboxes due to heat and
combustion products. If the fire is not controlled in the initial glovebox ruralis allowed to spread
to the conveyor, it is unlikely that the fire yrill be controlled short of. installed fire barriers or
automatic suppression in all gloveboxes. .,

The amount of contamination (smoke spread) throughout the building will be dependant
in part on the fire size, the materials involved in the fire, and the number of windows and glove
holes breached by the fire. The level of contamination will be greatest near the source of the fire
and will decrease in adjacent rooms and as one moves ti”her away from the fire. As discussed
earlier, if a fire were to spread throughout all of the gloveboxes, which is anticipated for the
current level of protection, smoke can potentially spread throughout all of Zone 3.

Containing a fire to a single glovebox proces> line (i.e., a sing16 room) greatly reduces
the chance of smoke spreading throughout the entire Zone. In ttis ctie; the fire size is roughly
half the size “relative to fire spreading throughout all the gloveboxes. This will reduce the”
qrrtitity of smoke generated into the room. Since the RMA and KMC sides of the process line
are separated by a solid wall and the doors connecting the two sides are self-closing, smoke
spread is expected to be limited to a single side of the process area. If the fire becomes very
large on a single side of the process line and a lmge number of window panels and/or glove ports
.&e breached, it is possible that smoke will spread to other “ake&within the’zone.

As ~e extent of f~e spread “is‘tier reduced to one or ho gloveboxes, ~s i3&her ltilts
the spread of contamination. Fires involving one or two gloveboxe,smay not produce sti~cient
smoke to clog the room efiaust filters and induce buoyancy driven flows into adjacent spaces.
Therefore,’ ihe spread of contqnination is expected to be limited-to the room of fi~~origin;

In order for contamination spread to be limited to the glovebox process lhe, the
gloveboxes mtist not be breached by the fire. This includes glove ports, Window.panels, and
exiemal HEPA filters. For small fues which are controlled rapidly; it is likely &at contamination
will be limited to the glovebox process lirrel

. .
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F6.O DAMAGE POTENTIAL

““ The c~teria used to determine the different levels of fire and contamination spread are
presented in Section 5. In thk section, the monetmy darnage resulting from the different levels
of fire and contamination spread are determined. The darnage potential and cost estimates
associated with a fire in the 94-1 glovebox process line include both thermal damage t6
gloveboxes and equipment due to fire spread and contamination of the facility resulting from loss

- of glovebox containment. Based on PFP facility direction, loss ,of production or program
continuity is not a monetary concern in this analysis ,because operations can be relocated.
Replacement costs of building contents are based on RL Property Systems cost breakdoh as
pro~lded by WHC. A copy of the ,cost breakdovm by room for the ryes-sconsidered in this
analysis is included in Appendix A. Cost of contamination cleanup is based on the recent cleanup
efforts in Building 232-2. A fixed rate of $4.00 per square foot of surface area is used as a.
cleanup cost [McKkmis, 1996]. >

F6.1-: Fire Spread Damage Potential

‘“ The monetary damage potential due to fire spread was determined for the four levels of
potential tire spread presented in Section 5. The potential levels of tire spread are as followx

.0 All connected gloveboxes... . Single glovebox co~~yor line
● Glovebox of fire orlgm and adjacent glovebox
●“ S~gle glovebox ,.

In order to estimate’ the cost due to fire spread, it is assumed that any fire spread to a

glovebox results in complete loss of the glovebox and its contents. Also, whereas the different
gloveboxes in the 94-1 process have varying replacement costs, the most(expensivecost estimates
are used in this .malysis. This provides a bounding cost estimate for e’achof the potential loss
limhations. Table F6.1 provides a summary of the fire spread darnage cost estimates for each
level of damage potential.

:.
Table F6.1 Summary of Fire Spread D“a”mageCost Estimates ;

. . . . .’, ,.:,.,

. All connected Siigle glovebox Gloveboxof fire origin Single glovebox
gloveboxes conveyor he and adjacent glovebox “:. . .

cost $1,740,000’ $1,360,000 “‘‘$620,000” $590,000
,.

For the first level of damage (i.e., all connected gloveboxes), it is assumedthat’HC-3, HC-
4, HC-28, and all gloveboxes corinected to these conveyors are lost due to fire. In ad~tion, any
equipment within the affected gloveboxes will be damaged ‘ma is included in’the cost estimates.

... . .. . . .
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Since the airlock separating HC-2 and HC-3 will be maintained closed and the gloveboxes along
HC-2 are protected by an automatic HaIon system, no fire damage is expected to occur to
gloveboxes beyond the airlock.

For the second level.of damage (i.e., single glovebox conveyor line), the fire is contained
to either HC-3 arid gloveboxes connected to HC-3 or to HC-28 and gloveboxes connected to HC-
28. In either case, glovebox HC-4, wlich sepmates the two conveyor lines, is also assumed t~’
be drunaged. Based on the cost breakdown included in Appendix A, the replacement cost of the
HC-3 conveyor and connected gloveboxes is approximately $380,000. The replacement cost of
the HC-28 conveyor and comected gloveboxes is approximately $1,360,000. As noted earlier,
worst case replacement costs are used in this analysis to provide a bounding loss potential.
Therefore, the monetary loss potential for a fire which spreads through a single glovebox
conveyor line is taken to be $1,360,000.

*

For the third level of damage, the fire is contained to the glovebox of fire origin and the
adjacent glovebox. Thk level of damage is primarily applicable .to a tire in one of the
gloveboxes attached to a conveyor in which the glovebox and parI of the conveyor becomes
involved in the fire. The only gloveboxes without suppression which are attached to the
conveyor and included within the scope of thk study are HA-22 and HA-23S. Since HA-22 is
inactive and has little monetary.value, it is assumed that a fire in this scenario involves HA-23S
and the adjacent conveyor, HA-28. The replacement cost for HA-23S and the adjacent conveyor
is approximately $620,000.

For the fourth level of darnage, the fire is contained to a single glovebox. For the 94-1
gloveboxes, HA-23S has the highest replacement cost and will have the greatest combustible fuel
loa~ng since it will be used for lag storage. Therefore, the relative risk and loss potential is
greater for HA-23S than for other gloveboxes. For this level of damage potential, HA-23S is
assumed to be the glovebox involved in the fire: The replacement cost for HA-23S is
approximately S590,000.

It should be noted that a fire may occur in one of the other 94-1 gloveboxes (including
gloveboxes which have automatic suppression systems). The replacement cost for a single
glovebox ,renges from S30,000 to $590,000 ai seen in the RL Property Systems cost breakdown
in Appendix A. However, as noted earlier, ,w”orstcase replacement costs.are used in order to
provide a bounding analysis: :

F6.2 Contamination Spread Cleanup Costs

The contamination cleanup costs due to smoke spread was determined for the four levels
of potential contamination presented in Section 5’. The potential Ie”ikii of contamination are as
follows: “ ~~~ - ‘- .:’”

.,-
● , Ailof Zone 3,..
.* One side of the 94-1 Process Ae%
● Room “offire origin, and ‘

. .
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● Whhin the glovebox process line.

For a given tire, the extent of contamination yrill depend on the level of smoke spread
throughout the room, process area, and pressure zone. The highest level of contamination will
be closest to the fire. As smoke spreads to adjacent rooms and other areas within the pressure
zone; the level .of contamination will decrease significantly. However, there axe no reliable
methods of determining the level of contamination due to smoke spread for glovebox fires. Irr.-
adcl$i-on, cleanup cost estimates” are not, available for varying degrees of contamination.
Therefore, it is assumed that contamination within the spaces affected by smoke spread is
tmifo~, and a single value is used to estimate the cleanup costs. llk provides a bounding cost --
estimate for ‘eachof the potential contamination levels. Table F6.2 provides a summary of the
cle~-up cost estimates for each’ level of contamination potential.

Table F6:2 Summary of Contamination Cleanup Cost Estimates *
,....<-

All of Zone3 One side of process Room of fire origin Within the glovebox
.,, area process line

:’:: cost $400,000 $100,000 $40,000 NA

NA - there are no”cle&up costs for contaminationwithin gloveboxes ‘ ‘ -
...’

The cleanup cost estimates me based on $4.00 per square foot of Surface’areain the areas
which are contaminated [McKinnisj 1996]. The surface area includes floor; c~ling, and walls
for each of the rooms; The cost estimate includes cleanup of equipment witbin”the rooms: ‘Table
F6.3 estimates the surface”area requiring cleanup for each of {he potential contarninafion levels.

[, .,.
.,

.“

Table F6.3 Summary of Contaminated Surface Areas’
/.’’,>.

., Allof Zone..3’~ One,side,ofprocess Ropm”of fire orig”m :..Whbinthe glovebox
kea., , ,., ..- :-’::. process line

Area 100,000 ft~ - 25,000 f? “ 10,000 ftz. ““: ‘.: NA~”” :
,.

NA - there are no cleanup costs for contaminationwithin gloveboxes ;’ : ‘
,., , .! ,: ,,,.

-., - .’ [, . ., .::...... .-,

.fie areq included :vi~ the Zone 3 ventilation pressure zonerire the’94-l Process are%
rooms 221; 224, 225 235D,E, and 236. The W side is used for the contaminated mea of We
side of the 94-1 Process since it provides a greater bounding surface area than the RMC side.
The FUvfAside includes rooms 235A,B,C, 233; and 232. For contamination of the room of fire
origin, room 235B,C is used since it is the l.mge:t room within the 94-1 Process ~ea. A@% the
cleanup costs determined in this analysis are intended ,to’protilde an-estimate for a dovebox fire.

. . . :’.:.,..” ,..
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F7.O PROTECTION OPTIONS

In this analysis, several different protection options were considered for the 94-1
gloveboxes. Prior to evaluating specific protection strategies, a comprehensive list of fire
protection featires which would potentially reduce the risk of fire in gloveboxes was developed. -
The overall goal of the different protection options was to reduce the risk of fire. hr order tci-
achieve this goal, several different approaches were considered. The approaches used in limiting
the risk of fire included the following:

7.1

7.2

7.3

7.4

7.5

7.6

Minimize the fuel source beyond the initial ire. .T~s includes transient and fixed
combustible materials, plastic window panels, gloves, and combustible materials
in the room;

.

Provide suppression in the gloveboxes. This includes manual suppression and
partial automatic coverage in key areas’in order to minimize fire spread;

Isolate gloveboxes or sections of the connected. gloveboxes. This includes
permanent separations ~d separations which “are provided manually and/or
automatically;

Isolate or protect gloveboxes externally to prevent fire Wd contamination spread
to the room,

Decrease the time to fire detection. This includes adding more detectors,
rnoclifjhg’ the placement of detectors, an~or lowering the alarm limits of the
detectors; and

Improve operational procedures. ~s includes improving normal operations in
order to minimize the chaice of a fire and immovirw’ resrronse rrrocedures to
control or extinguish a fire once detected. - - “

Specific protection options’ were developed in accord%ce with the various approaches
identified above. The alternate protection methods provided vtious levels of safety end risk.
In some cases, a,combination of different,.features were evaluated to ac,~eve,Me desired,level of
protection. Specific fue ‘protection-features w~ch were “ikaliy. considered in MS analysis
include the following (number refers to”the approaches identified earlier in this section):

. ,. ~,:..: ....... : ..
● ✎ “Provide ~ automatic fire d,~per or reptirthe .e~s~ng airlock in glovebox HC-4.

This darnper will separate the process line and help limit fire spread to more thm
one glovebox line (No. 7.3); .,.

● Replace the, existing acrylic and .lexan window,,pr+nelswith glass. This would
significWtlY reduce the available fuel supply iiisd limit ‘fire spread in the
gloveboxes (No. 7.1);
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●

..

●

✍✎✛

✚✎

●

✎✎✎

●

✌✎✎

......

●

●

●

●

●

●

Cover existing acrylic and lexan window panels with wired glass. Covering the
windows will help control a fire by limiting the available air supply once the
plastic windows start to melt and fall away. In addition, since the windows will
be maintained in the opening, the wired glass cover will help maintain negative
pressure in the glovebox with respect to the room, thereby reducing the amount
of.contamination outside of the glovebox.~o. 7.4);

.-
Cover glove ports with noncombustible plugs or covers while the ports are not in -
use. Covering the ports will help control a fire by limiting the available air supply
once the combustible gloves start to burn and develop holes. In addition, because --
the cover will be maintained, it will help maintain negative pressure in the
glovebox with respect to the room, thereby reducing the amount of contamination
outside of the glovebox (No. 7.4);

Shut down the supply air to the gloveboxes upon fire detection. This<includes
shutting off any automatic air supply as well as providing dampers on the supply
HEPA filters serving some gloveboxes. Shtrihg down supply air will help control
a fire by limiting the available air (No. 7.3);

Provide automatic sprinkler protection in’ the conveyor glovebox. “~s will
prevent fire spread from one glovebox to another via the conveyor (No. 7.2);

Extend the existing Halon system to protect the HC-3 conveyor and cotiected
gloveboxes (No. 7.2);

Install quick-connect couplings for portable fire extinguishers on each glovebox
such that “a fire in any pat of the glovebox can be reached by the suppression
agent (No. 7.2);

Shut off po,w~r to the gloveboxes w~le the ,jxea is unoccupied. ~S will
minimize “ignrtlon‘soukcesduring *arirred hours “(No. 7.6);. .

Evahrate and provide recmnmendations to. improve facility s@ff ad fire
department response:,procedties to glovebox fires (No17.6);..>..,,..;,., .:’,:‘., .,:.,. -“” f’.

Liitthk q@tit’y ‘ofcombt@ibl~rnateri@”’Alotied tO be stored in the gloveboxes
. . ..

d~g,rn~~:~ :gd @tied ho~$ .~o. 7{1} ~‘ ‘‘’ ““, ~‘ ‘: .,.,,
. ...’... .. ’:. .“-. ”

Provide” heat detectors in, glovebox HC-3 .md HC-4. It is issued ‘that ~1
detectors $@l be listed or approved as defined by NFPA 72 [1996] (No. 7.5);

. ..-.>.” . ,’...,:.,,:.,’. ..- .,... . ..’ .

Lower the alarm set point for tlie glovebox heat’~etectoFs”’(No.7.5);

Install w in~cat~g light on each glovebox such ‘thatit identifies the location of. . .. .... .~ activated heat “detector(No: 7.6); ‘ ‘” ::”,~’:~ :, “,,. ,’, ;
. . . ,:..,:’ . .,
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● Install smoke detectors in specific gloveboxes where heat detectors “may not
rapidly’detect an incipient fire @o. 7.5);

. Establish a roving fire watch in the glovebox process area. This would increase
the chance of identifying potential fire hazards during unmanned hours (iNo. 7.6);
and

-,

● Limit the quantity end location of stored materials outside the gloveboxes. This
will reduce the exposure hazard to the gloveboxes and also help prevent fire
spread from a glovebox to the room (No. 7.4).

It is important to note that the initial list of options developed above considered most
possible solutions with little regard for cost and PFP operational logistics. Once a comprehensive
fist was developed, the feasibility of each option was evaluated based on t~C input. ID Section
8, specific protection strategies fle presented which utilize only the most feasible protection
options from the list above based on staff “input.

F8.O SELECTED PROTECTION STRATEGIES

From the list of potential protection options, several fire protection strategies were
developed to provide various levels of fire loss and contamination cleanup costi as defined in
Sections 5 rmd 6. The specific strategies were developed to optimize fue protection }vhile
considering cost, ease of installation and the life expectancy of the project. Tables F8.1 and F8.2
list the seven protection strategies evaluated along with’the ex~ected probabilities of obtaining
fire spread and contamination in the different levels defined in Sections 5 arid 6.- Both Tables
F8. 1 and F8.2 include two”tables each (designated a and b) that corr~spond to analyses for
mrmqed and unmanned hoyrs of operation, respectively. Option 1, Do Nofhing and Option 7,
Fz%4 Criteria, represerit the bounding levels of protection against which’the other strategies are
evaluated. The potential monetary, loss is presented along witi each level of fire spread ~d
containination. ”This section dkcusses the selected protection strategies in detail and provides
rationale for the relative probabilities for the various protection options.

The probabilities presented in this ,report iepresent a relative remkingscale betyeen the
fire protection strategies discussed. For example, for each protection option, one of the four
designated levels of fire spread ,till occur. Therefore, the probabilities assigned to each level
represents a relative ranking between” these four possible outcomes. Consequently, the
“probabilities SUMto 100,percent for each protection option. The values ue based on the limited
available test data and engineering judgement.

Protection OMion 1

Option 1 consists of using the currently existing gloveboxes with no additional hardivare
or procedural changes. As a result, the extent of fire propagation and potential contamination

. .

1
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Table F8.la Relative Probability of Fke Spread for Various Protection Strategies
During Manned Hours

I Probabilityof Fue Spread to DesignatedLevel (percent)
.

‘rotection
Option

Protection Strategy

.

m

Po ‘1 - Do nothing’ 75 20 0

PO-2 - HC-4 airlock 5 90 0

- HC-4 airlock
PO”3 - HC-3 & HC-4 heat “dete&tors/lights 5 20. ” 40

- Quick-comect :oipliigs

- HC-4 airlock

P04
- HC-3 & HC-4 heat detectors/@hts
- Quick-connectcoupliigs 5 1s 45

- Shut down air snpply

- HC-4 airlock

P05
- HC-3 & HC-4 heat detectorsflights
- Quick-connectcoupliigs.. 5 10 50. . . .. .

.. . - Cover }~d?wk .md gloves

:HC4”airIock. ., . .. .
- HC-3.& HC+ heat detectotiights

P06 - Quick-co~ect ‘couplings .:. 0 10 20
- Cover windows imd gloves’
- Shut downair supply

Po 7 - Automatic suppression ~ all 0...
0glovebox~ (FHAmiter@) ,. ‘.,

5

- HC-3 & HC-4 detectors/i@s ~~

PO 8
- Electrical disconnect
- New bayonet deaignbining 20 5 .’ 35

. Fire watch . ..

Single
glovebox

($590,000

5

5

35
.

35

“ 35

70

95

40
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Table F8.lb Relative Probability of Fire Spread for Various Protection Strategies
Durin~ TJnmannd ROIIrC.- . ............ . —--. ”

Probability of Fue Spread to DesignatedLevel (percent)

All Single Single
‘rotection

ProtectioxiStrategy comected gloveboxwith Single
Option

glovebox
damagetogloveboxes conveyor glovebox

Iiie adjacent
glovebox ($590,000)

‘$1’740’000) ‘$1’360’000) ($620,000)

Po 1 - Do nothing 75 Zj
o 0’

Po 2 - HC-4 airlock 5 95 0’ 0

- HC-4 airlock

Po 3 - HC-3 & HC-4 heat
detectorsflights 5 95 0 0’

- Qrrkk-mnnect coupliigs

- HC4 airlock
- HC-3 & HC-4 heat

P04 detectors/I@ts 5 90 5
- Quick-comect couplings

o

- Shut down air supply
..

-.HC-4 airlock
- HC-3 & HC-4 heat

Po 5 detectoraflQhts 5 75 20 “o
- Quick-connectcorrpfii~s
- Cover windows and gloves

- HC-4 airlock ,“
- HC-3 & HC-4 heat

P-O6 detectorsflights
- Quick-connect couplings o ‘“ 10 80 10

- Cover.windows and gloves
- Shut down air supply

Po 7 - Automatic suppression in all
o -o 5’ 95gloveboxes (FHA.c,riteria) ,. ,:-

- HC-3 & HC-4 detectortiights . ,

PO 8 - Electrical disconnect
- New bayonet designhrairing 75 25 o“ o

- Fue watch
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Table F8.2a Relative Probability of Contamination for Various Protection Strategies
Durirw Manned Hours”

“.

Probability of Contamination to Designated Level ]
.... (percent)

rotection
Optjon ,

Protection Strategy All of Zone 3 One side of Room of Gloveboxes
process area tire origin-..

($400,000) ($100,000) (s40,000) (NA)

..
Po. 1 - Do nothing 65 30 5 0

PO-2 - HC-4 airlock 20 70 10 0

—.
- HC-4 airlock

Po 3 - HC-3 & HC-4 heat detectordiights 5. 30 45 20
- Quick-connectcnuplings

- HC-4 airlock .
.. .

PO 4
- HC-3 & HC-4 heat detectorsflights
- Quick-connectcouplings

5 30 45 ,’ 20

- Shut down air supply

- HC-4 airloc,.

Po 5
- HC-3 & HC-4 heat detectordlights
- Quick-connectcouplings 5“ 10 40 45

- Cover windows and gloves

. - HC-4 airlock
- HC-3 & HC-4 heat de(ector+igirts

PO 6 - Quick-comect couplings 5 ;5 15 ’75.
- Cover windows and gloves ,.

- Shut down air supply

Po 7
- Automaticsuppression in all .0
gloveboxes(FHA criteria)

,0’ 30 , 70,

- HC-3 & HC-4 detectorsAights .!

PO 8
“- Electrical disconnect

5; 40 25.30 ,,., . .,- New bayonet design(training
-fire watch ~~ “-. ‘“ ,,

.

..

...

. .
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Table F8.2b Relative Probability of Contamination for Various Protection Strategies
During Unmmsned Honrs

ProbabHhyof Contarnirrationto DesignatedLevel

‘rotection
fpercerd)

Protection Stmtegy
Option All of Zone 3 One side of Room of Gloveboxes

process area fue Orig”m
($$00,000)($100,000) ($40,000) (NA)

Po 1 - Do nothing 65 35 0 0.,.

Po 2 - HC-4 airlock 20 80 0 0

- HC-4 airlock
Po 3 - HC-3 & HC-4 heat detectorsA@ts 20 80 0 0

- Quick-connectcouplings .

- HC-4 airlock

Po 4
; HC-3 & HC+ heat detectorsA@s - Z.
- Quick-connectcoupliigs 75 5 0

- shut dowi air supply

- HC-4 airlock

Po 5 - HC-3 & HC-4 heat ‘detectors/lights
- Q@ck-conaectcoupliigs 5 15

*O .0

: Cover windows and gloves . .. . ..

: - HC-4 airlock
- HC-3 & HC-4 heat detectordlights

PO 6 - Quick-connectcouplings 5. .5 80 10
- Cover windows and gloves
- Shut down air SUppIy ,..

Po 7
- Automatic srrppressionin all

o 0glovebrmes(FHA criteria) 30 70

- HC-3 & HC-4 detectors/l@ts

PO 8
- El&trical disconnect
- New bayonet desi@/tmining

65 35 ‘o o

- Fire watch .‘ -

\

.-
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will be dependant on the available safety features as discussed in Section 5. In surnmarY, the
existing system includes the following safety features:

.

..-●

.
-...

●

...*

Heat detectors in all gloveboxes, except for HC-3 and HC-4, which are comected
to a central control panel;

Me detectors sound a general, building wide fire alarm when the temperature in..
a glovebox reaches 74°C (165”F);

The alarm will automatically notify the fire’department which will respond to the --
process area within 5 to 7 minutes; and
Glovebox operators are trained to respond to a glovebox fire and will use a
bayonet dry chemical extinguisher as a last resort to suppress the fire.

As discussed .in Section 5, there are no automatic suppression systems or fire barriers wjthin the
subject gloveboxes (i.e., HC-3,. HC-4, HA-28, HA-22, and HA-23S). Consequently, fire
extinguishment and limitation of damage relies solely on manual intervention which is primarily
dependant on the ability, desire, and time for personnel to “resporidto the fire. If a tire were to
develop in a glovebox with a detector (i.e., HC-4, HA-28, or HA-23S) all personnel would
evacuate the building udess they happen to notice the fire before leaving. With the current ‘‘
detection and alarm system, it is highly improbable that an operator would hear the gl~,
evacuate the space, obtain the zone of fire origin from the control panel, return to the process
are?, rqd extinguish”the fir,ebefore it breached a compartment OiSpreadto an adjacent glovebox.
If the operator did perfo~. all the previous t~ki” tie., leave space, ex~ine’ cOniroIp~el, ad
return), the fire would most likely be too huge to be extinguished by a portable extinguisher
operated by an unprotected person (i.e., no mask or fire gear). Of the five subject gloveboxe.s,
this scenario is particularly credible for glovebox HA-23S which h& the highest probability of
having a fife due to the large fiel load and hydraulic lift. ~S 3.s m (I 1.5 ft) ‘Mgh glovebox
h~ steel water walls surroiinding its perimeter. Thehgloveboi size qd’mrrltiple levels and the
water wa!ls prese’nt significant barriers to quickly locating and accessing the seat of the fire
withh the glovebox. . . . .’

A fire in glovebox HC-3, which has no detectors, is even more likely,to go undetected
until it spreads to HC-4 and HA-28 or HC-60, which “meequipped with heat detectors. Again,
‘the fire would be expected to be too,large for manual suppression to,be effective. In conclusi.r?n,
since there ae no fire b-arrierstid extinguishryept “ishighly ~ikely, there is a 7s% chance that
the fire will spread to all of the connected glotieboxes. ““ ‘.’ ‘

There is a small pr~balility (5 percent) that personnel in the process ~ea may notice a
glovebox fire early enough to he able to extinguish it and limit fire spread to a single glwebox. ,
However, once the fire grows to a point that it spreads to an adjacent glovebox, it will be too
large to manually extinguish. Thus, there is ~ zero probability of limiting spread to just two,,
boxes. The an%il of the fire department on site witi, multiple extinguishers and water lines (if
necessary) provides a reasonable probability of containing the fire to a single glovebox line by

.
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creating an agent fire barrier at glovebox HC-4. Because of the 5-7 minute response time, credit
cannot be taken for fkefighters arriving in time to limit the fire to only two gloveboxes.

As discussed in Section 5.5.2, a fire that spreads to all connected gloveboxes is expected
to produce smoke that can lead to substantial clogging of the exhaust filters in the Zone 3 rooms.
As a result, it is expected tat there will be a 65 percent.probability that all of Zone 3 will be
contaminated. Since there is an expectation that the fire department could be on site@ time to .;
contain the fire to a singIe glovebox lime,there is a 30 percent probability that contamination will
occur to only one side of the process area and a 10 percent probability that it can be limited to
the room of fire origin.

During unmanned hours, protection features .that depend’on operator response provide no
additional safety over the “Do nothiig” option (PO 1). Therefore, as will be noted throughout
the analyses for the different protection options during unmanned hours, there will generally be
a decrease in the probability that a fire will be limited to only one or tsyo gloveboxes ‘and an
increase in the probability that a fire will spread to a single glovebox line or to all connected
gloveboxes. Limiting fire spread to a single glovebox or a single glovebox with damage to an
adjacent box is achieved for the different options because of safety features that allow personnel
to respond faster and more effectively to a fire. Obviously, during unmanned hours, credit &umot
be given to these safety features.

.
In the case of Option 1, there is a small change in probability of fwe spread during

unmanned hours compared to the values presented for manned hours in Table F8. 1a, As can be
seen by comparing Table F8. 1b (unmanned hours) to Table F8.1a, the probability of. fire
spreading to all connected gloveboxes remains the same. However, the probability that a fiie will
spread to a single glovebox line increases from 20 percent to 25 percent. During manned hours
there is a 5 percent chance that an operator will become quickly aware of a fire and be ab~eto
extinguish it so that fire spread is limited to a single gl?vebox. During unmanned hours, the fke
will spread until the tire department can respond (i.e., a Opercent probability of containing the
fire to a single box). Consistent with the analysis duriig manned hours, the f~e department
response is credited with limiting fire spread to a single glovebox conveyor line. Therefore, the
5 percent probability of limitiig a fue to a single glovebox during manned hours translates into
a 5 percent increase in the probability that a fire will spread to a single glovebox line during
unmanned hours. This shift in the 5 percent relative probability of containing a fire to a single
box is also reflected in a 5 to O percent reduction,in containing the contamination to the room
of fire origin and a 5 percent increase (3 Oto 35°/0) in limiting coritaminatiori to one side of the
process area (Tables F8.2a and F8.2b).

,’, , . .
Protection ODtinn 2 ,,

Protection Option 2 consists of repairing the stainless steel tiriock in glovebox HC-4 to
serve as a fire barrier. The double door airlock works @ a manner that one ,doorwill always be
closed so that air (or fue gases) will not pass from HA-28 to HC-3. Typically though, both doors
will be closed unless material is being passed through. This provides a barrier to fire spread.
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The spread of fire will be equivalent to that with Protection Option 1 except that “itwill
be limited to a single glovebox conveyor line. As a result, the only change in the fire spread
probability irralysis is a 15 times reduction in the chance of fire spreading to all gloveboxes. If
a fire starts in HA-235 or HA-28, there is a 90 percent probability that it will only damage HA-
28 and all connecting gloveboxes. Similarly, the HC-4 airlock will limit a fire in the HC-3
conveyor to this glovebox and any connected gloveboxes, This passive protection measure has
the advantage of assuriig a significant level of containment for fires in the HC-3 glovebox which .
does not have fire detectors. As dkcussed for Option 1, there is a small (5 percent) chance that
the fire ‘will be discovered early and extinguished so that it will be limited to a single glovebox.

..
As discussed in Section 5.5.2, contain@ the fue to one side of the process area decreases

the chance of contamination spreading to all of zone 3. This is shown in Table F8.2a, by the 20
percent probability of this level of contamination occurring compared to the 65 percent
probability for Option 1. Installing the HC-4 airlock is expected to more than double the
probability (from 3070 for option 1 to ‘70~0 for this option) that contamination will be)imited
to one side of the process area.

,.

{For the same reasons given for Option 1, evaluating Option 2 for unmanned hours results
in a 5 to Opercent reduction in limiting fwe spread to a single glovebox and a 5 percent increase
(90 to’95%) in limiting the fire to ‘a single glovebox conveyor line (Tables F8.la and F8.lb).
Similarly, there is a 10 to Opercent reduction in limiting the contamination to the room of fire
origin tid a 10 percent increase (70 to 80°/0)in limiting contamination to one side of the process
area (Tables F8.2a and F8.2b). ” As can be noted in Table F8. lb for unmanned hours, the
inclusion of the HC-4 airlock provides additional protection compared to Option 1 that will limit
fire spread to a single glovebox line. .The effect of thk protection feature is reflected in “the
reduction from a 75 to 5 percent probability that a fire will spread to all connected gloveboxes.
Since this feature does not depend on personnel, the probability for fire spreading to all connected
gloveboxes is the same during manned and unmanned hours for Option 2.

.
Protection Option 3

.,
.,

Protection Option 3 builds off of Option 2 with the addition of the following safety
features ... ,, ,

,’ . . . .,
● Lkted orapproved automatic fue detectors shall be installed in glovebox HC-3

,. and HC-4 in accordance with lWPA 801 and NFPA 72;
. . .,, , :

● Provide indicating lights on each glovebox to identify heat detector actuation,
.-

● Set the alarm temperature level to” 57°C or lower for the heat detectors in
glovebox HC-3, HC-4, HA-28, or HA-23S; and ~

..:
. Pro~lde quick connect ports in glove boxes for portable fire extinguishers.

,..
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The main purpose of these safety features is to provide quick notification and location of the tire,
and the means to manually extinguish the fire. Installatiori of heat detectors in glovebox HC-3
and HC-4 will increase the chance of detecting and successfully controlling afire in this box.
Of greater impact is the installation of indicating lights on each glovebox to identifi which heat
detector hasreached analaqn value. Eachdetector (typicaUy spaced l.8mapart) will be wired
to a light that is stationed to clearly indicate the location of the detector. Unless obstruction~-
prevent good visibility, it maybe possib!e to use one indicating light for two adjacent d,etectors~
Inthiscase, the Iightwould be centrally Iocated between detectors. Upon detecting an alarm
level temperature in a glovebox, the generai fire ahrrtt will sound and the indicating light will
trrm on. Thelight should beofasuitable brightness, color, mtiorpanem (e.g., shobe) so that ‘“
personnel can locate it from across the room. Whh this system it is expected that personnel in
the process area will be able to respond to a glovebox fire witl@rseconds of the alarm (no more
than 1 minute). Even dtiing unmanned hours, the specific identification of actuated heat,
detectors will improve firefighter response and effectiveness once inside the process agea.

Ealydetection isakeyfactor inlimiting fire dmagemd contmination. .As discussed
in Section 5.4, decreasing theakirrntemperaturelevel of theheat detectors allows the fire to be
detected more quickly which allows persormel torespond sooner toamuch smaller and more
easily extinguished fire. Therefore, itisadvantageous to Iowerthe detection alagnlimit to the
lowest feasible temperature which does irot present a risk of false alarms. ..% ab+rrntemperature
aaIowas3S°C (1OO”F)may be feasible considekng that there are no heat generating processes

.in the gloveboxes being analyzed and that’ the process ~ea is a temperature controlled, space.
Since the ventilation is set to draw”from the “conveyorgloveboxes to the attached gloveboxes, the
heat generated from gloveboxei’ tithovens”is not-expected’to ”affect heat detectors ”iq,,other
gloveboxes.

The akrmtemperature limit can readjusted for the currently installed heat detectors,
however, this adjustment hm to be done at the fa$tory to assure pr~per calibration. As a
minimum; the heat detectors in gloveboxei. HC-3, HC14, HA-28, and HA-23S should be set to
alarrnat”57°C. Pficulmly for'glovebox ~-23 S:tM:lower alwlirnlttiII decremetie, time
to alarrri by one-half minute,’alloviing persotielto respond toanappro~mately400k W fire
rather thrma590kW fire (Section 5.4). Thkadd{tio,n,altimeyilli ncre,+et hechanceoflirqhing
fue daniage to the box of fire “oiigln.’ With t$e above .motlfijcations,”~e anticipated .tim~ for
d~tillbe 184secohds orlessbaedont hemodelingd jscussedi nSection.S .4. . .

.,. ...,., -.:. ... , ., .. . . . .. . .. . ... ,;,:
“ ‘“’”"Be~dei'~ls`irnpiovernentin-deteckonitisdso'ad;lsabletOprOvideamemstoext~mguish

‘a glovebox fire without iisking loss of containment. ‘~e”use of a.bayonet extinguisher to
puncture agloveposes therisk of losing containment andcontaminating the room. For this
reason, this firefighting tactic isusedas a lastresort. Itisbelieved thatpersonnel would be more
likely to :use ‘ti’ ‘exting~sher”e~lier in-a”fire’ everitif tieiecw’ti i’rnj~’tb d~re~ly’inject,.,the
agent intothe glov&boxtifioutbreactirig'tie glove po~. "Etifie~eXt`mguishent reduces ~efisk
ofafire, growirigout of control aitdcausing’further cont@-ration~d”firesprea”d. .,,- ..”.:. .,, .,

,:
The use of a quick connector ‘mounted in the side of a glovebox CM“providean ekY

means to inject a dry chemical extinguishing agent w~lle maintaining glovebox integrity.. This
..
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method iscurrently a required practice inthe’’DOE Draft Glovebox Standard [WHC, 1993]..
Factory Mutual has performed the only known set ,of tests to evaluate this method of injecting
drychemical into aglovebox [King, 1960]. Inthese tests, the female hrdfofa quick-connector
wasmounted onacoupling welded totheglovebox wall. This,halfofthe cotutector has a spring
loaded seal that maintains acontamination bwrier. Alcmtube with aflattened fanshaped tip’
wascomected,to thecoupling onthe, inside of the box.. The fanshaped nozzle was directed up
at a’4$ degree angle towtid the center of the ceiling. This,setup resulted in’the agent being=
diffused attheceiling and falling like rain. Tfremale halfofthe connector wasinstalled on a.
drycfiernlcal extinguisher.

..

Tests demonstrated that effective agent coverage (greater thrq O.65 g/cm2) could be
ach@ed for various nozzle locations (e.g., side or end of box). Based on these tests, this
suppression system is expected to cover 1.7 m2 (18 ft2) ofglove box floor. Itshould be noted

'that these agent application densities we bmedonthesuppression Ofalcohol pool fires. No tests
withburningp lasticwindowso rglovesw ereperfonned. Asaresult, there is no available data
to validate the effectiveness of this type ofdry, chemical system to extinguish the prihary fire
haziidconsidered in this analysis.’ ‘There may be a problem of obtaining sufficient agent
coverage on the vertical s~faces” of the plastic ti”ndows attd walls to assure fire suppression.

....... . .,-

Withthe above considerations, itisrecotiended tha; iquickcom`ector spacing of O.9
mbe”irsed to conservatively allow for, sufficient overlap in agent application in. the glovebox.

Th@ksumesa 1.2rndeepgIovebox. 0fienta60n andde~gq specifications fo~ proper nozzle
dischtige shouldbe in accordance ~,th the applicable ,standtids [WC, 1993.-d ~PA 17].
Atle~ttio .lOlb@chemicd exti,ngui\hers should be@rectl~ath mdforoperatorst orespond
toanyglovebox firei “Operators should not haveto walk aroWdaglovebox inorder”to obtain
extinguishers.

Although the q~lck consiects offer a safer, easier method :o, introduce agent into a
glovebox, there isoneadvatage toudnga bayonet extingui~her., Penetrating aglove witha
bayonet extjnguiiher’allows ”the, person to”,accurately, direct,agent’”to,,the :eatofthefire.
A&Ji~onally,thepeisoncanu<e a'iwee@ng motiontoapply,a gent` acrosst hestiac,esonfire.
This is a very effective ‘firefighting tecbriique’that canrrotbe done Mt$ the fixed quick connect
setup., Since tlereis somewcetin~ abo"uttie to@leffectiveness of.~equick coWqctsys!e.m,

',bayonet extinguishers should aliobe,s~gedn emby&c~eritly.provided. Theyltirriate.. impact
ofpenetiating aglovepofl titi'abayonet isinsigfificmt to"'&efmd ~alysis of,tfisrepofi. It
is assumed that by the time a fire is marti.rally.extinguished, the fire is large enough ~o,potentially

~breach the glovebox.. Tfierefore,’perietratirig ~glove’poies ~ttle ‘additionalnsk’of con,ta+imtiw... ,,:.,, .-.. . ... ,,..,,,. ,:, ,.:, ,:. ,.~.; ,. .::
tlie’roor noffire””origiti’ “T .“”;,;, ,,’::,, ;, ,

. ... . .
.“,..-:,“. -:.. :, -.’,- .< :::,:.:. .:’, .,- , ,,, ;., : .?: ;,?,:. .. . . ... . ,., !, : ,-.J:,~:,:

,.~. . :...’.. ,... , .,...-
~~~:‘ ~COrnp~ed t0’’0pti0ri2,:”tie”pnrn~ :idvhti~i~0f’,0~~on ~~.is “&e inst@~.!@cat!9n to

,’per.iotinel of the’ fire: location ‘~a,~the“irtdlcat~g)~ghts:’ .A~s fire ;protec~on ilrategy. #@s
glotiebox operatoii to respond iriutie&ately {othe .sorrce of ,ifte ‘fue,’ It is anticipated.?hat.the
operators could respond in’less th-ut 1“minuteafter the “alarin.~~with a’mtil’rn~ alarm time’of
184 seconds, personnel shordd,be able to respond to-the fire,~tfdn 244 seconds., At this time

,..,,.; ... ,, .. ,’.:”:. ,,’,’”. . . . . . .;
~,,. . ..... . ..,,.:’,!.,,,:,-.:i.,;.:,. ; .,,.’J.,:,...!..: : , . ,.. ..,. , ..;,:, : :- ;: ‘..,,.’.., :...?

,, ..”’ ~.’..’. .: ...,... . . .
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the fire would be expected to be no larger than 700 kW. This size tire is approximately 80
percent of the maximum fire size that can be suppressed with the d~ chemical extinguishers.

As a result of this relatively fast response, there is a 75 percent probability that the fire
will be limited to either a ,single glovebox (35Yo)or a single glovebox and the adjacent box
(40%). Each scenario is ‘approximately equally as likely to occuv the outcome being primariiy-
dependant on the location of the initial fire. For example, if the fire starts near the corrnectiori
of two gloveboxes, it is likely to spread to portions of both. However, it is rerisonable to expect
that a 430 kW fire could be contained within one glovebox.

Since glovebox HA-23S is the most likely source of a fire, the particular &pects of this
glove box factor significantly in developing the probability estimates. The water walls that
surround glovebox HA-23S present a notable impediment to personnel trying to respond to the.
fire, particularly if more than one wall needs to be moved to adequately fight+the fire.
Consequently, there ii an expected 20 percent probability that the fire may grow to a size that
is not extinguishable and, therefore, could spread through the whole conveyor line until reaching
the HC-4 airlock. Similar to Options 1 and 2 there is a remote chance (50A)that the fire could
spread to all comected gloveboxes via a failure o,f the HC-4 airlock.

The protection strategies of this option reduce the “probability of wide spread
contamination as expected with Options 1 and 2. As cim be seen in Table F8,2a in comparison
to Option 2, there is more than a factor of 2 reductioi”of the probability that contamination will
occur through out one side of the process. area. This reduction is ,prim@ly attributed to Ihe 75
percent expectation that the fire will be limited to just one or two gloveboxes. As a result, the
Ioss of containment and sinoke production are expected to be significantly decreased comprred
to the outcome of Options 1 and 2 in which the fire has a high probability of spreading though
multiple gloveboxes. The most probable outcome (at’’45%) will be that only the room will be
contaminated. Since there is reasonable expectation that personnel ma~ be able to contain the
fire before it breaches a compartment there is a 20 percent probability that containment will be
maintained.

In the case of Option 3, there is a substantial change in the relative probabilities of fire
spread during urririairned hours “compared to the values presented for”manned hotis in Table
F8.la... As”can be seen’ by comp+ng Table F8.lb (umnainted Iiouis) to ‘Table F8. l% the
probability of fire sprea~ng’to all coiinected gloveboxes remains ‘ihe’stie.’ This is m-e because
the iriclusiori”of tie” HC~4 ~lock” piotides the same passive ‘protection during uqrnsnned and
manned hours; *US, tlis, feature limits fire spread to a single glovebox conveyor line. However,
the probalility”that afire wilI spread to a single gioyetiox I@ during umnsnn~~ ho~s incremes
from 20 percent “to95 percent because during unriiaiuied ,horrrsP{iiohnel tie not present-to limit
fire “spread.”The addition of heat dete~tors, indicating li~hti, ~d qriick-coimectcouplings provide
no addhional fire protection against fue spread when persortriel tie absent from the” space.
Therefore, the relative probabilities of Iimitirig fire spread to a single glovebox or a tingle
glovebox with damage to an adjacent glovebox we both decreased to Oduring umnrmned hours
(Table F8.2b) ~s’’decfetie is”offset by ‘m”increaie froni ‘2o“to 95 percent in the ‘relative
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probability that fire will spread to a single glovebox conveyor line during unmanned hours (Table
F8.la smd F8.lb, respectively).

<,-Duringunrnarmedhours, Option 3 provides the same level of protection against fire spre...i
and contamination as does Option 2. Therefore, the probability of contaminating one side of the
proc{~<mea is 80 percent,. arid the probability of contaminatirig all of Zone 3 is 20 percent.

Protection Or)tion 4
---

..:.
.:.Protection Option 4 is the same as Option 3 with the additional modification of,.

automatically shutting down all supply air to the glovebox line upon a fire alarm. This would
include shutting down the forced ventilation supply air to the gloveboxes (i.e., HA-20MB and
HA-28) and providing external dampers on supply HEPA filters (i.e:, HA-20MB and HC-60)
which will automatically close upon heat detector actuation). The forced ventilation supply ducts
already have automatic “cutoffvalves that close when the internal glovebox pressure increases
above..-5.5’in. w.g. Therefore, connecting these valves to the alas-mcontrol panel is expected to
be a-low-cost modification.

The objective of this option is to both slow the growth rate and, ultimately, to extinguish
~e fire by limiting oxygen. In the initial stages of a fire, there are two ,sourcesof air to the fire:
the ai~that is currently withhs the glovebox line and the additional supply air from the ventilation
system.’ The -~otsnt of air that is witiln the glovebox line could potentially support a fire for
260,~:~about4.5 minutes) at which time, it would be a 824 kW fue (assuqing a moderate tz
gro~ rate). ‘This estimate is expected to be conservatively high. For, example;‘tie model
~sumes the fire burns vigoro~ly. for the entire time then suddenly, suffocates itself at 4.5
minutes. It “ismore realistic”to expect that the, fire would, burrt “ata lower heat release rate for a.:, ,
longer time. Altema~ely,’he fire may even enter an intermittent mode where it temporarily dies
down ‘thanfl~es up due to fluctuations i: the smoke layer depth and flow of air in the glovebox
line.” Whatever the case?it jS expected that a portablq dry, chemical extingtishei”will be able to
extingtikh ‘th~fire.

The ventilation system can CIrdySupporta modest size”fire, however, there is no time Iikt
due to tir, supply. “me fire could propagate through out,@e entire ‘gloveboxline; Although the
nominal amotrnt”ofsupply ~r”to each,glovebox is 0.017 rn3(s (35 .cfm) the fire COUld pote+tialh

draw,”fow times that flow rate “’if‘~r w% draw from all .co,~ected boxes (i.e~;,4,g~ovebpxgsx
0.’Oj7‘rn3@=’0068” rn3;s).,’lfis “flow~ate of ay, could potenti:ly’ i.:pport.a 240 kyf~s.,. .. . . . . ,. <.<,......, ,.. . .,, .;. .. ,,: ,,>: . . .

AS dlsc{<sed above,’te,rminafing ~r ‘flow to the ,glo,vebox 1~’es wo~d :~~t,the~fye to
Under, these,,copdi{ions?a,.qo,W+,@tive_cons~ri~ o~j tie’ air fiat is tithin the g!o,veboxe:. ,

,,,estimate would predi;{th”at“t~e”,fire’’wo,uldo’~yh,ave,enough air, tob~, forabout,4.5.R@X
reachinga heat rele~erateof 824 kW or it coyld.b~: for.a, longerpe~od of time b~t at.? @Ver.,.,,,, .,, ..? .
heat rele~e,’rate~ ‘“’.’, ~” :.

.,. .,, .

me degre~’tow~ch’t~s “opt(oni$’effec~ve’depends o: the ex~epthat .ti~do~s ,~~o~
“g~oveports are breached by the fire. Even if all suppiy air is off, breached windows and glove

. .
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ports could potentially provide enough air to sustain a growing fire. On the other hand, shutting
down the supply air may reduce the external supply of air to the tire by as much as 100 percent
depending on the open area of breached windows. Due to the uncertain~ of predicting these
events, the increased probability of limiting the fire spread compared to Option 3 is marginal.
As shown in Table F8. 1a, the probability of limiting fire spread to two gloveboxes increases to
45 percent with a correspcmding decrease in the chance that the fire would spread to the whole
conveyor line.

..

Shutting down the, supply air will assist the ventilation system in maintaining negative
pressure irnd, thus, limiting contamination. However with the existing system, the supply air --
would eventually be shut off automatically when decreasing negative pressure indicatesa potential
loss of containment. In this case, closing dampers on the supply HEPA filters adds an extra level
of protection to help maintain negative pressure. It is unclear to what extent these factors will
outweigh one another, particularly with respect to the timing of flame spread events. For this
reason, thk option is not assumed to significantly affect the probability estimates of contamination

.

compafed to those of Option 3.

During unmanned hours, the features and analysis of Option 4 are quite similar to those
of Option 3. The primary difference is that for, Option 4, the automatic shut down of the air
supply provides a marginal increase in tire protection by retarding the spread of. fire. This
increase in protection is reflected in a’5 percent probability that the fire department may respond
in time to limit fire spread to a single glovebox with darnage to an adjacent “glovebox. .The
difference between manned and urrmaoned hours for Option”4 is substantird. During unmanned
hours, there is “only a 5 percent probability of limiting a fire to a single glovebox or a &ngle box
with damage to an adjacent compared to an 80 percent probability during manned hours when
personnel ‘canrespond to the fire.

Compmed to Options 2 and 3, the probabilities for limiting contamination are
approximately the same for Option 4 during unmanned hours. The pro~bili~ of cont~inating
all of Zone”3 is 20 percent; the probability of contaminating only one side of the process “areais
75 percerit, and the probability of limitirig contamination to the room of fire ori~n is 5 percent.
Because of the absence of persomel in the process area d,~ing’ unrminned hours, there “is no
expectation that the fire or contamination will be limited to a single glovebox. The fire ~11 grow
to a “size that is’ expected to breach windows and glove. ports. The’‘marginal probability of
limiting a fire to a single glovebox’and an adjacent box is “reflectedin a 5 percent probability that
contamination will be limited to the room of fire origin.,,. . ....’. ; . .. . . ... . .. . . .. . ,, ,’,.., ... ,

,,‘pro~ec~O~<O’-ti0n””5 ‘: . “ ‘ “ ‘“ ; , ~~.,
. . ... . . . .. . . . . . . .

Protection”Opfion 5,’isthe same”as Option 3 with the addhionrd modification of covering
all windows and glove ports. The rn&n reason for loss of conknment “isthe failtie of pkstic
windows and gloves which bum out during the fire. One option is to replace these components
with ‘noncombustible materials. However, this is not a fe~lble option due to the costs and the
dlfficul~ of rnaint~ning containment during the ‘replacement process.” An alternate strategy is
to cover the existing acrylic and Lexarr windows with wired glass and to double seal the glove

..
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ports with either noncombustible covers or plugs while gloves me not. being used. Sealing and
protecting glove ports from fire is a recognized practice in the “DOE Draft Glovebox Standard”
[WHc, 1993].

~ ,This option will result in an increase in the probability of both limiting fire spread and
contai@nent. As discussed in Option 4, preventing additional air from entering breached
windows and glove ports will not necess~ily limit fire spread to the glovebox of fire origin. This-,
is because the ventilation system will continue to supply air to the gloveboxes until the automatic
cutoff valve is actuated because of a rise in the internal pressure of the gloveboxes. It is possible
that-there will be enough air to allow the fire to spread to an adjacent glovebox. Once the forced
supply air is shut off, the only source of air will be from one or two supply HEPA filters,
dep<ri~ingon which process line is on”fire. Without breached ivindows and glove ports, the fire
will have a very limited supply of air. Additionally, without these open ports, there. will be no
means to exhaust the tire “gasesfrom the glovebox. This”is advantageous in that the fire will not
be expected to grow substantially in an increasig.gly.vitiated environment. The fire will decrease”
in intensity as the combustion products fill the fire space. ,<

~~Overall, considering the limited air supply, the probability that the fire could spread
throrighout the whole conveyor line is quite low. As can be seen in Table F8. la? there is a 2 fold
redu<<tion(20 to 10O/o)in the probability that the fire will spread to the whole conveyor line when
compared to Option 3. As a result of covering windows and glove porrs, the growth of he’ fire
shoril~ be decreased so that there ydl be a slightly greater probability of lir@ing fire spread to
jtit ,~o gloveboxes. Table F8.la, reflects this increase, showing a 50, percent probability of
limiting fire spread to a single glovebox and the adjacent glovebox compmed to .a 40 percent
probability for ,Option 3. , .“ - ,.,

.:
The primary advantage of covering the windows id. glove ports. is to improve

containment. If a fire results in the burn out of a plastic window, the wired glass will serve as
a second boundary to maintain containment. Even if the window.cracks due to high thegnal
“st@ses from the fire, ihe tire ,y-ill hold the glass in’place, thus, preventing any substantial ize
cracks :or. gaps”from .fo@hrg; f Sirrdlr@y, the noncombustible. glive. ..port ~Oversfplugs are

containment boundaries w~ch lirnh the,consequences’.of gloves burning in he fire. Because .of
the expected, decrease, in,~re ,spread “~d the potential .tp,rn~tain ,coritaimnent, there is a“45
perceni,probablli~ that,contti”i.nation ,~llbe li,r@~dto wi~’hi’gldvebox of fwe ori~n.. This
pr~~ectlop,opii:n, ~,j:herefore.about.,tyice as, effectwe,= Option 3. ~ ...., ., ,, ...... . ..

,. ’,... ,. ~. ,, 1> ..=’.~...-.’’..,. .’. - -,... -...’, . . . . ....,: .. . ,:,,,..,. ..,2,,:.: : ,,.,., : ..,:. , ... ... ;:,;: .-..,,.
Although large gaps tie not expe~ed,’ h~l~rie’cracks m“aydevelop in the vnred glriss,

leading to some smoke leakage. For this reason, the probability of contar@ating .~e.room of
fwe origin is still significant (40%). However, due to the unlikely c&e of developing a

,,si@~cant buoyant ynoke plume, there is only, a 10.percent probabilityof con@ninating one
whole side of we .p~ess line~’~~s represents a factoi:of,? reduction comptied to ,Option 3.. ...,:.,,.. .,+-,’,.; ,.. .,. . . ,,
:-. ,

~.,D~n~~~edho@j &ere ~e sever~’p~sive, fie protitiioi feiwes of option 5 ,~at
‘. ,,

“w(11ll,~t fug”spread rmd.con@rniriation ,tie HC-~ ~rlock ~d the Coverson @., tindows and
gl@.. Ll@,@2 f@ spread to “a~igli gloveboxdependi.”primtily on a timely re:po~’.from. . . . .. . .,. ,.. :., ..,, .:.4 :: :.’,,, . ...>. i,, , .. .. . . ...,...,,. ,. ,....:~ . . . .. .. .,.

.-
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an operator in the process area. Therefore, during unmanned hours, there is a O percent
probability that the fire will be limited to a single glovebox. However, the fire protection
features for this option will retard and/or limit the fire spread by preventing additional air flow
through breached windows and glove ports. As a result, there is a 20 percent probability that the
fire will be limited to a single glovebox with darnage to an adjacent glovebox. By retarding the
spread of fire viathese pask.ivefeatures, fire fighters are able to respond to smaller fires and limit
damage. However, as seen by comparing Table F8. lb to Table F8. la, the probabili~ of limiting <
a fire to a single glovebox with darnage to an adjacint glovebox during unmanned hours (20Yo)
is less than half of that during manned hours (500/o). Cotiespondingly, there is an increase in the
probability of limiting fire spread to a single glovebox conveyor .Iine from 10 percent during -
manned hours to 75 percent during unrnanrtedhours. Although the window and glove port covers
retard fire growth, the fire may continue to spread with air from the supply system. However,
both the HC-4 airlock and the fire department will limit the tire from spreading to all comected
gloveboxes; therefore, the probability for this extent ‘of spread is the same for maqned and
unmanned hours (50/.).

Installing covers on the windows and glove ports provide{ incre~ed protection to limit
contatniriation outside”a glovebox. During uninanned hours when a fire is expected to spread
beyond a single glovebox, there is Opercent probakdity that contamination will be limited to the
glovebox. Due to small crack leakage, the room of fire origin will be cont@iriated. However,
because of the physical barriers provided by this option, leakage shodd belirnited,and there’will
be no substantial fire plume outside of the gloveboxes to”convectively transport contamination
beyond the room. Therefore, there is a large probability of 80 percent that contaminatiori will
be limited to the room of origin. Since the fire is expected to spread further during ururmnned
hours,’ there is a marginal increase from 10 to 15 percent in” the probabili~” of limiting
co”rrtarninationto one side of the process area.

Protection Orstion 6

Protection Option 6 is the same X Option 3 with the additional modification of coveting
all windows and glove ports and also automatically shutting down all supply air to the glovebox
line upon a fire alarm (i.e., the combkation of Options 4 tid 5). Table: F8.1 and F8.2 show that
individually Options 4 and’5 offer only mar”ginaladv@ages tothe fire protection strategy of
Option 3. “As a combined ‘strategy, thoughj”Options 4, ~ 5 have asynergk.tic effect, ,tiat is
expected to result in a sigrii,fichirt~educiio”nin both ‘Iirnlting“flame‘spread”and contamination../. , ,, .>.,. ., ..,... . .. . .. .. . ... .... .-:, .,,,

‘ AS was previously’ discussed, by lir&ng jhe &r,;supply ~o””’theglovebox l@e ,ad
preventing windows and glove ‘potis from breac~ng, fire “spread,,c,~,be c$ri+c~ly@@
down: Everi yhhorit rn~iral’ intefiention, “fire “spread,@l,probably. ~, .~mlted to one to two
gloveboxei’becaike of the firiite’& s;pplyto &e ftie. The fireize-is”expected to never exceed
800 kW. In the likely case that glovebox operators “wealerted to the fire via the indicating light
and audible alarm, there is a I-@ probability (TO~o) that the tire, c~ b,e extinguished through a
quick connect port with @rnage lirriiteil‘to the glovebox on fire: AS a,~esult of the limited fire
growth’ and the added’ containnient protection of the window and, glove, port covers, ‘the
probability of Iimiting contamination to within the glovebox”line iricremes to 75 percent. This

. .
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is greater than a threefold increase in protection for maintaining containment compared to
Option 3.

Even if personnel response is slow or does not occur, maintaining containment is 1 ;
probable, such that contamination to the room is 3 times as likely to occur compar,~: o
contaminating one whole side of the process area. This is reflected in Table FS.2a which shows
a 15 percent probability ,for contaminating the room of fire origin and a 5 percent probability of.
contaminating one side of the process irea. These numbers reflect the fact that even if the fire
is n~t:extinguished but allowed to btirrrout due to iack of oxygen, the window rmd glove port
covers are expected to mtintain containment. This is true whether the fire spreads,to multiple
gloveboxes of remains within the glovebox of fire origin.

.

During unmanned hours, there tie several passive fire protection features of Option 6 that
will limit fire spread and contarninatiorx the HC-4 airlock and the covers on the windows and
gloves. “The automatic shut dofi” of the supply air at detection of a ‘fire will “alsoprovide ‘
additional protection without the need for personnel intervention. AS noted above fo~ rearmed
hour~,,the combination of these features significantly changes the probability of limiting tire
spread and contamination to a glovebox. These features are expected to provide nearly equivalent
protection dtilng unmanned hours. The primary difference is that personnel yin not be able to
limit the fire spread to a single glovebox. This effect is seen “in:Table:F8.1a and F$.lb as a
reduciion in probability from 70 to 10 percent for manned to ~~ed how;, respectively.
Ho~ver, with’ the combined limitations on air flow “intothe gloveboxes, the probabili~ of
“limlhn<fire spread to’a kingle glovebox with darpage to ~ adjacentbox is 80 percent.,.. ,,

There’~e ~rnkir change; in the”piobabditie: for contamination,spread be~een manned
rindurrmtied hours.’ There ii a reduction from 75 to 10 percent pro}a~lity that contamination
will be limited to’ a glovebox, and there is a comesponding incre~e from 15 to 80 percent
probability that contamination will be limited to the room of fire origin.

,
Protection ODtion 7

,.
...!., $

Protection Option 7,cons@s’of incorporating @eF~”rec?O@enda~ons foj:glovebox f~e
protection,[Hughes Associates, Inc.,’1996]; we prin~p~reqomrnenda~on is the use @automatic
fire ,jrppiesiioii. syiterris in all gloveboxes. ~ese syste”rns’:hodd,,extinguish ‘a fire @@n a
minute tier detecto~,actuation. ~erefore,’ .~ere is a 95 percentprobabllhy ‘~at the f~e ,will ,be
contained’to”a~~rigle-’glovebox~’Depending ‘o~l,the‘Iocatidn of the ‘fijq, ‘thereis’a small ‘ch&ce
that the fwe ,till damage two ‘gloveboxes. Due to the fast extingrrishrn.entof&e fwe, there is a
70 percent chance that contamination ~11 ‘be lir+ted to ~thin the”glovebox ,of fue origin.

“ Howeverj kince the ~re “may’~e100 to 200”kW .at the t@.~ O@’tiCtOr ,aqtuatjon,’it “ispossible
that a glove or’findow “maybe’p~l$ly btied’’fiough~or br~ached,dtie to crac@rg or ,w~~mg.
Consequently,’there ii”a,30 percent probabili~ that ,tii ioom’~i~ie orig~ may be coriqated.,. .,.., . ....< ,.,,,,..,,,. ... .. .. . . ,., .;. ,. .,. S..,.,.,,.?.. ...<.. .,, .. .. .....! ,.. -,.

. . . . . . .. . .

Automatic’suppresfionsysterns’provide the ‘~~elevel Ofprotection d~~ngm~ed” ~d
unrn~ed ‘hours of operation. ~’~erefore~ between “m”ahned’Ad ti”hed hours, there’ is no.. .. ..... .,#, . .,. ‘f;’ ~ch~ge in the’probibilifiei for the extent of ,fire”,spread’m’d‘contarninatlon.,., .. :.;. .,. . ~,

,,. ,,...,....< >.,..;..;: ~.;.:f,,...... . .;...!,.< ., .... ..... ..,- .,:.’ .: ::.,-
,.. . , ..1....:,, . .:.;’,;,, ,:,., ;,,.,
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Protection Option 8

Option 8 consists of the following features:

. Listed or approved automatic fire detectors shall be installed in glovebox HC-3
aid HC-4 in accordance with NFPA 801 and NFPA 72;

.. ‘Install heat detector indicating lights at gloveboxes rmrVorinstall heat detector
annunciation panel in process are+

. Set the alarm temperature level to 57°C or lower for the heat detectors in HC-3,
HC-4, HA-28, and HA-23S;

. Install electrical disconnect switches to de-energize the power to”theinterior of the’
‘gloveboxes during non-operating hours;

. Implement new bayonet design as specified by”PFP (with quick dkcomect that is
dkengaged and left in place after discharging);

. Train personnel for bayonet usage with quick disconnects;

. Implement continuous fire watch during conveyor (HC-3, .HC~4,.“fid HA-28)
operations or when tmnspor%ng‘materials to or’from glovebox ,~T23S; and

. Modify Response to Glovebox Fire Procedure as required.

Me goal of these safety features is to provide quick no~tication and location of the fire,
and the means to manually extinghkh the fire. Installation of listed/a~proved fire detectors in
glovebox HC-3 arid HC-4 “till increase the chance’of detecting and successfully controlling a fire

‘“inthese boxes. Of additional impact i: the installation ‘of indicating lights on each”glovebox
ancYora local ann~ciation panel to identify which heat detector has reached an aliyp value.
“Each detector (typically spaced 1.8’rn apty-t)@be i~red to-a light that is stationed to clearly
indicate the location of the detector. ?Jrdess obstnictions prevent good visibility; it may be
possible to use one indicating fight for two adjacent detectors. In this case, the light would be
centrally located between detectors. Upon detecting an al~ ;Ievel temperature in a glovebox,,..
the general “fire”alfi fill ‘so~d ~d’he”iridica~ng light will”b on. The light should be of a
suitable brightness, color?”a@/or pattern “(e:g.,s~obe) so that personnel CMlocate itfrom across
~e”’roorn. “With t~s’ system, it is, expected that perso~el’iri the processarea,:.vill be able to. . . . . .. . . ...’.,...
respond to a glovebox’fire”fithin seconds ,of the al- (no more. thair 1 minute). Even dirring
tiarmed hours, the specific ‘identification of ‘actuated’heat detectors till improve fire ,f@ter

. . .. .
,., .

resppnsi Md effectiveness’once “inside,the process ‘~e~~ ‘. ‘ .,. .. ,,, . . .

The alternate” deign ‘to add~g “indicating li~ts consists’ Of installing fire alarrri
ann~ciatioh ‘p’fieli ‘inRooms’230C ~d” 235 B“;C. ‘,These “panelswould show .aIayotitof all
gloveboxes ‘md ~sociated heat detectors (i.e., each panel would show the layout for both rooms).

. .
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Upon a heat detector iridicating an alarm temperature condition, a light on the panel would
indicate which detector(s) were in alarm. Consequently, personnel in either room would know
the exact location of the glovebox which has the alarm. Thk safety feature requires that
personnel in the rooms will check the annunciation panel upon hearing the alarm. It is expected
that @oonel in the process area will be able to rmpond to the fire within a minute of hearing
the alw. Compared to the indicating lights, this safety feature is expected to result in slightly
longer response times since it may require a person to travel further distances and requires correct,
interpretation of the annunciation panel. If the person misreads the panel, the response time may
be’ev~n longer. One ,advamage of the annunciation panel is the ability of personnel ‘to identify
a tire~jrrboth rooms even if one is not manned..

,,..-
The probability for igniting a fire is lowered when a glovebox is inactive. Therefore,

there are obvious advantages to de-energizing the power to the interior of a glovebox when not
in use. The installation of electrical discormect switches will serve to reduce potential ignition
sources by eliminating’all electrical power within the gloveboxes. Therefore, the use of electrical
dlico.~ect switches “decreasesthe chances of having a fire inside a glovebox and incfeases the
level-of tire protection. However, the potential for a tire to OCCUI as a function of operational
(ma+ed or unmanned) conditions is included in Section 9.0. Since the analysis assumes a tire
.OCCU,S,the use of electrical disconnect switches does not directly impact the relative probatillity
of fif~ spread and contamination presented in Tables F8. 1 and”F8.2.

“‘ Power to the electrical equipment outside the glovebox is not addressed by this study.
A“fue starting outside a glovebox will violate the enclosure integrity prior to activation of an
interiok‘system.’Since the enclosrire“isbreached and the’fire’”isexternal, suppression relies upon
the rooms protection”systems.

The addition of detectors and ~ alarm indicating system will improve the response to a
,,.~re. “~ese safety meastrres,must also be combined with an effective means ,of extinguishing a

glovebox fire i~thobt risking loss of containment. As mentioned for Option .3, the use of a
bayonet extingulsher,to punc@e a glove poses, the fisk of losing containment and contaminating

‘he roornl ,~(concern ti!ies from the po$tibility of improper ,use of the bayonet or fiorn the,,,.. .
withdrawal of the bayonei~, For these reasons, this fire fighting tactic is typically considered a
‘l&t resofi. In order to”rnakethis fire,fighting”tactic,’moreeffective .tid’ les.s”risky,a new bayonet. ,:. - . . .
design and training “progiitill ,be‘instituted as part of @ opfion. ~~ : .,

., ’..,. !, .;., ., ..,.,,, i;.. ... . ‘.,.. -,,.’ , .- .,,,/. ......

‘: ,. fie ri<w,bXyonet de~gn~~l~:follow ‘hat “ileVelopid tit ‘~goimi Natiorial Lai6rato’ties
‘,~~@s, Dec. 1996]1 TM bayonet tip iyill be designed to allow for”rniie effitient penekaiion

., aqd a ~der/fr.iller spray”p’atiern“tlym“theciiiient bayonet‘in,@e at H&iford. ~e’nevf-d~i.ib.will
‘“,”””’also include a’q@ck,@scotiect which “@lowsthe’bayoriet tti tie di{erigagedfrom the exti~gitisher
“. ~:if?er discharger@.;.~ dekign, along”~~th appropriate .Proced@”changes~’~11’reduce the Ask

‘of breaching tie gloye itself by ‘av~ldkg”@&rerno”i~ “Ofthe b~y~~et., In ad{ltion to’tie”iiesign
changes, personnel who will be workiiig”iri’’tii ‘bpirafibi~ ~ea’~ll be ‘tianed to pioperly-use.,
the bayonet extinguisher. This training will include hands-on fire extinguishing irai~g exercises
in rnochip gloveboxei ~ough t~s traiqirig prog@, personnel, are. expected to be more

‘“’”,prep’tied to effectively extinguish a glovebox fire with little ‘fi~k‘of bieicfig contiinhient.,..i ...... . . .>.>:.;,..,,(..?,:. ‘.,,,. .,,. : .:,. ... , ... . ... .. .. :>(. ,-r ,, ,/ .!..,. . .. ..’ “ ,,’ ,,
,..
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Compared to”Option 3, the changes in the bayonet design along with the training program
is expected to provide enhanced protection over the use of quick comect couplings. The use of
a bayonet sdlows more direct application of agent to the source of the fire than can be obtained
with the quick comect coupling design. Though there is a greater probability of potentially
breaching containment with a bayonet compared to the quick connect coupling, proper use of the
bayonet coupled with early detection should limit the extent of fire spread and contamination.

- .-.

Providing fire watches during the active use of the gloveboxes is an additional feature of
this option which will provide a factor of safety to glovebox operations. Fire watches will consist
of. glovebox operators who will be dkectly viewing operations (i.e., transporting materials via
conveyors in HC-3, HC-4, imd HA-28, or moving materials within HA-23S) in the gloveboxes
when they are active. The fire watch will be responsible for overseeing operations rmd surveying
the entire glovebox while active. A fire watch is expected to be able to either observe the signs
of a growing fire (e.g., a glow or smoke) before a heat detector reaches an alarm condition or
be able to respond within seconds to q fire that is indicated via the heat detector<”alarms.
Although a fire watch has obvious advantages of providing fast response time to a fire, compared
to the other protection options analyzed, the addition of this feature provides only a marginal
advantage in the relative probability fialysis presented in Tab!es F8. 1 and F8.2. The reason for
this is that all the analyses assumed that during operation hours, the process area will be mrmned,
and the glovebox operators will attempt to control rsdor extinguish a tire. Therefore, the
advantage is only realized when the fire watch is able to spot an incipient fire before it activates
a heat detector alarm.

.As indicated ~ough this discussion, Option 8 is most appropriately analyzed in light of
Option 3. The prim~ difference that substantially changes the probability analyses ,is the
exclusion of the HC-4 airlock. Overall, Option 8 provides for early fire detection via fire
watches arrd/or heat detectors with instant notification to personnel of the fire location via the
indicating lights or annunciation p~el. This fire protection strategy allows glovebox operators
to respond i~edlately to the so~ce of the fire. Similw. toOptiori 3, it is anticipated that
operators in the process area will be able to respond to the fire within a minute of hearing the
alarm. With a maximum alarm time of 184 seconds, persomel should be able to respond to the
fire within 244 seconds. At this time, the fire would be expected to be no Iarger.than 700 kW
(see Section 5.4). This size fire is approximately 80 percent of the m~imrrm extinguishable fire
size that cqrrbe suppressed ~~the dry chemical extinguisher:. The Useof m, improved bayonet
design ,.will allow perso~,el to. ~;ectly,”extinguish the -@e with a decreased Ask of losing
conhihirnent. ‘“ . “.. - . .:”. ““ “ ‘ ““ .-,., . .

As a result of t~s relatively ,f~ re{po~e, there i: a ‘75’percent probatilli~ diat ~e fire
will be limited to either. a’single glovebox (4WO) or a sb’gle glovebox and‘the adjacent. box
(35%). Each ~narioii approiiiately equally,aslikely, the outcome bt+ngp;m~ly dependent
on the location “of the initial fire. “For example, if the fire starts near the connection of two
gloveboxesi it is likely to spread to portions of both. However, a430 kW,fire could be contained
within one glovebox. Compared to Option 3, this option results in a slightly larger proba~llity
of contais@g the fire to a s“mglegloveboxl This is due to the advantages of having operators.,, , . . .,. ,,. .. .:, ,. ‘.”’,. . . .

. .
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specitlcally serve as fiie watches and the increased effectiveness of using a bayonet extinguisher
compared to the fixed quick connect couplings.

Similar to the analysis for Option 3, there is an expected 25 percent probability that the
fire may grow to a size that is not extiriguishable and, therefore, could spread to other
gloveboxes. However, because there is no physical means to prevent fire spread through the
glovebox HC-4 (i.e., no airlock), there is a 20 percent probability that the fire could spread to J
all connected glo,~eboxes. There is a small chance (5°/0)that the fire could be controlled to a
single’glovebox hne because of the fwe department intervention.:.,.

...
:For Option 8, the relative probability analysis”for contamination is affected in a sidar

manner to the fire spread analysis. Compared to Option 3, the probability of a f~e contaminating
just the glovebox (zs~.) or the room of fue origin (40%.) remains the same (65’Yo)for Protection
Option 8. However, compared to option 3, there is a slightly larger probability of containing the
fire to a single glovebox. Thk is due to the advantages of having operators specifically serve as
firewatches and the increased effectiveness of using a bayonet extinguisher”comparedto the fixed
quick-connect couplings. Since there is an increased probability that the fue will spread through
all coni!sectedgloveboxcs, there is a corresponding increase in the probability that contamination
will spread through all of Zone 3 (30’Yo@stead of 5% for Option 3). If a fue is not contained
to one o; two gloveboxes, the fire is expected to breach windows, and gloves in both glovebox
lines.: There is only a marginal probability (5Yo)that the”fwe and contamination will be
maintained to only one side of the process area.’

Assuming that a’fire occurs, there “areno features “ofOption 8 that till provide additional
protectiori ‘overProtection Option’1 du;~g unmanned hours. Therefore; the probabilities for the
extent of fire spread ‘imd contamination are, the same for Option”8 as for Option 1 during
unmanned hours. As can be seen in comparmg Table F8. lb to F8. 1a, there is greater probability’
that a fire will spread to either a glovebox,line or to all connected gloveb~xes duririg unmarined
hours.’ There-is a“O percent probability that a fire wi14be”linited to a .wngleglovebox or two.,., .. . .. -,,. -~.. .,.,

. . ,,. ..’
.,

F9.0. SUMMARY “..’, y;, . “’ .,, , , . ,. .,

“Section8 piesented eight strategl& for fire protection-of the’94TlProcess line gloveboxcs.
The level of protection ihafeach stiategyprovides wti,discti;sed in light of the gover@ng,factors,
described” in”’Section ‘5,’such as ‘fwe detection, ventilation, and personnel response, The

~ probabilities presented in Tables F8. 1 and F8.2 for the different levels of flame spread and
.contam~natio”nrepresent a relative.rsmkmgbe~een all seven fue Protection strategies dkcussed.
Op~ons 1;-‘Do, Nothing’ ‘tid 7,’ ‘F~”’Recomrnend%loris,’ repreient the”bou,nd~g‘levels, of
protection from which-the ‘other itrategl~ ‘were evaluated. For etich level of d~age presented.
~, Tab~esF8. l“and F8.2, “appear;”an ‘iiasociatedcost es~iate for.f~e damage replacement costs. .. ... .
~~, Conttimatioti cleariup COSt5~.:+@c@lY.’ ’1’”‘: “, .,, ,... . . .. . . . . .

.
‘Risk-”kithis documerit’ iS defined as ‘tfie probability of loss due ‘to a fire times “the

consequences of that event: In thk analysis, the consequence of a f~e in a 94-1 glovebox is the
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monetary cost of replacing the darnaged contents in addition to the cleanup cost for the
contamination. Table F9. 1 presents the surnrnay of expected monetary loss for the various
protection options. These summary values reflect the estimated risk associated with each option.

Table F9.1 “Summa@ of Expected Monetary Loss for Various Protection Options

Expected Loss
‘rotection

ExpectedLoss Total

Option ProtectionStrat,agy During During Expected
MannedHours UnmannedHours Loss

Po 1 - Do nothing $1,900,000 $1,940,000 $1,915,000

Po 2 - HC-4 airlock $1,490,000 S1,540,000 $1,510,000

- HC-4 airlock
Po 3 - HC-3 and HC-4 heat detectors/lights S880,000 $1,540,000 sl,Iti5,000

- Quick-cmmectcouplings

- HC-4 airlock

Po 4 - HC-3’and FIC-4heat detectors/lights
- Quick-connectcouplings

$845,000 $1,500,000 $1,105,000

- Shut down air supply

- HC-4 airlock

Po 5
. HC.3 and HC-4 heat detectorsllights,
- Quick-comect couplings $785,000 SI,300,000 S990,000

- Cover windows and gloves

- HC-4.airlock
- HC-3 and HC-4 heat detectorsllights

PO 6 - Quick-comect couplings
.,.

S705,000 S750,000 S720,000
- Cover windows and gloves
- Shut down air supply,,

Po 7 - Autoniatic suppression in all S605,000 “ S605,000 S605,000gloveboxes (F% criteria)

- HC-3 & HC-4 detectorsllights ...

PO 8
- Electrical disconnect $1,010,000- New bayonet designltraining .

., $1P940,000 $1,105,000
,.

.Fire watch. ,, , . . ,:

.

,.

. .
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The expected loss for each protection strategy is calculated by summing the cost of each
level of fire and contamination damage by the corresponding probability of that event occurring.
For example, the expected loss of Protection Option 1 during manned hours of operation is
calculated aik.

Expected Loss = Z (Probability of Damage Occuring)(Cost of Di;mage)

...Z
..

. Expected Loss (1) =

-.

-’:{0.75 ($1,740,000)+, 0.20 (.$1,360,000)+ 0.00 ($620,001))+
0.05 ($590,000)}fire+ {0.65 ($400,000)+ ().30 ($1OO,()()O)i-
0.05 ($40,000) + 0.00 ($o))con,,mination

...

Expected Loss (1) = $1,898,500

Table ‘F9.1 contains three columns of expected monetary losses. Th,cfirst column is the
expected 10SSduring manhed hours. The vahres reported in thk cohmm are calculated rising the
above equation”and data from Tables F8.1a and F8.2a. The second COIUmncontains the expected
loss duringtrrrmanned hours. The loss values are again calculated using the above equation but
with data from Tables F8. 1b and F8.2b. The third column of monetary IOSS data contains the
total expected loss for each option. The total expected 10SSis a weighted combination of the
expected monetary losses during manned and unmanned hours of operation. The total expected
loss is calculated as follows:

Total .Expecred Loss =(Expected loss during manned ho&s) @FO-~) f
(Expected loss during unmanned hours)(RPFO-~

.:. .
where RFFO-M and RPFO-UM are the relative probatillity of a fire Ocitilng for a given option
during manned and unmanned hours, respectively. The RPFO j~ue~ are not absolute values of
the probability for a fire to occur. Rather, they only refletit the expicted probability between
manned and ~rmned hours of operation. Therefoie, for each option the wFOs for manned
~d unrrr~ed ho~s must equal unity. Since the RPFO values tie rela~ve ~d particular to
specific options, it is no: valid to compare IW’FOvalues for diffiiirit Optionsas a measure’of
which option has a greav:r or lesser’probabiliV of havjng a fue. ~ ““”.””.,: ‘“.‘, “.”

,“ ,,, ,.,-,, . . ,-: .’.
For Protection Options I through 7, the RPFO ,values for rn~ed ‘md unmanned hours

of operation are the same since no fwe prot~ction features in ~Y of these ‘Options affect the
probability of a fue occur-ring. The RPFO for manned hours (RpFO-~ ‘is,().6, “kndthe RPFO
for rearmed hours (RPFO-UM) is 0.4. ”For Option 8, the”intil~lon of electrical disconnect
switches effects the probaVllity of a fire occurring during unmanned hours. Since the primray
ignition sources in the gloveboxes potentially “arise from electrical equipment failures or
mechanical overheating, there is a reduced probability that a flue WiII occur when all power is
disconnected and the conveyors and lifts are not operating. ~erefore, with option 8 the RPFO
during manned hours (RPFO-M = 0.9) is much greater than the ~FO for Uasmed hours of
operation (RPFO-UM O.1).

. .
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As can be seen in Table F9. 1, the total expected loss decreases with the increasing levels
of protection provided by Options 1 through 7. Whh the existing fire protection measures (i. e.,
Option 1), the expected loss is $1,915,000. Implementing Protection Option 3 results in a
substantial reduction in risk to an expected loss of $1,145,000. With respect to the optimum
strategy (i.e., Option 7, FHA criteria), implementing Option 3 results in $540,000 of additional
loss. Implementing Option S results, in an expected loss of.$1,105,000. Compared to Option 7,
this is w increase Of $500,000. Option 8 is an alternate strategy compared to Options 2 -..
through 6 which are all based on the protection strategy of. adding the HC-4 airlock.
Implement”mgOption 8.will result in $40,000 reduction in loss comp~ed to Option 3, which is
most similar in fiie protection except for the airlock.

The relatively marginal differences between expected losses for Options 3 through 6 is
primarily a result of assuming worst case replacement costs for gloveboxes. The replacement cost
for glovebox HA-23S ($590,000) .is very large compared to most other gloveboxes which are
typically about $30,000. As a result, the expected losses may represent a conservatively figh
prediction of risk, particulady for Option 7 for which there is a 70 percent probability of limit”mg
fire spread to a single glovebox.
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Department of Energy
cc REm : 05/07/9?

RichlandOperationsOffice
P.o. Box 550

Richland,Washington99352
WAY 6 t997

97-TPD-090

Mr. H. J. Hatch,President
F1 uor Daniel Hanford, Inc.
Richland, Washington 99352

Dear Mr. Hatch:

CONTRACT NUMBER: DE-AC06-96RL1320CI - RL CWE~s oN THE PLUTONILfHFINISHING
PLANT (PFP)COt4PLEXFIREHAZARDSANALYSIS(MHC-SO-CP-FH4-004,REV. O)

This 1 etter forhally provides FDH Comenti developedby the RL Quality,
Safety, and HealthProgramsOivisfop(QSH)reviewof the subjectreport.
These conanents were informallyprovidedto WestinghouseHanfordCompany +
personnel by DavidW. Templeton,PFP Programtianager,in September 1996.

Oi scussions with PFP P1 ant personnel and RL TPD and QSH staff have been
occurringover the past severalmonths. Resolutionof thesecommentshave
been documented. in the enclosed ReviewCo~ent Record(RCR)form. RL is in
agreement with the manner in”wlrich thesecon?nentshave been resolved,as
indicatedby the approvalsignatureon the RCR form. When coosnentshave been
incorporatedintothat subjectreport,RL will also sign Section 11 of the
RCR, indicatingclosure.

Also, RL is aware of the PFP 94-1 GloveboxCo$t/Risk Analysis being performed
and documented by BWIIC, is reviewing that draft analysis, and will provide any
developedcomnentsdirectlyto BWHCwhen the review is completed. FDH should
ensurethat when analysisis providedofficiallyto RL for approval, it
provides RL with a clear recorsnendation of the particular path fo’rward that
provides the most cost effectivemanner in which to managethe fire safety
hazardsof operatingstabilizationoperationsrequiredfor successful
completion of 94-1 commitments. . .

FDH and BWHC are to be commendedfor the fine work they have been doing to
date in developingthe fire hazardsanalysis,and the activitiesto develop
cost effectiveapproachesto managingfire hazardrisks at’PFP.



Mr. Hatch
97-TPD-090
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MY 6 1997

If any direction is provided by a Contracting Officer’s Representative (COR)

which your company believes exceeds the COR’s authority, you are to
immediatelynotify the ContractingOfficer and request clarificationprior to
complying with the direction.

If you have any questions, please contact Mr. Templeton, of my staff on
373-2966, or You may contact Craig Christenson,QSH Fire protectionEngineer,
on 376-5367.

Sincerely,

+ p
‘,

iJ>$ ‘: ‘G-......
“’~+;E. Mecca, Director

TPDiDWT Transition Program Division

Enclosure

cc w/encl:
E. C. Vogt, BWHC
L. G. Olguin? FDHC
D. L. McKinnls, BWHC
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United States Government Department of Enargy

memorandum Ricii[and Operations Office

DATE:
RWLYTO
ATTNOF:

SUBJECT:

To:

/Jj6. 27 t$rn

QSH:CPC/96-QSH-033

REVIEWAND APPROVALOF FIRE HAZARDANALYSIS(FHA)

J, E. Hecca, Director
Transition Program Division

As requested,EngineeringData Transmittal700527,the FM for the
P1utonium FinishingPlantComplex (WHC-SO-CP-FHA-004, Rev O), dated June
28, 1996, has been reviewedin accordance with RLIO 5480.7, Section 6.1 b
(13), and is approved based upon the incorporation of consnents in the
attached.

If you have any questions or comments, please ,contact Craig Christenson; of
my staff, on 376-5367.

qSH:CPC Quality,Safety,and Health
ProgramsDivision

Attachment

cc w/attach:
N. 0, Seaborg,S00
D. U. Templeton,TPD
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ATTACHMENT

REV2EUOF FIRE NAZAFDSAi4ALYSIS
FOR THE PLUTONIUHFINISHIN8PLNiT COHPLEX

NHC-SD-CP-FHA-D04,REV O
OAWLIJURE 28, 1996

The followingcommentsmust be incorporatedinto the Fire HazardAnalysis
(FHA)forthe PlutoniumFinishingPlantComplex (!4HC-SO-CP-FNA-004,REVO)
dated June 28, 1996:

a.

b.

c.

cl.

e.

f.

9.

Executive Sumaary, Item 1, Introduction (page 17), of.the FHA states
that the FHA,was “conducted in accordance ulth DOE 54E0.7A”. Howaver
this paragraph does not appropriately state that the FHA was also
conducted in accordancewith RLID 5480.7,Fire Protection. RLID 5480.7
is referencedseveraltime throughthe FliA.

Executive Sunsnary, item 2 (page 18) and Section 2 (page 47), containing
the FHA Suomary and Conclusions, do not provfde a conclusion whether or
not the PFP facility complex meetsthe objectivesof paragraph4 of DOE
5480.7A, Fire Protection as’ required by DOE 5480.7A, Section 9 a (3):

Executive Summary, Item 5 (page 20) and Section 5.1 (page 62) do not
state that the PFP Complexdoes not have redundantsourcesof water
supply as requiredby RLIO 5480.7,Section8.1 c and as describeas a
reliabilityconcernin.theSept@er 1986 FactoryMutual Research
Corporationfireprotect~onreportreviewof 200 East and 200 West
Facilities(Recoranendatton86-2). The FliA must address this Issue as
well as whether or not HanfordProjectB-604,Water UtilityUpgrades
will provideredundantwater supplyof adequatepressureand capacityto
the RFP Complex Facilities.

Section 3.1.2 (page 51) discusses combustibles in the duct level but the
FHA does not discusswhetheror not if ductingand other ventilation
areas in the z34-5ZfacilitycontainanY hold up of plutoniumbearing
materials. As this has been a concernat otherplutoniumfacilitiesin
the 00? Complexthe FHA must statewhetheror not this conditionexists
in PFP ComplexFacilities. <..

Section8, last paragraph(page180) statesthat “8asedon inPut from
the PFP staff,total fa~lureof SafetyClass systens Is not possibleas
a result of any of the MPFL scenarios”. As the FHA must describ the
thought processthat was utilizedto developconclusionsthe FHA must
describe the.’’inputfrom the PFP staff”and explalnwhy safetyclass
systemfailureis not possible”resultingfrom fire..
~fi;;on 12.1.1.1(page190) identifiesTable6-6 as containingclean up

Table 6-6 does not containclean UP areas. Table 6-5 contains
clean:up areas.

In’ 1992 an order compliance assessment for fire protection was conducted
for PFP facilities(ReferenceWHC Internal!iemoR. R. Marneckeof

. .
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PAoe20fs

September3, 1992,Self-Assessmentof CX3EOrder 5480.7,Fire Protection
102OO-RRW-O21)that Identifiedseveralfire Protectionconcernsfor PFP
that have never been correctedand/orexemptionsthat have neverbeen
formallyprocessedand approved(notethat the requirementsfound in
canceledDOE Order 5480.7 are stil 1 applicable in current DOE fire
Protection requirements). The FHA does not identify these items. These
~tems

a.

b.

c.

‘ d.

e.

fnclude“thefollowing:

There is not an adequate‘backupwater SUPPIYfor PFp (a compliance
scheduleapprovalrequeststatedthat ProjectB-604 was scoped to
providethe necessaryseparatewater supplyto PFP).

In a fire protectionsurveyperformedon 10/3I/90Butvar (a smoke
producingpolyurethanefoam)coatingsin walls in Building242-Z
were identifiedas rnaterials that does not meet interiorfinish
f1ame spreadand smokedevelopfoentrequirementsand an exemption
requestwas’suggested.

LiquidRun-OffControl(resultingfrom firea+lated run off) ha;
not been providedfor PFP and an exemptionrequestwas suggested.

Lack of fire barriers tO 1 imit the maximum possiblefire loss was
identifiedtwice and“anexemptionrequestwas suggestedin both
occasions. Due to the FHA utiliaingfiremodelingtechniquesfor
enalyzingmaximumpossible fire losses (note that DOE 5460.7A,
Section 7 k states that the maximum possible fire loss is the
‘value of property, excluding land, within a fire area,‘unlessa
fire hazardsanalysisdemonstratesa 1esser(or greater)loss
potential”)an “exemptionrequested’is no longernecessaryfor
fire barriersbacausethe i4PFLvalues identifiedfn FKA Table 12-1
are less than $50 million (seeDOE 54B0.7Al,Section9 b (4)).

Verticalopenings(includingstairways,elevators,and ducts) to
control fire soread was identified as a deficiency and an
exemption requistwas suggested. (

h. A PlutoniumFinishingP1ant 94-1 ThermalStabilizationProcessCost/Risk
Analysis of fire protectionitems is/hasbeen conductedthatmust be
incorporatedas applicableinto the fire hazardanalysis.

:,
i. Section20 (page214) contains.anumberOf rec~enda!ion$’in the fire

hazardsanalysisthat‘requiresPro9r$mimPlementation. The contractor
must be directedto developan FHA reconsnendation implementationPIan
that addresseseach recommendationitem in the FHA. The FHA
implementationPIan shouldalso provideschedulesand appropriateaction
trackingneededfor executingand COMP1etingthe items as well:

I

I
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WIVIEU w flRE ILUASDSSXALYS15
FR. lilt FWISW.M FINISHING P1-Ufl ~LSX
wC-30-CP:FW-004,REVO
DATSDJWE3% $*
PAae3 Of 3

k,’ RLIO 5480.7, Section6.2 e (and futureNE O 420.1,FacilitySafety,
Section4.2.1.5) requtre the fire hazardanalysisto be referencedby
facilitysafetyanalysisdocumentation. In additionas per WHC-CM-4-41,
Section3;4, paragraph3.z the “firehazardanalY$ismust be part of the
facilitysafety analysis report”followingthe requirementsof UHC-SD-
GN-FHA-30001,Rev.O. As facilitysafetydocumentationis updatedtlse
fire hazard analysismust be referencedby the safetydocumentalion.
(Notethat when implementedby the ContractingOfficer,00E O 420.1,
Facility Safety, Section 4.2.1.5 will requirethat, “The conclusionsof
the FHA shallbe incorporatedin the SafetyAnalysisReport (SAR)
Accident Analysis and shall be integrated into design basis and beyond
basis accidentconditions.’)

.,.

Q5H:CPC 8/24/96

..
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Any comments made within Executive Summary or
Sections that effects any other portion of the FHA
must be revised along with the changes (Table of
Contents, Figure Index, page .numbering, summary;
conclusions, recommendations, etc..).
Executive Summary, Item 1, Introduction (page 17),
states that the FHA was “conducted in accordance
with DOE 5480.7A.” However this paragraph does not
appropriately state that the FHA was also conducted
in accordance with RLIO 5480.7, Fire Protection,
RLID 5480.7 is referenced several times through the
FHA

I

~

Executive Summary, Item 2 (page 18) and Section 2
(page 47), containing the FHA Summary and
Conclusions, do not provide a conclusion whether or

not the PFP facl1lty complex meets the obJectlves
of paragraph 4 of DOE 5480:7A, Fire Protection as
required by DOE 5480.7A, Section 9a (3).

15. Disposition(Providejustificationif NOT
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16.
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General, see al1 comments below and address
accordingly (Lea) ‘

Editorial - (pg 17) Will be revised to read
as follows: “The analysis was conducted in
accordance with RLID 5480.7 Fire Protection
[DOE Directive RLID 5480.7, 1/17/94] and
DOE Orde
Order 5480.7A, 2/17/93] and addresses each

?r 5480.7A, Ffre Protection [DOE

of the sixteen vi nciD1e elements outlined
in paragraph 9a(3) of the Order.

Editorial - (pg 18 & 47) A statement wi11
be added to Section 2: “The PFP Facility
Complex with the incorporation of
recommendations in the FHA wi11 meet the
objective of Paragraph 4 of DOE 5480.7A.

A-6400-090.1 (03/92)WEFOI1
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Executive Summary, Item 5 (page 20) and Section 5.1
(page 62) do not state that the PFP Complex does
not have redundant sources of water supplY as

required by RLID 5480.7, Section 8.lC and as
described as a reliabi1ity concern in the September
1986 Factory Mutual Research Corporation fire
protection report review of 200 East and 200 West
Faci1ities (Recommendation 86-2). The FHA must
address this issue as wel 1 as whether or not
Hanford Protect B-604, Water Uti 1 ity Upgrades wi 11

provide redundant water supply of adequate pressure
and capacity to the PFP Complex Faci 1 i ti es.

Section 3.1:2 (page 50) discusses combustibles in

the duct 1 evel but the FHA does not discuss whether
or not if ductirigand other venti1ation areas in
the 234-5Z facility contain any holcju of

Rplutoniurnbearing materials. As this as been a
concern at other PIutoniurnfaci1ities in the DOE
Complex the FHA must state whether or not this
condition exists in PFP Complex Faci1ities:

Section 8, 1ast f, page 180, statesthat “Based on
input from the PFP staff, total fai1ure of Safety
Class systems is not possible as a result of any of
the MPFL scenarios.” As the FHA must-describe the
thought process that was uti1ized to develop
conclusions the FHA must describe the “input from
the PFP staff” and ex 1ain why safety class system

Yfailure is not possib e resulting from fire.

Section 12.1.1.1 (page 190),identifies Table 6-6 as
containing clean ,up costs. Table 6-6 does not
contain clean up areas. Table 6-5 contains cleanup

14.
Ho1d
~

15. Disposition (Provide justification if NOT
accepted. )

See attached Sheets, for corrected section.
Executive Summary wi11 be modified
accordingly.

(P9
for

50. Section 3.1.2) See attached sheets
corrected section~

See attached Sheets, for corrected section.

Editorial - Section 12.1.1.1 (pg 190) will
be revi<ed as follows: “This yields a
contaminated areas identified in Table 6-5
is approximately....”

16.
Status



1. Date 2. ReviewNo.

REVIEWCOMMENTRECORD(RCR)
October 28, 1996 00E-96-001

3. Project”No. 4. Page

16.
Status

3of6 I

12. 13. Comment(s)lDiscrepancy(s)(Providetechnicaljustification 14.
- Item for the commentand detai1ed recommendationof the action HoI d

15. Disposition(Providejustificationif NOT
accepted.)

requiredto correct/resolvethe discrepancy/problemindicated.) Point

9. ‘In 1992 an order,compliante assessment for fire Addressed under each item g-a through g-e.
protection was conducted for PFP faci1ities
(Reference WHC Internal Memo R. R. Warnecke of
September 3, 1992, Self-Assessment of 00E Order
5480.7, Fire Protection 102OO-RRW-O21) that
identified several fire protection concerns for PFP

that have never been corrected andlor exemptions
that have never been formallY processed and
approved (note that the requirements found in

; canceled DOE Order 5480.7 are sti11 applicable in
current DOE fire protection requ’i rements ). The FHA
does not identify these iterns. These items include

‘ the fol1owing:
g-a There is not an adequate backup water supply for Addressed above in comment c.

PFP (a compliante schedule approval request stated
.“ that Project B-604 was scoped to prpvide the

necessary separate water supply to PFP).

..

.,

“

A-64D0-090.1 (03192)WEFO1l
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I I I. Date 2. ReviewNo.

REVIEWCOMMENTRECORD(RCR)
October 28, 1996 DOE-96-001

3. ProjectNo. 4. Page *.

,40f

12. 13. Comment(s)/Discrepancy(s)(Providetechnical justification
Item for the comment’and detai 1ed recommendation of the action

required to correct/resolve the discrepancylproblem indicated.)

g-b In a fire prot.ection survey erformed on 10/31/90
!Butvar (a smoke producing PO yurethane foam) :

coatings in walls in Building 242-Z were identified
as materials that does not meet interior finish

g-c

flame spread and smoke development requirements and

an exemption request was suggested.

... -

Liquid Run-Off Control (resultin9 from fjre related
run off) has not been provided for PFP and an
exemption request was suggested.

.4.
101d
~oint

15. Disposition (Provide justification if NOT
accepted. )

Pg 124, Section 6.4.1 will be revised as
fol1Ows: “Building 242-Z was not
accessible at the time of the site survey
because the bui1ding has been sealed shut
and is inaccessible. Based on the
faci1ity staff input and FSAR, the fuel
loading in the facility is similar to the
miscel1aneous treatment room “(room41) in’
Building 236-Z (see.section 6.5.1). This
includes gloveboxes and process equi ment

Bwith little to no transient combustl les In
the room. In addition to the room
contents, the interior surfaces of the 242:
Z were coated with Butvar prior to the area
being sealed. The fire performance of the
Butvar is unknown since both combustibles
and noncombustibles forms of the material
exist and there is no documentation stating
which was used in 242-Z. However, based on
the faci1ity being sealed with welded doors
and caulking, the space being unoccupied.
sprinkler rotection being provided and
being capa 1e of rotecting the entire area

‘1of concern, and t e fuel 1oad specified by
faci1ity staff and the FSAR, the interior
finish is not a concern.” The use of
Butvar is”also discussed in Section 9.9.

See attached sheets.

16.
Status
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12.
Item

-
g-d

g-e

h.

REVIEW COMMENT RECORD (RCR)

13. Comnent(s)/Discrepancy (s) (Provide technical justification
for thq comment and detai 1ed recomnendati on of the action
required to correctfresolve the di screpancylprobl em indicated. 1

Lack of ‘firebarriers to limit the maximum possible
fire loss was identified twice and an exemption
request was suggested in both occasions. Due to

the FHA uti 1 i zi ng fire modeling techniques for
anal yzi ng maximum possible fire 1 osses (note that

DOE 5480.7A, Section 7k states that the maximum
possible fire 1oss is the “value of property,
excluding land, within a fire area, unless a fire
hazards analysis demonstrates a 1esser (or greater)
1oss potential”) an “exemption requested” is no
1onger necessary for fire barriers because the MPFL
values identified in FHA Table 12-1 are less than
$50 million (see OOE 5480.7A, Section 9b (4)).

Vertical openings (including stairways, elevators,
and ducts) to control fire spread was identified as
a.deficiency and an exemption request was
suggested.

.
A Plutonium Finishing Plant 94-1 Thermal
Stabi1ization Process Cost/Risk Analysis of fire
protection items is/has been conducted that must be
incorporated as applicable into.the fire hazard
analysis. :

,,

A-6400~090.l (03/92) WEFO1l

—
Z-
iold
‘oinl.

—

—

1. Date 2. ReviewNo.

October 28, 1996 DOE-96-001
3. Project’No. 4. Page

5of6

15. Disposition(Providejustificationif NDT
accepted. )

NO ACTION REQUIRED - The 1 ack of fire.

barriers that 1 imi t MPFL to $50 mi 11 i on in

5480.7 compliance assessment was revised in
5480.7A. It increased the MPFL to $150
million before requiring 3 hour fire wal1s
with automatic fire suppression. The FHA
i11ustrates that the faci1ity does not
exceed an MPFL of $150 million.

NO ACTION REQUIREO - The DOE requirements
for protection of vertical openings
10.b.(7) do not appear in the current Order
5480.7A that replaced 5480.7 in its
entirety. 8uilding 234-5Z is in compliance
with the current edition of NFPA 101 (1994)
for protection of vertical openings in an
industrial occupancy [D Wyatt Internal Memo
date 10/28/961. Based on this, the Order
Compliante Assessment Exemption Request is
inconsequential.
NO ACTION REQUIRED - As this analysis is
completed and approved, it wi11 be be added
as an appendix to the FHA.

16.
Status



1. Date 2. Review No.

REVIEW COMMENTRECORD(RCR)
October 28, 1996 DOE-96-001

3. ProjectNo. 4. Page

6of6

12.
Item

i.

j.

LEA
1

LEA
2

LEA
3_

13. Comment(s)/Discrepancy(s)(Providetechnicaljustification
for the commentand detai1ed recommendationof the action
r~quired to correct/ resolve the discrePancy/problem indicated.)

Section 20 (page 214) contains a number of
recordmendations in the fire hazards analysis that
requires program implementation. The contractor
must be directed to develop an FHA recommendation
implementation PIan that addresses each
recommendation item in the FHA. The FHA
implementation P1an should”also provide schedules
and appropriate action tracking needed for
executing and completing the items as wel1.

RLID 5480.7, Section 6.2e (and future DOE O 420.1,
Facility Safety, Section 4.2.1.5) require the fire
hazard analysis to be referenced by faci1ity safety
analysis documentation. In addition as per WHC-CM-
4-41, Section 3.4, paragraph 3.2 the “fire hazard
analysis must be part of the facility safety
analysis report” fol1owing the requirements of WHC -

SO-GN-FHA-30001, Rev O. As facility safety

documentation is updated the fire hazard analysis
must be referenced by the safety documentation.

(Note that when implemented by the Contracting
Officer, DOE O 420.1, Faci1ity Safety, Section
4.2.1.5 wi11 require that, “The conclusions of the

FHA shal 1 be incorporated in the Safety Analysis

Report (SAR) Accident Analysis and shal 1 be
integrated into design basis and beyond basis
accident conditions. ”

Page 64 Section 5.2.1 Orawing callout H2-2-26916 is
incorrect.

Pg 6 Table Of Contents 6.10 needs to be indented,
no space

Page 15, Acronyms, Add OCG

. . ... . . . . /.. /“., ,,,,., ,

14.
Hold
Point

15. Disposition (Provide justification if NOT
accepted. )

NO CORRECTION TO FHA - Faci1ity System
Engineering is working with plant
managementin the development of the
required implementation plan.
Implementation wi11 be based on PIant

[e placeon the Plant’sscheduleas work is
riorityand fundingidentified.Work wi11

prioritized and tracked through the P1ant’s
internal tracking system.

NO CORRECTION TO FHA - The FSAR wi11 be
revised as needed to include the FHA after
it has been released. The plant is aware
and plans to include including the FHA
incorporation in the next revision of the.
FSAR.

EOITORIAL Pg 64 Section 5.2.1 - WHC Drawing.
No H-2-26916 identifies the fire...

EDITORIAL - Pq 6, Indent 6.10 to same
format of oth~r sub-sections within that
section, remove space.

EOITORIAL Pg 15 - Add DCG Derived or
)esi gn Content ration Guide

16.
Status
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COMMENT ITEM: c and g.a

Section 5.1 wi11 be modified accordingly:

“5. 1 ~~FIRE PROTECTION WATER SUPPLY

INSERTql from p. 62, Section 5.1

The Sanitary Water System is a shared system providing water for

sanitary, process, and fire protection uses. The Fire Protection Water Supply
Analysis (WHC-SD-SQA-ANAL-30001, Rev.O, August 18, 1995) provides
recommendations which if implemented wi 11 increase the reserve fire protection
water supply and the reliabi1ity of the water supply system.

The water supply analysis indicates that the sanitary water system is
served by the existing rimary sanitary clearwel1 system with a water storage

?capacity of 400,000 gal ons and the secondary system with a 1,100,000 gallon
reservoir for 200 West Area. Sanitary water system pumping capabi1ities cited
by the analysis are summarized below:

200 West”:

Primary System

three electric pumps @l,000 gpm
one electric pump @600 gpm

Secondary System

one electric pump @ 4,000 gpm

The water supply analysis also indicates that the current raw water
system for the 200 West area is serviced by a 3,000,000 gal1on reservoir in
addition to the 24 in. supplY line from the 100 Area. Raw water pumping
capacities to 200 West facilities are summarized,below: ,

200 West:
..

one electric pump @5,000 gpm ‘”
three electric pumps @ 3,000 gpm
one steam pump @3,000 gpm

The water supply analysis states that the 200 Area water systems are
considered to be in fair condition, however, the,systems are not in com 1iante

Rwith DOE 5480.7A and RLID ,5480.7. Project 8-604 is intended to bring t .e
systems into ful1 compliante with DOE Orders 5480.7A, 6430.1A, and RLID
5480.7. ,Theproject scope is to upgrade the 200 West water supply in three
~hases Phase I and II are estimated by the project engineer to be completed
y Apr{1 30; 1997.and Phase III was canceled via DOE approved Baseline Change

Request LPM-096-050, Site Control Number W96-358 “[McKi nnis, 19961.. The
canceled portion of this reject would have installed a second 24 inch export

E1ine serving 200 West. P ase I and II of the project includes upgrading the.
export water.system, the 200 Areas raw and sanitary water systems, and related

1
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piping and reservoirs to ensure the avai1abi1ity of fire protection water for
simultaneous process and domestic water usage. New raw water fire pumps wi11
be instal1ed in each of the 200 Areas. The pumps wi11 be capable of meeting
the maximum raw and sanitary water process and fire protection demand for the
areas as follows:

200 West:

Sanitary Water Capability: 1,100 gpm sanitary water plus
2,500 gpm fire flow for a total water demand of 3,600 gpm:
to be supplied via one 4,000 gpm fire pump rated at 110 psi.

Although completion of Phase III may not directly affect the PFP Faci1ity,
there wi11 be a continued reliabi1ity issue associated with the 200 West Area
water distribution system. The “Improved Risk” 1 evel of fire protection as
requi red for 200 West Area by DOE Order 6430.1A and 5480.7A is not addressed
within this facility specific FHA.

.
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COMMENT ITEM 1-d

Section 3.1.2 provides a description of the .construction features provided in
Building 234-52, specifically fire resistance rated separations. The
reference to 1imited combustibles in the Duct Level is intended to support the
estimated 2-hour fire resistance rating of the f1oor/cei1ing assembly. For

clarification pur oses the reader wi 11 be referenced to Section 6.3.1 which
?’discusses the fue loadlng In Bulldlng 234-52. In Section 6.3.1., the

following text shall be added as Paragraph 2:

“The‘Duct Level in Building 234-52 consists primarily of non-combustible
venti1ation ducts, plenums, and equipment As a result of the 1imited fuel
load, no credible fire scenarios were identified which COU1d potential1y cause
damage to the structure of spread to other areas of the faci1ity. Based on a
series of in situ NDA measurements [FSAR, WHC-SD-SAR-021, Section 7.4.2], an
estimated 6 kg of crystal1ine form (non-dispersable) plutoniurnis contained in
the exhaust ducting. However,.since a fire in the Duct Level is not expected
to damage the exhaust ducts, the potential fire and contamination hazard is
considered to be 1ess severe than for other areas of the building and
therefore is not considered in the MPFL and MCFL scenarios.” <

3
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COMMENT ITEM: e

SECTION 8 - PROTECTION OF ESSENTIAL SAFETY CLASS EQUIPMENT (pg 180, 1 ast f)

The 1ast paragraph in Section 8 wi11 be replaced with the fol 1 owl ng:

“If the suppression systems in the buildings fail, scenarios exist that
can cause damage to Safety Class Systems. PFP’s Safety Equi ment is described

Iby classification of structures, components and systems in t e FSAR (Chapter
4, Section 4.4) [WHC-SO-CP-SAR-021]. The FSAR describes the equipment
important to Safety and necessary to control the operational risks that PFP
imposes on the environs and on and off site personnel. WHC-SD-CP-OSR-O1O “PFP
Operatin,gSafety Requirements” provides additional controls and information
necessary for roper function of the equipment and operational responses and

Irestrictions w en the safety class equipment performance has degraded.

Eased on FHA analyses, total failure of all Safety Class Systems is not
possible as a result of any of the MPFL scenarios. Based on PFP staff input,
fai1ure of Safety Class equipment and subsequent consequences of their fai1ure
is addressed in the FSAR and bounds al1 possible scenarios in the FHA. *

The fol1owing discusses the effects of fai1ure of individual safety
class equipment and systems as specified by PFP staff:

■’ Total fai1ure of P1utoniurnBui1ding Structural Features and HEPA
Filters Safety Class systems is addressed in Chapter 9 PFP FSAR
[WHC-SD-CP-SAR-021] which accepts total shutdown of al1 safety
systems in the most severe case, the design basis earthquake. The
maximum release of radioactive materials out of the faci1ity is
within the limits specified by DOE. The analysis includes loss of
containment through bui1ding structure fai1ure. PFP has designed
the venti1ation system to shut down in the event of an earthquake.
Seismical1y induced concurrent criticality and fire events have
also been analyzed and do not produce an unacceptablee release.
The two stages of the HEPA Fi1ters are 1ocated in different
1ocations within the faci1ity. The Primary Filter System located
in room 308 is not expected to become involved ‘inthe MPFL
scenario which revents total 1oss of filtration. The alternative

7exists to manua 1y shut down the system without resulting in
unacceptablee consequences. Thus the total 1oss of this safety
class equipment has been addressed and the resultant consequences
deemed acceptable by faci1ity staff.

■ The Eff1uent Stack Air Monitors are located on the stacks with
common alarm equipment 1ocated in rooms outside of those areas
affected in MPFL scenarios. Due to the various 1ocations of the
equipment, and the stack structures being noncombustible, total
failure is not addressed.

■ 8oth the HVAC Supply Fan Seismic Shutdown System and Liquid
Oetection/Interlock In 26” Vacuum System have been designed with

4
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fai1 safe modes that shut down both systems with any disruption to .

the power supply.

■ Glovebox Criticality Design Features Systems are 1 ocated through

out the faci 1ity. These systems were designed as passive safety
features that wi 11 perform as needed in any fire scenario.

■ The P1utonium Storage Arrays are not addressed in MPFL scenarios
because of 1ack of fire potential. These systems ,weredesigned as
passive safety features that wi11 perform as needed in any fire
scenario.

5
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COMMENT ITEM: g.C

SECTION 15.5 (pg 205) LIQUIO,RUN OFF

Liquid runoff resulting from fire protection water (e. g., automatic

sprinklers, fire department hose streams) provide an additional means for
contamination to spread from the faci1ity to the outside.“ In order to prevent
the 1iquid runoff from spreading off-site, the faci1ities within PFP are
~)ided with sink and process drains (see Figure 15-1). The drains which

a potential for containing contaminated runoff are piped through manholes
to 243-Z Building.

Based on the total water supply for fire protection requirements for the PFP
complex as defined in Section 5, Table 5.2 and the Hydraulic Calculations
found in Appendix A of the FHA, 1iquid run off wi11 not exceed the capacity of
Pump Station No 1. The flow of the automatic sprinklers and hose stream
(approximately 700 gpm) for 20 minutes is within the capacity of the pump
station tank capacity. Contaminated 1iquid run-off may escape the bui1ding
causing ground contaminateon and cleanup. However, the release to the soi1
wi11 not impact the dose consequences addressed in Chapter 9, Section ~
9.2.4A.8.3 of the FSAR analysis.

Rainfal1 adds water via the storm drains add water to Pump Station No 1. The
average rainfal1 for Hanford Area is 6.26 irichesper year based on a 30 year
average from 1961 to 1991 according to Pacific Northwest Laboratory Weather
Forecaster. The drains have been flow tested at up to 695 gpm without
exceeding capacity.

6
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APPENDIX H

AUTOMATIC SUPPRESSION IN GLOVEBOXES EXEMPTION REQUEST
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To I

L. J. OIguin, Project Director N1-26
Fluor Daniel H~or~ Inc.

From #k&f&
F. R. Crawfo d, Senior Director T5-50
Plutonium Finishing Pl~t Project

Subj

EXEMPTION REQUEST FOR THE REQUIREMENTS FOR
AUTOMATIC FIRE StiPRESSION SYSTEMS IN EXISTING
PLUTONIUM FINISHING PLANT PROJECT (PFP) 94-1
GLOVEBOXES

&:; BWHC-9851833

Date March 11, 1998

This Exemption Request is being resubmitted (previously submitted as an Equivalency,
CorrespondenceNumber BWHC-9761991) following incorporation of comments received from
.Fluor Daniel Hanford, Inc,. (CorrespondenceNumber FDH-9761991 RI).

Attachment 1 is a permanent Exemption Request for the requirement for installing automatic fire
suppression systems in existing Project 94-1 gloveboxes, where the maximum expected 10SS
exceeds $1 million. Tbk requeptis based on Attachment 2, the “Plutonium Finishing Plant
(PFP) 94-1 Glovebox Cost/Risk Arralysis~ Rev. 1 (February 5, 1997). This innovative approach
weighs the costs of installing fixed fire protection systems against the overall risks and expected
useful life of the process.

Of the options discussed in the CostRisk Analysis, PFP has selected Protection Option 8 for
implementation, and requests the U.S. Department of Energy, Richhmd Operations Office (RL)
concurrencewith this approach. Attachment 3 is a detailed implementation plan for Protection
Option 8.

PFP fbrther requests RL concurrenceto begin glovebox operations (e.g. VerticrdDenigration
Calciner (VDC), material inventory)with Protection Option 8 implemented per that attached
Implementation Pkm. Until the glovebox heat detection and indicating light features are
installed, PFP will rely solely on the continuous, dedicated fire watch, as described in the
Cost/Risk Analysis, to perform detection and initiate notification functions during operations in
the subject unprotected gloveboxes. The heat detection and indicating light feature provides
secondary fire detection during operation of the gloveboxes. When the gloveboxes are not in
operation, electricalpower inside the gloveboxes will be deenengized per another feahrre of
Protection Option 8,to significantly reduce the probability of a fire.
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Page 2 BWHC-9851833
March 11,1998

The PFP Project requests that you concur with the PFP 94-1 Glovebox Cost/Risk Analysis, the
Implementation Plan, and the attached Exemption Request ,andforward these to RL for approval.
These actions resolve all outstandingcomments to the PFP Fire Hazards Arralysis,byR.L/Quality
Safety & Health Fire Protection Engineer, Mr. Craig Christenson. If you have any questions
regarding this request, please contact Mr. Chuck Sadanaga on 372-1378, or Mr. Steve Strdey on
372-2598.

jmw

Attachments 3 ‘

.-
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ATTACHMENT i

BWHC-9851833

EXEMPTION REQUEST FROM THE REQUIREMENT FOR INSTALLING

AUTOMATIC FIRE SUPPRESSION SYSTEMS IN EXISTING PROJECT 94-1 GLOVE80XES’

Cons~sting of 5 pages, including coversheet
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EXEMPTION REQUEST FROM THE REQUIREMENT FOR INSTALLING
AUTOMATIC FIRE SUPPRESSION SYSTEMS IN EXISTING PROJECT 94-1 GLOVEBOXES

A. REQUEST FROM WHICH EXEMPTION IS REQUESTEO

From DOE Order 5480.7A, “Fire Protection”:

9.b.(3) Automatic Fike Protection. Complete automatic fire
suppression‘systemsshal1 be designed in accordance with
applicable NFPA standards shal1 be provided as fol1ows:

(a) ln all new structures over 5,00Q square feet.
(b) In all structures having an MPFL in excess of

$1,000,000. or where the maximum credible fire will
result .inthe loss of use of a vital structures for a
period longer than that specified as acceptable to the
applicable PSO.

The bold text represents the applicable requirement for which this
exemption is requested. Inthis case, the “structures” which have an
MPFL in excess of $1,OQ0,000 are the active 94-1 process gloveboxes
HC-3,HC-4, HA-28 & HA-23S.

To get to this”point, the following requirement.path has been followed:

DOE-RL Implementing Directive, RLID 548Q.7, “Fire Protection”, Section
8.2, paragraph (d) stipulates that “gloveboxes handling hazardous or
radioactive materials shall be protected from the effects of fire. The
level of protection required shall be determined using the Glovebox Fire
Protection Criteria contained in the DOE FIRE PROTECTION RESOURCE
MANUAL.“

The DOE-RL FIRE PROTECTION RESOURCE MANUAL, the GIovebox Fire Protection
Standard: March 1993, part 1.2 states that “these criteria shall apply
to existing glovebox installations when a fire hazards analysis
demonstrates conditions warrant their”application,or when determined by
the DOE authority having jurisdiction.”

The “Fire Hazards Analysis for the Plutonium Finishing Plant Complex,”
HNF-SD-CP:FHA-004, Rev. O, (PFP FHA) addressed existing active
gloveboxes used. for Project 94-I for compliance with the Glovebox Fire
Protection Standard. The FHA recommends automatic suppression or
inerting systems for active process 1ine gloveboxes with plastic window
construction (Table 7.3). The FHA further states (Section 7):

Recommended fire protection features are presented as a general
guide; however, other alternatives are available for specific
applic,ationbased on a risk/cost analysis”.of the protection method
versus the overall hazard.
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REASON FOR NON-COMPLIANCE

The costs to provide full automatic fire suppressionin existing
gloveboxes supporting Project 94-1 are estimated at approximately
$750,000 (installation only). PFP Management deemed these expenses
excessive considering the 1imited intended useful 1ife of the facility
and the subject” gloveboxes. The “PFPProject Director, supported by PFP
Engineering and PFP Safety, initiated an effort to review several fire

protection alternatives. The objective of the “Plutonium Finishing
Plant 94.1 Glovebox Cost/Risk Analysis,,” Rev. 1 (dated February 5,
1997), was to evaluate potential risks and develop cost effective
alternativesto providing complete automatic suppression coverage whi1e
maintaining an acceptable level of risk and safety. Of the options
outlined in the “PFP 94-1 Glovebox Cost Risk Analysis,” Protection
Option 8 offers the best overall reduction of the risk of fire, while
being most cost effective in implementation.

JUSTIFICATIONFOR NON-COMPLIANCE

The “PFP 94-1 Glovebox Cost/Risk Analysis,” outlines several protection
options, ranging from “do nothing” to “provide complete automatic
suppression” in the gloveboxes. The analysis provides an evaluation of
risks of each protection scenario using probability factors.

The PFP has chosen to pursue Protection Option 8, a selection of ~
engineered systems and administrativecontrols. The objective of this
option is to provide prompt detection which initiates immediate manual
,responseto extinguish a 94-1 glovebox fire. Protection Option 8 is
described in detail beginning on page 49 of the analysis report. These”
protective measures, when fully implemented,will provide a level of
protection commensurate with the level of risk.

HAZARDS ANALYSIS AND PROTECTION

The gloveboxes will be used to transport stainless steel containers
(boats) of the pre- and post-processedmaterials. Additional items that
will be transported from time to time will include packages of waste
(plastic, rags, paper, or cardboard), tools, equipment, and cans of
cement.

In general, the combustible fuel load in PFP gloveboxes is low. The
acrylic window panels and Hypalon gloves are the primary combustible

fuels in the gloveboxes. The most likely ignition source of a fire
would be a mechanically or electrically overheated component igniting
transient combustibles or other fuels associated with the glovebox
process. .A fire involving these fuels may then ignite the gloves or
window panels, resulting in a more serious fire and potential loss of
containment.

Several protection options were evaluated in the Cost Risk Analysis
(Attachment2) to mitigate the hazards. Protection Option 8 was
selected for implementation.
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Protection Option 8 consists of the following items:

1.

2.

3.

4.

5.

6.

7.

8.

Instal1 1isted/approved heat detectors in gl oveboxes HC-3 and

HC-4.

Install heat detector indicator 1 ights or annunciator panel (s) to
direct operators to the area where fire is detected.

Provide a lower temperature setting (135”F) for heat detectors in
gloveboxes HC-3, HC-4, HA-28, and HA-235.

Install switches to ‘de-energizeelectrical power from inside the
affected gloveboxes during non-operatinghours.

Implement a new bayonet fire extinguisher design. The new design
features a quick disconnect bayonet that can be disconnected from
the extinguisher and left in the glove to prevent spread of

radiological contamination.

Provide hands-on training specific to the use” of the bayonet fire
extinguisher..

Initiate continuous fire watch during conveyor glovebox
operations.

Modify procedures consistent with the features of this option.

When there is activity in the gloveboxes, these features establish
visual detection of a fire condition and immediate manual suppression
response i n addition to automatic detection. When the gl oveboxes are
unmanned, electrical power, which is the primary ignition source, is
deenergized inside the gloveboxes to significantlyreduce the
probability of a fire.

A detailed ImplementationPlan is provided with the PFP 94-1 Glovebox
Cost/Risk Analysis, attached to this Exemption Request.

E. BENEFIT ANALYSIS

The PFP Glovebox Cost/Risk Analysis, Section 9, outlines the total
expected loss for each option. The “do nothing” approach yields a total
expected loss for a 94-1 glovebox fireat .$1,915,000. By “implementing
Protection Option 8, at an approximate cost of $317,000, the loss is
reduced to $1,105,000.

The cost of installing automatic suppression throughout these gloveboxes
($750,000 plus design) would reduce the potential loss to approximately
$605,000. Section 9 of the PFP Glovebox Cost/Risk Analysis summarizes
the anticipated losses for each protection option.

I
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OPTION PROTECTION STRATEGY COST LOSS

Po 1 “Do nothing” o $ 1,915,000

Po 7 Automatic suppression, in all $.750,000
94-1 gl oveboxes

$. 605;000
+ design cost

Po 8 (See S’ectionD above) $317,000”. $ 1,105;000

TERM OF EXEMPTION ,’

This request is for a permanent exemption effective through the life .of
HC-3, HC-4, HA-28, & HA-23S process glovebox activity.

REFERENCES

HNF-SD-CP-FHA-O04, Rev. O, Fire Hazards Analysis for the Plutonium
Finishing Plant Complex; Hughes Associates; June 28, 1996.

Plutonium Finishing Piant 94-1 Glovebox Cost/Risk Analysis, Rev: 1;
Hughes Associates; February 5, 1997..
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ATTACHMENT 2

.BWHC-9B51833

PLUTONIUMFINISHINGPLANT

PFP 94-1 GLOVEBOX WST/RISK ANALySIS

Consisting of 26 pages,”including the coversheet

( FOR ATTAC%’IENT2, SEE APPENDIX F, PAGE F-1, OF THIS FHA)



ATTACHMENT 3

BWHC-9B51833

IMPLEMENTATIONPLAN FOR

PFP 94-I GLOVEBOX COST/RISK

HNP-SD-CP-FHA-O04, REv o
PAGE H-1 1

THE

ANALYSIS

Consisting of 6 pages, including coversheet
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IMPLEMENTATIONPLAN
for the

PFP 94-1 GLO!JEBOXCOST/RISK ANALYSIS

This plan outlines the implementation of the “Plutonium Finishing Plant 94-1
Glovebox Cost/Risk Analysis.” This analysis has been incorporated as Appendix
F in the PFP Fire Hazards Analysis, HNF-SD-CP-FHA-O04,Revision O.

Of the alternatives presented’ in the analysis, PFP has chosen to “pursue
Protection Option 8, a selection of engineered systems and administrative
controls. By implementing Protection Option 8, as modified by this plan, a
significant reduction of the risk consequences of fire are met while providing
significant cost savings over installing automatic suppression throughout the
affected areas.

The following PIan outlines how PFP intends to implement features of
Protection Option 8.

1. Feature: Listealor”approved automatic fire detectors shal1 be instal1ed in
gloveboxes HC-3 and HC-4 in accordancewith NFPA 801 and NFPA 72.

implementation:’ PFP Engineering has designed new detection for the HC-3 and,
HC-4 gloveboxes. Reference Engineering Change Notice (ECN)
616156, released 8-25-97.

In 1ieu of a 1isted/approved heat detector, PFP Safety has
approved the use of a Fenwal thermoswitch (model 17021-0)
set inside a Fenwal thermowell (model 11204). This design
is also documented on ECN 616156. Though the devices are
not UL 1 i steal or FM approved for fire protection, they offer
significant advantages for applications in existing
contaminated gloveboxes. PFP Safety’s approval is based on
past DOE-RL approval, as documented in attachments to a DSI
memo, H.H. Nguyenhuu to J.B. Witt, dated 6/10/96. The use
of the thermoswitch for heat detection is thoroughly
addressed in a paper titled, “Fire Detection Systems in
G1ove Boxes;” by Glen Orihood, dated March 26, 1971.

Completion Bate: Engineering is complete. installation is contingent upon .

funding.

2. Feature: Install heat detector indicator 1ights at gloveboxes and/or
install heat” detector annunciation panel in process area.



Implementation:

Completion Date:
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The design ECN (616156). is approved and released for the
installation of strobe 1ights on top of the conveyor
gloveboxes (HC-3, HC-4, & HA-28) and the storage glovebox
(HA-23S). These strobes will provide a strong visible
indication of the location of the detector which has caused
the alarm.

In addition to the strobes, PFP Engineering has included in
the design two remote annunciators,which will provide to
operations personnel, as to the location of the fire. These

zone annunciators will provide local indication on either
side of the’wal1 which separates the conveyor gloveboxes.
All active gloveboxes without automatic suppression (HC-3,
HC-4, HA-28, & HA-235) will be 1isted on each annunciator
panel.

Details of the subzone arrangement will also be available at
a netifire alarm control panel, located in the fire alarm
control center (Corridor 14A) of Building 234-5Z. At this
location, PFP Operations and Hanford Fire Department will be
able to easily identify the precise location of the source
of a fire alarm.

Engineering is complete. installation is contingent upon
funding.

3. Feature: Set the alarm temperature level to 57°C (135”F) or lower for “the
heat detectors in HC-3, HC-4, HA-28, and HA-23S.

Implementation: PFP Facility Systems Engineering has provided PFP Safety
with technical justification for why the detector
temperature rating should not be 1owered. Reference memo
1551 O-97 -RDP-O96, R.D. Pickett to D.M. Wyatt, dated August
12, 1997. Based on this evaluation, PFP has chosen not to
implement this feature.

The concern for lowering the detector 1imits was initially
raised by DOE-RL to PFP, as documented in CC:Mail meeting
minutes (D. L. McKinnis to D.W. Templeton, C..P. Christenson,
E.C. Vogt, & G.A. Glover, dated 4/21/97).

Completion date: Not applicable.

4. Feature: Install electrical disconnect switches to de-energize the power to
the interior of the gloveboxes during non-operating hours.
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Completion date:
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Recognized in the analysisas a means of reducing the risk
of ignition, this feature will provide for the isolation of
all electrical services to the interior of unprotected
gloveboxes. Administrative controls wi11 be implementedto
“requirethat the electricity to the interior of the
gloveboxes be isolated during process down times (i.e. when
the area isunattended).

According to PFP Engineering,gloveboxes HC-3, HC-4, and HA-
28 have no Internal power sources. Internal power to
glovebox HA-23S, including motors and power receptacles, is
presently isolated. The supply to these devices has been
redesigned to include an isolation switch. Reference ECN
191630 and JCS work package 22-95-1364.

Internal power is currently isolated. G1ovebox HA-23S
operations requiring internal glovebox power, will not be
al1owed in unti1 the ECN is work completed and the necessary
administrative controls have been established.

5. Feature: Implement new bayonet fire extinguisher design, as specified by
PFP, which features a quick disconnect bayonet that can be
disengaged from the extinguisher and left in the glove to prevent
spread of radiological contamination.

Implementation:

Completion date:

The new bayonet design’ is based on an existing “field tested
design which PFP Safety found in use at Argonne West.

No design documentation has been found for existing Hanford
bayonet fire extinguishers. PFP Safety discovered that the
existing bayonets are a shop modification which vary in
construction and quality. The new design is documented on
drawing H-2-99514.

The new design has been fabricated and is in the process of
being installed in all glovebox process areas in PFP. The
mounting of the bayonet fire extinguishers will be complete
prior to operations in the unprotected 94-1 gloveboxes.

6. Feature: Provide hands-on training specific to the use of the bayonet fire
extinguisher.

Implementation: PFP Training and the PFP Fire Protection Engineer are
working together on a lesson plan that will provide “hands-

on” experience for personnel who might” be expected to use a

bayonet fire extinguisher. Training objectives will include
an overview of fire classificationand the appropriate fire
protection equipment to use. For example, if a PIutoniurn
metal or scrap fire is noticed in the glovebox, Magnesium
Oxide (MgO) sand is the appropriate extinguishing agent.
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The design of the new bayonet”fire extinguisher will be
introduced and discussed. The lesson will go into detail on
the appropriate use of the ANSUL(R) extinguisher and how to
properly pierce a glove. Training will involve the use of
bayonet fire extinguisher(s)and a mock-up glovebox, fitted
with actual Hypalon gloves. Students will be given the
opportunity to practice piercing a glove. Discharging a
bayonet fire extinguisherwi11 be demonstrated in the
initial class. The training extinguishers will be filled
with a non-regulated agent for ease of disposal.

Completion date: Hands-on bayonet fire extinguisher training will be included
as a punchlist item for the startup of operations in
unprotected 94-1 gloveboxes.

7. Feature: Initiate continuous fire watch during conveyor (HC-3, HC-4, and
HA-28) glovebox operations or when transporting materials to or
from glovebox HA-23S.

Implementation:

Completion date:

Administrative controls will be developed for establishing a
designated fire watch at all times when conveyor operations
are being performed in gloveboxes HC-3, HC-4, or HA-28.
During operations in an unprotected glovebox, the designated
fire watch will be responsible for continuous, dedicated,
surveillance of the operation with the intent to provide the
earliest detection of a glovebox fire and an immediate
manual response.

Procedures which address glovebox fire watch will be
validated and approved prior to startup of operations in
unprotected gloveboxes.

8. Feature: Modify response to gloveboxfire procedure(s), a: required.

Implementation:

Completion date:

Prior to Project 94-1 start up, PFP will be thoroughly
evaluating all procedures which may be impacted by the
project and the Glovebox Cost/Risk Analysis, Protection
Option 8. Of most importance, PFP is completely rewriting
Operations Procedure ZO-200-010, “Respond to Plutonium
Metal/Scrap Fires.” This existing procedure will be
expanded to include response actions for all types of
glovebox fires (e.g., ordinary combustibles, metal,
electrical).

Procedures which address responses to fires in a glovebox
wil1 be revised, validated, and approved prior to startup of
operations in unprotectedgloveboxes.
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CONCURRENCE:

E.M. LaR
&’

. .

~kll@

Date

LL4?Jf- ~
‘fil bet, Manager

PFP” Operations

‘iJk -
L.L. ‘Reed,Manager
PFP ESH&Q

.,,

7m 3/7j7~

R.D.’Redekopp Y Date
PFP PIant Director
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CORRESPONDENCE DISTRIBUTION COVERSHEET

Author Addressee

F. R. Crawford
correspondenceNo.

L. J. Olguin BWHC-9851833 RI

Subject: REQUEST FOR ADDITONAL REFERENCES FOR THE EXEMPTION REQUEST FOR THE
REQUIREMENTS FOR AUTOMATIC FIRE SUPPRESSION SYSTEMS IN ExIs!ING PFP .
94-1 GLOVEBOXES.

. DISTRIBUTION

Approva[ Date Name Location nfatt

8&W HANFORD COMPANY
F. R. Crawford T5-50 X
~. ~. Ree~kopp T5-15 x

T5-57 x
C: T: Sadanga T4-20 x
FRC:SRS File/L8 T5-50 x

Fluor Daniel Hanford, Inc.
J. R. Bell G1-15 x
H. M..Bucci G1-15 x
J. D. Martin N1-26 x

A-6001-538 (04/97) !4EFO08

U.S. Department of Enercwt

Richl and Ooerati ons Off ice
K. A. Benauiat R3-78

B. F. 8ur~on
A: B. JOY
J. E. Mecca
W. D. Seaborg
S. A. Sieracki
J. W. Todd

T5-50
R3-79
R3-79
T5-50
A7-80
R3-78

x
x
x
x
x
x
x
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B&W Hanford Co.
a McDermott company

TO
L. J. Olguin,Project Director N1-26
Fluor DanielHanford, Inc.

A
~mm F. R. Crawford, Senior Dkector

#&2d\

T5-50

PlutoniumFinishingPlant Project

Subj REQUEST FOR ADDITIONAL REFERENCES ~OR THE
EXEMPTION REQUEST FOR THE REQUIREMENTS FOR
AUTOMATIC FIRE SUPPRESSION SYSTEMS IN EXLSTING
PFP 94-1 GLOVEBOXES

PAGE H-18

%:: BWHC-9851833 RI

Date March 19, 1998

Reference: Letter F. R. Crawford, BWHC, to L. J. Olguin, FDH, Exempiion Reguestfor the
Requirements for Automatic Fire Suppression Systems in Existing Plutonium
Finishing Plant (PFP) 94-I Gloveboxes, BWHC-985 1833, dated March 11, 1998.

Fluor DanielHanford, Inc. has requested additional documents to be provided in support of the
ImplementationPlan for the PFP 94-1 Glovebox Cos~sk Analysis, submitted as Attachment 3
of the Exemption Request. The requested documents are attached.

Also, as a clarification, installationof the detector and indicator light, as described in the
ImplementationPlan, is contingentupon the U.S. Department of Energy, Richland Operations
Office approval of the plan and subsequentapproval of a ftmdingchange.

If there are any questions on this matter, please contact Chuck Sadanaga of my staff at 372-1378.

jmw
,.

Attach&ent
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B&W Hanford Co.

aMcDermottcompany
,.

D. M. Wyatt, Fire Protection Engineer
PFP Safety

T5-11

/ # - //’)
From “

R. D. Pickett, Cog _f4-20

PAGEH-l!

File No. Or Ref.:

1551O-97-RDP-O96

Subj

DISCUSSION OF TEMPERATURE SETTING FOR HA-23S, HC-4, AND

HC-3

Date:
-.

August12, 1997

References: (1) PFP 94-1 Glovebox Cost/Risk Analysis
(2) Fire Hazard Analysis for Plutonium Finishing Plant Complex,

WHC-SD-CP-FHA-O04 (FHA)
(3) Plutonium Finishing Plant Criticality Prevention

Specification, Controlled Atmosphere Storage, Glovebox
HA-23S, CPS-Z-165-80090

(4) Plutonium Finishing Plant Final Safety Analysis Report,
WHC-SD-CP-SAR-021 (FSAR) ‘

(5) ASHRAE Handbook 1981 Fundamentals
(6) Engineering-In Training Reference Manual, 8th edition
(7) Calciner Heat Transfer/Flow Analysis, Calc. No. K6137-1

Currently,,an equivalency request is being written to accept Reference 1 “and
2. The cost/risk analysis of Reference 1 is being submitted along with an
equivalency request, because some of our gloveboxes do not have automatic fire
suppressions. The facility has. chosen option 8 outlined in Reference 1 that
has us lower our fire alarm point for gloveboxes HA-23S, HC-4, and HC-3 from
165°F to 135°F along with other actions. The purpose of lowering the set

point was to provide a quicker response to a fire, but the lower set point
makes the facility more susceptible to spurious fire alarms. The following
discussion will show that the lower set point could cause spurious alarms.

The following calculations are for glovebox HA-23S because of its inventory,
and is a very basic calculation to show that conditions could cause a spurious
alarm if the set point is 135”F. The temperature of concern is actually
130”F, since the thermoswitch used has a 5°F accuracy.

Assumptions:

1.

2.

3.

No air flow through glovebox HA-23S. This is a good assumption based on
discussions with the ventilation cognizant engineer, John Dick.

The sides of the glovebox with water walls will not conduct heat when
compared to the other walls of the box. The,only areas considered
conduction heat is the top, bottom, and one end.

The rate of heat transfer is equal for all conducting surfaces.

A-6002-136 (11/96) GEF407
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15510-97-RDP-096

4. Al1 conducting surfaces are .25 inch thick‘stainlesssteel.

5. Dimensiorisare 170 x48 x 138inches.

6. There is no convection.

7. Inventory is 44,000 g of fissile material per Reference’3.

8. Room ambient temperature, To, is 105”F

9. The thermoswitch sees the ambient temperature inside the glovebox.

Calculation:

The equation used’to calculate the heat transfer rate from the inventory is
found in section 9.2.4A.6.3.1.1 of the FSAR (Reference 4). The heat rate was
calculated to be 3263.6 8TU/h based on an inventory inside glovebox HA-23S of
44,000 g (Reference 3). The next step was to determine the inside temperature
using the following equation:

q= UA(Ti - To)

The overall thermal transmittance U, was calculated using the following
equation from Reference 5, with the associated thermal conductivity (k) and
thermal conductance (hi and ho) values from References 5 and 6.

U = I/(l/hi + L/k + I/ho)

These equations were re-arranged and input into an Excel spreadsheet to solve

for the inside air temperature Ti, which was calculated to be 130”F. The
actual numbers used and the spreadsheet 1ayout are attached,

Another concern with sourious alarms comes from Reference 7 which calculates a
skin temperature on th~ top of the calciner glovebox reaching 135”F. This
glovebox will conduct heat to a heat detector near it and cause it.to see an
elevated temperature, but is not calculated here.

Conclusion:,

The calculations show that it is possible to get spurious alarms if the set
point is set at 135°F since the tolerance on the thermoswitch is 5“F. Severa”
other factors were not considered which would affect the above calculation

5002-136 (1 1/96) GEF407
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O. K. Wyatt I551O-97-RDP-O96
Page 3
fi’lgust 12, 1997

,,

1 ike convection, other routes of heat transfer, and air stratification, but
the calculations here show that spurious alarms associated with a set point of
135°F are possible and a real concern. The higher temperature set point of
165°F would avoid this concern and further analysis.

klm

Attachment

Distribution
G. A. Glover
D. L. McKinnis

A-6002- 136 (1 1/96) GEF407

T4-20
T4-20
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Material Thermal Conductivity, k Thermal Conductance, C Thermal Resistance, R
BTU/(h * ft “ F) BTU/(h 9 W “F) ft2” F”hJBTU

Inside Air layer 1.63 0.613496933
Stainless Sieel, .25” 9.4 0.002216312
Outside Air layer 1.63 .0.613496933

Total R 1.229210177
Thermal Transmittance, U 0.813530524

Heat Transfer Rate per unit area, q
-.

q= U*(Ti-To)

Solve for Ti Ti = (q/U)+ To 130.0728146

Solve for Tat inside air to metal Interfa@, Tm Tm = Ti-(q/Uair) 117.5590109

Assume ITo= 105F
I

Heat Transfer Rate for Inventoiy, Qi 3263.6 BTU/h
Surface Area, Al I 160 Sq. ft..
q = Qi/Ai 20.3975 BTU/(h ● ft2)

Page1
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TO: James B. Witt FROM:
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06/04/96 PAGE H-23

Jtuey H. Nauyenhuu
Telephone: 373-3993

cc: R.D. Keck T4-20
D.M. Wyatt T5-11
G.A. Glover T4-20
D.L. McKinnis T4-20
C.M. McGough B4-40

Ref: (1) Memo, C.M. Mcgough, 05/27/97.~-
(2) Kaiser Engineers Hanford Letter, ,6. A.” Kendal 1, 05/05/84. -- .-
(3) Fire Detection Systems in G1oveboxes, G.M. Orihood, 03/26/71.

SUBJECT: .FENWALLTHERMOSWITCH(Cat. No. 17021).

Jim,

In response to the preliminary design of the fire protection system upgrade in
glovebox HA-23 and conveyors HC-3, 4 and HA-28, FDNW wi 11 proceed with the
design utilizing the FENWAL THERMOSWITCH as means of fire detection.

Per Ref. (l), the UL listed heat detectors are not available for our
application. In addition, after a thorough review of Ref. (2) and (3), I
determine that the use of Thermoswitches is adequate for our current design
based on the following reasons:

1. Uniformity: Fenwall Thermoswitches have used in gloveboxes on site
and especially in our facility for many years.

2. Cost Effective / ALAR considerateion: No modifications are required
to the existing systems and devices are easily tested, repaired or
replaced without breaking the containment.

3. Compatibility: The thermowel1s are made of corrosion resistant
stainless steel needed for high acid atmosphere, i.e. gloveboxes.

4. Compliante: Fenwal1 Thermoswitches (17201) are UL 1istealas
recognized components.

If I could provide you with additional information, please give contact me.,

Sincerely,

Huey H. Nguyenhuu.
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Comments on Fenwal therrnowell heat detectors
by C. Mcgough . .
FDNW ..
5-27’-97

This is in regard to the matter of the Fenwal thermoswithcheswhich havebeen used in
gloveboxes on site for many years. David Wyatt brought up the fact that these thermoswitches --
are not UL listed, so I calledFenwal to see if they make a detect-a-firethat willwork in a
thermowell.

According to Marv Chamey of Fenwal, they don’t make adetect-a-firefor a thermowell
because if.the detector is put in a well it lowers the listed temperature rating, so that UL won’t
approve them.

He said that even though the therrnoswitches are not IjJ., listed, they work very well in
gloveboxthermowells. He wanted to know if we want it to work or if we want it UL listed.

Since they don’t make a detector that will work in the tbermowellswithout voiding out
the UL listing, we have no ch6ice but to stick with the therrnoswitches.
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Rockwel1 Hanford Operations .
ATTN: L. H. Jones

Cognizant Engineer
231-2-200 Nest Area
Richland, HA 99352

Gentlemen:

8-569, RNC LINE FIRE SUPPRESSION SYSTEM

On October 31, 1984 Kaiser Engineers Hanford (KEH) met with
Mr. Dave Evans - Department of Energy, Safety to discuss the
use of the Fenwal1 Thermoswitch type heat detectors presently
installed in wells to detect fires in gloveboxes. Prior to
the meeting a copy of “Fire Detection Systems in Gloveboxes”,
a study,performed by Hanford Engineering Services, was given
to Nr. Evans for his review. (see attached)

Mr. Evans’ main concern with the thermoswitch type heat detector

is the fact that it is not UL listed for fire protection use.
This was discussed with Mr. Evans and it was pointed out that the
use of he~t detectors in gloveboxes is a unique application. In
addition, the above referenced study had discussed the advantages
and disadvantages of various types of heat detectors and had
determined that the thermoswitch type heat detector in a wel1
was the most operationally cost efficient and feasible unit to
use in radioactively contaminated.gloveboxes.

The advantages that the thermoswitch unit provides are as “follows:

0 Easily tested’,repaired or repla;ed without breaking containment.

0 The wells are made of corrosion resistant stainless steel ‘needed
for high acid atmospheres.

0 UL listed as ‘a recognized component.
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In conclusion”Mr. Evans a,greed,that although the unit was not
UL 1isted for fire protection, the thermoswitch unit could be
used to detect fires in gloveboxes on the project. To facilitate
their use the units must be preset at the factory for the temp-
erature range necessary and equipped with an avai1able temperature.
locking device to prevent the temperature setting from being
inadvertently changed.

Should you have any questions and/or require any additional
information, please advise.

Very truly yours,

8. A. Kendall
Project Engineer

8AK/ss

Attachment

cc: D. A. Danch - Rockwel1
C. J. Denson - KEH
A. G. Minister
G. H. Sudikatus
Central Files
BAK File
LB
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GLOVE BOXZS

Glenn M. Orihood

Fire Protection and Safety Engineer

March 26, 197i
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FIRE DETECTION SYSTEN.S

IN—

GLOVE BOXES

Glenti;.1.Orihood
Fire Protection and Safety Engineer

Hanford Engineering Services, Richland, WA

Introduction

This paper is presented to discuss the use and application of a new detector
system. This system is primarily intended for installation in alove”boxes
which have a high acid environment; but it also has features which make it
desirable where containment of radioactive materials is a,necessity. In
addition, this paper will also discuss the modifications of a well known
detector, which makes it desirable for this same use.

These problems of containment and chemical atmospheres were no doubt the
factors evaluated by the Fire Protection and Safety Engineers in the ,early ‘-
60’s at the Hanford Project. At that time, they selected a continuous line
fire detector for installation inmany of their glove boxes. This type
of .;ystemhas an advantage over the spot type, which may have dead areas
in ““tsspan of coverage.

The “Jnit chosen was the Fenwal1 Continuous Fire Oetection ‘System, which
utilizes a tubing containing a eutectic salt mixture. This salt mixture
melts at a predetermined elevated temperature and becomes electrically
conductive. In this state it can tlierl conduct a current between its cen-
tral conductor and the outer metallic sheath. Figure 1 shows the sensing
element for this system.

An open circuit voltaae of 24 volts is impressed on the central conductor
and the sheath. Mhen fire or heat fuses the salt, the electrical circuit
is completed in a fashion similar to the closinq of a set of contacts.
The current flow then activates a zone alarm and other alarm functions as
desi*ed. An additional desirable feature of the eutectic salt detector
systwn is that it is self-r~stnrinn ,Jcon rezc)lidific2tion @ the s;:lt.

-1-
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The choice of this system might not be questioned today if it were not for
corrosion and its effect on the sheath of this detector. The jacket is
Inconel, and Figure 2 show{ a small section of one of these systems as it
is installed and in service today. Figure 3, however, shows a typical
section of a system which has corroded so badly that it is removed from
serice. This unit is installed in a glove box used for PU recovery opera-
tions. In an environment such as this, when the concentrations of nitric
acid are 35% and more, the Inconel Sheath hasa usable operating life of

about ‘five years. The failures cause shorting of the detector and it can ~
no longer perform its intended functions.

At the first .fe’wsigns of these failures, the operatinq contractor (Atlantic
Richfield l{anfordCompany) requested !litro/Hanford Enaineerina Services to
investigate and reccrmnenda course of action. We then initiated an in-depth
study to determine the most acceptable and economical solption”.

Factors Governinq Selection of a Fire Detection System for PuRecoverv

Glove Boxes

Our study disclosed that stainless steel was an optimum material.”forsatis-
factory operating life in the concentrated acid environment”of the qlove
boxes. The boxes themselves are of stainless construction; and, if the
detector system could beef the same base material, we”would have a high
system integrity. At the same time, the operating life would be extended
greatly beyond the five years of the Inconel.

A check with Fenwall, however, soon disclosed that the Continuous Strip
Detection System was not available with a stainless Sheath. Since simple
replacement was precluded, we continued our study of the factors pertinent
to installation of.another type of system”. Containment of radioactive
material and ease of installation were imoortant additional factors. ,4dded
to this, we wished to provide rate of temperature rise detection in addition’
to fixed temperature detection ability. liealso wished to secure automatic
resetting of our detectors so that they could be periodically tested in

place.

One of the UL Inc. listed devices which met these requirements was the”
stainless model of the Fenwall Oetect-a-Fire. It is a combination fixed
temperature and rate compensated detector with several fixed temperature
settings available. The brass hex head and soldered plug in the bottom,
however, would be affected by the acid environment and these “conditions made
it unsuitable “for our use,

The New Glove Eox Detector Systems
\.

A modification of this system soon evolved. It nrovided for a combination
fixed ~emperature, rate-or-rise type of detection system wtiichwas fully
compatible vith o,urCICCI-?tiiw rcrvlircnsfi%. The cyst.:m, as dcwloned, used

-2-
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a Fenwal1 Thermoswi tch in a stainless steel wel1, These components are
shown in Figure 4. The thermoswitch is Hodel,No, 17021-0 and is adjustable
over a range of -lOO° F to 400” F. Its internal ooeratinq mechanism js shown
in Figure 5, The initial installations were made with units ,calibrated to
16C1°F. The stainless steel sheath is Model ?Io. 11201-O and is 321 stainless,
The current cost of these components is approximately $35 and compares
favorably with the present unit price of $22 for the UL 1isted Detect-a-Fire.

The well-type units were instal lecl on 8-ft centers in the lonqer glove boxes
thus giving us a very favorable cost compared to the replacement costs for
the continuous strip system. ,The mounting details for a unit are shown in
Figure 6; and, from this, you will note the simplicity and yet the means by
which containment is achieved, Figure 7 shows an installation in an oPera-,

ting glove box and is one unit in a line of four. The electrical circuit
we are using is that’of normally open alarm contacts and end-of-line resistor
for complete electrical supervision of the system.

Fire tests were conducted to ascertain the”response characteristics of the
thermoswitch in a well as compared to a standard Oetect-a-Fire. Two series
were planned so that both fixed temperature and rate-of-rise performance
could be evaluated in a glove box of 6 ft3 VOIUMS.

The results of these tests are shown in Figure 8, which is Test No, 1.
Test A was planned with a slow heat build up to simulate a Class A type of
fire and tinusrequire the detector to ooerate at its fixed temperature
setting. You wi 11 note that the response of the wel 1 type unit comoar5s
very favorably with the standard unit experiencing a lag in the range of
only 10-20X. .,

In Tests B and C, we prepared tests to determine response characteristics
with a faster acting hydrocarbon fire. For these tests, we used a small
alcohol pan fire of only .03 ft2 area, 15CC of fuel , and the same detectors
mounted at top center of the box. These two series of tests were identical
except that.the fire pan was moved from the’extreme inlet side to the
extreme outlet side. Ourinq these tests, we had an air exchange rate of
almost four air changes per minute which is a rather stringent requirement.

Test NO. 2 was conducted in a larger glove box of 30 ft3 volume, which i$

more nearly “a typical operating size,..The results of these tests are shown
in Figure 9. In Tests A and 8, we’wished to again determine response charac-
teristics with a fast acting hydrocarbon fire. “For these tests, we used a”
fire pan of 0.88 ft2 with 50CC and 60CC of fuel for each test respectively..
The smaller quantity of fuel was used for the fire directly under the detec-
tors, and the larger quantity with the fire pan at the far end of the glove
box, In both series, the detectors were directly in front of the vent at
one end of the box as it was impossible to mount the units at top center
of the box. One of the four glove ports on the box was left open and no
forced ventilation was provided. The test was conducted outside, however,
and a breeze blowing into the open port affected the response time of Unit
No. 1 in the last two tests.

In Tests Ho, 1 and P!o.2, a standard Fenwal1 Oetect-a-Fi t-ewith a 160°F
scttinq (T:sstLltii t k). 2) aml a fcmvti 1 ~he]moswi tcil, set at 150”F, in a

well” (Test Unit No. 1) were utilized for testing. . .

-3-
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This data shows that the well-type detector performs reliably for eitfier
the S1OW build-up type of fire or the more rapid d.eveloDing flammable
liquid type fire. It has a time laq inherent to the use of the inSUlatin9

wel 1, but within the necessary 1 imi~s of maximum temperature in our Pu
recovery glove boxes, since the replaced units had a fixed ogerating tem-
perature of 255°F. The thermoswitch itself is adjustable over a wide ranqe,
and any.desired setting may be obtained by simulated test and simple adjust-
ment of the unit. It can therefore be set and calibrated for its desired
application by lowering its fixed ,temperature rating and thereby decreasing
its operating time.

The second type of detector to discuss is the standard Fenwal 1 Detect-a-Fire
in a stainless jacket. Conversations with the manufacturer regarding sqme
of our special requirements persuaded him to “remodel” his standard stain-,
less production model. He has assigned this nw unit a “model number of
28021-S-140. The only significant changes are that of heliarc welding a

cap on the end of the sensing sheath and replacing the brass hex head with
a stainless steel unit. These replacements should overcome any objection
to its use in high acid environments, which could cause deterioration and
degradation of the thermoswitch. Its life expectancy should, therefore,
be equal to the assembled well-t,ypeunit described earlier and which we
have had in service for two years or more.

Figure 10 shows a picture of the standard detector. The new uniti not Yet
manufactured, wi 11 have the same physical size and wi 11 perform, we exoect,
in an identical fashion to this standard run unit. The cost is reported
to be in the order of S35. The first lot,of 100 will be utilized in a glove
box installation in a Pu r&d laboratory manaqed by !JP.0~0at the Hanford ~
Project, The des”ignfor these systems has just been completed by Vitro/
Hanford Engineering Services. In addition, we are gurrently in design for a
second glove box system in another Pu facility operated by this contractor
and will utilize this same new detector for that installation.

Sumn~—

The invest~gation described hers served to develop two new devices for
incl.~sionIn”an already extensive line of fire detection units. Both have

the inherent resistivity necessary for installation in high acid environments.
He also feel that they have the necessary capabiIity for reliable fire detec-
tion under these circumstances, as they have demonstrated in the tests that
they will reliably detect,both Class A and Class B fires before qlove box
integrity becomes a factor.

Thv new model Oetect-a-Fire wi 11 have an advantage of shorter response time
and should be selected where that is of paramount importance. The well-type
uni t, however Y has an added advantage of ease of installation in existing
contaminated eauipment. Its thermoswitct? can be removed, tested, oi reca-
libr~ted in a clean area without removal of the well itself. Thus it has
a hi lhcr ,Jf:qrccof iiitc(!rity f,j?-contfiiuii?fitifjilcontrol.

,.

-4-
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With a choice of two units, the Fire Protection Engineer can specify the
unit or comhina.tion of units which will be most desirable for a i~articular
application. Production-type olove boxes, where standard conditions exist,
can utilize the new model Detect-a-Fire in a selected temoeraturo ranqe.
R&d-type glove boxes, which could be subject to wide tenflerature ranges,
may best utilize the well.-type~lithits features of recalibration while
retaininq contamination control, Both devices deserve consideration for
future special hazard .fire detection systems.
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TEST A

TEST B

TEST C

.

HEAT DETECTOR TEST ( No. ‘I ) ., ~~

UNIT TIME ACT. TEMP. FINAL BOX TEMP.

#1 7’25” 195° F

#2 6’ 45” 182° F

BOX SEALED AGAINST LEAKA”GE

#1 4’25” 195°

4’10” 197”

#2 3’35” 185° -

3’45” 185°

-?

A “4

#1 1’50” 210” F 210”

1’55” 205” 210°

#2 ~ 0’31” 120” 210°

0’30’”’ 115” 210”
I

#1 1’ 0“’ 215” F 250” F

1’15” 220” 250” F

#2 0’21” 110° 250” F
#

8
0’13” 90” 250” F Q

k
NOTE: Box Allowed to Cool to 75° F Prior to Start of Each Test ~



“TEST A

TEST B

HEAT DETECTOR TEST (“No. 2 )

UNIT TIME ACT. TEMP. FINAL BOX TEMP.

,#1 O’ 56” “ 265° F . 284° F

0’53” 240” 311”

0’26” 240° 311”

1’14’” 294° 311°

#2 0’13”’ 109” F 284° F

0’14” 122” 311°.

0’11” 107” 3110

0’14” 135° 311°

#1 1’1“ 270” F 275” F

1’ 2“ 266” 280”

1’58” 257° 260°

1’48” 250° 261”

~
#2 0’14” 115° F 275° F

0’14”
8

119° 280” h

0’16” 126° 260”
~

0’17”
126E” 261°

$Z

NOTE: BOX ALLOWED TO’COOL TO 70° BETWEEN TESTS
$J.~ ‘

=E +
~<
mo -
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:hange ECN

‘emporay

Standby

supersedure

2anceWoid

3. OriginatorsName,Organ’bation,MS IN, andTelephoneNo.

•1
D.L, ANDERSON,15520,T4-20,W690

❑ 5, Project Ttie/NoJwork Order No.

❑ Receptacle Circuits for Hood HA-23s,
&q?j

❑ 8. Dccument Numbers Chan ed b this ECN
❑ t“.1.dessh=tno.a”~Rev\

See Block 12
a

.,

S-a.USQ Required? 4. Date

m Yes ❑ No 05/19/97

6. BldgJSysJFac. No, 7. App, tkignator

234-52/12 NIA

9. Related ECN No(s) 10. Relatsd PO No,

630515

626102
NIA

I I
1a. Mcdifdion Work 11c. Mcdificstion Work Completed

i ‘Jz:m ‘“’~ ‘J

11d. Restorsd to Origin>] Condition

❑ Yes (do blk llb)

)

fTernp. or Standby ECN Only.)

~ No (tW131ks~tb ~ - 24% ~Xs%7 N/A
Gw.Engineer Signature& Date Ccg. Engineer Signature 8 Date

72. Descfiptian of Change

13b: DESIGN BASELINE DOCUMENT [x] Yes [ ] No.

310ck8:H-2-29026, Shl, Revl
$H-2-99550, Sh 40, Rev O

,“

31ris ENC supersedes ECN 630515 in it’sentirety.

NSTRUCTIONS:
=eneral:
a. Existingcoriduit,wire,receptacles,andjuntion boxesmaybeused. Newequipmentandmaterials may be field

routedandlocatedto facilitateconstruction,installation,and maintenance.
2. Rewirecircuitsthatwerewiredto PA3-9topanelX(circuit~-15) asshown onpages 3through 6ofthis ECN.
3. Rewirecircuitsthatwerewiredto PA3~10topanelX(circuit W-17)as shownonpages 3through6ofttis

ECN.

% Addcircuits 15and17to thepanel schedule forpanel ~asshown onpage70fthis ECN.
5. install switch assy. (P/N#16) andlabel ''HA-23S RCPTSper''PEP UBELING STANDARD (H-2-6971 O).

_3s, Justification
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Envkonmental 5
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FacMateConst.

~:”:;:;~:” ~“

&4. Distribution
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JM Mo;ley T4-20
MW Gibson T5-54
EP Lively R4-05
JM Isdell R4.05
RS Foreman T5.2i

13b. Justification Details
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TtisECNpowers receptaclesinhood HA-23Sthatwere deactivated
when MCC-A2 was d,eenergized during Project 94-1 demolition.

USQfor ECN626102 applies. Nounreviewed safety question exists.

Design verification performed using Independent review per EP 4.1
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AO Anderson T4-19
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GA Johnston T5-50

;~j~
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Release Stamp
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Verifi@On

17. Schedule Impact (Days)

Required ENGINEERING CONSTRUCTION

E Yes
lmprr.-~ent ❑
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❑ No
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•1
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❑ Seismic/Stress Anafysis •1
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❑ Cafibrati.n Procedure
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❑ Maintenance Procedure •1
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❑ Operating instruction

~ Opemting Procedure ,8
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❑ lnven!oryAdj.stment Request B

Tank Calibration Manual

Health Physics Procedure

Spare Multiple Unit Listing

Test Prccedures/Sp-xir@@

Compnent Index
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Computer So,%mre

Electric Circuit Schedule

ICRS Prccedure

Prccess Control ManuaflPtan

Prccess Flowchart .’

Purchase Requisition
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~-99550, SH 41), REV (): ADD CIRCUITS 15 AND 17 AS SHLIWN BEriJW:

(
!

❑ ToP OBOT ,FEEOER

SERVTCE BRKR
AUPS

SPACE uSED BY MAIN BRZAKER

SPACE

RECEPTACLES, GLOVEBOX 235-2

RECEPTACLES, GLC!VEBOX 235-2

RECEPTACLES, GLOVCBOX 235-2

RECEPTACLES, HOOD HA-23S

RECEPTACLES,’ HOOD HA-23S

SPARE

SPARE

SPARE

SPARE

15

15

J%

15

15

L

15

15

—

15

15

15

—
Jo

—

1

—

3

—

5

—

7

—

9

—

11

—

13

—

15

—

17

F

19

—

21

—

2:

—

2:

—

~

.

?ANELBClAR33 xx ❑ 3MAIN BRKR VOLTS 208Y/120 VAC, 30

LOCATION 234-5Z, RM235c
.O LUGS ONLY
& FEO FROM PP-A1

NEMA TYPE>
AMP PWR BUS

EI SURFACE MOUNTEO
.- AhlP NEUT BUS ONE LINE DWC ‘-2-2,653B/30

13 FLUSH MOUNTEO ❑ NEuTRAL BUS PNL SCHEO DWG H-2-99551J/40

GROUNO BUS

H1 H2
NO.

2

) _

4

6

8

-– 10

-’- 12

-’- 14

-- 16

~.- lB

L. ZO

-– 22

-- 24

-- 26

“ - 28

3RKR
MIPS

100

.

15

15

15

—

20

.45

—

15

—

15

15

—

15

‘NL LAST REV ----

SERVICE

SPACE USZD BY MAIN BREAKzR

SHUNT TRIP UNIT

(NOT WIRED)

LIGHTING UNDCR MEZZANINE

RN 2359

LIGHTING UNDER MEZZANINE

RM 235C.

LIGHTING UNDER MEZZANINE

RM 235C

LIGHTING IN RADTU AIRLOCK

HEATER IN RADTu AIRLOCK

SPARE

SPARE

SPARE

SPARE
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SEE BLOCK 13a ‘“”;g: ‘%$ ““ “[at;,;”””

12a. Modification Work 12t). ~%@& ~, 12c. Wcdification Work Cmp[ete 12d. Restored to Original Cordi -
tion (Temp. or Standby ECN rely)

[X] yes (f~;bout Blk. N/A

f] No (MA &s.l;$, Z.Z-97-4Z( Design Authority/Cog. Engineer Design Authority/Cog. Engineer
Signature & Oate Signature 8 Oate

13a. Oescrimion of Change 13b. oesign Basetine 00CUT4M? [X] Yes [] NO

H-2-24176
,SH 1 REV 15

H-2-97481 H-2-99550.“
‘SH1 REV lO SH17REVOJ’
4SH2REV1O
*SH3REV7
*SH9REV3
9SH 16 REV 3
}SH 17 REV 4

DESCRIPTION OF CHANGE
See page 3

14a. Justification (mark one)

criteria chan9e [1 Design l.fmvenknt [X] Envi rom!ental Facility Deactivation [1
.As-Fouc-4 [1 Faci Litate Const [1 cm.t. Error/Omission ~~ tw:ig” Error/CNnissi.I! [1

14b. Justification Oetaits

Heat detectors and indicator 1ights are needed in conveyors and gloveboxes Per pFp
94-1 Glovebox Cost Risk Analysis Revision 1.
Changes incorporated into the Fire Protection Essential Drawin9s.

USQPFP-96-14

15. Distribution (inc[ude name,
A.O. ANDERSON 14-19
J.O. DICK T4-20
J.F DURNIL T5-55
L.= EOVALSON ;;:8
G.A. CLOVER
D.7.. GROTH T4-15
J .M. ISOELL ‘4-05

MSIN, arm’ no. of COpieS)
R.O . KECK 14-20 w% 15ucgpuwix
S.M. KORSLUNO
R.D. PICKET

;;:;: @l 131umt

c.A. SALINAS ;~j~ &@J F&
G.?. UILSON
D.M. WATT 15-11
J,~.Wlfi T5-50
~,L. McKIC4?45T4-U
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..——. .. . .

ENGINEERING CHANGE NOTICE
1. ECN (use n.. fm m. 1)

Page 2 of 14 6i6156
6. Design 17. cost Ilrpact 18. schedute Iof.&t (days)

verification
Rsquir.ed ENGINEERING CONSTRUCT ION

[X] Yes AdditioIiat [] $ AcHitiona\ [] $ Irproverent [1
.[] No Savings [] $ Savings [] $ Oetay [1

9. Change ITact Review: Irdicate the retated dOc~ents (Other than the engineering d!c~nts identifi~ ‘n side 1)
that uilt be affected by the change described in Btock 13. Enter the affected docunent nwber in B(ock 20.

;00/00 [1 saimiclslressAnalysis [1
Tank Cdibmtion M.nua! [1

‘.nctionalOe.ig.Criteria [1 St,eWDmign R.Porl [1 HealthFtlYSiCSFmcadure [1
>p.eatingSpecification [1 Interface C.mtr.! Drawing [1 %!,., f.~u~P!e Una ~,tino [1
:ricicdihySpecification [1 cdibratim Procedure [1 Test fioced.teslSpeciGcation [1
:oncapt.al D.aslgn Report [1

lnstail.tkn Procedura [1
corn~.mmIndex [1

:w;b.t spa.. [1
MaintenanceProcedure [1 ASME tided ftam [1

>nst. sm.. [1 Ew?inwi.g F7.cedur. [1 Human FactorC.ansiderat:m

%c.rement Spec.
[1

[1 Operatiw Imtnxti.. [1 cQwOut.rsottware [1
tender !nfmmation [1

opmti”g Pmcod.re [1 Electric Cirwk Scheiufe

2).! h!,””,!
[1

[1 Opemti.”d Safety Requirement [1 ICRS Procedure, [1
‘SARLSAR [1 lEFO Drru!niJ [1 Pwcess Control Manua!lFian [1
Snf.ly Equipment List [1 cellArrangement Drawing [1 ROC.S8 FIc.wChart

[1
R,diati.” Work Pennlt [1 Essentia! Material Speciflcatlon [1 Purchase Req.lsition [1
En<mnmenta! !mpact Statement [1 F... Pmt. SmnP. Schedule [1 lick!.,File [1
Enti,m,me”ta!Rewxl [1 Inspect[o” Man [1 [1
Envimnme”td Permit [1 Inventov Adjustment Request [1 [1
20. Other Affected Ooctments: (NOTE: Oocunents listed betou, uill not be revised by this ECN.) Signatures bslo!d

itiicate that the signing organization has been notified of other affected docunents listed betou.
Oocwnent NwrberlRevision Docunent Nurber/Revision Do:ure”t .Nwber Revision

~E;&~W jj~ ~gnAgent ~~xu~ D;

.Z&&Z_

OA P
9A A-6 -~w-~~%’ S/;/ 9T ‘Safety

safety b.%.

“r

&?&& ~~n ‘4”++—
Environ.

Other B.H”I Other

k711cLA &l %*&, &y@W-.$
PI @W ‘31Xi97 -

OEPARTklENT OF ENERGY

Signature or a Controt Nmber that
tracks the Approval Signature

ADD1Ti0!4AL

,...,.
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‘ENGINEERING CHANGE NOTICE CONT1NUATION SHEET
ECN 616156

Page 3 of 14 Datf-~-4-97

3SCRIPTIONOF CHANGE
ield work:

.

..

Install new Fire alarm control panel FCP1412-2 in corridor 14A. Wire control panel
as shown on new drawing H-2-97481 SH 63 Rev O. Tie new control panel into zone 20
on existing panel FCP1412-1, and tie trouble circuit to zone 131 on Supervisory
panel. Reuse existing detectors i~ G8 HA-23-S and HA-28A but remove from zone 19 and
rewire to sub-zones 20-1, 20-2, 20-3 & 20-4. Run new wires for each sub-zone to
gloveboxes via new terminal box (T8X-2). See page 13 & 14 of this ECN.

Install two new annunciator panels. One in room 2358, and one in room 230C. Run wire
from new control panel FCP1412-2 located in corridor 14A to annunciator panels.
as shown on page 13.and 14 of this ECN.

Install new terminal box (T8X-2) on mezzanine wall in room 2358. Run wires from new

fire alarm control oanel (FCP1412-2) in corridor 14A to new terminal box. SEE PAGE
13 and 14”of this ECN. -

~awing changes:
-2-24176 SH 1 REV 15 SEE PAGE 4 OF THIS ECN.
evise drawing ,to show new panel, annunciators, and terminal box configuration on block
iagram.

-2-97481 sH i REV 10 SEE PAGE 5 oi THIS ECN.
wise drawing to show reference to new sheet 61.

–2-97481 SH 2 REV 10 SEE PAGE 6 OF THM ECN.
evise drawing to show new FCP1412-2 control panel.

-2-97481 SH 3 REV 7 SEE PAGE 7 OF THIS ECN.
wise drawing to show new FCP1412-2 control panel and battery box location.

-2-97481 SH 9 REV 3 SEE PAGE 8 OF THIS ECN.
wise drawing to show new control panel on “SupervisoryDevice Floor Plan!’.

-2-97481 SH 16 REV 3 SEE PAGE 9 OF THIS ECN,
.evise drawing to show new zone configuration for supervisoryconnection to new ANSUL
ontrol panel.

-2-9748i SH 17 REV 4 SEE PAGE 10 OF THIS ECN.
-evisedrawing to show new wiring configurationof supervisorypanel to new control
‘anel.

i-2-99550 SH 17 REV O SEE pAGE 11 OF THIS ECN,
:evise drawing to show circuit 26 on lighting panel D to be used for new Alarm Panel
‘CP1412-2. . .

[EW DRAWINGS:
Add sheets 61, 62, & 63 to drawing series H-2-97481 for field changes show on pages

;, 13 & 14 of this ECN. bktn 8[3319
~. On new sheet 61 show sheets 59 and 60 which were added by other ECN’S. ~



. I w I “
t

. I m I “

I I

xl
m
<
G

-—— —— —. —— —— ——
1:
1:
Icn

I

I

I

I

I
L

m

A-’-J
I

—

— J—— —— —— — —— —.

A- l*l——-’

L— —--J

73
m
<
G*

II
I
I

I

I

1

l—

I

I

L- ——— —— —— —— .-l——— —— —— ——

:,,

i%‘





I . I . I “
T -. I .

rl
I .

—

—.. . .,-,..,---
J

.



;,, ,,.
1

–~

-,,,

!.

i



v

0

L

\ 133HS 33S S31ON 1V83N39
CINV ON3237 ‘X30NI 3M0 M03

FkTP%

78 Z-+olz (*; .’.w 33s)

M-J, I IFTF?TFl // F
1: ,;W;9Z

r.o”-vz 10’Z - L.ff

““’’.2=- \ .7 : “ ..-,..,>I ‘-’-----%%W
——

$’
, ~~.- ; ,s.., I; F 1(.,”8,.,,., ~——n...

I v.) , I ;-’’’’1’-’’”;....
3078Z.uz L— —-!*3>W3, .Ou,nas”o>

$-H a9Vd z s
1

c
I

*
t

c ,

—— -----

, 8.

.-...,





4 ● I . I r,
t

. I m I .

1

.

%4----J
L

(

●

, 1 I

-1

I “-2-,,4s, I s-l; f,
+ o .

ECN
I .

No,
616156 “ge 7 ~+ I>1 D

X9H–?–974L31 e“,

? B
3P 7+epM8y kd,

:. cG(XJGH YC,A.
:,;,



.,

–:,
1,

–!

!,

I

1



t

“

a

a

1-6
,03 ,-OL-ZC,-WW ~3

r —

NVld MO013 321A30 A80SlAWdnS

LG-*$X 3018
L

L X3NNV
Hlnos

Zs-’?sz

‘Zs-+zc F7
(UA311a-u 1“) 0“3 AL

X3NNV
1S3M

-
Zs-i’cz

“, II . . ... ..- .. . . ....-...A.L I II I 1 \\ II II ~~-. —

/’

W3 ,.6, ,-SUJd J

)/LL“)ii
C-R

L
>03

Z-LO,-SIW

1>3
*-501-SW

m

,03
!-m, -w

-six,

HltiON



—
I
rj----l

I

I I I

I
m
IT
<

(n
II

-,

LcN N0,

D
616 156

age -

Ref.
Iq

‘gH-2-97481 ~ 6/R t
e..

+ep.

& McGCIIJGHF’d’Qlll__



● I . I . i o I . I .

-

I

@-

f-

—

/r
m
m
<
m
P-I

I

J5
E
i
m

+-z I I -2
> --”.2-’3748, “,7. ”i .

t 1.

—
0

—
.

TCW N
.

0.

616156 Pge 10 fir ‘4
Ref. D$JJ9.

H-2-$)7481 “171’””4
Prep. B kd. By

McGOUGH A.+

.-,



r’
1 XJ

P-1
<

—

j-
,.

—
j-
,“

—
—
.
.

— — — I

T--t-T- .

J-
● “-2-,9,s.3 1“,7.0 “

t
. m

EN N I .
0. L

616156 pg” 11 & [q

‘e’” ‘Wg” H–2–99550 p’ I&o
Prep.

“C. McGOUGHF ‘d” ‘y c J!



—
● m o

+ . m .

,.. .

!ECNN0.

616156
age

?I D
17 14

e ‘9 H–2–97481 fh’6P :
ev.

“P” % McGQuGI+
‘d” “ c“-%i=



● ✎ ✎
▼

o . .

rd

!.,.

---@

u

z
2

--@

(I

I I I

I

/)
m



I
, I . I ,> t v“ I m I q

4

‘-i

r’-”--

..-,

.

, I 1 , 1 1 1 I --_6,

11-1-llllllw 1-1. / E

,748, I 6> .10 I “ T



:1
,<-..,-,

—

m

c-:-

r Y..—..—--—.._..
;;
!,

%

..—. .— --—

.
‘?

I

~

w“ ... -9,,,, ‘Irlm,o
t

o
—.

1 —

i

.

—

.

—

.

—

.

.

—

.

.

. .

—

b



HNF-SD-CP-FHA-O04, REv o
PAGE H-67

CORRESPONDENCEDISTRIBUTIONCOVERSHEET

Author Addressee Correspondence No.

G. M. MCGratJr
FDH

J. E. Mecca
RL

FDH-9851833R2

Subject CONTRACTNO. DE-AC06-96RL13200- EXEh@lTON REQUEST FOR THE
REQUIREMENTS FOR AUTOMATJC FIRE SUPPRESSION SYSTEMS IN EXISTING
PLUTONIUM FJNJSHING PLANT 94-1 GLOVEBOXES

DISTRIBUTION

Approval Date Name Location wlatt

A-6001-538 (01/95) UEFO08

Correspondence Control

Iwo r Daniel Hanford. hrc.
P. T. Jewell
E. S. McGinley
GMM File/LB

B&W Hanford Comuany
D. B. Cartmell
F. R. Crawford
R. D. Redekopp

ILL
K. A. Bengrdat
B. F. Burton
P. M. KnoIlmeyer
W. D. .%aborg ‘
S. A. Sieracki
J. W. Todd

A3-01

B3-70
HE-68

x

R3-50
T5-50
T5-15

R3-78
T5-50
AS-11
T5-50
A7-80
T5-50

NOATTACHMENTSRECEIVED



FLUOR DANIEL
Fluor Daniel Han fofd, Inc.
P.o, Box 1000
Richland, WA 99352

March 26, 1998
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FDfi-9851833 R2

Mr. J. E. Mecca, Director
Transitions Program Division
U.S. Department of Energy
Richland OperationsOffice R3-79
Post Office 80X 550
Richland, Washington 99352

Dear Mr. Mecca:

CONTRACT NO. DE-AC06-96RL13200- EXEMPTIONREQUEST FOR THE REQUIREMENTSFOR
AUTOMATIC FIRE SUPPRESSION SYSTEMS IN EXISTINGPLUTONIUMFINISHING PLANT 94-1
GLOVE80XES

References: (1) Letter, F. R. Crawford,8WHC, to L. J. Olguin, FDH, “Request
for Additional Referencesfor the ExemptionRequest for the
Requirementsfor AutomaticFire SuppressionSystems in
Existing PFP 94-1 Gloveboxes”, BWHC-9851833 R1, dated
March 19, 1998.

(2) Letter, F. R. Crawford, BWHC, to L. J. Olguin, FDH, same
subject, BWHC-9851833,dated March 11, 1998.

F1uor Daniel Hanford, Inc. (FDH) has reviewed both reference letters and the
supplied supportingdocumentation for the exemption requested by B&W Hanford
Company (BWHC) from the DOE requirementsfor installation of automatic fire
suppressionsystems in ,theexisting (PFP) Project 94-01 gl oveboxes, where the
maximum expected 1 oss exceeds $1 mi11ion.

The supporting documentation provided with Reference 1 includes the Exemption
Request, a ‘Plutonium Finishing Plant (PFP)94-1 GloveboxCost/Risk Analysis”
and a detailed Implementation P1an for ProtectionOption 8, which was evaluated
in the cost/risk analysis. The supportingdocumentationprovided with
Reference 2 includes the justification for the use of the Fenwal thermoswitch
for this application.

FOH concurs with the Exemption Request, the cost/risk analysis, and agrees with
the proposed lmpl ementation PI an for Protection Option 8. We request that you
aPPrOVe the Exemption Request and ImplementationP1an so that BWHC can proceed
with submittal of change requests to implementthe system modifications for the
glovebox heat detection and indicating1ights. Should system operation be
authorizedprior to the completion of the systemmodifications,the
Implementation P1 an al 1 ows for establishment of continuous, dedicated fire
watches to perform detection and initiatenotificationfunctions during
operations.
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FNJOR DANIEL

Mr. J. E. Mecca
~eh226, 1998

FDH-9851833 R2

If you have any questions, please contact me at 372-8233 or George McGrath at
376-8119 of my staff.

Sincerely,

L. J. OTguin, P~oject Director
Facility Stabilization

LJO/gmm/bao

Attachment

ACM, ,”.,

NO ATTACHMENTSRECEfVED

PAGE H-69
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CORRESPONDENCE DISTRIBUTION COVERSHEET

AuChor Ad.ire.see Corrwpordmcs NC..

J. E. Mecca/RL President/FDH Incoming:9855795 A
DOE-RL: 98-TPD-113
cckecti07/0s/%%

Subject: CONTRACT NO. DE-AC06-96RL13200 - EXEMPTION REQUEST FOR THE REQUIREMENT
FOR AUTOMATIC FIRE SUPPRESSIONSYSTEMS IN EXISTING PLUTONIUMFINISHING
PLANT 94-01 GLOVEBOXES

DISTRIBUTION

hue Location ulatt

CorrespondenceControl A3-01

F1 uor Daniel Hanfo rd, Inc.
FDH President’sOffice H5-20
J. T. Curtis 63-15
C. R. Forrester Ha-69
G. W. Grier III BI-13
T, J. Harper H8-69
D. L. Jackson H6-32
C. C. Little H8-69
E. S. McGinley H8-68
L. J. Olguin (Assignee) NI-26
E. L. Reynolds N1-i?6
R. L. Shoup H8-67
C. L. Whalen A3-02

Jl&WHanford ComDany
A. Clark

B&Wprotec. Inc.
D. L. Baker

H5-31

G3-40

Pm mc Tri-Cities Services. Inc
R. S. Frix H5-33
D. E. Good S3-97

t

wc CORRESPOHLMStiCE CONTROL

For Guestims or DistrituticfWSIM Corrections I
Ccmtact : Chris HoW O 376-8111 or G{ennaLenz a 373-3931

CC:HAIL AODRESS: ‘CORRESPONDENCECONTROL-PHMC
i

A-6001-5387 (1 1/97) M3FOGS
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9855795 A

Depmtment of Energy
CC kECi: 07108/98

RlchlandOpwafkmsOfke
P.o.Box 550

Rtiland, Wa6hln@on99S52

Mr. R.D._ A@@ I+=d=t
FluorDaehl Haofed, he.
Riehbi Waahbgten 99352

DearMt.Haeunu

COFTrR.ACi’NO. DE-AC069dRL13200 - EXEMPTION REQUEST FOR THE
REQWREMENT FORAUTOMATICFIRESUPPRESSIONSYSTEMSINEXISTING
PLUTONIUMFINISHINGPLM’Jf94-01GLOVEBOX!9

~Hl~, UJ. Ol@ti J. EM~mdj~*-M, IW&*~dofa
pemanmt oxwnptiontoautomadcfircsuppresion EyetemainPmjeotS4-01gloveboxanHC-3.
HC-4,HA-28,aodHA-2X3in BuiIdins234-S2.

RLIwviawofthiaxqlkeatlmedctmnkt thatthefiremprmdonilystemsillthesogkwebexas
amnotre@rea-tfor Iifksafctyornuekaraafktyp~ AthomosIIcodhiakedyaiawa9
&nowhichanalyzcdtheppt @saawck@ witiacmgeofopticaa itmn’’donothi&’to
providiogemnpleteauiomawxupp*aymtnqtipmer& Thcseopti* aspecallnl
ofeItcmedveaforopeladoMtoeheoEotomhdmizetheowlmcnm Imdeuuiqomoeeof tll’e
Without8e&mllyinqmdng ths coataoddxdllk’ ofthe plant’alimitedlib Ofthe gbvcbow.

timsh~tiati dtiti&&@O*xawtihm -

dollarIeEalleaIS2.000.000withoutautomaticfireSuppmsioneystenlaThe-on ofm6m
xqqmeseien ayntmo m the @OvCbOXCs at a CO&lOf Spp?Oximately $7SOJKKI,plusdesignm~
wotiody~dtti *tib~eofafib *MaWofti*ofafi_ti
the gloveboxo3withoutthe lire oystcnmThemstbmefit snr$miudmmxtrata thatafire ecoor-
ringwitb kopkmmtationof Option8 ofthe costlrkkanalyeisxmdmio rcdueingthe expeokd
km to half of thatwhmthe gloveboxesareprevidedwithqprwsien ayatenMata mgoiileent
eat savingeto that of the eoti oftheb suppressionsystem.

Thereqoeattonetprovideautomaticmppmwionsyeittminthe=glewbexefi d toiteplanmt
options of the coxthik anelyeisishmby approved= apmnsnenI exmnptionandis eoodogcnt
uponsueeaafid oxecutioaof the i@ementetioIIplaoof Option8 includedm thcrqucst
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R. D.13amoo -2- W1 7 M

98-T’PD413

Ifmy&oticaisprovidedtoyOubyaQm@ctiqOftic.a%RqnweMivo (COR)Whidl ymr

company bdicvcs exceeds the COR’Sauthority,youarctokllllditiy notifyb Contmd@
ofiiw!raodrcqumtclaIificationPriorklcoolPlYinswitielcdkZI.bm

If youkm any qucstioo4plwwccmtaofPaulJ. Valci& ofb TmodiooPmsaoID*q cm
(509)373-9947.

TPKXPJV

m: F.R Cmvf@ BWHC
D. L. McKiot& BWHC
CT. S_BWHC
J.lLBelLPDH
H.M.Booci,PDH
L.J. Olgoim,FDH

..--, Z-y&CA_JJ .Muxa, DqwtyAwislmtMaoaga
fw Facility Tmm.sitioo
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JUIY 16,

Fluor Daniel Hanford, Inc.
P.o. Box 1000
Richland, WA 99352

1998
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FDH-9855795AR]

Ms. S. A. Sieracki, ContractingOfficer
Procurement Services Division
U.S. Department of Energy A7-80
Richland Operations Office
Post Office Box 550
Rtchland, Washington 99352

Dear Ms. Sieracki:

CONTRACT DE-AC06-96RL13200 - SECTION H.14, LAWS, REGULATIONS, AND
U.S. DEPARTMENT OF ENERGY DIRECTIVES - EXEMPTION REQUEST FOR THE
REQLTREMENT FOR AUTOMATIC FfRE SUPPRESSION SYSTEMS IN EXISTING
PLUTONIUM FINISHING PLANT 94-01 GLOVEBOXES

References: (1) Letter, J. E. Mecca, RI+ to R. D. Hanson, FDH, “Contract
No. DE-AC06-96RL13200-Exemption Request for the Requirement for
Automatic Fire Suppression Systems in Existing Plutonium Finishing Plant 94-01
Gloveboxes, 98-TPD-1 13;’ 9855795A, dated July 7, 1998.

(2) Letter, L. J. O1guin, FDH, to J. E. Mecca, RL, “Contract
No. DE-AC06-96RL13200- Exemption Request for the Requirement for

Automatic Fire Suppression Systems in Existing Plutonium Finishing Plant 94-01
Gloveboxes~ FDH-9851833 R2, dated hfarch 26, 1998.

Fluor Daniel Hanford, Inc., ‘(FDH) acknowledges receipt of Reference 1 approving the
Referenced 2 request for exemption. Pursuant to DOE Order 5480.7A, the request set forth in
Reference 1 requires the approval of the Head of the Field organization (DOE O 5480.7A, 8.g.(4)).
FDH requests the approval of Mr. Wagoner prior to implementing thk exemption previously
approved by the U.S. Department of Energy, Rlchlarrd Operations Deputy Assistant Manager for
Facility Transition.

.eca, ,,.

RECEIVED
JUL1 i’ 1998

DOE-RL/RLGG



FLUOR DAMIEL

HNF-SD-CP-FHA-O04,REv o
PAGE H-74

Ms. S. A. Sieracki FDH-985S795A RI
Page 2
July 16, 1998

FDH is willing and anxiousto proceedwith this exemption. However,based on the direction
provided in DOE Order 5480.7A, FDH believes that Mr. Wagoner’s approval of this request is
required prior to implementation. We regret any inconvenience this may cause. If Mr. Wagoner, as
Head of the Field organization, has delegated approval authority to the Contracting Officer (CO) or a
CO’s Representative, please provide CO approval to accept less than Head of Field organization
approval and specify the delegated authority.

Questionsinregardtothisrequestmaybe addressedtoP. T. Jewell, of my staff, on 372-3355.

Very truly youra,

8P”/2“
im L. Ja sen, Director

Contracting

RL

J. E. Mecca R3-79

Contracting Officer Date
U.S. Department of Energy
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Department of Energy
Richland Operations Ofice

P.O. Box 550
Rich[and, Washington 99352

SEP 031998

PAGE H-75

Mr. R. D, Hanson, Acting President
Fhror Daniel Hanford, Inc.
Richland, Washington 99352

Dear Mr. Hanson:

CONTRACT NO. DE-AC06-96RL13200- SECTIONH.14, LAWS, REGULATIONS,AND
U.S. DEPARTMENT OF ENERGYDIRECTIVES- EXEMPTIONREQUESTFOR THE

{ REQUIREMENT FOR AUTOMATICFIRE SUPPRESSIONSYSTEMSIN EXISTING
I PLUTONIUM FINISHINGPLANT94-01GLOVEBOXES

References: (1) Letter, FDH-9855795A RI, dated July 16, 1998,from J. L. Jacobsen,
FDH, to S. A. Sieracki, RL, subject es above.

(2) Letter No. 98-TPD-1 13, dated July 7, 1998, from J. E. Mecca, RL, to
R. D. Hanson, FDH, subject es above.

Reference (1) requests the approval by Mr. Wagoner as the Head of the Field Organization, prior
to implementing the exemption approved by Reference (2). In Reference (1), FDH requests that
RL speci~ where approval by less than the Head of the Field organization was authorized,
because based on direction in DOE Order 5480.7A, FDH believes Mr. Wagoner’s approval is
required.

Approval by Mr. Wagoner is not required. RLJD 5480.7A, Sections 6.1 .a (5) and 6.Lb (3)
defines the process for approval of exemption requests. The authority for approving this
exemption request at the field level with QSH concurrence is described in DOE Occupational
Safety and Health Standards Response Line Request number D98-01-020; a copy is attached for
your information. Should you have any questions regarding the above, please contact me on
(509) 376-7265 or Alan Hopko on (509) 376-2031.

Sincerely,

HJ
~~ tih ‘,..S-

Mar ia N. Roske
Contracting OfficerPRO:AEH

Attachment
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UdnehdFaasidlo lhn.mibaion.. : . ..”

DOE OwrpatiOai~l Safety.and . , ‘.,
‘‘ I@kh (OSH) Stimd@s “

Re.ijon.mLine . “
. . , 1-800-292-8061 ..’”‘..

. .. . .. .. . .
W: CrnigChrlskmo; ‘ , . “ .

.~raPrutOationEngineer ‘ .,
,. DOERlchlandOpn Ofke’ .,, . ..’

. . .,
Phonx (609)376-33S7
Fax! (609)373.8?00 . “ ,,

... .
FRO?$ DOEEH-6Staff . . . :“. . ‘.., Ofiead WodrarFtaalfhA Sakdy “

PHON% (301) 903-9765 . .
.

,.
Fm “(301) 903-9976 ., ., .-”

.’ .: ,“

sUB.JEcT.: AUthO~i~”kiaVifig Jurisdiction’for fire 3arotectltan .”

Request# 09S-01.020 . ‘

. Number.Yf Pi#-: *A ‘

,.
!.

. .

Your telephone request ragwdirrriAuthoiiiyHating Jurladlcfkmfor ~repr@tion was rec~ivedon
1/28/08. Tits rosu[l$of ouf reeecirch are atteotmd..Wehope that this reviewM1.ab$t you in your
aafeiyand health@grarq sffo+ta” .. .

.. . .. ..

Youiraquaathaaken aeelgnodnumtw D96-01-020. Pleaeeueafhla id,antifisri~you corrwpond”
or haveany questiqnaragardlngyour Inquky. . . ,!.
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If.weha~enotMy addraaaadYOUIquistions, pleasernbkeonYchange8and oorre~orrs to ctartfi.
your ~WuBaiad ~turn the@rre&ed rnpywithyaurlnitiila vla fax. ma mxnumberfor raymlno

your ccmyis (301) S03-9975., .. . “ . . .

Thankyouforyou?Inquky.
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.. . . -,
. ,,,. ( DepartmentofEnergyOSHSfsnilerdsInterprehtionsResponseLi~e, ,, ~. . . .

. . . Iormf-$zo

. . “Question 1] ISlheDOEAuthirItyHavingMsdlct\on~HJ) forfireprotectionstill ~ :~
consideredto bethe “i-leadsof Field.Organlzationsordeslgnee”(exeqt ae .

,. &ected bytheSeciekial Miceie)? ,., , ,. .,.

?“.
2) Is it the intent of the,new Order.eths(tie forwardlngofexemptlon req.uesteto ,,
DOE Headqwzrtereforreviewand approvallano longer required; provided that
the review and approval !e cenduotedby the DOE fire protection en~ineer and a
process Is In place at !he DOE field level for the AHJ to review arrd,appravb:~
requeet? ,. ,.

.,
Regulatory Rmdaw’1).YeetThe,Intentof the DOE Orders concemlng the fire”protection AHJ’@to’ :

“ have the authority reside within tha DOE FieldOffice(orcomparableDOE
l“””

.,

‘,.
otganizetion if no Field Offke exists). The “Read of the Field”Organization” is
no~rmallyconsideredthe AHJ unless that authority is delegated. At ilL, as @

other DOEFieldOft7ces,AHJ authority has been delegated further down the. ~ “
manRgernent’hierarchy! Tpls is acceptable, providedthattheA~J is obligated.to
consult with the cbgnizant DOE fire protestlon smglnaeron fire safety Isspes prior
to making a decision, .,,. . ,..

. . . . . .
Finally,theOrderaacknowledge thet, under aome”c~rcumstanoes,the Cognl&t
Secreteriel Office may decide@ retqirr AHJ autho?ity. Under these
olrcumstancee,[t is expected thet a documented delineation of authority Would be

promulgated. Until such time aa thio was accomplished, the Ffeadof tha Field
Organization would remain the fire protection N-U. ,.,

2) Yes, except for requests for”vati,ancei from OSHA rquir;ments(SeeDOE:
Order 440.1. Section 6,a.(6)). When aiwoval for variances from OSHA
standards a~eeolicihed,t~e”ultimateapproving authority (AHJ) is the As&stant
Secretary for Environmcmf,Safety and.Heahh (EH-1). .

The Orders,expect that a.process beastsblished for the revlew,an$ approval of
: fire .eafety.exemptionsand equlvalsnc!es. Such a process usually orlglnstes with,

the tire protection staff of the Maintenance and Operating Contractor and ‘
ierininates with the Head of Field Organization or daelgnaa(See [esponae ~o””’
Question 1.) Note thetoniy variances from the expticit Iangusge of am Ordar “,
wouldprompt epprovs.1under tin “exemption? Most fire safety-related condklon.s
could be ‘couchedIn terms of nonconformance with provisions of ~OG or.iirdustry
(NFPA)standsrdsorgu[deline$and,therefore,couldberesolvedvia the ‘ ..
“equivalency” concept.
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