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9m0 ACCIDENT SAFETY ANALYSIS 

9el METHODOLOGY OF ANALYSIS 

9.1.l Scoping 

Rockwell Hanford Operations (Rockwell) has performed a safety ana·ly
sis of operation of the Plutonium-Uranium Reduction Extraction (PUREX). 
Plant. This•analysis was perfonned understanding the limitations of the 
nunerical estimates of the probabilities and consequences of accidents 
associated with any industry. The set of accidents chosen to represent 
the risk of PUREX operations is acknowledged to be incomplete. The 
intention of this analysis is that by careful selection of the accident 
set and conservative treatment of those selected, the results will 
approximate the true risk. To initiate the selection, the anilysis was 
centered .on the k~ safety related areas of the PUREX operation. Safety 
related areas were identified by three criteria that govern potential 
radiological consequences: 

• Inventory of radioactive.material 

• Chemical and physical form of the· radioactive material 

• Presence of processing conditions that contain driving forces 
for potential accidents. 

· Based upon these criteria, the following areas were selected for 
analysis: 

• Fuel receiving (includes handling and transferring) . 

• Fuel decladding and dissolving 

• Feed preparations 

• Solvent extraction 

• Plutonium concentrators 

• Plutonium oxide production 

• Waste treatment (primarily high-level) within the PUREX Plant. 

Obviously, accidents with no radiological consequences may occur 
during the operating life of the facility: fires, chemical reactions, 
falls,· etc. In this respect PUREX shares the same risks as those pre
sented by nonnuclear chemical processing facilities. These accidents are 
discussed, but they are not included in the total estimated risk of the 
facility •. No significant hazards were identified which did not involve 
radiological consequences. 

9,.1 
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9~1.2• ::Preliminary Hazards·Analysis 

. Every effort has ·been .made to ensure that infonnation regarding risk 
in. key. areas· is :as. complete as possible; however, some hazards or:_poten_tia1 
accidents-may;r:10t be·reviewed because.·of simplification/oversight~ o.r :.: 
inability to conceive of all ·possible release sequences •. There- is. no cer-

. tain method for ensuring that all conceivable hazardsare-deteniiined.·.Jt 
is important, •however; that all hazards with the potential for s·ignific<1nt · 

· · impacts are understood and evaluated. The best ,method available for- iden~ . 

,···:·;"-D/ 
·•;:j;= 

. ti fying these hazards is the. app 1 ica.tion of :thorough peer. revjew ·by experi.- ·:· .· · 
enced personnel' to all aspects· of plant operations. ·. This· was accomplished.·· 

... · in the prepara.tion of the PUREX· prelimil"!ary hazards analysis :(PHA)~ A·PtlA' :. •·. .•:': · <~ 
·postulates a specific component .failure or initiation event a·nd -determines.·· 
'the corresponding effect on the overall system. The ~UREX_ PHA required .... •· ··•· 

.. ··.·.'.-~': 

.. : :_ ·.1:"1~,1--
-·. ~. 
·::R~: ..... : 
:;.··-.:·i~:·::···. 

. . ' . 
' - ~- •, . 

' ', -·., . 
.- ,· :, , ~ 1 

. : -·:·- ,·· 

.. development .of _a deta-iled·model of .the. PUREX system. The mode.lof·the 
. PUREX PJant as ··analyzed _is presented in Appendix C •. , If.·identifies all .. .

mcljo r · process operations~ : a 1-1 · in.puts ·and · a 11 outputs. · ,>In$tantaneous·: ·,in~ : · 
·tori es· of .radioa.ctiv·e materials. are known· for each -segment or,,.bloclc- of··tne \ 
operation~· as well as ·con1110n · and potential sources of energy.·. ·for ·the: .... 
hazards·. analysis; each component. of the. operation .was reviewed for poten- · . . 
.tial hazardss hazard. causes 9 and engineered_ and administra~ive baf'.Tiers •. ' ::, '., ·, · · 

·. The· PHA gives the following informatipn for each p·rocess · operations · · , . 
. . ana 1 yzed • · · · · · · · · ... · · · · ·· ' 

':, 

•· . System/Subsystem . . .. ,_ -.. 

This ,is the general process area or vessel of: concern, keyed to,. 
Figures C-l through C-:19. :.··. 

•·.·Potential Accidents. 

Potential .accidents which may occur.-in this. area are 
.· here • 

. :e. Causal Factors 

Basic' causes and contributing factors are given.· .When-~ltip1e ·',. 
··.failures ·are· required~ the word 0 and" · is included •. ; . 

• . Barri~rs · · 

: : . .-, :·0-Identified h~re are ·physical. systems or administra~ive· actions· . 
. · : .that:_tend to prevent' ·the accident from occurring, •mitigate the.: 

poten:tial consequences, or detect ·iln impending accident. · . : 

. · • Characteristic· Source Terms 

'·. This is a qualitative description of .the potential radio·active 
materials that may.be dispersed. 

· · • Category 

'The ,assessed severity .. of c;onseqtiences and 'p".'obability.·of .. occur.; 
· rence are identified~. · · · · · · 

.. 9-:2 

·. ·•;'_' ... 
_._. 
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• . Control ling Operational Safety Requirement 

This section provides' a "road map 11 from identified PUREX hazards 
to th~ operational safety requirement (OSR) that provides admin
istrative control over the.hazard., The CSR for.PUREX are pro.•. 
v1ded in .Chapter 1 l.O of this document. .The OSR cal led out .in 
this section may serve to prevent the accident or mitigate its 
consequences_.,: · · 

In addition to the review. and analysis done by Rockwell personnel~· an 
independent PHA-was- per.fanned. by· Pacific Northwest Laboratory (PNl), as' 
documented in Reference 9~1. · Both evaluations. identi_fy simi-lar risk-
producing sequences. · 

·. . . ·-

9.1.3 . Identification of Key Risk Contributors from PHA 

A screening process' was used to 11m1t. the nwnber of detailed analyses 
. to those accidents that effectivelydetennine the risk· envelope -for the·· 

PUREX Plant.· The screening is based_ on a siq:,lification of a more. 
complete risk expression •. The risk ·of a radionuclide release .is. a 
mathsnati~al · product _of five terms such t~at: · 

. Risk •. A x·s X C.x·D X [ 

where · 

A· - _pr~~a,~ilit.)'-.of _re lea~.~- 5.equence 

· B · . = release magnitude · 
--···---

c . = measure of the radiological·- characteristic . 
of the released material 

D' =- measure of the. environmental transport· factor--

E = measu·re of population at risk. · 

•. The total risk involved in operation of'the -f~cility is therefore the 
sunmation ·of this expression for· all release sequences •. 

.. ·1 · 

For the purpose of compa~ing and screening sequences ·for one facility at 
one site, the expressions C, 0,. and ·E may be held as ·constants, leaving only 
the requirement for tne -detenni nation of A and B to determine risk. The 
PUREX PHA was rev.iewed by a· team of highly experienced PUREX personnel with · 1· 
representation from Operations; Safety and Qua.lity Assurance (S&QA); and · 
Research and Engineering (R&E). Probabi 1 tty estimates were made on each · · 
accident sequence. identified in the PHA basect· on the criteria in Table 9-1. 

· Consequence estimates. were made b·ased· on the criteri·a in Table 9-2. Using· 
these tenns, a risk factor was developed· for each accident identified in the 
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.PHA: Risk = A x B •. The PUREX PHA is shown in Table 9-3.· Dominant release 
sequences in each of the six following categories were selected for detailed 
evaluation: 

• .Breach of containment 
• Confinement barrier failure 
• Uncontrolled chemical reaction 

. • Nuclear excursion 
• Extrinsic occurrences affecting plant operation 
• Industrial .hazards. 

TABLE 9-1 • . Prob ab i1 i ty. Cl asses. a 

Probability· 
level 

. Estimated 
. probability (yr-1) Description• 

3 

2 

l 

0 

l Incident considered as part of. 
nprmal operations. May occur 
several times during lifetime 
of facility. 
May occur sometime during life
time of facility. 
Probably will not occur dubing · 
lifetime of facility--OBA. · .. 

No reasonable scenario is 
conceivable. 

~Based upon accident classifications in ANSI N287.{2) 
Design basis accident. 

TABLE 9-2. Consequence Classes.* 

Severity 
level 

Descriptive 
· word Description 

0 

l 

2 

3 

No 

Low 

Moderate 

High 

No onsite or offsite impact to people or 
environment-. · · 
Minoronsite and negligible offsite impact 
to people or environment. 
Considerable potential onsite impact to 
people or.environment. 
Minor potential offsite impact. 
Potential for major onsite or offsite 

. impact to people or environme~t. 

wBased upon classes defined in DOE Order 5481.lA.(3) 
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2.0 Fuel dechddlng 
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TABLE 9-3, PUREX Preliminary Hazards Analysts. (Sheet 1 of 16) 

Pot111tl1I ac:clcltnt1· C11111I f11:tar1 lirrl1n aiv1eurt1'1c C1t1gory 
IOUl'CI tara P".°°111 Ill t1 CNllqlll!lllc:8 

Dl110l11tlon of shDrt• Olfa9 IJll&oa Mt cll!ltgned Adllt•1tr1ttv1 control·~, Sllart-ltvl!ld ff 1••n · 1 2 
cooled f111I, with re- lo 1Ccilald1t9 lllor&• c:Oi':ldurl M RW11I 11M:!MIII~ .. , 11'0 10 &N 12 11111 of lhllrt-ltvld lhld fP .· NUFt "·~ FP · · . 11'141 lldt1tft1111111111ltor ~•tfl• 

L11:II of control of •· c1tlC111 llf fYAI Alf! 
tart11 cbar~ to dta- ltllt.....,, ta rill Cir 
1olv1n r1s11lttn' la carrt.-
cllr91 of ar•• uel . 

Spilltnu c111t1t1r of Crllll Noll or CIA111W Cr1111 oa i,rlllf111l1ttv1 2 Q) 
flWl9 1111 .. ntl falls (llottoa br1lll1 MtnlMIIIC@ 

Ollt), . ,, ••• , .. sf a-... 
or Clpll"ltor 

0,.-ltor error· CIIIIU Procldura 
fall, 

or Ir~• 1111 crane falls 

H1,P pll'IDllllill llpDlllrl Cllaretau of f1111 t• Adltatatrat1~• coa~ol 1 1 
p!i'HIIICI of ptrllOIIIIIII I dt1p1tcbw-dladl-i•I 

chacll-out 

Dl1cllarg1 froa tlllk con f1tlur1, - Colla IIIOl'al11y It ,01tttv1 DIOH1V91" eoB11tl1111 r1l1111d 2 «I 
into 11atn9 coils 11141 pr1111ure . &@ a-111!1 . 
ind then to crtb1 or 11!)11SU M certll• COOlo Di11ol~er/mi&U!l1t1 I ! pond: 5111:k!IMCII occurrl!flc:9o Ing water lllwt-@ff.va1vM cbl:111cldl11' !WUMUH . o otscharg1 to crib Md to ataht~ e,T8IIIW'8 i!'ll'IH8H ~ ~aoi iQg poA4i froe 1K-A3E -n. 

-CJ 0 end - I Fillure ta dl11art ti» lldl1tt011 -fltolr CIIIIII 
o Dhcharae to rs"" !=Itch DH1n 111toaatlc ,tv1WG111111 of 

fro. R~l, - 56s cOAtutns~ ~•tar fta 
PDJ. -D4. Ind - r1t•tl1111 ll"t• 11'-A-42 

Jatttng of dissolver Crene cperetor fm1iure Adalnl11tl!'ettve 91'1M:8diwltl 11Gc:l1d sol11ttD11 11roaol 2 0 
10111tlM to an open CN1t 11t1 llSII lfiilllffll1 lnch!Glfillf! i@CII ind t1111 to A-E cel111 
noza11 !Iii" ]tn1 in or 1yat• Nlti!t!la8111 solut1DII to proceu cell 

Operator fatllll'1, Curr•t ,111 J111p1r pcl!&t- A-1 11:11111 
tlOII 109 , Dflsoo1v1r fuel 110l11tton 

or 
181"9501 to A-1' Cllill 

1i11l1111t t7 ii ii Uri .... - . . . . . . .. . ... . .. 

Control-
I tnu osa 

n.2.1 
11.3.2 

nu.4 
UM.5 

n.:u 

H.:!l.~ 
DU.31.!i 

n,l,5 

V, 
C 

·.·-~Bi 
m •· <va w~ 

I 

8 .... 



TABLE 9-3. 

,stem/subsystem Potent la 1 ace I dents 

-- -
fue I dee ladd Ing NH 3 or II~ explosion· 
and dissolution In dlsso ver or_OOG 
(Continued) 

----
Metathesis U metal fire In dlssol-
process ver inelts through dis-

solver releasing_ liquid 
In A, 8, or C Cell 

---------
I Centr lfuga- A alsslle generated by 

tlon of fallure of centrifuge 
dee ladd Ing penetrates a llne or 
waste vessel conl1lnlnr dis-
solution solver solution such 

' as TK-E6) 
---
8 Liquid over- NIil explosion In TK-ES 

flow to 
., TK-E5 
-
11 Centr lfuga- A missile generated by 

lion of de- failure of centrifuge 
cladding penetrates a line or 
waste to vessel contalnlnf dis-
metathesis solver· solution such 

as TK-E6) . 
----- -
Fuel dlssolu- Criticality In a dis-
tlon solver containing dis-

solved fuel 

U lfletd 1 fire In 
dlUbher 

--~-___,,_.__-=------· :.,.._ _ ______.:.,.~ 

,!.• 

PUREX Preliminary Hazards Analysis. (Sheet 2 of 16) -- --
Barriers Characteristic Category Control-causal factors· source term I Ing OSR Prob ab 11 lty Consequence 

4-•-- -- -- ----
Radlolytlc or che,nlc.l Ensure presence of ill1Yll0• 1 I 11.2.2 
gemm1tlon uf II or IIIUII nitrate In dechddlng 11.2.3 
chemical generallon of solution 11.].5 
NH] ~ and NH3 IIQnltor, admln-

tra_tlve controh ------- - ---
Metal heating due to Long lime span required to FP aerosol In DOG syste111 1 2 11.2., 
FP decay and exothermic sufficiently heat fuel to and In A, B, or C Cells 11.3.5 
U reactions. ca~se fire 

Adffllnlstratlve control on and length of tline fuel can 
Makeup water omitted, remain uncovered 

and 
U 111eltlng point higher 
than dissolver stainless 
steel 

Unbaldnced operation of Safety 111argln In centrl- Dissolver solution aerosol 1. o· 11.l.5 
centrifuge fuge design f II ling E cell 

---------------NH3 Is a· normal product Water vapor barrier_ TK-£5 Dissolver solution aerosol I 0 11.2.2 
of aper at lons , f 111 Ing E cell 

'· - - --
Unbalanced operation of Safety margin In centrl- Dissolver solution aerosol, 1 0 11.l.5 
centr lfuge fuge design filling E cell 

- ~ ----
Addition of metathesis Administrative control Dissolver aero·sol and vola- 1 I 11.2.4 
solutions frooi TK~DI that Includes I super- tile short half-life lso- 11. l.1 causing precipitation of vls~d lock and tay for ~OH topes to DOG sys teni 11.3.5 dissolver solution addition to dlsso ver 

and Am In Is t rat Ive contra h 
· · of dissolver charge as • 

llouble charge ·of rual or function of fu11I enrich• 
111lscu,rmunlcat Ion as to ment -
enrichment of fuel, In 
dlholv~r _ . 

. _. ~--~--- = --- "'"~. -~ ----· See AMlogous Accident In Section 2,l!c -. . I 2 11.2.4 
.;.;_~_-,_·_._ -- .. _-.. ·•. i..:.,..____ . ... ---- ·-: .... ·- ._ ILU _ ___.._.__ .. ~-- ··- --~___:c.;........__.__;, 

V, 
c:, 
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::CV, 
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TABLE 9-3. PUREX Preliminary Hazards Analysts. (Sheet 3-of 16) 

Syitea/1ubsysta Pot111tt1111:ctdeats c111111 factors l1rrl1n Q!M'M&artltfc C1tegurr 
IIOlirll:8 ,.,. 

frlillll!lbtlttr COll&lqll~G 

2.4 Jat-soluttara to crtttc1lttr due to ICOII- A!Wltta &e •tlli1t11s1t1 Adlltatstrst~ve ,rocedun Ol11olver 1191"0501 • allorl I I 
ho Id tng tlllk11 vt,91r1d ri;ectptt1ttOA 1oluUllll h tlllllt lira co11tr1I . ~olf•ltfo !go•s w 
TK-00 0 -IM 0 Md of Nd Ul utt1111 &be ~98S~1Utll' Gr B-DZ Su,v111t11N 111Ck • llfil pnes flllil:1111U .. Ir, 11, 
-05 1111111@ ta ts fuli or ind lz 11111" .. , fu Ii 

.,.,. . -Eacess 31!11toet• tiw•-
torr 91 -~fectld t111h 

Rupture of tlllks or SIi Allllops Ace dat fl SlctlOII 14,0 Oi11C11l11~ •t1:11 solutfoa 
canaec:ttnl piping due urosol ta D can 
to cell b ock 1..,11:t 

2,4 feed iiolutton Hf Sllploslon la tlllk Rldfloi,ti~ H2 flll'llltfon. Aclal1fstr1tfv• CMtrol le Ot1111®l111scl 1111&01 !I01YU01i I i 
holdtno tillkS 1111sphere r.ovtde 1fr dlluttoa to •~asel i~ I C911 
TK-DJ, -04, llld_. . ... . . 
1nd -05 Ledl of 1tr dtlutt1111, Lldl of reun, ldattfl- , 

and 1111_8 t91IU011 IIOllrce 

Soul'Cfll ef tgnfttoa E:plostoa 1111ds to,,.., 
off IIHSOI eowen 

2,5 feed !lilkeup ~ploslon tn tank Rlld0o1yttc_Hi fOl'lllttOIII. Adllltnt1tr&tt111 coa&rol t«i C~11ooh1~ lllitt1 11oluUaa I I 
&ink VK-E6 1 sphere provide afr 4fluttoa·tc ill"@SGI tm I call 

111d &Mil' 

LICk of 1tr dt1uttan1 LIICk of l'lldtly tdllltlfio 
Ind 011 t1111tUOl!I IOl!i!fl 

Source of 1gntUon Eaplosl1111 !Mids to Cllow 
off Vll(lfl ~HI'S. 

Cr1t1c11ttr 1A TK-E6 lt-1£1 llilllt gecatrlc1ll1 Proctdure11 U• lt Ing &a-11111- Otcaolver a@roGo~ and nora I 1 
51l6'110 fGri of 'UIM.'n (II! 11! CIIU hal~-Hfe botopsa · 

and to _TK-Ei ,1ua I r~ir1d 
1111or1tory 111111,ats 

An IIIICISSlva aiunt of Crtttcaltty ~1• 1tE 111'1 PM J1ttad fro• TIM. H OIi' 
II HH to TK-£6 llecetiH suc:11111 to rre~uflro at 
op11r1tar error or erro- 111st cloullla b1tciltn1 lo 
neou; Daoontorr crn1&8 a utttc1lttr 
resu t11 0 Cd(IIO ) rttquil'ICII for .' trillsf,~ of ionc:tilitrat1d 111d Pu soluUN fraa TK-Lll !!r 
Both 10ltntors f1tl tn N c_e 11 to Jl(-EI' 
Tlt-H Redundut 1gttator1 111 

Tlt-H 

Control-
1h15 0511 

U,J,5 
BI.J.1 

11.3,5 

11.Jl.lJ 
11.2.3 
11.J.5 

H.J!,J! 
n.i.:1 
H.J!,!i, 

n.1.~ 
OD.3,!li 

.. -::-. 
•"1 

V) 
C I. 

. :c . ::a V, 
1"11 •. 
<VI 

·-w~ 
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Sy1tu/sub1y1t~ Potentt11 accidents CIUIII factors l1r"rt1r1 Ch1r1ctert1ttc• 
. · source .ter• 1

..,.. __ .·_:c_•_t_egr-o-ry ___ --lControl-
, Prob1btHty Consequence ltng DSR 

2.8 

3.1 

Centrifugation A • tsstle_·gener1te~ by 
of either the the f1tlur1 cif the :. 
decl1ddlng - centrifuge penetrates 
waste or •eta- 1 line or vessel con~ 
thesis scilutlon t•tntng dissolver solu-.. ~•on (such IS Tl(~E6) 

1111 scrubbing· NH1 e11ploston hi elei:
. with HzD during tr1c:'. heater . · 
declid (T-Al-J, A1lde e11ploston In 
BJ-J, Cl-J) ·· silver reactor · 

5,0 . Backcycle waste Ulk•ge fro• -TK-FiO or · 
concentrator. Tl-JI. to cool In' coils 

· ind.then to coo Ing 
pond . " . 

Unb1l1nced operation of Safety· In centrtfujae. 
the_ centrifuge · design . :· _ . . . · 

F1llur1 to turn on con- Alar• sounds If dissolver 
denser cool trig w1te~ and ts In decl1d 1t1g1 with 
scrubber water,· • low. H20 flow ·to 1113 · : 

. . and .. . scrubaer . · . 
Low· ~llv•·r re_ actor t...;;,.. NH1 .detector Installed In 

11 ..... , thll 1tn1 to lhr• on high 
1r1tur1 • ows f11r11it on NH · · flow p· ist IIL 1crubfi1r of explo1tv1. c011pOund1 3. . . ···1 • 

and Silver reactor •1tnt1tned 
· 1t operating t111111r1tur1 

1111 r~acttons wlth·itl- during all ph1111 of d,1-· 
ver forllS potentl11ly . solver operations -to pr•.: 
explosive c~ounds,· elude fortntlon of 11td11 

and - . Low t-,eratui-1 llarai ori 
Reitor•tton''·a, ·hl•t' tci . silver r11ctor . : . ·• 
sllver reector ·.,. 

Se• Ana I ogous Ace derit In ·section 2 .o 
•• • 0 • • •• • • C O ·> 

,, .• 

Dlssolver solution aerosol 
fllltng E c111 . 

•••1 fr1111 silver reictor 
out through 1t1ck 

l •ckcyclit w1it1 rei111sed · 
tci cooling pond 

•;,' ' 

5.2 Backcycle waste Red oil exploston blows E11ce11tv1 organic In Adlllntstrattve and opera- Aerosol foniiattori of back~ 
concentrator aerosol Into c•II concentrator caused by tlonal control of colua,1 cycle 1olutton1 tn H cell 

.. ·. E-H4 , ~~::::~e ~o::~:n:t• on Co~trol ~f 1t9i• . i,renures .. - · · : · ··. · · · 
I I · · tncludtng PRV anil pop- · 

• r •' • ~ 

11.0 ·oecont&11tniltton Dropping of-cell cover 
. _ and parttt ion- block. Into H cell and 

Ing cycle'. · rupturi of feed tank ·or 
connec~tng ljne 

~ ~: ;" . . :.:_- .· 

e thar 2A or. 20 co u•n, offs ·on th• ·uea• supply , . 
or. the operatton of the 
TK-f~O · a,ttator ·. . _ Teaperitur,: ihn11 and. · .. 

. and .•, Interlock on concentrator 
Eai:1111¥1 te• peraturu E•plo1 ton •ust be ~ufft
tn con,entrator caused ctent to· blow IHI pot . 
by. fallure of st.ta• PRV ... 
ind st.ea• pop~off, va.lve ...... ,.~·tr·· ....... ,._. ··· 

;,·,· , .. 
,"J, ---. 

HA co1u1111feed •eroso1 
ftl1 tng H. cell 

0 

l 

l 0 

,, 
::_;.· 

11.3.5 

11.2.2 . 
11.J.5 

ll.J.4: 
.. 11.J.5 

11.2.5 
11.3.5 
11.2.6 

11.3,5 
,,· .. 

'::-·'.:.-·.; 
•_; 

• ::g i 
I• 

. C ':J: 

. ·.::a V, 

· .. '!:J t,· 
w~ I • 
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1,0 
I 

1,0 

Syst•&ubsystea 

,.1 HA colum fe.ed 
t1nk f§X-111) 

1.3 !'Rrtl tlon tn9 
feed t&nk 
(llt-J3) 

6.4 Pu-11, p1rt1tton-
Ing co111111 

7,0 Ftna1 Pu cycle 

;r 

TABLE 9-3. PUREX P_reli_~1nary Hazards Analysis. (Sheet 5 of 16) 

Pot111tt1I 1cctdent1 CIUIII f1Ctor1 krrt1n a.u-1ict1rtsttc C1tegory 
SCIIMi;Q•~· • Problblltly CM&81jll!!IIC8 

~plo1ton tn tllllt Saa An1logou1 Ace dent I• SacttOIII 1.4 • DIHD1Vld fNd uroso1 ,. 
sphere I : . . H call 

Dlschil'ge froa tw See A111logou1 Accident 111 Sectta 1.0 f«ad so111Um rala111d ta 
Into 11iklnl:'°1t1111 cooltng p!!oDld 
colll Ind t to cool-
Ing ponds · 

Orfanlc fire I• H o,r J Losa of oreulc to cell Adlllnl1trAtl~e control A 9Y !!II~ f~ ~osol ftlla 1 0 
ce I 11111p fr• IMP 1tn1 IYlf over tl!1 Mtert1l1 I• fn11 ff fir .J 1:111 
lelk1ge/• tsconnectlon, 111d &uapl 
TIC-JJ, or 1 IIXf feed A source of ty:ttton A 1ICII of I rtldlly tda-ltne (the probibU ty of flra tlfllbl• IOllrcl of 111111-

CUI ha lnll1nced by OVff• t1on . . 
h11tlng of solvent) Tllo ~lgll-11v1111.,. I• 

1111111 ·. · ' . 

Light WIW fire· lllpprl&0 

1l1111 In N, ~. K,, I, Ill~. 
R calls . 

IIIX eolian crtttc1ltty Exccs1t~1 ferrous ton1 Procedllras an •u1 of 91wt-1tvn fP offct .. 1 i 
P':'9Slllllt in CO)&all recovery frca 1011 of ts ~•zsa~ uue sys 

11111 partitioning 

Eiu:ess!vn mitr~to ~~ Llbor1tory 1111lys11 of 
colll!MI org11nie feed both .ferrous '911c1ntr1tton 
CIUSillg ll'lf!ul Ind IU • lkau, 

Nwtron ainttors post-
tloned 1111119 colial 

A &o1vent ftra ~nvolv• A solvent leak to the Adillnlstr1tlv• conl!'ol Pu urosol flill119 L (@11 i 1 
tng loaded Pu 1olv111t call floor . over the Mterl1h col• 

and 1ect1d la 1111191 

Source of tgn,t1on LICk of rald!ly 1dent1-
flible 11Cwca of l1111ltitxi 
Fire fog 1yste• 
Low 1olv111t tovantory 

015ch1rye frllll TIC·Ll Seo An1logou1 Accldllflt ta Sect~oo 2,0 Pu m,tratm Go1ut9on la 
to cool ne 1:on ind coolin; pond 
~h!III ~~ \:00 ling pond . . . ... . ..... .. ...... 

Crlttc1ltty tn L cell Leik of Pu- solution to Proc11dure co11tl!'OI of 11u1111 Pu 1eroso1 wttll vo11t111 1 1 
f!oor fr1111 11essel or · contents fl11i1111 products In L c11D 
connecting ptptng, · Product 1Hdollt m11Uor5 

and to detect gron 1alk1ge 

Cootrolu 
ilng 0511 

11,3.5 
111,3.3 
H,2,J. 

... 

11,2.5 
11.3,5 

U.iJ.B 
i'i;J,§ 

H.iU 

U.J!.~ 
n.:u 

. ..... 

11,l.1 
H.J.S 
11.2.5 

. 0.: ·v, 
-·c 

. ~. I 
:c 

;;g V, 
ITI 'I 
<V> 

w~ 
. I ,,g. .... 
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TABLE 9 .. 3 ( PUREX- Pr~ limtnary. ijazar:cts· Ana lys fs. ( Sheet 6 of l6 f . 

Systea/&ubsyste• Potentt1l _1cctdent1 

7.0 Ftn1l Pu c,rcli Crltlc1llt1 In L cell 
(Cont lnuedJ ·. (cont lnuedJ · · . · . · 

7.1 Pu cycle. feed Criticality In J cell· 
· tank (TK-JS) · s~ 

7 .5 A Ir pulser to 111awback Into P&oe , 
.3A coluim • u•ll~ry to envlron• ent 

C1us1l f1ct11r1 

The flooding of Leen,· Leve1·a1aras<.· .. 
and ., p~ leak to c~n floor 

No .perlodtc: cell flush for• s • lab configuration 
or visual lnspectl'!" · 

Fill fng··of J. cll1.·1µIIP · SUIIP aonttor, · . -
with solution fro• TIC-JS Acblnlltr1t Ive control 
(2Af) over contePts of.su.ps 

· · : 111d .i along wtth control of. 
Presence of a preclpl•. uterla1 .added to J cell 
tatlng agent In the slillp •111111 ·. , . 

Operational depth of Pu on 
cell floor uy not •~•ed 
S~lted 11• 1tl 

i:h1r1ctertst1c 
. ·so·urce .ter• 

Pu·"aeroso1 plus FP UHH · 
fr• criticality In J cell 

LHk tn puh1r.1ystm In Routlni pr111ur1 checks 3A coluiil solution aerosol 
PIO 1111,ry . - of puhtrl: . to PIO 91l11ry and then to 

C•t~gory Contro I-
Probah·111ty Coosequence ltng OSR 

2 

11.3.1 
11.2.5 
11.3.5 

11.3~5 
11.3.3" 

. . Filtered -,~haust 1nvlr01We11t througll lllllte 
. . . . .. . rooil stlCk . . . . . . , · _ 

&lovebo_x_ iround air pill Hr . . . _,. . . 

7 .6 · A Ir pulser to 111owbac:k lntci PIO 911-· 
. · 38 colu1111 -· · lery to envlrciri11ent . 

Luk In j,u111r.1ystea In Routine pressure checks 3A cohai solution 1erci101· 
PIO 9111ery . of puhers . · . · • to PIO 111 lery and then tli 

7.7 Pu stripper 
· (T-L6). 

;. 

,,, ... 

Pu concentration red 
oil l!IIP las I~ .. 

Suckback In~ P&o·,11~ 
.lery fro• tube b~ndln 

', .. , -, : 

· · ·. filtered e1&haust ' envlr-nt through "'11te 
' ' . . roo• stack: ' ... 
_ .. a 1 ovebo• 11'.Dund I Ir :~u 1 ser .. · · · · 

Elctsslve argantc lri Pu 
stripper caused by 311 
coluuin- tnterf•c• con
troller f1l1ui:•.:, , 

and ' 
txceuhe tuperatur,· 
In the vesse 1 . · . 

Adlltnt1tr1tlv1 control of Pu· ll!f'OID1 tn L cell 
colu• n oper1tlan1 
Cont~o1 of tht ste• pres
sure with PAV and pop-off 
valves ·, .. · · ··•· .. · 
T111p1ritur1 contra 1'1 .• cin 
VIUII , .' . . - ·. · 

F1l1u~1 of a tube bundle Routtne ·pressure checks of Pu sotutton 1eraso1 · froii 
. , and tubt bundlts TIC•LS .In PIO 911l1ry lllltte 

., .· . . Pressurized air ,. Ill . roe. to. -'11tt roo• stack . 
Leak In_ PIO 11al1er1 1ut0111tlc backup for low - · · · 

. steail pressure t11 tube , 
bundle · 
F11tet'1d 111111u1t 

• ~ :. < r 

' 

s,-.,1e u•Jlery" ventt11- Fire. 
ttm. tEPA -filter - - - . ~r -_ ::_ . { 

. Ntnt• 11 COlllbustlblt 
loading. -_ .. 

Pu 101utton •ero·so1 tn 
....,111 

fljlurt ';. .. · ,. 
1-.,rciper .lnsti111tlon 

or 
MOlltUrt ,·· · 

, . .or 
- ; . 

o,iiaged flit~r frMH 

Sli•11 tnventor1.1val11blti 
for ·ral1111. . -. · ·. 
OOPII teitlng·on tnst1111-
tton Ind annually there-
after · . · · 

,·,, 

-~-: 

0 

. '2 , 1 '' 

' . ' 

,. 

.. 
I 0 

.. , 

,-

'· 

- ~ . ,, 

11.3.5 
11.3~3 

11.2.5 
11,3;5 
11,2,6 

11.3.5 
11.3.3 

-· 
11.3.3 
11,3;5 

.. 

; 

', ,, 

?I 
:c .· 

::0 V, 
rr, I 
<en " > 
w,o ·,. 

-0 
0 
-a· 
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Sy1tlllfsMb5yst• 

1.1 Pu stripper 
1T-Ui) Cont nu11d) 

7.8 Pu product 
concentrator 
(E-L7-1) 

' 

TABLE 9-3. PUREX Preliminary Hazards Analysis. (Sheet 7 of 16) 

Pot111tl1I accldentl C1u11I factors l1rri1r1 Ctll!'AChrtattc Cat•torY 
IOllrcl llf'II Problblltty C1111$81BUIIICI 

Crlttc1llty.ln L cell Slow lolk froa VIHII '° Pu tc:COllltM111t, ~yaha V@lattls fP I• L cell · I 1 
hot IYl!'fKfl MIM •rrloa- Pertedt, All fluall . ••nphere 
eratlag to 11l11Wly r•. 
cr1Uca1 •111 (a:ell IIOIArltf IRd =•Itta 
flafM!lng •In rsdi!u of aolu ton llll!t ita · 
•11 required) e~aporatloa to *PII•-

Cell 1uap dlsli,s 
aouu111 , 11111 I tupactto. 
or·cen · 

. I 
Pr1veat1tly1 •••~ 

Pu concentrator la rad E1c111lv1 org1Atc ta Pu Adlll•l1tr1ttv1 CCllltrOI of PM wa101 t• L cell I (I) 
on 11plo1 ton conceA&a-etor c1111ed by· colia1•11U11111 

floo&ltaa ef 31 col.-i Control o!i' '11tua prli1ure 
ud •Ith.PAV 111d pop-off . 

EIICIHIIIQ ~1tur1 la 1111"11 

Vil$HI ' T~ature i:on'8'ol11 •· 
.. v•n•l . . . . . . ; 

Blcwback Into PliO 311- FAIiure.of • tube llouUM c111ure ditch. Pu sol11Ut!lll uronl froa 2 1 
lery froa tuba bun l1s bundle of tulls 111111 E-U-8 ~Ill IPIMi 011nsrr lllilth . 

Aeroia~ !i'ora11tla :Ired rOOII t® Ml!llt@ rrcoa I ldl 111d 
Leik ta ?&o gallery for spread of ~oat• Hn u~- . 

Pr111ur11fld elr ts 111to-
MUC ba119 lt4I IOI! &U• 
pr1ourt1 fifl ~ .~111, ..... '' 

Crltlc111ty In L cell SICIIII leak fraa vessel to Pl.I IICCOlllltabU lf!Ji' IJt&t• FP aerosol Alllll aaia1 I• I 'i 
hot 111rhc:1 then •n 1oa- fo, !&r@I 1111!.1 L cell 
1rAtln9 ta SI0111y 01'11 v111111! tnt,.-u, . j 
crlUca~ mils (cell 
flll«lld~n0 ~ill reduce 
aAH requ~red) 0 

llld 
I 

No routine visual 
spectlon of ce11 1 

In-

Ind 
No pr1vtint1ttva VISill 
•1nten111c1~ 

Ind · .. 
No parlodlc call flush-
out 

Cootrolo 
ling osa 

1'1.3,I 
11.2.s 
11~:u 

n.i;s 
11.2.6 ,u;s 

.. 

n;i;!i 
11.J:J 

n.1;1 
n:2;\i 
n.:t.§ 

• ,/ .. 
. V) 

0 
r· I. 

:C., 
;;g VI m·,. 
<V> 

~~ 
, I 

8 ..... 
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Systl!ll/si,,systea_ 

7,13 PA ro1111 series 
HEPA fl lters 

· to PR stack .. 

1. 14 Product load-
out to PA . 
bottles froa · 
TK-L 13-10 

a.o · Organic. recov- · 
ery syste• I , 

. .- ' -. . . 

.. 
·-·. 

.. 

--

-· 
12,li 'Final h_clllty 

flltl!rtn9 · 
(deep be ) 

·•. .- ' ' 

·,· 

. ! 

.. TABLE ·9-i. ·:·; PUREX .. Prel imina·ry Hazards. Analysis(·. (S~e~t 8 .~f.-16}._ 
.. 

' Charicterlstlc _ Category 
Potential •ccldent1 CIUSII factors larrler:t source tera Probablllty Consequence ·, ., 

Loss of flltratlon cap- Aerosol for•1tlon In - Two~stage !EPA fl lt1r1 In Pu aerosol 1 2 
abtllty resulting tn rCIOIIS or vess111 . · series · · ,. ., 
spread of Pu ll!rosol . and .. PR~- stack aonttar· fro• stack · -· ·· 

.. LOIi of fllt1rs efft- DOP t11t Ing w 111 bt per- -
ctency caused.by dt111ged foraed att'HEPA filters 
fllter1/fllter fr .. s or upon tn1tal11Uan and thlfl .. Incorrect lnstallatlan annua Jly _ · . . · · 

-· 
Spll. of a PR clftan .. Loose PA bottle lid, Procedural control' an haw lirourid-11vel rt1Hse Pu 2 1 
either .the dock or ele- . _ .and · . cans are ~andled .. aerosol tn building ventl-
vatar thereby releasing P.rocedlire Instructing the letlan 1yste.i or on 101dout 
Pu.1,erosol · Tipping of PA cari, bottle lldl to be closed dock · 

and tightly 
No fllterlng of aerosol Not perfor.ed rauttnely 
foraed · -· ' ,· . •' 

Discharge frCIII TK•li\ - Sea Analogous Ace dent In Sect ton 2 ;11 Organic wash wastes ·re-
.. 

-&2 0 or ~68 Into coo - IHsed: l,n CIIIII Ing pond . 
Ing pond. : . . ' . .. -- . 

Najar organic fire Organic lelkige .ta Ad11tntitr1tiv1 control of Aerosol .fonaattan resulting . I . I 
.. 6 c111 - _. · • 1terlal- In IIIIIPS' frOII burning of solvent to 

·,-. ,, ••In e•haust filters . . .. .·' · ind ,. Lack ·of. tgri'lt Ion· sources 
~r-Nb an~ _Ru ' Ignition prior to Flriftghttng· 1ysteii; In~ 

.. 

' 
. '. '. ' '· removal · .. cludtng tunnel 1pr11 .. .. 

Larie conflare•tton re~. -
.. -, -· .,· 

' '. 

quired to af ect f.llters .. 
Redundant •ii1111 1e·v1l . 

.-. 

'. ahr... . ... · .. 
,, 

Fire In final r'llter ,~,:~ •~d,or91nlc In Lack of _tgnlt_tan source Aerosol or deep bed filter 0 2 
, . ,-

A 11 NH . ltrtMS proc11sed activity . ' 

ind 1epar1le1y_1nd resulttny. ', ·, 

·.' Source of.tgnttton NHI vent rele1se1 are d s-
ch rrd through a separate .. 

, .. 
"?•-stlc . • ..... . ' .. . . ' Concentration ~f Ill!~· . . -~ .. '• ,· ., ·, -- ,,._ 

-. too law to support us- ... .. 
. ,, 

... '' .·.•_· ,., ' tton·, .. · , . ·.·•··-. · _: · ., . ' .. ., 
.•. 

.... -~: :'-. 

Control-
llng -~SR 

11.3.3 
11.3.5 

11;:1.s 

11.3.4 
11.3,5 . 

11,2.5' 
11.3.5 

-.. 

_, 

11:3,3 
11.2,2 
11.3.5 ·. 

V> 
C 
I 
::c 

:;c Vl 

.~·t,·. 
.. w~ 

-I 
,_ '0 

0 
'_. 

I 
I 
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TABLE 9-3. PUREX Pre11mtn,~ry ~azird~ Analysts. (S~eet, 9 9f 1~) 
.. 

·, "i•• 

•.'. ~-, ... , .. Clllr1Chr l1t le . '• 

S,at-.,subsy~t• PotMtl111Ccldtnt1 C_IIIHI flCtorl l_irrtm 
. - ICU'Ce.111'11 ,ra11~11tt, COllll~8 

12.M flHI flCI• fire In IIEl'A f•lter flt~ 111d •1i11lc t•, Lack of tplttCIII IOlll'ce il.eroaol @f HEPA fliter ·,{ - 1 I rn, ,mer- ··- ,11·~11treia'~ .. 1etlvlt1 ina11l1ll1l1) - . 
. 11111 (IEPA) 
(deep beds· . 111d '. IIPlrl IJ 111d n1 .. lt1111 · '. . ' 
H511Md to. Source of lgnltlOII 1111 Vlllt raileues 11'1 d II• 
reaovedfroa cll:r' Ulrouf11 a NJlll'lle 

,, : 

service). It > · -
.. ·' 

.. 
canceiitr1tt1111 of •a:,.. '. 

' '' .- .. 
•· too I• to iuppwt a-

'1111 ·'' ',. ·, .. : 
.. water .... -• .,A ·- .. ·-· .•,; •· ' . ,•: . ,. 

IEPA fllhi'I 1111wl11 
·-- ,. re1ulU111 ta nducN 1ett-

. • 
.. vn, • Ins 11t4m1 •• · 

_ fl•~I ,ia11 . .'. . 

. Suddill black1gi of . Water· 1e11 llll'OVlded to Adll,l11litr1tlve fl'.oceduri! • Cu,oa 1tir t1l11per194 tato· . •' 1·: 1 
filter by water seal m: OCUA t~I~ _t•• _ .. IOl'IIIU; ©i11u an11 '_ · t, 

: r11ulttn1 l11·11rr1v1r-
,.--

' 
,.,. fr!JII CIIIYM, - , •.· . . . -. , '·..: . . 

. ". .. 
12.68 ' Sallk• ,•ua11tn11 of deep- $o IIIMt fire .. ClllyGII . flrefigl!Usg 111hli. ta- . 1 . i 

bed fl tera - ~n ... - . - . cluiltag ~, ,.,., · · ·-
. - . ,_ ~ . . -

' ·-' .. 

14.0 !lute ·conc'en- Ol1cbarg1 frcia ll-F18 See A11ilogou1 Ace deiit la 5'!ctlllli I.Cl 1111 w11te n!11ud· 111 cooi-
tratton 111d or·-f26 Into cooling ._ lftlliOlld ~·-
tr111~t co.Us to 211-A~ZS·polld " .:;. 

Dlscbarg1· fr• ll-fli0 · _SN A111lcgou1 Ace dellt •• Secti• 2.0 1111 waste r~U11111d to 
.- '-j :-·,· ',..-

. -fl&,·~ -fl$ to "°I" .. .. Zll•A•3C uUi 

.J1Uln11 of Ill! solution Cll'lllle 3:r11ur ffAl'illll'e · Adlmf•lntwatflwa w:;ocadureo a.·Nrosol of' Diil flllt119 · z 0 
to Ill open IIOl!III or . t4iJ !:Gip ltll ilHfl)llll!III_I, 1411~ ~IK'i .... B ocll 111d f gell . . . :e · 
11111 tn f call · - t19 DJtOflll!I . •."' . '. .. .. 

Procell operator .wror, cunant ;en J..,- put-
. . , . '. .·, ti~ log - · . · _ " 

or '. . . ~ . i-• 

&1st1t f111u,:e 

Dropping of cell black c,1111/~lack bale f1llur1 Crane bra!ltig 1,itea Alro&cn of 1111 filltni . 1 0 
Into F cell and rupture ; ·, :- -

C:111 MIi. 91Uoc!c eeci-trJ · f cell . · . 
Yf ,:oceu 11es111 or -or 

Operator error Acllfnfl1tira&Ov1 control1 -. 
' '•, us8d to go~II'• cell cover ,. 

block •11-t · . 

I 

C1111trol-
11119 OSR 

11.J~J 
11.z.2 

,· 

11.:t.5 

~D.31.J 
n.il.s 
H.Z.5 '/'-

H.J.4 
n.1~s 

'll.ll~4 
n.i.s -
H.J.J 
H.31.5 

lfl.J.5 
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; ·tABLE 9-i' PUREX Prelimirtory H~zards:.~rialys1s._~ (Shee~: i~ of }6) 

Pctentlal accidents Causa 1. factors Category Control-, Systea/s\lbsyste• 81rrl,rs ·ctiar1cterl1tlc 
IDllr"CI ter11 . _ . Prob ab lllty Consequence ltng OSR_ --·•'-----------+------------+----------------+--------------,..;.._---+--"-.:......----...:..·· ;;..· -'----'-.J.:.--~-.:..l-,.:..;.~,;__..:..j1,_,:___.c.:_ 

14.1 ·waste concen- RelHII. In P&O gallery Failure of Jet g1ng Nllnten•nce on J1t gang . IW solution aerosol r1-
tratl1111 ... fro• 1uckb1ek fro• Jets valves to blow ste• out vi.Ives · ·: - . . · 1111s11d to PIO gallery . 
(TK-f&, -FZ&, Suckbick frOII, 111ky of ltne T1itlni of tub1 llilnd111 at 

, ~FIS, or_ -Fl&) tube bundles . · 111d every plant outage. · · 

Blllllback tn lnstru•n- lnstruaient line ~IUlgl Pressurized llr 11 euto-
~itton lines-- •atlc btckup for law 1te .. 

. , , _ pr111ur1 In tube bundlt 

14.2 Waste concen;, Red 011 explostori Excessive organic In 
IW concentrator (HA . 
coln• n flOCJd) . - . • 

Adlilntstrattve control of Aerosol of IIIW fl111ng 
tr1tl1111 spreads conta• ln1tton 
(TK-F6-1) · In F cell .• . 

14.5 waste denltri- H:, explosion tn tank 
tl111 (TK-Fl5) ai• osphere ., . 

'· 

14,6 SulllP waste 
receiver · '. 
,TK-FIBI 
TK-F18 

' '. 

. ' 
. , 

•. 
-·· 

14;7 Weste n11utr1-
ltutlon 

o(TK-FI_&) 

15,0 PuO~ conver-
110 -

,_ ;· 
' ' -· ·. 

.. 
'• 

Criticality tn TK~FUI . . . . . . . 

. ', .. 

H1 explost~_ln 'tink 
ll"°lpher.i . - .. · .. 

. ·: :.'.~~- . . ,-.-..·_ -_--., , ' 

Nucl11r crlttcaltty .In 
N cir L eel.I ILIJIIIS • 

colu111 operation.. F cell ·. 

111d 
E•cesslv1 teaperaturt 
due t_o f•11Hr• of the 
PRV Ind SRV on 1te• ""' . 

Htgh teaperature 1t1• · 
ihut off ·_ •- ,· · ... 

IW concentrator t~r•-
ture control · ·. . · 

Decant concentrator fetd 
tin~,to re110vt or,anlc .. 
Organic detectton.1yst111 
111_ feed tlnll . 

Excessive radlolyttc H2, Vessel vent 1ystn pro. . 11111 11raso1 f"'tton in. 
· · · . llld · .· vfdes air dtlutlon .to tank F cell -.' -- _ 

·. , 1taosph1n ·_ ·· .. 
Leck of air dl1ut1 1111 Sourct o·f tgnltfon not ·. _. . · · 

-..... d , " readily fdentfflabl1 . 
So~~ct oi fgnltton ·· ·' 

Collectlng of e.1;1111 Pu 
containing so1ut1on _ 
leaked to,su1ps ·- · 

and 
Fatlura to acidify. · 
TK-FIB ' 

Control .'of ltMI by •atn
tenance · · · 
Procedures for not adding 
caustic to TK-F18 until 
laboratory 1111111t r11ults 
art k!KM,I ·· 
Saq,lt taken of IU!!P bl• 
fort shtllftllnt to TK•Fl8 

S1npl1 t,1cen, tn TK~F18 ·• · 

See An1l.agou1 Ace dlllt In Section 14.6 

. ',·_a : ·, '·Y 
,, · . 

Transfer 9f 101utlons to Adlllfnf1tratlvt.control1 
fu11·tank1 (TK-Ml, •M4, Including ·lock. and tag, · 
-MS, or ~116) and over- • accountal)f1Uy _for tr1n1-
f1ow to •infl via ,•N12· fer1 1 and ffuf1t 111111•· . . 

. and and depth lf• tu . · 
· · _ _ . , Prciper operating proct- -

Leak l~g tank. . . ··- . dUfH . , . .. . •· . .· . : . _ . 

'. 
·1 

~.,reosol_ and g11H In 

,· ,,. ,_ 

.. , .. 
:-_ 

A1ra1011· of Pu solutions 
plus short-ltved FP gases 
tntci N et11 glovebu 11nd.s ·-
l ct11·

0 
- . ·• · . 

,_·, :.. 

2. 

1 0 

• .. •.,. 

.. 

1 1 .. , 

1 

'· 

. . 

. ~' 

11.3.3 
11.3.5 

11,2.5 
11.2.6 
11,3.5 

1U.3 
11.3.3 

. 11,3.5. · 

11.3,1 
11,2.5 
11,3.5 

,. 

,, .. 
•;·,,_ .. 

11,2,3 
11.3;3 
11,3.5 

11,3.1 
11;2,S 

. 1_1.3. 5 

,•. ., 

·• I 
VJ ·-,·c, 
I 

' -: ::c .-;:a V, 
n, I'.-

.,.<V, 
·w·~ -, 

0 
0 __, 
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.; TABLE 9-3. PUREX -Pre11m,1na,_r,r ~~Ja~ds- Analys_1s. (Sheet 11 of 16) 
. 

Sy5te.t!lub1y1tea . Pot1ntl1I acc:td1nt1 . CIUHI flc:tor, ll_rrt1r1 ai1r1c:tll' tit tc: 
. SOUl'CI tll'II 

C~t•gorf - control-
. Problbtltty Cllll58ql!IMI ling OSI 

15.0 Pu02 C:Dnver-
•· stan · · 

(c:onttnu11d) 

15.3 Prereductton 

crtttc:1ltty dr1tn tn-
1 c:111' - . ·.: - . 

,_ 

Ltqutd-l1vel l11triants 
end 11.,.. OIi tlllkl lild. 

' . ..,~ 

_,, ,.·" . 

', 
., 

2 '. Sptll 1-.ale 'tr• Pu·, 
n I tra&s stor1g1 tank · 
TK-113,· -M, -115 1 and. 

Proc:1dur1l error.,. ·, : Adllfnt1tr1Uve controls_'. sun aaunt of Pli 1oluttD11 
Proper operattlli proce-· 1111 lfflrll u:e• , . 
dlrll ' ' ' ' . Aa'OMh of Pu IDlUtlOII -116. - ' ' 

, FtUreU• of tlDv• 1tr tnto N CIU 1tr , 

Crttlc:11ttf tn N Dr ,. 'Low ac:td concintr1tlon ,· Cli,sld ~oop c:ooUng of ~11 AlrDIICII of Pu IDluttons/ _· 
cell V_ISII suilps 111d . per• tts '" 5191,-, fora-: VHH'il •ltll 1.21111J!=1II, -. 1ludgl1 ,111111 ~hor,-111,ttd·. 
pl pin. . ' -. . · .. :·.. . It la N!!UU Ing tn pre- ; coolut . : .. · · ,-,~ ·' ·._ ·_. FP -r\HI§ t11tD Viii Ud I . · 

_ c:tpltlUDill Md l!old_ u, : llii-watir lddtttOII IIGl'allly eel. 11lovllilDI _ , . 
of Pu 1t coacentr1U• possible _ . . . , . 
uc:11dtn1 450 Ill • . · 

. Dtluttari norally 1v1llo 
Ible only wttll 1.2N ic:111 
c:onden11t11: I!! ac: til · 
P111£ii·oper1ttri1 ~•durel 

· nuc:l11r utert1l1 ac:c:ount-
ibtllti .•- - ' 
Ftssne •.11 wttht11 1tng11 
vessel tnsufftc:tent for. 
c:rtttc:11tty, 

'·' 

,, : 

Ftre .tn cixtde convar- . 
1ton rac:1111; · · -

Ac:CUIIUhlltan af 1:41111:11.111~ lltt-ptpe_sprillkler tn Aero,ol m'PIIOz 
tblm 119111mit iNr .'aoUl!A - : N cell. · - - · · · 
waste.· and . . Adlltntitrattva ccilltrol~ 41ft 

ac:c:uaulattOlll of c:Gllbust-
Sourc:1 of tgnttton · tblt uterl11. 

: Delti,i of cmll doors 
· • tnt• tzes possiblltt,r of 

solvent r11C11tn1 I cell 

Preuurtutton Df tank, Hz62 ldded too f11&t 1 Adlltnt1tr1ttv1 controi11 
forc:tng overf11111 of Pu - · tnc:lud'Jng 1n1lyst11 of 
solution .to giovebox · er - 11zo2 c:011p01ttton · 
ind Into tnstrllleilt H20z tu too c:onuntr1t1d IEPA ft ltriittoa of glove. 
I tnes _ or box _,ind roa. 

lnsufftc:ient 11tt1Uon Projier_operatl119 pracem 
In' tenk · durei · 

and · · 

• L11ktn1 tnstru• ent Unes 

AavaaolB of Pu 1olMtiD11 to 
I ~11 «1pi1rat!ng •~• vt1_ 
tn11tru• ent.llne1 

C 'l" 

_I, 

2 

·- 0 

,- 2 

,I: 

n.:1.1 
n.J.J 

n.u 
n.J.s 
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Systell/subsyste• ·· 
15.5 V1cuu• dru• 

filter 

' 

.-

, .. . 
· 1s:& . Cale Iner 

15.7,1 Rework 
• ater1a1 , 
load-In 

. ·:·~, ·• 

TABLE.9.:~. 

Potentt1l 1cct~ents 
.. 

Nuclear crttlcallty 
1t or near dru• 
ftlter 
.. 

.Nuclear crttlc1llty 
1t or near c• lclner 

" 
•. 

··• 

·, 

·.• 

Ftre or red otl explo,. 
ston In c1lclncer 

., 

Spt 11 o'uts Ida hood 
dul'1ng t~ansfer •,_ .. 

,· 

fJJll,,f tzJ Q ·:-rJ··_cit:M·/_: -
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causal factors 

Lelk/splll of solid! or 
llqutd followed b{ · 
ev1i:::-;1tton, per• tttng 
Pu lldup In glovebox 
or on outside of equtp-
• ent 

'' 

lrldghig.of ftl_ter nke 
.. GI' 

Ftlter cake f1tls to 
fill Into_ celctn~r. 

-. er_. 
C1lctne baclc1 up to . 

. VICU .. cfl-111 ft lter 
.. 

.. 

Excesstve organic feed 
to c1lctner .. · 

., ... , .. 

: 111'.'rlers 

Adl•lnl1tr1t Ive contro.ls 
of lnventory·solutlon 
depth · . · . ·. 

Housekeep_lng ind periodic 
·inspections of TV and· 
periscope · · ' ,. 
Proper oper1ttng j,To-
cedures . · • . . · 

Ftltr• tton of glovebax 
1t110sphere 

Adequ1te· dHlgn 

Proper operattng proce-· 
dures 0 tnclucttng vtt1l 
observations by t_ele
vtslon mnttors 
N1nu1l 1sstst· 1vallible 
If needed ·: · 

AdlltnlstratlYI controls 
F lltrat ton of ~ tr In ves
se 1 systerws, _tn cen. and 
In c1nyon 11r · . 

. Ch1r1ctertstlc 
· · source ter• 

Aerosols of Pu solutions/ 
iludges·, plus short-lfved 
FP gases tnto VOG 1lid 
N cell gloveboxes 

.Aerosols of Pu sludge and 
powder· p I us short- lived 
FP gases Into N cell ·, 
glovebox . - . 

,: . . ,·, 

Noraally good optr•tlon · PuO,·dust Into N cell 
of 31 coltm and/or:ea.rly glovebox · 

-detection of 31 col111t111 · · ; · . 
problet•s .. .· . . . 
ND1'11111y good. ope~atlon 
of.stea•_ strlpptng E-ll 
11t•l9 and N cell s11111les 
analyzed for organic 
Proper operating proc,:. 
dures 1· .lncludfnT analysts .::r .. c:sphorul .:n,.11t-,~I 

Filtration of voli arid 
canyon atr. 

Operator fit11 .iin, . 
hand carrytng . · 

Double plastic bag and 
taped Hd on can or 

.- c1os~d cap on Jar - . ,; . ,_.,~" 

Transfer c:ont'a fnaent m, f1t1~ , 

. ' ... -. . -r:i ·_:: .. ,<·~ .- -

. •.,: 

,, 
• i .. 

- ' .. , 

•.· ... ; 

Category Contro 1-

Probabll lty Co~sequence l Ing OSA 

' 1 2 

2 

o. 

.. •' 

0 

· . 

11.3.1 
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11.-:u 
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·11.2.1 
11.J.5 
11.3.J 
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_ TABLE 9-3. PURE_X Preliminary Hazards Analysis. (She-et 1~ of ~6) 
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.. ·- ,: L . ·~. ,_ .. C1t1pr1 
Sy&tllll/~ubs11te• Pot1ntt1I 1cctd111t1 CIIIIII factor, ~rllrl c:llar1ct•t1Uc ',• _.,. control-

IOurc:I t .. - •. Prabf:blll~I COl"IIIQIIIIICI llng OSI 
.-

15.1.1 Reti111rk OV1rpr111ilrt11tto1 of OUp utwtal 1nllll Oouble plnsttc b:y,-ut1- :=1; :ucc2o4,2o ~locr · 2 0 11.2.1 
.. tert11 C011tatn1r r11ulttilg to I• c .. er unv•tld · -,111 outsllllit d t ovlboa 

' 1oad-tn ·rupturi _and 1pl1I' -· · bottle -, for var, 1111ort t_ ~ 
(continued, 

15.1.4 Dlssolwirs Spl11 t~ glovellu OVerclavgt~ of HIIIJ . . llplratt~ prcicedur11 · As:1111 IOIUUOII 111d IOII. ·•,, I 0 11.J.,5 
<",•'• •ri• glaso nnm,, 11111- Aptll into glovlboa . ·• 

: 
~ ltt, of caltllratld · ' ...... . . . .. ·-

.. •, Pr1111rt11itoli ol Pr111ur1 n1ltef !fevtce Aen!lsoi ltqutd 111111oltlli · :z 0 
111t110lver. OIi lllllaolv•. - . . ta11nllm_ · 

. ' .. 
Adllt1t1tr1ttv1 ~tro1 2 ·o L1uta1 CGAtatnan _ 

J1e111t111 air 1p1rgi 111trtct!11111 lirtftc·u, Alroao111tqutlll0 11111 I 0 

. "1!111 •••t1trattv1 c1111trol HUds • glovlboa 

Lci1i of, VICIIII• _ ., . : •-- tn glovllloa : I 0 .. < ~::..,:.,. " pi,j Ml~tton1 1111 floor i -· 
' ', 0 

·-· .. 

Overll_atc:11 tng 1111 ~111111 Sullp n,lll'II -. 

1111:uia v"8P rec1tv11 :{ · , .. ,',•., .,,-, 
.. overfla,; a111tcaattc situ_ ' off of VICU,_ 1181111 ... · 

ltqullll'dltectld ta 
'. .· vecu .. trap :-: . . -'• 

·;1J 

15.7.5 Re111ork, Sptll fr• ftUv Cc.po11111t llldaantcal Suap •Iara .. l!Q@1d 11ptll _II 9lovlboa - I .o n.1.s 
transfer, tnto glov_ebox failure .. 
fllter,-11nd .. 
recel_ver · 

15.7.6 Dryer Ftre tn glovebox .Elecvtcal ulf11Di:Uo.t1 Adllt• !se~attve proc:e- Asroaol 111110td0 and 2 0 H.lJ.J 
of dryer ~urH, l!l!iOl gtr~ _B,St• &CIUdl 111 giovobox ,. _U.ll.5 

H •~ t_-.rature cut- · .. 
of on dfJ-.,... - _ , 

15.7.1 Rewrk· Lelk ll-NSJ ,,nun Catcll PIii with l1v11 a- Ltfuid P"(!SOJ) .. t11 acid I o· U.l!,5 
1tongi tectlOII !.!lllll alllWI · II@ llt!Ol!I M t dllil 

,. 
DU.Ii or 

VICUIIII &r_Mlli'lr floor . · · 
L-t111 f1t1ure ,. ·-

'· or 
, ... 1,1111 

Undeslrabla cbe• tc1l Wrons che• tca) 1iji1U- Ad• lntstrattve lff'OCldure -· 2, 0 n.J.s 
reactton tut1 for AIIII (1110 
Teaperature and pres- -,plt11 ·to rlllllf'II · 
sure _excurstons r1cetv1r , .. 11) I 
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Systea/subsyste• 

15.7.8 Transfer to 
Tic~L 11 · .. 

TABLE 9-3. 

Spl1_1' _In c111yon ·c11l 

N-6 ·g1ovebox Hand. lnJury due to 
puncture WO\Jnd 

15.8 Rohry 
scalper ·· 
screen· 

15.9 Puo2 blender· 

15 ,10 Product' 
loedout 

' . ~ 

81ove; pimct_ure during 
hood cleanup.. · 

Flre·on floor of 
g1ovebox 

Nuc I ear. er I tic• 11 ty 
In rotary scalper 
screen 

P~ blender leakage 
res~ltlng In powder 
re1eise · · 

PuO cont• irier . · , 
ruplure froa exces-
sive pressure . 

-;.,_·._. 

. '· 

PUREX PreJ1m1narY Hazards Analysis. (Sh~et~l4 o~ 16) 

C1u1i1 · factors 

CD11ponent aec:~inlcal 
.failure . . . • 

&love. Is cut by brollen 
gli11 or sharp object· 

Sharp object tn hood 
': 

COllbusttblt •1terl11 tn r I ovebox (rags, p 111:.; 
tc,-etc,J, . , .· .· _: 

·Desfgn. 11• 1t of 3 g/r:1111 

for Pu tn solid for• · 
••ce_eded · 

Drop blinder, breiktng 
s11dt valve. and. glov.e-
box enc I asure · · 

or 
lnc011P1ttl closure of 
slide valve . . : . 

E•cess •at1tur1 or 
nttrat,. In produc, 

0, . 

bc111 -•of1t~r1' tn 
glovebo11 atr ··. · 

-··-·· •'._·. 

Ad• lnhtratlv1 procedure 
collf'dlnatlon between con
tra 1 rOOl!l9 and operators . 
Welded piping·.·. · · 

SUl!p ihr• ·, 

Operat Ing procedures~ 
train In~. · · 
A11 91111 vessels cov- · 
ered.wlth screen 

lood housekeeping, 
trelnhig . . . .· : 

&ood_llciusekeeplng 

T11t1 show 3 g/. ts 
~C1~e~h!I~ can.~ .. 

TIit •1utp•ent . t• not · 
nor•a 1y capable of . 

.
productn9 solids of · 
this lllfl ~anst_ty. : 
A•trilstrat Ive control .. 
of· Inventory (would need 
too long to ft11 · · . : 
calclner. b1enderJ. ·.· ' 

Proper operating proce-
durts, · · . , .... 
Adequate des 1911 of.· 

. blender . , . . 
Sllde valvtl · 1nt1rlocked 
to prevent re• oval of · . 
blender whl11 they 1r1 . 
open · · 

Undried PuO. chunkl ari 
prescreened"' and r4!110ved 
Proper operating proce
dur1t, - - . ' . 
Celclner t111111r1ture·1nd 
tcrew speed conttnuou11y 
mnttored 

Character 1st le · 
source terw. 

llf1error, 15 L. of recycle 
Pu. nitrate ·• · : • · 
90 Lo; Pu·nttrate 

Surface cont•tnatton tn 
gl~ebox : _._ -,_ · .. 

Surface cont•tn1tlon In 
glo.vebox _ 

Sp11ls fro• proceis such 
dlssolver feed · 

Short-1tved FP and noble 
gases released Into voa 
and N ce 11 g1 ovebox · 

·:-',' 

PUO.. dust In I Ir tn , 
tloiebox end operatln9 
area· 

. : ~ . " . 

PuO; dust: In glovebo• atr 
ancroperatlng area atr 

;.::: I ;_, 

•.:. 
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Probnbl1tty Consequence ling OSR 
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15~10 Product 
loadout 
(cCNl&lnuecO 

15.13 ftltrot• 
l!oQlllllilll 

• 
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TABLE 9~3. PUREX Preliminary ~azards Analysis. (Sheet 15 of 16,) 

rotan&t1I acctdant, C1u1111 facton lln'lffl CU.-achrlll le CIIIPI. 
IOlll'Cel- Pr~lb,lltty CIJasequen,:e 

Dual .. ,.,.. Of 1lovllla01 
atr 
Dal potat of 1l1Vlboa 
air 1, Ellll&orld : 
l11u1t1 el lu1-oii-
tptlloa .VI IIOrlllllf 
l!_IIIIIIA before covert .. 
flltr1&t1111 of glovlllu, 
cen, 1111 cup 
air · 

P~&~lpplng COi• Accldl11t 1111111 Pl'OIIU' Clpl!"ltllg ..-OC• ~ 31tl!t b &Ir fllll 11ovi- l 0 
tit r anti product lwldltng 1W loadl"I ffil'H • cip!l;rst Q111 •11 · 
CIRI crullhld ... or Adli1l1trcttv1 c1111trei1 1p1l11d 

llfroper contalNr Adequate dlllg11 of 
c)o1ur1 contallll'l'I 

f!lvatloa of·9lovlbm! 
IIM9 opera, 1ng 1r11 11irr 

11uclear·c,ttlc1llty Eac111lv1 Pu to ,ropw opera& lllfl proct• tie:ri,110'80 &11 Pl! solutlc1111 I ll 
fllil TK-t:i tnva,,~ ..... fUui OOl!M't~~fl~oo ff r•s•s 

. or Wolia 1111d •lgllt of ~CG If® 6M1 11111ti11 8111!f 
air 

HzCz04 PIIIIP falls, additions to 11-W or 
·13' 111'1 Mllund0 111d 

or coapostUM ts 1111lyz1d ,• . 
.llcatnt1ia-~tlvm·=11111trol1 !1111ufflcie11t :f2o4 ta 
lnspec:t~Cll cf &oiutt11111 strike Aolutt 1 

Cl!" •-•1 Mil ~1m 
lllldequ1t1 ftltratlon Ftltrattoe of WOI 1111d 
of P11 0 

CMJIIR 111!" 

or 11-13 ts da1~1:d for 
adequate res dine• 

Failure of 1l-N1 ti• . 
111tt1tor1 

or 
Inadequate heating l1 
TK-1113 leaves 
Pu(C o t tn -N15 or 
-I 62tlr2recycle to -£6 

CCNltrol-
unsi osa 

U.ll,J 
n.1.s 

nu.1 
n.J.15 
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TABLE 9-3, .PUREX Preliminary Hazards -Ar1alys1s;_ (Sheet 16. of 16) 
. ' ' 

Syst~subsystlii Potent I al accidents Cauul factors ·11r,1e,-
" 

" 
.. 

15.11 . IEPII flltra~ Fire Halon fire Suppression LOIi of 1loveb111 
tlon pdmary HE~II . · · .. or Syst• •. HEPII DOP tested 

after ln1t1ll1tlon. 
,-..roper tn1tall1tton &lovebo•· suppl led with 

. ' or air.. . . . · .· 
,., liEPAs Moisture ,. 

ddwnstre• " 
'• or ', 

., ,· 

' Ouaged IIEPII fr_. 
•, 

lfluton product •. · 
bolssolver offp1. . · . ·. · · . · · · -. · · . · . · . 

.' ~Probabllltl11 and consequ111ce1 11'1 th••• for ·1nalogou1 accidents •. 
dpr1ssur1 relief valve, : . ·: . · . . ·. · . .. · · . · 
-~tpe and operating, · · · · , :· · · · · · · · ·· · 
fH1-.-1fflct1ricy p1rttcu1it1 air. 
IIDloctyl ptithalate. . · . · · 
hste• relief waive. 
lvess• I orrya•, . · · ·. 
JAlualnua n tr1t1 nonlhydrat1, · 
kllelgllt _factor. · ·. · · -

-:•. 

Iii ••In 
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· Ch1r1cter11t·1c · C1te11ory 
. source t ..... Probability Consequence .. 

·PUOI dust Into gloveboic . I 0 
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. A PHA is developed from individual eases or hazards to a general . 
conclusion of how the facility is affected; therefore, evaluation of faci ... 
1 ity risk depends upofi accurate identification of •al 1 potential hazards· 

· .. associa,ted with the prqcess analyzed. An additional system for methodical 
· identification· of potential hazards is the use of fault· tree analysis& 
ir fault. tree. is a gra-ph.ic model of the various combinations ·of system or 

· component failures that will r~sul:t". in ·the occurrence of· a specific or 
... 

11 top• event. The: .top e\f@nt of. the: PUREX fault tr:ee (FigG. o~ 1) is speci.;.. 
· fied.as 11 above:nonnal release:of radioactivity from.the-PUREX operation". 

The fault, tr~·- branc.hes· down: to. all. faflur-es. that may r-esult in this 
event.· The· top· tier· of the fault· ·tree identifies all potential pathways 
of r-eleases, ·such as· the product handling and removal {PR) room stack,· 
main exhaust stack, c·ooling water· pond~ P&O gallery exhaust, HEPA fHter 

· · malfunctions11 and outside spills. Lower· tiers identify failures which 
· cm~1d contribute to releases via these pathways. In nost cases, the 
· f anures thus identified are those evaluated 1n the PHA. Both methods. · 

· · iaentify similar potential hazal"dssi .conffrmfog the posit ion that all major. 
risk .contributors have. been: identified~ · . · • .·• . · · . 

. Acciaents identified as major· risk contributors are ·analyzed in de~ 
;•,, ·. tailed'.•Scenarios. Scenario development includes detenninat1on of source 

· tenns, releases, and potential doses .to ons tte and offs ite pers·onnel. ·• In 
· addition, the fault trees are quantified.to provide an estimate of proba

. bility of occurrence of accidents that may result in· an •above normal • 

•;,, 

release of radioactivity• •. The PUREX fault trees are provided in 
· .• App en di x D .•. · 

f ·. 9.1.5 Major Risk Contributors. 

9 •. 1.5.1 Breach of Containment. Co~taiome,:1t :is .taken to mean an absolute. · 
barr.ier-. Contafoment .in. a ·fuels reprocessing· fac:il ity is to be dist in- · 
guisheCl from-·contai nmefit in a nuclear power plant where an· absolute phys i-

.. cal structure (containment vessel)." is often implied. At PUREX 11 containment 
· · cmmx>nly is not absolute due to vents and sampling.penetrations. Examples 

of containment barr.iers ·are: the tanks,· piping, tube bundles,· and product 
·· _containers. Br-each of contai riment is defined as· transpor-t of· radioactive · 

contamination through a containment barr-ier-•. Barrier failure may occur as 
· the result of age, deterioration, design flaws, corrosion, or mechanical 
disruption. · · · · · · · , · · · · 

TIie dominant risk contributor·, in this ·category is· a• fail~re of the 
TK-05 cooling coil, resulting in a release to the 216-A-25 cooling water 
pond. : 

9.1.5.2 · Confinement Barriers Failfi· are Com~romised, or are Circumvented. 
· Confinement barriers.are those whic interac with, various systems. 

Examples include offgas filter systems~ liquid waste monitoring and diver
.. sion systems, ·and ventilation systems wh.ich direct transport of radioactive 

·. contaminants~ Confinement barriers .fai.1, ·are compromised, or are circum~ 
.· vented as a· result of system malfun.ction, operator• error, or operating 

9-21 
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"condhi.ons. Using. an ·offgas filter as ·an examples· failure wolild :consist: 
.of disruption of the filter media·with.resultant loss .. of.decontamination 
efficiency. Release of inad.equately filtered exnaust .111ay exc~d spec:ified- · 
limits. · · · · · 

. The<domi nant· /isk contributors .in. this category are: 
:1 •. : Di sso l ut ion of short cooled ·fuel 

' . . . . 

· :. 2. ·• A P&O gallery .relea~e inv_olvi.ng FP or plutoni~m. 

_ .. · •9.J.5.3,• .. •-unc'ontrolled Chemical -Reactions. Historically~ un_ust.ial ace~:... : . 
· • ,'_rences wh1ch taJI un.der this aef1n1t1on result from loss of coritrol·of/ .. .- . · .~r ... · ·.a normal .. processes or unwanted chemical reactions .(nonradioactive chemicals}.: 

. ~ . •· .Jn the PUREX· and plutonium denitration processes, a number of conditions ·. -: 
~-. .. · require· constant control. These· include volatile chemical reactions and . ·· 
· · .t· · · byprooucts, .large inventories of high-potential energy cherqicals, ancl - · ·· · ·£if-. .segregat.i.on and i sol at ion •of Jnconipati.ble chemjcals •. -: -;:: . 

\' :, . 

' .. '.:, ,· .. ' 
' ' 

,. \1. '·::: -
• 1 , ·.· ,._ ' 

., :.1 .. 
',:··) .-·,.·· 

• ·1 ,:., 

~.- . :.:The-dominant risk·contributors in this category ai"e: .·• .~: 0:. _- ;,_ .... 
.; ~\.W:: • ' • ' . . : . ' . ~ . . 

-~~.·, .. ·• 
1 ~·· . Fire· fovolvin~ :solvent loaded with °i:P o~ plutonium: 

2. ·-·. Silver' reactor explosion . 

... 3. _Hydr-~~e~·explosion: in a. dissolver> 
' ' ' 

·. "4~ • ·uran:ium metal fire: in .a dissolver 

·.:: - 5. fire in the pl.utonium oxide· production fac'ility • 

.. - ,- :: . ~ ' 

. . ,- : .. : 9. 1 ;;·S.4 .. Nuc·lear .E~cursfon/ Although'· the presence- of -pl~tonium ·provides·· a 
· ... ··'potential for a nuclear c.hafo reaction, nuclear criticality· has not· - O · 
. ··occurred:at·PUREX~ •Prevention of.criticality is based .on a 0 policy' .: 

reqi,Jiring that at. least two ·unlikely,- independent, and_ concurrent · 
. > equfpment. failures or operating errors must occur before a critic'ality 

,_ ·-... accident is possible in those parts of the plant where·heavy':shielding •· 
.. ·.::.·:: :would mitigate the personnel dose from a crtticality event to an.. . 
· - -< acceptable level. In the absence of such shielding, .at ·1east th~ : : ·.> .. 

. .. fa.ilures ·or changes must occur. before a:criticali~y accident is poss-ilble~ · · · 
· • .:Violations·qf thi~ policy; .wh.ich allow one of the.jndep~ndent·:failures-,or .· · 

changes·to· occur,·.·ar.e con·sidered .to be unusual occurrences or offnonnal <. 
events, depending on the severity of the incident. _ . _ - .. -

•.· The .'dorri1nant risk contribut-ors ,in.· 'this ·category are: 

l. :· 1sx column: criticality 

· 2. : Criticality· in the plutonium o·~1de production-facility.;·.· 

:'.·9.;;22 
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9.1.5.5 Extr1nsic Occurrences Affecting Plant Operatione These are 
· defined as those event sequences occurrmg external to the· plant and its 

processes, but affecting plant containment and confinement barriers and . 
continuity of plant operat"ions ... Two. classes of occurrences are considered: 
( 1) loss or· impairment of .-ut11 it1es and services!) and (2) nat1Jral forces 
events. In general, interruption· of utilities and services iscorisidered 
to be one consequence of· severe natural forces events. 

The-dominant risk contributors·· in this category are: 

l. Seism·ic. event, either a. Hanford Regjona·1 • Historical Earthquake. 
(HRHEl or-Safe,Shutdown.Earthquake: (SSE'}· 

2. Tornado. · -· 

9.1.5.6 · Industrial Hazards·. The dominant risk contributor in this cate
gory 1s a severe overexposure 1n canyon.-during loading of fuel elements. 

_9~J-6 'limitations 

There are conceivable ace idents which are• not· ·included becaus.e they 
represent a very·. low .. risk· relat-1ve to these. identified in the. PHA. In · . 
addition, the PHAand fault tree analysis provides :an analysis only of the 
risk contributors which occur during process operations, as-this coo- . : 

·· figuration -provides• the maximum ·source term.··" Although- several accident . 
. scenar1os were· maximized by postulating process delays or- short-term 
shutQown, accidents which· may occur" during 'shutdown and. extended· 111ainten--
ance or accidents associated with interfacing facilities outside the 
separations building were not-:explicitly considE!red in this analysis. 
Uncontrolled releases fran· the following. areas· are not being considered 
because of . low risk potenti a 1 : · _.· · · · 

• R or U-cells· 

• Lab rooms and hoods ·. ,. .· 

• . Amonia scw-ubber fai-lure·: . 

• Sample. gallery rooms. 

· This. analysis recognizes· that -radiological reJease may take pla~e by 
liquid (aquatic) pathways; however, this inode is not being treated. Atmos_. 

· pheric ,pathways, involving possible lung ingestion and cloud inmersion; are 
the primary contributors to dose consequence • 

. Sabotage and._materials div;rsion has been excluded from the analysis 
because of the stringent controls and isolation from the public. 
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For th is analysis, con~equences are evaluated ,only for :direct" risks, - , 
or ·dose to the affected population. It must be rec·ognized however, that : ' ' 
adaitional, indfrect risks and losses may result from accidents of t~e 
nature ·of those analyzed. Such indirect consequences may take the fonn of· 
property _damage or loss,· env.iror:imental degradation, public or political · 

__ reaction, or lost performance.· The evaluation. of such ,indirect conse- _ _- · 
quences is outside the s:cope o{ this documerit._ · · · ·· · · · · · 

. , . ___ _ _ Dose ·consequences resulting ·from a. gi_ven rad1onticl ide. re.lease -~re::' .. ·. {. 
-··_,.··:_.directly dependent on proximity of personnel ,to the release point,, and-:the __ : 

: aose ,factor of the specific radionuclide released._ 

_ . __ The ans ite. population .distribution· used in· the evaluation of.PUREX _ . _ 
- Plant accidents was -developed .from information provided by site contractor : 
_ emergency coo~inators, paycheck· distribution -records, and other ·l"efer- · · 
ences. Th_e site population __ is subject to constant change and_ any :cen~us 
figures should'·be-··regarde<l ·as· appro~imate~.- ·_Hanford Site 'populationd_is;.> 
tributiori is -given in Table 9-4 arid organized by· compass direction and __ 

_ di stance, as_ shown. on Figures 9-1 ·and 9~2. _- Onsite populatiofl does,"-Qot· 
-_ include the PUREX Plant workforce. _ Off site population distribution :was-. 

_ taken·_-from ~eference 9-4 and is glven in-Table 9-5, _again organized by 
... :compass;heading and dis-tance. ·_ 

' 
·.: __ -- .-.- _-. Dos_e consequenc~s resu~ ting f,rom ~cute, _9r ace idental, ·_ radic;>riucl ~c:tf:!· 
. release~-~re ;determ1ned uS11'!9 .the ·DACRIN(51, PABLM(6), .'and --. _- - ·---:. 
,SUBOOSAl7 J computer _coaes, as well ·as some HP-4 lCV calculator pl"ograms -

· -:·,.which facilitate pr.-eparat ion of, .input for the _computer codes~ - . 

9.1.7.1 DACRIN.- .The· computer code DACRIN was used to compute. i-nhalation 
.·doses for al 1 acc.idents. :- DACRIN ·inputs 'inc 1 ude -particle diameter :{-l.O ·JJm. 
assuniea),. breathing rate '(350 cc/s for acute, and -~50 cc/s' for chronic_ - -
assumed), wind.· speed and_- downwind distance (this permits decay .of . 
short- Hvec( nucl i<les in fl i'ght) ~ intake t-ime- ( assumed to .be· the duration: 

· of the acciderit)-, total ·dose' time (1 yf and 50 yr_ were assumed).· - The _- - ·• -
DACRIN ·code can compute integrated. exposures to maximum individuals, but ·. : · 
does so without considering ground deposition loss or building wake . 

_ , effects~:_- For ·this -reason, t~e; HP~4.1CV programs "X/Q" "". _Rev 4;, and_. •x;Q• - __ 
·- ••· J?asquill, were employed. ·The ground ,deposition_ speed was :o cm/s for··inert ,_ 

. _ :: _ . _-_ gases, Q; 1 cm/s: for roost particulates and 1.0 _cm/s for iodine. These are _ 
: · -< ,":,_·-· .. also 'the values used' internally by PABLM to determine ground deposit'ion 

·__ aroount. :Building wake effects ·were included for ground- leve.1. releases: · ·, 
·:: · ·oril,>'.: (450 m2 was the effective. buildi "i cross-sectional area)._ -In _ .-- . · __ 

· addition, .the- HP..;4lCV programs ·computed sector.:averaged.· X/Q v_aJues which·· 
·_. are weighted by -the· populations pre~ent in·_ each sector segment, and 

:_totaled for aJl accidents except _the crjticali_ties. _ For. the __ _. _ . _ 
-- critical ities, the population· weighte<l X/Q values ·at each distance were 

_used -separately, and dose results totaled.- The -DACRIN code_ uses the · 
· ICRP Lung Moael and computes organ dose using --ICRP Publication 2 
methodo_logy for each input nuclide :and requested organ. · 
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· TABLE 9-4. · Hanford Site Populatton"r D1strtbutton- from the PUREX Plant. 
' . . . . . ' . ~. - ,· .- ' . ' . ; . . . - . -. 

- . . . 

' R1nge (ft) .. ·••11 (• t) .. 

CCllllpiH 0 600 1,200 1,800 2,400 3,000 3,600 49200 4,800 Sa400 6,000 ft 3 4 5 ' 1 • 9 10 11 12 13 14 15 16 heading to to to to - to to to to - to to to to to to to to to to to to (tg to to to to .. 600 10200 1,800 2,400 3,000 3,600 4,200 4,800 5,400 6,000 3 • 1 4 5 ' 1 • •• 10 11 12 13 14 ·15 16 17 ·-~ : 

·-~ 

,W.rth 
._ 

.. 
, 

NNE · 3 ,• 

NE · 107 ,. : .,_,. 
'. 

ENE 
;., 

U) 

~ .\ 

East 
,• 

ESE . 4,61.J 6,336 
U1. SE 

., 

1,~36 2,711 
' ·"·' 

SSE 
\ ., 

South \ 

SSW ,· 

SW 
c· 

WSW 290 
West·. 260 630 56 217 ' .. : 
WNW 129 300 3 1,150 
NW 38 

NNW 55 
*Exe 1 uo mg personne 1 work 1ng wnn n 1n_e. PlllEl P I an1 ~ .-
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- tABLE-9.-5 •. : Off site. :Oistribut fon of Populati-on Within 50-ini. Rad tu·s 
· . - · . _ · of the 200_ Area Hanford Meteorological .Tower by - · _ · _ 

. Population Grid Sector ·tor, 1980~ · · 

.. 

Compass 
_:_ Range ·(1111) . 

direction () to 10 10 to:20 - 20 to 30 30 to 40 : 40 to·50 

North. 0 17.4 1,124 772 l,957 

JINE· .92. " 

. 5,54i ,14,822 0 656 

NE 0 262 5,930 - 2,963 - ·595 

ENE 0 235. 77j, • 2,366 
-- ·.· 435 

., ·-., 

_ 1,659 East 0 '340· l."~329 -:5_e8. 
. . . . ' ' . 

ESE 0 283 1,37.4 2jo -- 652 
.. , 

SE ~~757 0 48,6~1 50,519 3,474 

SSE· .. 0 • 1,99t. 13,161 · 2,717 5,218 

. sa·uth - 0 
: 

-1 ~799 1,532 --1,489 195 

SSW 0 · 905 . ,5,283 65i- 129 

SW 0. 1_, 190 - 19,786 .2_, 182 · .459 
. - ._ .. 

WSW 0 -.1 ~840 ... 5 063· ·- -15,Q88 .- -1,5?3 
'. -'· 't .. .. 

· West 32 648 949 6,8_74 -· 78,635, · 

WNW 73. 444 :902 833. ~,833 
NW_-- 0 555:- 398 ~93 '. 1,4~4 _ 

'• ·', 

NNW _· 246 456 .. 864 : ,. 4,521 
'• 

- . ' .. _ -_. : ' -~ .. ~·: Totals 17 500 _. 107 ·234 93,9~4 ~- 122-,145 . .. .. . 
·~ ' <: · .. 

--
~ :· .. _ .... ' 

. ~ ;'. : 

_.. __ 

. ,-.::. .. ;_ : ·"'- -t~ :.· . . . 
'./~ .. · . 

Totals 

- 4,027 

21, l 17 

9,751 

3,809 

,3,91,6 

_2,539 

109,411 

23,093 

.5,015. 

6,969 

23,617 

:26,_569 
,t 

' 
87, 138 

4,985_ 

. 2 ,9(>,0 
" 

. 6 087 .-·- ,. 
.• :340,943 

. 1:'·. 

·.:: .. ' ··-_' .. 
. 1· .. .,,. . ·. 

CA 
_, -. C 

:. _:1:~ .. 
· fTll.·· . < tn· .. 

_. l> 
w::a . 
. ·, .. I ' 

o· 
0 
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. ·. - ~ _ :-·, . .. 

.. '.-
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9.1. 7 .2 · PABLM. · The computer code PABLM is' used to determine acute doses 
fran ingest1on of food products that.contain ~adionuclides and external 
exposure to radionuclides deposited on the ground,;· Standardized· 
consllllption rates and other PABLM input parameters were used· (PNL~3777),. 

· for maximum fodiviaual and pop~lation dose· ca1cl.!1ations., The first-year 
dose was taken as the 1-yr dose eonrnittment. from r yr td intake fol lowing -

· the release. The 50-yr dose com1ttment was -taken as· the 50-yr cumulative , 
do$e following- SO·yr of cont.inuous farming. The PABLM ·code assunes the 
initial soil· contamination is only ren1>vect by.;radioactive,-decay.. Foliar 
deposit ion is inc_luded· for first-year do·ses1~ • · · · 

9 .. l • 7 .3 SUBOOSA -- and.: Bl.VAR~·· •The: cc,mputer code>: SUBOOSA. was" used,, to·• compute--
externa 1 ganma and beta dose from the pass-ing: radioactive c·1oud. .The -. - · 

- SUBDOSA code used dose rate facto.rs for finite plumes·_ as generated by · 
the program. BI VAR code.: r~ese_ external -doses are significant for the . -._ 
short-cooled fuel scenario and the postulated crit1caHties due to the:.
large quantities:,~of inert gases released.:_ Gaona dose.s at a 5-cm tissue_ 

- depth were used, to detennine the external dose contrtbution to-._various-
- internal organs. · · · · · 

~· -~,' '~ Sector averaging of popu1 at 1o,:i· dose ·was_ accomp 1i shed · by computing · 
,'{:: 
;, - effective external dose· factors from SUBDOSA. results .and multiplying by 

the population-wei_ghtea X/Q values •. 

9.2 ,ANALYSIS OF PUREX ACCIDENT SCENARIOS 

'\ This section is concerned, with .developing sceria~'ios for th~ accidents· -· . 
. ,,. identified in the· PHA and the potential. consequences of the occurrences. - - -
,: · Detailed accident scenarios-, quantifications, and estimated source. tenns,. · 

are presented.in this sectionG Source tenns were calculated based on a 
fonnat• of "111>re likely111 and •worst. case 18 assumptions. The "niore · · 
Hkely11 assllllptions reflect the effort by the review team to represent the 
true severity of a given accident/ · The· "wtfrs~ case 11 assumptions reflect 
the most conservative.approach possible~ All .releases and 5 therefore, dose 
calculations, are based on. the. "worst :case" assuni~tions. · Releases were. 
also developed, in sone cases, for both 1~1 240pu fuel (2 to 5. yr out of 
the ·reactor) -and ·6S 240pu fuel (180 d out,of the reactor)., The· 12%-fuel · 
resulted in higher dose·consequences, however, and:was· assumed to be the 

· source where appropriate •. The -6S releases. are provided for infonnation. 
Mark- IV fuel enbodies more curies of actin:ides per metric ton ur.anium than-· 
does Mark IA and the Mark ,IV .fuel charge. to a dissolver is-more than twice.- . 

- the weight of .the Mark IA charge. On the other hand, Mark IA embodies 
more curies of FP than does Mark IV fuel. The part_icul_ar fuel ·or fuel .· 
mixture for a worst-case depends on the circumstances of the particular 
scenario. . Ace iaents whose consequences were .investigated and found to · be 

· minor are developed as fault trees only. Probabilistic analyses, 
·scenarios, and_ releases were not developed. It should be noted that the 
estimatea frequency of occurrences provided for these accidents are "order 
of magnitude" estimates. - Appendix. D provides additional information on 

·· the quantification of· fault t~ees and the expected'_ precision of the 
results •. _ 
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:9.2.1 · Uncontrolled .Radiation ·Release Due- to External· Phenomena 

. . In. prepa~at1on· for th.e · resumption of PUREX Plant ope.rations, . . . 
evaluations of. the natural 'forces. resistance ·for PUREX Plant structures;.·_ 
safeti systems, and vital equipment .were conducted .• : The·'facilities which:. 
were e.valuated ar:-e listed below: 

• .The 202-A b~Udi ng. (main PUREX process fog btii lding) ·canyon. 

•. The 202-A building' east cr,ane maintenance· platform '·(ECMPJ, on 
· the east end . of the canyon · · · · · 

• The 202-A building·R cell for final'solvent cleanup· and storage, 
on the· north side of'the canyon near the west end · · 

· • . The ·202-:-A .building service ·anne-x, or noncanyon· portion ·.: 

e The 291-A e:Xhaust·ventilatfon·_system·for the 202.:A canyon.~ .. _ 
.· cons·isting of:' ·rei.nforced concrete.filter cells below grade; 

· .underground reinfo·rced •.concrete air tunnels; a partially ·• · : . 
embeelded reinforced·. concrete plenum; E!XJ)OSed fans, motors: and 
metal .ducts;· and a 61-m· high reinforced concrete •St~ck · ··. · ·. ·. 

' . ' ' ' ' . . . . . 

• 'PUREX vital equipment~ components, utilities·and 'services which>'. ' 
• -·presen~ potential natural forces hazards to the safe confinement · 

of radionuclides~ .. . • .· - · . , 

·/: · 9~2.J.1 . Seismic Resistance. - .The original· PUREX des'ign criteria -specified. 
: that. earthquake resistance ·be. provided -in accordance ·with Zone· 2. regutations. < 

·of the 1952 Uniform Building .Cocie (UBC)~ .· These criteria :requirecfthat.:·fac•i-· 
,1 iti,es have the· lateral resistance to w.ithstand a 0.10-g static. f<>rce· •. , · · 

. ·-·Recent seismic analyses :have •e~·aluated the effect on PUREX facilitieS 
. , . of both -0~25-g SSE ground motions and 0.10-g· HRHE. motionsJS-10) ·The. -· •. 

< / work. included the development of structural upgradess: with cost estimates,-··_ . 
. that would be ,requireo to withstand, both'earthquake~- A sunmary of the ' 
. :·results. of these studies· is· listed. in Table 9-6. · In_ additions .a seismic· 
· '.hazards survey was conducted to identify _seismic-.jnduced system and ... 

canporient failures which could affect the prevention or mitigation of the., 
··release.of radioactive mater.ial. Several:dispersion mechanisms .wer~ .. · · 

postul_ated' to- result ·from seism·ic,;.induced system :failures: · 

• Uranium metal, fire . · 

, • .. · Solvent ffre in. H-J cell· 
- ,. . :- , . 

- · • :Solvent fire iii R cell/N cell. 

· • P&0 gallery b 1 owback 

.· .• · • Sei smic·any-i nduced. ~ydrogen explosions.· 

••• , ·' 1, '., ,:9-30 .· 
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TABLE 9-6. Seismic Analysis Results~ 

. Facf 1 ity. 

· 202-A building .. 

ECMP 
· R ce.ll 
· 202·-A. annex. ·• 

291-A~ filter ·cells, 
tunnels and plen1.111 · 

. 291-A fans and motors 

291-A belt drives and 
metal ·chacting . 

291-A stack.· 
Utilitiesc 

HRHE 

Survives a; 

Fails-·:· 

Survives. 
· Survives· 

· Surv1.ves: 

· Survives 

· Survives 

Survives-· 
Fail 

SSE · 

Failsb 

Fai 1s,, 

Survives·· 

fails .· 

Survives 

Survives 

Fails 

Fails 
· Fail 

astructure survives event in •as-in" 
condition. . · . · · · . .·. · . 

bstructure~ay·requ1re upg~ades.to with-· 
· · stand event. · . 

c1nc:luues-steam; water; and electric~l ser
. vices~ May iq,ly loss- of power to ve·ntilation 
exhaust f ar,s. . .· .:' · · - , ·./ · ,Y.: . •· . · . · 

..... 

9.2.1.2 Cost/Benefit.Analysis. A risk analysis ·and cost beneflt study· 
eva1uatec:t the C(?ns~quences. of t~e_pl,"ec,din)g: seismic~induced releas~s for 
var1ous: post-se1Sm1c plant cond1t1ons: t 11 · -- . · . · .. 

• Canyon structure, survives/fails 

• Ventilation. system;. survives/fails 

• Cell, open/c-losed .. 

i. • Mit.igating features~.' success/failure. 
. . .· ' . 

Pro.babilities were established for~ach configuration based on expert 
· appraisal of the system's seismic resistance.· Each configuration, in turn, 
dictated a unique radionuclide release •. 0nsite and offsite doses- were then 
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estimatea. for each configuration and a risk value established.. Worst-case 
doses to the maximllll offsite individual were used as a basis for selected 

· plant upgrades basea on comparison with the following criteria. 

• Maximum Offsite Individual Dose, Annual·. 

- Low, less than l rem, whole body 

- Moderate, l to s.rem, whole body 

High, greater than 5 rem, whole body 

• Maximum Offs ite Individual Dose, Lifetime 

- is rem, whole body 

l 50 rem, bone 

-75 rem~ other organs. 

The only source of uncontrolled seismic-induced radiation release .from 
the PUREX Plant, without structural upgrading, with the potential to pro-

. duce doses. in the. "high" category was the uranium metal fire,· in conjunc- · 
tion with simultaneous structure failure of the facilities containment cap
ab il i ty. A 11 other di spers ions resu 1 ted in doses in the "1 ow" category. 

For the onsite impact evaluation, the dose/risk value (dose conse- · 
quence times probability} for each.seismic-induced dispersion was evalu
ated against the following guidelines: · 

• Annual Dose to Individual 

5 rem, whole body 

15 rem, lung 

30 rem, bone. 

Although RHO-C0-1550 identified the potential for ons ite personnel in· 
close proximity to PUREX to exceed the "LD-50" ( sufficient to cause death 
in 50% of the cases) dose of 450 REM, the dose/risk for all dispersions 
was detennined to be well below these guidelines, hence, no additional 
seismic upgrades were recorrmended, based on onsite risk.(12} 

Studies indicated that the most cost beneficial method for reducing 
offsite dose resulting from an HRHE or SSE was to prevent the occurrence 
of two dispersion mechanisms, the uranium metal fire and the H-J cell sol
vent fire, rather·than to ensure post-seismic containment or confinement. 
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In the case of ,the uranium, ~"f~r fire, di spers i~i is 'precluded by ens~ring .. 
drown tank capability after a seismic event .. This in turn. ensures that 
the contents of the dissolver may be kept covered by water!) thereby 

· preventing the occurrence of a fireo Several specific upgrades are 
provided to ensure·this capability~.· . _ · 

~•· Manually operated bypass valves which may. be operated from 
- outs iae. the• confinement. wa 11 through extension shafts ( a- missile · 
guard is prov:ided to_ protect'., the..,,outs ide handles from· damage), _ 

e.c: Swing<check:'.valves in·:the ... drowrb t·ank, chat.gii'lgi lines -to prevent· 
loss· of: f 1 uid ·:throug~.: a- br.eaki·ii't the~• se:ismlcally .. unprotec-ted 
portion· ot·th·e·.charg-fng:: l foes. · · · 

·.• 

· • Diagon_al bracing of the drown tank cradles and drown tank to, 
cradle attachment __ brackets . 

,e Miss.ile· aod debris ba,:-rier above each drown tank and associated•-• -
. valve clusters 

• Additional straps to firmly-·locate drown tank piping 

•· Additional supports for:"st~am line~·above.the drown t~nks· 

•·· Valve. bonnet support for a nearby val ve:•on the 20:..-in.-dia. raw 
· . water line adjacent -_to drown ta~k- A-3A._1 • _ 

_ -To p_reclude a H.:J. eel l fire,. the -follow.ing upgrades have .been 
provided~., · :_ -,, · · 

: ii. . • A foam-water sprinkler system capabJe .of co_vering the entire. 
floor of the H-J· cell .- . .-- . ... . . · . _ .· 

• - Engineered survivability of t:he fire- suppression system during a-
seismic. event - · · 

• A dedicated.system supply package including water and 
- pressurized nitrogen 

- •·Automatic actuation -and,operation of _the foam-water sprinkler 
· system._, . · 

. . . . 

·_ 9.2. l .3 . W:in~--~ndTornad~ Resistan~e. -Tornado design criteria were not 
_ · specified in the 1952 UBC and so they were not included in the original 

·des~g~ ~riteria.(.13) .'.Therefore, recent tornad? analyses of the PUREX ·. 
f ac1 l 1t 1es have been .conducted .l 8)- These stud1es analyzed the effects 
of credible tornado conditions for the Ha~ford Site. A summary of the 
evaluations is· listed in Table 9-7~ 
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TABLE 9:...7. ; Wind· and Tornado 
· Resistance Evaluations •. 

Facn ity 

202-:-A canyon · 

ECMP. 

R cell 

202.-A · annex 

Survivesc - • . . d . . 
·· Fails _ · .· 

Surv1ves 
. . . ·. e 

. Not analyZed. 

Fails -. 
. . 

•'. 
·,. 

.... ~::: .. •.·· 

_291-A· ventilation· system_ 

·291 stack 
•·· 

,.LJti lit i es 

--•Fails·· 

•.· Fail 
. . : :-, ', .. 

Cd~ -

,, ;~;,--
"'=-< ~--
f>¼~; ~-·· ·~·-

,_apesign .basis .tornado_ •. · .. 
• bDBT .as. specified . fo Section '4.2.2. 

csurv ives event 'in 11 as-is-condit fon•i •. 
.· dFails ,to_ survive· event without ·prior 

·• structural upgr_ades. 
eNot. analyzed; . aggreg·ate re lease es ti- : 

mated to be less· than 2.0 g. pluton.ium anl. · 
·_. :less thari 5 g mi~ed FP ~ : . 

. ,.:,: : Refer~nce 14 'conchided.that although_ the c:onfinement:andior con- ... 
,tainment capability. of. the_.PUREX Plant. could .not be assured following the_· 
·pressure-'transients· and •miss.i.le damage :which could resultdrom a OBT,·the· 
resulting radiological consequences -to the maximum exposed -indiv:iduaFwere 
low .and well below-guideline values._: {Note:·· Due'_to its elevated .re.lease ~:·> 

· · ·.· .. ·.. ·heig~t, approximately 5,000 ft, the.maximimi exposed indiyidual·.for a 0BT .· . 
. ···.: . •is··1ocaied offs.ite. For_this·reason;·and _due to the ·extreme d'ffficulty of' 

. : defining and mocieling the_ local dispersion patterns of a .tornado,· no •· · 
· · ons·ite doses .. were· est-imated for this 1event.) · •1n additfon, the probability 
· of. such a ;DBT is• extremely low; ·therefore, ,no upgrades .. or modifications - ·•. 
··were provided to .enhance the tornadic resistance- of· the PUREX Plant. _ · · .. . ', . . - .. -· ': . . .. - - .. ' 

· : .. :" -> >.: 9 ~2. l.4 · Freque·nc:y-of Occurrence. Referei1ce .,14 .estinlates · the recurre~ce: i ·. 
· ,:,; frequency .of. a DBT at 1 .·x. 1.o-.7 /yr. · From· Appendlx D the estimated proha- -· 

,bi liti.es of the seismic-induced ._dispers:ions desc.ribed above are listed· in 
· Tab.le· g:..a. · 

-.. " 
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TABLE 9-8. Occurrence Probability of 

Seismic a 11 y~ Induced Dispersions • 

Event HRHE 

UraniLm metal fire· 

SSE 

e: 

3.l x 10~6/yr 

1.5 x.10".'7/yr 

_Solvent fire in H,.;J cell 

Solvent fire:, in_ R cell/N. cell · 

P&O'galler~ blowback 

2.5. X-10-5/yr: 
2:.2>x ·_· 10~6 /yr_ 
2~2 X 10-3/yr . 8~4 X l(r5 /yr·. 

· H2-, exp-16s ion:-· · 
, .· .. 5· 

l.2 x •. 10~ /jr -
=6 . 

2.,8 x 10 /yr 

,..E--much smaller than other. probabilities involv·ed in 
ev al uat ion. . . 

. 9_.2~2: Criticality in the· Plutonium Oxide Production Facility · 

. This scenario analyzes an accidental criticality occurring in an. 
unshielded process: area of the ·PUREX p·1ant. The ·postulated cause of -.the: 

. accident ·is an undetected accumu.lation of plutonium oxalat_e on _the 
calciner glovebox floor. . · · 

The sequence"of events -resultlng in th-is accident· includes: · 

.•· Process·-failure resulting'. in spfllage of plutonfom oxalate .to the 
glovebox floor •. .These· failures- may involve damage to the doctor - -· · 

· blade;,- bridged chute to>the calc_in~r~ stoppage of the calciner 
screw,· loss of vacuum dr-um-filtervacuum or -filter pluggage . 

• Failure to detect either the: lo~s of plutonium oxide product or 
the accumulation of the oxalate mass ·on the glovebox floor for a 
period of tJme sufficient to· allow· an accumulation of a critical. 

_ mass., · This requires failure of teleVision and periscope monitor- .. 
ing and operator _surveillance to _note the problem over more than 

. one shift· change - · · · 

.r Addition ·of nominal l in~ of--reflection to the accumulated mass 
of oxalate •. · 

_ The. criticality is' assumed to occur subsequent to the detection of 
the oxalate buildup. during the. recovery activity, when the hands of an · 
individual attempting to recover the.spilled oxalate.approach the mass, 
thereby providing the necessary reflection.· (It should be noted that the 
mass postulated to _be required for criticality is theoreti,cal. A similar 
incident resulting in.the accumulation of-40 kg·of·oxalate in two equal 
piles did not result in a criticality. It is believed that the moderating 
solution tends to drain out of.the mass~ ]eavihg it at a lower keff than 
that value used for theoretical calculations.) 
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. The initial r~diation spike resulting .from l x 1017 fissions-is 
assumed to occur 2 ft from the operator attempting-to recover the oxalate. 

· No sh ie 1 ding is assumed. Two additional personne 1 are presumed to -be 6 ft . 
from the event, shielded by the g1ovebox shielding. Four other persormel 
are distributed throughout Neel] at various greater distances • 

. No physical damage to the glovebox or associated equipment is 
expected or postulated. 

. The criticality event ends. when the oxalate mass is no longer in a· 
critical configuration, either as a.result of the moderating soltution · 
being driven off, or more likely, as a result of disruption of the· 
arrangement of the mass tjuring the initial burst • 

. Table 9-9 summarizes the assumptions made in evaluating this· 
scenario. They ·are listed as "more likely" and "worst case" situations • 

9.2.2. l Acciaent-Induced Radionuclide Release from N Cell Criticality. 
The adverse meteorology is summarized in Tab.le 9- lO. The radionuclide 
release resulting from an N cell criticality is identified in Table 9-ll~ 
The release would occur at the 296-A-l stack, 78 ft above grade~ · 

· TABLE 9-9. Summary of Assumptions for Plutonium Oxide· 
Production Fa.cility Criticality Accident_ Scenario. 

Assumptions 

Amount of plutonium oxalate 
required for critlcality 

Time required to accumulate 
critical mass 

Criticality Parameters 
Pulses 
Total fissions 
Duration of pulse 

Pulse frequency 

Building release fractions: 
Noble gases 
Halogens 

aReference 15. 

More likely 

20 kg 

24 .h. 

l . 
1017 
l s 

l 
<O. l 

9-36 

Worst case 

11 kg 

llh 

48 a 
l x 10 Jg 
l s initial, 0.5 s 
subsequent 

. l pulse/10 min 

l 
0.25 

l 

. l . -
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Atmospheric (s/~3) 
'' 

Wind Recipient D1sta~ce/01rection X/Qa 
',, .. •· -- . ', 

'' ...... ~~~~iHtY. .. •· ,, ., . . - .. ., ,, ,, - ., - . 'S.p~~g., . ' ,. - ·- ,. -- - . " .... - .. ·- .. . . '. 
' ' . . ..... '' ..... ' .. ' . .. . . . -Qr:i~ ~ ~~ - . - . " • - .. . - ... ' ' ' 

Maximum wgrker 400 m NE E Neutral 4.5 X 10:~ ,· 1.0 m/s 
L-JC?r~ f <?r.<;:~ ........ 1 400-7 600 m W · . . V.~.r.y _ ~~~~1~ ... - .. - _ .... ..J ! i. ~ _ J(L · ... ~ ..... ] t9.n.el~ .. .. . . I - . .. .. . I . .. . . . ... - - .. - - - - . .. - - .. -

. _ ...... _ ....... _ ...... ___ O_ff_s_i,t_e_. 

Maximum individual 15.5 km Moderate lo l x 10-6 10 m/s 
PopU1lationC 15-45 mi SE 

"' - ' 
Mo~~r~~e 3o4 X 10-3 lG.m/s 

aCritical organ value 11 since inert gases and -iodine were computed separately. b . . . 
Workforce totals 29096 persons, X/Q is population total. 

cPopulat1on totals 109,411 persons, X/Q 1s population total. 
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TABLE 9-11 •. Radio'm.icl id~ 'Release at Building . 
"Envelope from· N Cell· Criticafity. -_. 

Isotope c,a. : · Isotope 

· .. ·a3m -
. ·· Kr. 

-85Kr 

· : 85m
·.• . Kr 

l. l x ·102 -··.·• 

:..4 
8.1 X .10 · . 

· 135 · .. 
· .. , Xe . . ·- - ' 

. , 13~mxe · 

··· 131 -·.·.·. 
-_ · Xe · 

. -4 • i · X j Q2 . . ·> 

3.3 J.C. 103··' - . 

7 .l x _lOJ, . 
, . . 4> 

. 4'.,9 x lO _ 

87Kr , '4.3. X _:102 1_38xe 

·131 · ... 

·.:,-_· .· .: , ·. - :-- '. 

·-1.Fx 104 ·:-.-· 

· .. · 88 .. 
··-,Kr 

.89. : : 
· .. Kr 

· , l 31mx .· · -. ·. e 

"2 3 .·1.02·. : .. :. ~. X-
: ·, < .I. ' 

1.3 X 104 ' 1~21 

.. l .O X 
.,:·o.;.1_ - .. ·.· ... 1331· 

:: .. ·_ 0 
• -:2 8 x · lo·: . .. : . ''- . . 

. 2 
3.0 X -10 

' .· .. : - . ,.·: l 
· :·4.0'x:.10 -

.. '133:, . 
- ·. . Xe 

. l. ·.· .. ·· _134
1

·. · ·_ 
2~ 7 X 10 .-. ·. · .. ; :.1.1 x··:io3 ··:· ·•i · ·· 

. . . 

.. ' '133mxe . 
·' . ... . '. 0 

-2~2-,c-10 •-· -•. l·c 1. ,>C 10?.-/ 

_ _ .· aThere, ;would be other FP generated from _the. 
- criticality, for example: 90sr, 9ly, 95zr, 
-. 103Ru,- l06Ru, 137cs~. l4lce, and ·144ce, . .. 

-. "(these are based or:i- 239Pu· fission yields and.· 
l x 1019 flssions)". However?it is·believed 

. . that most of these :would be con.taii;ied within 
· ..• the oxalate arid any<released·would also. be 

subject to additional filtr~tion. Therefores 
·. only the.volatile isotopes .are presented· as · · 

significant- releases.. · · · 
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9.2.2 .. 2 Dose C011111itment·from N Cell Criticality. Dose co11111itments for 
. onsite and off s1te 1ocat10ns tol lowe 

. - . . . . 

. A critical event in the PUREX Oxide P_rocluction Facility would result 
fo significant direct neutron an~ ganma. expo~ure to personnel in the eel 1, 

. as wen· as exposure to _:other ons1te and ·offs1te personnel from the · . 
radionuclide release. ·An evaluation of. this. direct exposure wasperfonned. 
to analyze the adequacy of N. cell evacuation_ routes in the.event of such. 
an emergency.(,16) Theanalysis postulated,nine.empJoyees at various· 
locations:: within N cell,· during ·two separate.? critical•. events.. In both, , . 

· cases there were· employees within 2: ft of··the postulated events •.. Assum.ing. 
irimediate,evacuation from-N ·Cell· at· a. rate-of· 15 ft/s,, all· per.sonnel were 

·. able to place ;nemsel ves. in _dose fields of .-less than 10 ~/s in. 3 s • 
' , , 

Of the nine enployees in N Cell at the time of the postulated eve.nt, 
·. 5 would receive. in excess of the "LD-5011 dose of 450 R,. based on an 
. accident.pulse of 1.0 x 1018 fissions in 0.5 s.(15) Onsite and 
offsite doses resulting fran th.e radionuclide release are identified-in-. 
Table 9-12. - ·. . . · . _ · · .·-. ·_ - .·.· · · - · ' - · . . 

. . r- .• 
. 9 ... 2~2 .. 3 Freguenc,r of-Occurrence. From Appendix o~- the -estimated frequency- ·· 
of an N cell cr_it1cality is 7.5_x- 10-5· a.year • 

I . 

I 

I 

9~2.3 · Dissolving Short.;.cooled F·uel 

This accident :•involves -charging inadequately :aged N Reactor fuel 
· elements· to one of _the three · PUREl fuel di ssq l vers ~ . 

_ The N Reactor .bas.in is, the only .. credible. source of~- short-cooled . 
. (

11 green 11
, i.e., aged- less than 180 d) fuel during future PUREX operations.· 

·- During N Reactor fuel loadout, fuel. elements are discharged into underwater· 
. trolleys ( 11f ast carts"). which transport the fuel -to a storag·e are·a where . 

. the fuel is placed :ii''I baskets.- The fuel _is ·held i'n baskets for a minimum· · · 
· ·_ of 18 d and then placed in canisters. Canisters of fuel are then held 

until the-fuel elements have a.total post-irradiation age of 180 d. At 
this time9 the canisters'. are capped. and segreg_ated into rows in· the 

· N-Reactor_storage basin., 
. . . . . - . . 

. Initiation of this accident requires an administrative or fuel han-
.·.•. dling .error at the N Reactor_ storage -basin involving the premature capping 

of cani-sters containing_ 18 d aged· elements. If this error· octurred 9 it is 
concei.vable that these green fuel canisters are mistaken for aged fuel can

. isters and loaded into shipping ·casks for shipment _to the plant. Allowing · 
for basin handling. administrative processing9 and transport, 25 d aged 
fuel could be r.eceived at .the plant. 
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TABLE 9-12. - Doses·Resulting from Airbrirn~ R·eleases Du_e':tO N Cell, Criticality •. · . 

l yr .. :.· . 50 yr -. _ · _· .. 

·- - Recipient Total · 
· bpdy . Bone Lung - Tatar: 

Thyroid ·-, body / _ Bone Lung .J Thyroid 

· Onsite .. 
.. ,, 

Maximum . ·-
~- ·.10-i 

--. 
•, 10-l .10- l 10° ·-l . -1 10:-1 10°: worker ,6.0 X 6.0x 8.3 2.7 X 6.0 :x 10 6~0 X 10 . 8.3 x 2.7 X 

(rem) ' .-
. , ' --

101 101 
.. 

102 x· 1c>2. 1 ml ·102 
. ' 

102 Workforce 5 .• 3 X 6.0 X 1 ~ 2 X 2.5 -5.3 X 10_ 5.3 X L2x 2.5 X 
(man-rem) .. ,~ . 

-- .. .. 
!'•". . -'. "•'• '' . -~ ' .. , . ' . 

. Offsite , 

Maximum -· . · - · · - · . · -'- · - , ·'. - -·_· · .. - .. · •· . -. . --
-individual .. 3.0 ~:·10-3 3.3 x 10-3 4~3 x 10·3 9.d x 10--2 3.o·x 10·3 3.3 x 10-3 4_~3 x 10-3 9.3 x 10-2 . 
(rem)' 
------1------+-------1---------~1--_.-...... ~f---------1----------t~---"---+-------
Populatfon' s.·3 X lo0 Li X 101 1.3-x 101 · 1.3 X 102 8.·3 X ·10° 1.rx:•101 

(m11n~rem) · 
l. 3 X _ 10 l . 1. 3 X 102· . 

, .. : ,, . 

: -r-·-· ·_;· --

V'l. '' '· -.c 
I 

.:C 
;:ov,· 

. IT1 I· . < V, 

- - )> 
w;:o 

I_ . 
0 

··o ..., 
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During N Reactor storage basin cask loading operations, casks are 
loaded with canisters from a given storage rowo . Normally one fuel cask. 
transport car (three casks, nine canisters) is loaded per shifto Though 

. it is p_ossible under ideal conditions to load -two transport cars in a 
shiftt this would be too great a coincidence if simultaneous with a green 
fuel accidentJ16). It is judg·ed unlikely that.the chain of events · · ·. 

- necessary to load green fuel for shipment ~111 persist for more than _the _ 
operation of one shift. Therefore, this accident. addresses- _the receipt of. 
only- nine canisters· of green fuel ,at the PUREX plant. · 

Each·· of. the three wells in:- a·: cask car i s·._equi pped. with· a temperature· 
monitor to indicate temperature of ·the·water surrounding-the.fuel c~sks • 

. · Ele,,ated- cask well· temperature could result .from· a number of causes-- includ~ 
· • ing -green fuel. · If a high temperature indication is obser,,ed (regardless 

of cause}, the well water·level is checked and the· cause in,,estigated •. 
This accident .scenario _assumes· a high temperature· indication goes · 
unobser"ed •. · · · 

The-only possible short-coo·led'fuel available during future PUREX. 
· campaigns is 6% 240pu.,( 17) It· is assumed the green fuel shipped to . 

the·PUREXplant.is 6% 240Pu-Mark lV(about_80%'of the fuel _to be - · 
processed at the plant is _Mark.IV,- a canister of which contains about - · 
40% roore fuel than a- canister. of Mark IA elements). A. typical dissolver· 
charge of· this fuel consists of :-32 canisters (10o2 ·t_ of U). Therefore 11 

the dissoher charge analyzed here consists of n.ine canisters of 25-d- aged 
6% Mark, IV. fuel elements and 23 _canisters· of 180=d. >aged 6% Mark IV_ fuel· · · · 
elements. · · · · - ·-· · · 

The green fuel detector is: phy~ically- lotat~d such that fuel. 
canisters cannot be mo"ed int,Q the_ PUREX Plant canyon with.out b~_ing . ' . 
,monitored •. This detector is set .-to alarm when it is exposed. to radiation. 
· levels greater than those expected from 180-d aged .fuel. - This. monitor 
must be deenergized, malfunctioning, or mi.sinterpreted, to not indicate the . 
charging of green fuel. 

.. . During .the fuel decladding process,_ up_ to 10% of the uranium metal 
· can be attacked by the anmonium fluoride-anmonium nitrate (AFAN) solution 
.releasing fission product gases(specifically I and Xe) and forming insol--

• · uble uranium tetrafluoride.( 18-} Assuming higher iod_ine concentra- · · 
tion at the outer circumference -of fuel elements, it is possible to release 
considerable quan_tities· of iodine to the dissolver solu~ion· during fuel -
decladding. This iodine should remain in ·solution as ammonium or uranium 
iodide. If some were released to the DOG system, early detection is doubt-

- - ful because' the single channel_ garmia scintillation d_etectors (proc·ess 
.. monitors) in· the DOG stream to- monitor 13.lI are-_not on line during fuel 

decladd.ing; howe,,er., · there is a l3lI monitor on- the PUREX main exhaust 
stack (291-A- l). High ·levels of· noble gases released during declad wi 11 
be detected.by new stack monitors. ·However, for thi's scenario it is 

· assumed that decladding_is completed and fuel dissolution proceeds. 
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___ .. . _ . Because proces~ man itors_ are onl i_ne during dissolution> eley~ted · 
.. ,.,· ;-leveis.·of l3lr released' to the DOG system will be detected~ ·ouring.a, 

past ace idef!t the process mon.itors ( one in C-DOG system and one in the -... 
·29~-A facility) alarmed-within 5 min of reaching maximum. dissolution te~·, 
erature (l-10°C) in the- disso_lver.(19) About l5'min ·was spent verifying ~ , 
the alarms -prior to. suspending the diss_olLition process. Current plans , _ 

. -call for immediate suspension of steam to the .dissolver 'and introductior:i _. 
of cooling water to the toils ·in response to an alarm. The· alann will be 

, verified wh i1e the dissolver ..is betng coo led._ ' Upon verification. of· the 
·alarm, fuel age will be determined an.d th~ 'iodine release potential• - · . 
estimatea ... The time period between alarm indication, and .verification ·is· ._ 
expected .. to·be ·about_ 20 to 30 min.-.°'Dissolution should:be coinpletelytennf:; 
inated .in 2 to 3 h. Actions, to reduce iodine release ·will be identified - • · 

:and evalUateg_·based on'specific accident conditions .• ·.-:In the past, mercuric . 
. . nitrate :solution~ were 'used. to suppress iodi~e emissions~_, · ... ·. ·. . . 

' ·. ___ . About 21% of the fuel i~ ·dissolv~d during the time to- reach pe~ 'dis:..·, :, 
solution temperat_ure and the 3 h required _to terminate dissolutfon. {20) · · . 
Radioisotopes·.··associated :with this portion of the ,charged fuel go· into sol-::, . 

-ution where·they become subject to entrainment into'the DOG~ The dissolver: . 
tower scrubs.most:of the less volatile aerosols··back itito solution. Alfof · 
the noble gases and·65%of the iodine in' solution will be assumed-to leave 
the tower in:the DOG.(20). The DOG system is assumed to have :a decontam-: ·_ 

'\: ination factor (OF) of J,000-(700 '.for,worst·-case)for·removal _of iodjne,. / 
· and a OF of 1· for,'noble gases. The OF for. iodi.ne accounts ·for a Of •of lOO · 
:for:the_'silver-reactor an_d ~ DF of_,10'.for the-b~ck-upfacility.(20) ·_·:. ·: 

·' . ,., . . '.' .- . ' . 

. -Table 9.:.13 summarizes the assLi11ptions whjch. impact .source- term ,; 
<calculations-for this scenario.· They are listeq-·as a•"more li~ely• and .. ·. 

"worst•i -case situations. · · · ·. · ,· , · 

'Q.2.3-:l ;.Accident:-1nduced Radionuclide Release f~omDissolving Short-<: 
-· ·- - : :Cooled Fuel. The adverse meteorology is summarized, in Table 9-14. The 

raa1onucl 1ae release.resulting from this accident is ,1dentified·- in · _:· 
·-·• Table 9-l5. This rel ease ·would ·be a·t the 291-A- l stack~ 200, ft- above i: . 

· • gr-ade •. 
. ·,-.. . ' .. , ... · · .. 

9~2.3.2 Dose'commitment: Onsite-and'offsite aoses -resulti.ng-from this 
'.ad:ident are identified in Tab.le 9"." 16 • 

. 9.·2.3-. 3- Frequency of· Occurrence~ .From Appendix D, the estimated 
· -frequency_ of dissol_ving short-cool~d fuel ,is·2.s x 10-} a .year.•· 

,_,·., 
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'' 
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TABLE 9-13 •. Sunmary "Of 'Asst111ptioris' for Cakulatfog•·source Terms 

for the -"Dissolution of Short-Cooled Fuel69 Accident Scenario~-

Assunptions 

Fuel _ 
:Type•• - -... 
Percent ·240Pu · 

- --- . Total weight· of,.: charge· 

-, ~mount·ofgreen fu~lchargec{f·· -

. Age,:-of green fuel charge~{ -• 
. Age of remainder.of charge· . -

_ Tiine to. detect and .terrnfnate dissolution _ 

· More. 11ke1Y Worst case· 

. :ark __ IV . :trk __ I~ .. 

· 10.2 f of u - 10 .. 2. t~ ~f u-> 
·. · ( 32 can i:., I ~ ( 32 can i - · 
_ sters) sters) 
- l to.·9 c·an:i- • , _ 9 cani.ster:s 
,'.·. sters} ,. ' ; . 

25 to~ '150 ,d ; 25~ d ' . . 
. 180 d 180 d 

3-h 

9'.·, ._ Fraction ~f radionuclides. p,:-_es~nt:-~n: total 
· -2:;··~ . charge wh1ch are released to solut1on° - . -. _-
~·• - Noble gases: ' · · 
r",i,~. 

l l 
"""""',;:. · . -__ Halogens . .•. 
:~ Semh?olatile so-Hds· .. ./. 

Nom,olatile sol ids -

Fract~on-_ of radionuclidescr-eleased;.from:,-

. <0o23 
·._ <0.21 
-<0.21 

solut10n to offgas system <_ .- • .. ; _ . · 

·Noble gases·· · ' · · · ··- · :<. ;- .l: > _ -

·: ~:,!~~~~!t.11~· -~01 idf~~l'.r' · ::~:~tis'. · 
_ Nonvolatile solids . ·- _ _ ··o·~oor 

OF of offgas· system: · . 
Noble gases-.. · 
131

1
c -

1 : ' 
.>_l ,000 ,' · •. ·_ -

. 129 ld . , . - ·· . >150 
. , ' . 

A 11 other nuc 1i des · >2700 

-Oo23 
0~21. 
0.21 

l . 
-- ~Oo65 

o~ol 
0.005 , 

1 
· -700· 

. · 100 .· ,, 

- 1 !,)000 
a . _- .. -- . . . . - -- - · .. - . - .. - , - . 

· It 'is assumed no, 12% short cooled,sfuel · i's ava-ilab·le. If .however, 12%, -
. is produced~: it- would be :the worst c4se~. (A lthougtf Mark II/ has fewer: 
curies ·per t-.af u: than Mark IA; ·roore tons of Mark IV' are allawed·-1n· a 

·. aissolver at ·one time·. This makes Mark JV the. worst-case fuel type.r- -
- - bThe'worstCase is based: on.:th~ di~solution. ~f 21% of. tne- fuel. : The' 
-23% for iodine is base<f an a' theoretical 10% concentration· in the outer 
layers .of f.ue l. . · · · · . _ . -

cThese constit~te re leas.es· down~tream of the reflux· tower.:·· 
· dThe 12~'i .OF is ,1/T the 131r:oF ~( 22> · 
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TABLE' 9~14. '. Adve.rse_ Meteoro l~gy_ S~mri!ary'::> .. S~ort-¢oole~ f.u~ l;- 3-h Release. from. 200~ft:.hJgh Stac~ ~ 
. : . . ,, .. --.-._--'----------------------~--------------------------------------.;-;,.----..----------------------'-------

' Atm'osphe·r·lc · X_ /Qa ( s/m3) .. R~_c:iplerit. · . Disiance/D trect ion · st~b i l i ty · 
'Wi lid 
'spee~ 

------''----'----------..... ---------·-------------------------·....,----------.:---,.. ..... ---...... --'----------

Maxinfuin worker.• 
_Workf o·rceb -· 

.: . 

·350 m NE 
jl~400~i,600 mi W 

Ons f te .· 

Onsta~le 
·Neutral' 

_ Offs ite 

. 6. 5 ->< l0-5 
·, 1:2 X 10-2 

l.o•m/s 
l.o in/s 

-------'--'-'------------..----------------------..... ,....---·-------------------..------_,.;.-----------------·· .·. :;.,._. ·_.· ~---------------
M~.id m~m ~ i nM vi d ~a i . 15.5 km .E . : Moderate 
Popul at f oi]t - 15~45 mi -~E : Mod.er.ate· 

1~8 X ·10:.;6 
-6~·2 X fo-'3 

l~o·m/s: 
2. 5 ·m/s,. 

. ' ' ---------.... ---... -----------..:.-.------..;;-~.i.;.. .... ;,..-:~------------..-..,.,;,-J-....a-------------.;;.. ..... ___ ....; __ ...., .... _ .... ___ ;;.....,.~-.'. 
acritfcal organ:value, ·si11ce tn~rt'·gases were:computed se·p~rately>· 
bWorkforce totals 2,096 persons, X/Q is p·opulatfon.total. - · ·· - .· 
cpaptilatfont.otals 109,411 persons~·_x/cfis population total. 

,' ·~-~-
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Ci 
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TABLE 9-15. Release at BuHding Envelope from 
Dissolution of Short-Cooled Fuel {Sheet 1 of 2) .. 

Isotope '' Ci Isotope· Ci 

85Kr· 4.·2 X 103 140Ba 5.6 x· lO"' l 

89sr 9.8 10·1 140 · 
6 .. 4 

=1 
X 

" 
. L~ X 10. 

90sr' ' ' ,, : '2· 
3 • 6 . ·X · 10:- ' l43Pr.: ', . -l 

6.2 .X' 10· 

90y .. ,- ·. 
3~6'-:x 10-2·: 14~mPr 

·, 

·x: 10·3 ,, : ! 9.9 

91y · 1~2 x 10° 147Nd 
", 

l.6 X 10·1 

~5zr l.4 X ,10° 148m Pm 6 .. 6 X 10·3 

95Nb'' " 1.zx:10° •' .1~4Eu 1.6 X 1074 

1 .03 ·.·., •-. .- l.4 X .10°· 
_. ... ·. 155E 10-4 : 3.9 Ru - ' u X 

,-

106R ,' u ,, 
' - ~ 1 

1.7 X 10 ,. : 156Eu 7.4 X 1Ct3 

l25sb 
.- 10·3 ·, 133mxe: 102 2.1 X' 2.3 X 

'" -· " - ,, ... 
·127 . - · . 

X ·10•~: ·_l34cs 
: 

X. 10_3: · " .- 5.8 ', 
,, 

4.2 . Te,:. 
' 

;· . 

-127mTe : .. ·S.9 X 10·3 .137cs 7~5 X '10·,2 
"' 

l29Te 2 .1 X 10·2 :· 141ce l~l X 100 

129"'re 
. -:: ' ._' 2 

144ce .- .. - 10• l 3.3 x·. 10· · _ 8.2 X 

132 Te 7.4 X 10·3.~ ·144 · · 
· Pr· 8.2 X -10-1 

1291 
'' 

10·5 · ~J47Pni 10·1 . 1.2 X 1.3 X 

1311 2.5x 1 234u 3.2 io·6 lO X 

.1321 ,; 
,• 1.6 X 100' ' __ 235u _ l. 7 X 10•7 

l31mxe -:··, 3.3 X, 103 .. 236u 3.9 X 10-7 

l.33xe l. l X 105 .. ·238 
,,,_ u' 3.2 X 10·6 

l03mRh 1.4 X ·100 _-- 238Pu 4.3 X .10-5 

:106Rh xlO~l ,239Pu 
: 

10-4 l. 7 '• 6.0 X 

/ -
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TABLE 9-15. Release at Building Envelope from 
Dissolution of Short-Cooled Fuel (Sheet 2 of 2). 

Isotope Ci Isotope. Ci 

l 37mBa 7. 1 X 10-2 240Pu 1.4 X l0-4 

95mNb 1.2 X 10-2. 241Pu 7.4 X 10-3 

125sn l. 5 x 10-3 242Pu .9.3 X 1 -9 0 

l 25mTe 4.0 X 10-4 241Am 5.1 X ·10-6 
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TABLE 9-16. Doses Resulting from Dissolution of Short-Cooled Fuel. 
-

1 yr 50 yr 
.... 

Recipient Total Total 
body Bone - Lung Thyroid body Bone Lung 

.. 

Onsite 

Maximum 
10-2 7.1 X 10-2 X 10~2 6.8 X 10"'."l 4.5 X ·10-2 1.3 X 10-l 10-2 worker 4.2 X 6. 1 6.1 X 

(rem) 
' -

Workforce 9.0 X 100 1.4 X 101 1.3 X 101 1.3 X 102 9.5 X lOO 2o5xlo1 · 1.3 X 101 

(man-rem) 
. . . 

Offsite 

Maximum 
5.5 X 10-3 10-3 4.3 X 10-3 100 10-3 1.3 X 10-2 -3 individual 7.4 X 1.0 X 6.9 X 4.3 X 10 

(rem) 
----- - --
Population 1.7 X 10 

1 
2~2 X 101 l.6 X 101 1.7 X 103 2.0 X 101 3.5 X 101 1.6 X 10 l 

(man-rem) 
. . . 

Thyroid 

6.8 X 10 -1 

1.3 X 102 

..... 

lol X lOO 

LB x 103 

... 

(I) 

C 
I 
:c 

;:a CA 
IT'ii B 
<V, 

'"):a, 
w:;o 

,. ·1 

0 
0 _. 
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9.2.4 Uranium Metal Fire. in Dissolver 
. . ' 

. · ... > _ . 

·This.accident involves, extended .exposu·re ~f irradiated ':N Reactor·:fuel .. ·• 
elements. tci air in one of. the. three PUREX Plant fuel dis.solvers. · 

' .'' In'itiation:.of this accident requires_ detlad fuel,,,element expc,sure_to . 
· air, adequate time· for decay heat buildup,_ and. ignition •. ·Fuel can remain. 

exposed _to ai ,r, in . a di sso 1 ver long enough for this ace ident 'to occur only· 
· ·,·, due'.to a comoinatfori of operator errors and/or.equjpment failures. ·.,outing, 
,._,,·.routJne process operations·there is.no per:iod ofsufficient.·dura1:ionwhich .. · 

permits the· undetected occurrence of. such an -event. Th·,s· accident. is-·· 
• .· :assumed to occur, during a ilonrouti ne standby period -after. d~cladding before·.' 

. the •first •.d'issolution ·cut on a d:isscilver charge of Mark JV· fueL ··•.It. is 
.: ir--.Jr., ,•, . • less ·.n ke_ly,fori this acciaent to occur later in ,the Mark IV,.fue:l _processing · 

. g'.:: • · ·· ·· eye 1e· _or· while ·processing Mark IA fuel. · · · · 

:;~··' . In· this cicc.iaent; fuel ~lements .are exposed ·to. atr.'ci'ue· t~: a'faiiur~: 
. N. :: .: to add ··adequate water to the .dissolver at the beginning of an .extended. . ·. ·. 
-~::-i ·. · ', -standby .. interval. In addition, 1 i quid. level. indicator and/or temperature ... 

. · . . ·•,~_i---..·.·.~.:·_:,:: · _ man itor readings are inaccurate, mis.interpreted, or over.looked.: Heat :is · · 
,._; _.generatea fromradioactive decay.of fission products and the.(.initial) · 

. .·. slow .oxtdati_on of uranium •. Fuel element configuration -reduces heat :trans- . 
: : " : . ·,, , .. f e,r resulting ln increa·sea ,Toca 1i zed temperatures. [Computer ,thermal .~na:.. •··. · 

. · lys·es .: predict.· peak fuel element temperature of about 405°C after: 10 :h' .. 
of ·exposure in :air. for 1_80. a .aged Mark IV fuel that 'has been ignited '.as a 

· ·source ·of fire'.-(23)] ·Comparison.of fuel element thermal and··_ · .. ·. : · .. · .· · 
. pyrophoricity data .to histo.rk~l 'dissolver fire·-aata resulted in · . . 

· postulation ·that ignition occurs· about 10 to· 12.·h after ·the fuel becomes . 
. :exposea.(24) ··[The ignition temperature for~uranium fueLelements has 

been conservat-jyely assumed· to be 300°C based"on a review of· · 
information.(24,25J] - , •· . _ 

:: .. -:· 
: ' ' ,; 

I •• :•• 

.. •· Onc·e,,ignft1on occurs, rapid oxidation. takes place and con.siderable .· 
.. quantities of radionuclides enter the ooG·stream. · It :is judged that .. 
· FP nuclides such as ruthenium and cesium will be detected at the stack·. 

. ''.:monitor within 2 to 4 h. However, it ·,s assumed for. the·purpose of this 
evaluatfon_-that the- burn continues for 10- h without indication: and, that 
upon ·detect ion, up to 2 · h is required to properly confirm and -intef'.pret. · 
the alarm~· During the 12 h postulated for the ~nid~ntified burn it .is ._: .·. I ,~ , .• • .. 

I _:, ... · .. · :.; . : • ..... . :,,'.possible the dissolver ··shell would •be penetrated. due to .the high temper-··-::·/,:: ... 
. atures (l,300°C to 1 ~400°C) ·generated by ·the fire. Extinguishing the fire -: · . 

... ,;•:, 

··With water. may not oe _possible if .penetration occurs low in the. dissolver, ' 
therefore,· it. is ,assumed the :entire charge is consumed··-(10.2 t of U .of; 
Mark IV f Lie l). ' . ' ' ' . '' ' ' . ' ' . . . 

: .... The combustion ·rate of uranium iSa function of several complex para
.• . meters; .Jh·is· scenario assumes an average ~ombustion rate of 540.kg/h 

... (see note a, Table 9-17).(26) This combustion rate indicates about 19 h. 
are required for the fire to self"."extinguish. If an attempt .is made. to 
extinguish the.fire, ·water •.could be added from the drown·tank (normally_ 
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TABLE 9-17. Summary of Assumptions for Calcµlating Source Terms . 
fQr the 11Uranium Metal Fire in Dissolver" Accident Scenario. 

Ass1111ptions 

Fuel 
Type:.. .240·· . 
Percent~ of Pu 

··. Total weight of· charge 
Age 

Fuer- exposure·, fime preceedirig ignition 

U oxidation rate 

Duration of undet.ected burn 

Time.to 'respond 

Time to extinguish 

Release. fraction for consumed .. fuel(·21 ) 
Volatiles · · · · · · 

. Cs ano Ru · . . . . · .· 
·· A 11 others(except volatiles) 

System DF 
I {cell vent system- only) 
129! (DOG) . . . · --. 

· Nonvolatiles (both DOG & cell systems) 
··. lJl I (DOG). 

More likely · 

Mark 1 IV,_. 
· 6% -or 12%'. 

10.2 t of· U 
~180 d . 
>16 h 

<540 kg/h 

Worst case 

:· Mark IV 
.6%< 
· 10.2 t of U 

180 d· 

10 h 

540 kg/ha 
• 2 to 4 h ·. . 10 h . 

0.5 to 2 h 2 h. 
b · c · ·20 to 30 inin · 

100% 100%·' 
<10%., ·10% -
<1%:. 1% 

,'' . ., 
2 2 

>150 · -100 
>2,700 1,000 
>1,000 700 

alt is calculated basea·on t~e following: uranium corrosfon rate in 
air at l,300°C i~ 16:g/cm2-h; the outer element surface has an. area 

. of ~500 cm2; ~8 elE:menf~S~harge; ?nly 3% of charge undergoing: oxi-
dation. at a given time. .. · _ ,. . _ - . . . 

bThis assumes either no penetration of dissolver or- penetration- at an 
upper level which would: permit effect•ive drowning of the: fire. w;th water. 

cExtinguishing· t~e fire is not 'possible in the:-worst. case due to 
penetration of the dissolver wall, near the bottom. Fire would self.extin
guish in about_ 19. h. 
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, , . :containing 2,500 gal) ·and other -so~:rces ·once. it is emptied; cit .the maximum 
.rate of ·150 ·gal/rriin. Most of th.e water would drain from· the. dissolver· · 
through penetrations made· by the -fire spread:ing contamination onto the .. 

· •· ce 11 fl oar .and into lhe adjacent c:e fl· vent tunnel~· . 

·About 10% of the semivola~ile radionuclides {Cs, Ru') jln·d 1% of all 
other radioisotopes are ·released from_ the dissolver. Based -on the ti.me·· 

· required for d·issolver penetration and the relative exhaust rates of the· 
. DOG and canyon cell systems, an estimated 90% of. the radionucl ides are· -
,released to the DOG and 10% to. the cell vent .system._ Bqth systems-provide. 
similar levels· of filtration, reduc.ing the impacts to negligible '.levels.· . 

. for all isotopes with the possible exception of ·1291-•. A.-DF of 2 is · 
- _"assumed for .. ]291 in the _eel l ·ventilation system -because .some, iodine ·1s . 

lost to the· walls and ·other system components. For all other nonvolatile •. 
:·isotopes, the DF <is·>con.servati-vely assumed to.be>l,000 {corresponding.to a· 
99.90% efficiency). ·. '. · · · · · 

. · .· Table 9-17. summarizes the assumptions which impact •source term 
_: ,calculations.-for th.is scenario. They are. listed as 11more lik'ely11 and 
.· -."worst c:asell·situations. 

• 9--2~4~ r Acc-ident~Induced Radionuclide Release from ·uran'i.um Metal Fire in . 
. Dissolver. -The adverse meteorology 1s summar1.2ed. rn-TabJe 9-18. Jhe 

..,,_ 

:.·radionuclide·release resultlng·.from· this acc.ident is ident-ified in·. . 
_ Table 9~J9. The re'lease. would be a.t,.the ·291-A.:. l stack, 200 .. .ft above graoe~·. 

' . .. . ·- . . ' . ,. . ... 

.. :9.2.4.2 · Dose· Conmitment. Onsite and offsite doses ,t·~esul.ting from_ this. -
· >accident are ident1f ied in: Table 9-20. · 

. ' . , . . 

. 9.2~4.3 Fr.eguenc~ of Occurrence. Fro~ Appendix D, the .e'stimated, · 
frequency of,_a uranium metal fire in a.dissolver.is.2 x•l0-:-3 a year. 

9.2.5 Silver· Reactor Explosion. 

This a~c-ident fnvolves·an explosion' in the DOG silver reactor·dUring. 
fuel dissolution at the PURE{Plant. -

.. ·The. silver reactor.s _consist of. silver nitrate .coated packing material 
. and ·are desi.gned :for .remov.ing ioaine (primarily 131 I)· from· the· DOG :stream •. : 
:-,A.past reactor explosion _has been attributed to a now discontinued · · 
· \practice of washi,ng· the reactor _with ammonium hydroxide.(27) . Even so~.· 

small amounts of ammonia•reach the silver reactor in the. gas stream 
despi~e· the .ammonia scrubbers. An ·undetected heater failure,. inadvertent ·· 

· ·shutoff, ori.malfunction of the·temperature:coritrol/alarm system·for the. 
· ,DOG ·steam and electric heater may. al low formation ·and accumulation of .. · · 

. unstable silver-nitrogen-halogen compounds in the.silver reactor. Once 
the deenerg•ized heater_ is discovered, the reactor condition would be 

·. evaluated and possibly be rejuvenated or,replaced prior to energizing the 
electric heater; This scenario assumes the ·heater is energized without • · 
proper consideration causing an explosion in the silver.reactor; rupturing 
;t·, and ejecting ... its·contents into .the.cell. · · 
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TABLE 9-18. Adverse Meteorology Sunvnary: Uranium Fire, 8-h Releas~ 
from the 200-ft-high Stack. 

Re_c_i_p_ie_n_t ____ ~1~--0_1_s_ta_n_ce/D-ir_e_c_t_io_n ______ ~t-t:_.~_~_~_~:_;_
1
_c _____ x,_Q_~_-_c_s1_m_

3
_> __ 

Maximum worker 
Workforceb 

Onsite 

350 m NE 
1,400-7,600 mW 

Offsite 

Populationc 15-45 mi SE . . 

Unstable 
Neutral 

Moderate 
Moderate 

6.5 x l0-5 
1. 2 x 10-2 

3.2. >< l0-6 
2. 1 x lo-2 

Maximum individual • 5.5 km E ________________ _. _______ _ 
awind speed is l m/s in all cases. 
bworkforce totals 2,096 persons, X/Q is population total. 
cpopulatiop totals 109,411 persons, X/Q is population total. 
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TABLE 9-19~. Release: at Building.Envelope .from 
a Uraniuni Metal 'fire in a· Dissolver. · 

Isotope Ci Isotop~ Ci 

85Kr 4. l X . 103 _ 125mTe 4.3 X. 10~3 . 

89Sr 3.2 X 100 144mPr. 8~3 X 10-2 

90 . -l ·. 155 · · 1·0-3 · . Sr 3.4 . X 10 . . Eu 3~6 X 

90y ' -l ·134cs 1()-1 ·3.4 X 10 .. 1.9 X 

91 v· 10°- < ·137 
.. 

100· 4.8 X -· . Cs ·· 3~_5 X 

·95zr 6.2-x mo_· ·141 : 
1.2 10° Ce X .. 

95Nb . 101: :-
,, 144 . .,rP.·-·. -l. 1 X - .Ce .. 6.9 X .. .-

103 · · 101 : 144 . .• '. 

100 
: 

Ru L'3 X . · .. Pr '.,: · .6.9 X 
, 

106' .. ., : 0 ', 148m . 10.;2' . . Ru 7.5 X 10 ..•. '. Pm; t.4 X 

125Sb .2 ~o X 10-2 '.: 147 . · 
·Pm .. 1.2 X 100 : 

: ,. ; 

l27Te 3.7 X 10.;2: _234u 3.1 X 10~5-' 

· .l 27mTe 3~8·x l ~2 . 0 . ·235 . . u 1.6 ·x l -6 .· 0-
· 129 ·. 10-2 

.. , 
_236u 10~6 ' -. Te 2.6. x· 3.7 X 

-· 

·:1_29mTe· ]O_;z· < 238 · '• ~5 4.1 X u 3. l X ]O. . 
.. 

129 · 4.6 
. ·. -4' 238P . 4.1 ' io-5 ~· I X 10 .. ' u X 

i31
1 3~4 X 10-2 

.. 
239 ·. ' 

- -Pu 5.7 X 10-3 

13 lmxe 2.5 X 
100.·· 240Pu 1.4 X l -3 0 

l_03mRh .1.j X -101 - ,241 · ,. 
· Pu ;; 7.0 'x 

-t., 
10 ,· 

106Rh · _ 7.5 X 100 ,· 
242Pu · '8.9 ~--10.;8_: 

1_37m8a 100 
,, -· 241 

6.2 -5 : 3.4 X · Am .X .10 

·gsmNb 10-2 
... 

. 5. l X 
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Recipient 

Maximum 
worker 
(rem) 
·-
Workforce 
(man-rem) 

Maximum 
individual 
(rem) 

-
Population 
(man-rem} 

TABLE 9-20. Doses Resulting from a Uranium Metal fire in a Dissolver. 
·-·-

1 yr 50 yr' 
Total Total I l body Bone Lung Thyroid body Bone l~ng 

. . .. 

Onsite 

5.9 X 10-3 6.2 X 10-2 8.3 x 10-1 9.2 X 10-4 . -2 
2.4 X 10 . 3.6 X 10 -1 

1.1 X 109 
L. 

-
L l x 100 1.2 X 10 

1 1.6 X 10 2 1.8 X 1~-l 4_.6 X 100 7.0 X 101 2.2 X 102 

. . . . . . . 

Offsite 
·• 

2.5 X 10-3 9.2 X 10-3 4. l x 10=3 3.2 X 10-3 2.9 X 10-2 . -1 
1.0 X 10 6.2 X 10-2 

- -
1.5x 101 5.6 x lO l 3.5 X 10 2 . 1 

1.5 x. 10 1.4 X 10 2 
5. 1 X 10

2 5.2 X 102 

I Thyroid 

9.3 X 10-4 

LB x rn=l 

.. 

9.8 X 10 -3 

5.3 X 101 

V, 
C 
I 

:::c 
:;o V, 
rv1i 
<VP 

:,:,. 
w :;ic .-

0 
0 --
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. An explosion ih the silver reactor would be jndicated·:by several-.· 
·means •. The historical reactor explosion caused a loud .report which was 

·. heard along with .detectable vibfation in- the PUREX P_lant.(?7) ·Dissolver 
· vacuum and DOG filter OP gauges would show erratic readings and the 

electric. heater temperature c;ontrol system (if functioning} would indicate 
-temperature .fluctuations. Inter.pretation of these Jndications. to '1dentify 
an explosion in th~ silver reactor and formulation of re_sponse actions are 
postulated to _take .30 min. Upon identification of the accident, the<dis- · 
solution process would be stopped within l h by cooling the dissolver with 

. ·drown tank water. - The ·time to terminate the production of :offgas is.there- .· 
':fore, around 1.5 h-in the worst case. ·> · ··· .·.-

.. . · Th~ ·sou.rce terms for this accident- in,chide · 1.291 a.rid- .13,lr (for· 
·m;_- · .. • ·-6% 240pu·~ Mark IA fuel}. from the DOG •. These isotopes are releas_ed . 

I - ·CO"' ... ·-. -_·· .. during, the 1.5 h -per_'ioa· between the explosion and termination of __ offga_s-
1 · E:~,'- .:.: production. ·other radionuclides w.ill_be present in the offgas,-but are 

;!'· · not identified because they pass through filters equivalent to the DOG 
·: ·!;t:·> .,:· ·.··,system (canyon filters) :and the release. levels, are .comparab:le to:-rout,jne . 

'_--: ~.: . , operating levels. The radionuclide inventory in the silver· reactor ·;s the ·._ 
-\n'" .... - .. · · major contributor to. the abnormal release. i This includes up to 45% of Jhe : : 

: ~;,:: <1291 from 2 :800 t of·.fuel. (in.this case/ 12% 240pu, 80%.Mark IV, and . · · · ... 
·20% Mark IA}, 50 kgof uranium, and associated FP.*. TheiodineJrwentory C 
-.is based on an estimatea iodine reterition·DLof·lO, .50% release:from-solu-_ .. 
tion, and ·six regenerations -(recoating with AgN03) of the silver· reactor.·_. 
:The fuel inventory is based ·on measured. levels found-on.PUREX reactor pack-

.. fog _and is in' the range of theoretical calculations·.(28.:30) 

Table 9-21 summarizes the assumptions· which· impact source term · 
·calculations· for this· s·cenario~ -T~ey are• 1isted.-as· 11more .. :lik'ely11 ·and 

·. "worst casell .situations. 

9.2~5. l · Acc·iderit-InduceCl Radionuclide Release from Silver-_.Reactor · 
:•:·Explosion. The adverse meteorology. is summarized in.Table 9-22 •. The 
'.: raa1onuclide release resulting from this acciaent is "identified in .· 

.Table 9-23. This release ·woula be at -the 291-A-l stack, 200 ft above 
•.-. grade. 

. . - . . 

9.2~5.2. Dose Ccmmitment.· Onsite anioffsite doses- resulting from this 
:- iccident .are identified in Ta~le .9-24. • · 

. ' . ' ' 

:9.2.5.3: Freguen·cy ·•of Occurrence.-:· From App,endix -D, the estimated fre'.".' .. •·· 
quency of occurrence of a silver ·reactor .explosion is•. 4 x :10"".'5 a-·year. 

· -. The .radionucl ides presented are based .on -average proporttons found 
:in fuel. Selective volatilization and preferential retention in.the 
.-silver reactor can_ alter these ratios.(28)_. ·. · ·•·· ... 
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TABLE 9-21. SU11111ary of Assumptions for Ca:lculating Source Tenns· 
for the 11 S i_·l ver- Reactor Explosion" Ace ident Scenario •. 

_ Ass1111ptions~ 

Fuel in dissolver; dudng,iaccident:· · . 
Type· · - . 
Percent 240Pu · 
Total weight· of charge 
Age of -charge . 

Fraction of iodine released to - · 
solution duririg dissolution· 
Iodine released from solution 
to oos: .. sys tern. --

_Source-- of silver reactor inventory_ 

. Amount of f ue 1 in silver reactor -
(isotopepercentage.distribution~, 
except iodine-~ same as fo·r fuel) , , 

. More 1 i kely 

Mark IV 
6 or 12% -
10.2 t of U 
180 d or 2. 5 yr -. 
. 0.23 

0.5 
:. -•;_ - 240 

. . _6% or 12% - Pu, _ 
80% Mark- IV-, 20% .- ··. 

· Mark IA, J80 d,: . 
to· 15 yr. old. 

_ 2 to. 20 kg .. · 

Amount of iodfoe in silver reactor .-· · · 45% of I from 
1,SOO··to 2~400 t . 
of U · 

Fractionof silver reactor iodine 
inventory volatilized by explosion. · 
Fraction of silver reactor •t~el (21') · 

_ inventory aerosolized•.• · 

_Time. to identify accident .. : 

Time to terminate·- off gas.· 
·. Canyon Vent System OF 

Noble gases 
· Halogens 
All other nuclides 

·1 

. <0.01 

10 to 20.min 

l h' 

1 
>2 
>2, 700 . 

9-55 . 

Worst case· 

Mark IA 
6% 
4.8 t of·U. 

- 180 d 

0.23 

0~65 

. 12% 240Pu, 80% 
Mark IV, 20%. · 

•Mark.IA all 5 yr 
old 

50 kf. 

45% of I from 
2~800 t of u· 

1 

o. 1 

30. min. 

1 h 

1 
2 

1,000 

I . ·,:.·.} 

--1 ·. 



TABLE 9-22. Adverse Meteorology Summary: Silver Reactor Explosion, 10-min 
Release from the 200-ft-high Stack. 

Recipient 

Maxi mum work er 
Workforce a 

I Distance/Direction Atmospheric 
stability 

Onsite 

1,400-7,600 mW tral 

X/Q (s/m3) 

6.5 X 10-5 
1.2 X lQ-2 

Wind 
speed 

1.0 m/s 
l.O m/s 

350 m NE Titable 

--- -------'---------~-------

Maximum individual 
Populationb 

' 

15.5 km E 
15-45 mi SE 

Offs ite . 

Moderate 
Moderate 

ai~orkforce totals 2,096 persons, X/Q is population total. 
bpopulation totals 109,411 persons, X/Q is population total. 

3.6 X 10-6 
6.2 x l0-3 

l m/s 
2.5 m/s 

Vl 
Cl 
I 
:c 

:::0 VI 
rr, I 
<Vl 

)::a 
w:::o 

I 
0 
0 __. 
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TABLE 9-23., Release at Building .Envelope• 
from Silver Reactor. Explosi.on. · · 

· Isotope Ci · Isotope 

, 85Kr o: · · 123-sn : . · J·.s ·x 10-'7 • 

·. 89sr-,> -3.7 x J<f'11 · ·125mre·- 2.6. x 10~4 · 

,,: 90s.f · - :,i,4.0-X-'lo-'2;" : _·: ·1'34cs .•... ·:l.6t;X 10~3 

.. :··~v. · -. 4.o x:10_:2\ 137111sa .. "4.3 x,10-2 _. 
', 91 · .. · 

.· y ' '' 1.3 X 10'.:9. : .. :. 137cs· 4~•5 X 10-2 

'' 95zr. 9· 8 10-9 ... ·· l 4l ·· -- ·_4.;8 X ·10-l] 
. • x. . . Ce . . •. _ : . . 

···. ' .: ' ' -a· _: 144' '••~-· '·. -1--s· ... x·_.·-.-.,··, __ ·1··0':'2' '' : . · 2. 2 X-: JO . _ . . Ce · · _ 

•, < • C 

. 95Nb_·- ·. 

. •-· :103Ru 
· - · · 1l ··. 144 2 

<· 2.Q;x· .. 10.~ .• : .·: - Pr .. -loS x i'o':' -. 
·,·-,-

106 -. . ·. . '' 3 . - 147 
Ru , ;, 6.8. ~·-·10-. < :. · Pm. 

. '' .,., ' -2' 
"4.8 X .10 

l25s1J ' ' '·-l.l: x>:10-3' : ' l48J>m. _-:-Ls x lo-16 , 

'.:127r~: '; 1.4 ;. 10"'7-' ' :··_l~mPm' · .. · 3.2· ~ · 10:-15 - ·. 

127rilre'°: L4 x 'io-7< · ', 151:sm . L 2 x .10~4 · . 

''· 129r~ · - :-;3_9· x·.10~18 : · ~1 54Eu •. 3of ·x-_10-4 -

. --- 129fflr~:'.- . 6.·? x '.10-JB.: . _lSSE.u'.· .. . 2o0 X ,0=4 .· 

- 1291 -

_ 131 I 

· · 95m - · · 
Nb ·. 

·', 

·. - · ... •. · 0 .. · · 23Bp· u·:: · . 
: 1.4 ·x ,10, . 

. ' '.• 

· · . · ,, · 2- 239' 
2 .T _x to:- . · Pu , 

:a:o·: X: 10-11 -.··•.· 240Pu 

- l 03_m __ Ru.' . :, 2 g · 10-14 i 24lp .. · .. _ 
'' • ,, -~ ' '. '' ' .,· u ' 

' : 106Rh 6.8' X 10~3 2~2Pt.i' i 
llOmA· -:_ ·1···3. · .. 10-5 .. _24lA•m·. •. .· . ··. 9. • . X . 

'·. 4 
L7 x 10-
. ' . . 

', , .. ·· .. ' -4. 
5-.9 x· 10- .• 

' -4· 
· 3.3 X ·10 , 

2 ~7 X· l0".°2 

. l.2 X 10-l 

2·.2 X 10-.4 

.· ',·,;-• .. 
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TABLE_ 9-24.· -Dose's, Resulting -frolil"Silv~r.Re'attor Exi:>l!isfrrn.*. ----------~-- .. -

l yr - -50, yr. 
. . ... ~e~~~,:one 

r /_tu-~g • -•-· r: ·T_ hyro_i d ~~~;] ·1 · - : - - -~r -________ .,.,_. ____ ..,,... ___ : B~ne • _;Lung fhyroid 

Maximum 
· worker 

(rem) ·.•; · 

0nsite_--. 

·.-,-------------~-t-------...... ~-----1------------------------...... ----------
8~0x ·10_;~ J.~ -~-HJ:.1 3.4 x -10-1 2~4- ,/ 1·01 a.1 x uj~1 1.1 x 101 J.4' x 10~1 2.~6- ( fol' wO~kforc·e -

_(man..;re:m)' __ · 
--·'------~---~---·---'-.:,----.;...,._;._~...,...-------...... ------·-· ----..... -~,_;.......J:...... ....... --.;..·· ~-..,.,,;.,;;..__--------

: .- .. -· _0ffslte: -----------------------------------....... ----------------~-------...,.--------,------,..--------...... ----.-----
... '7~~!~~~ual_ l.3.:x·16~3 ~.o·x ·10-3 2~6 x' 10~4 9.·2 x-10·~ 1 L~ x 10~2 2 .• (/fo-2 ·s.2:-x 10-3 2~9 x 10? 

· · ( rem) · 
.. 

,,.,;,._,_ ....... ~-~ " . -- -0 . 0 : . ' : . ~ 1 . .- ;" : 3 

~~~~~~!~>" L 6. X l O · .• l--~ x l il 2, :;__l ~ 11,• l x .l ~----................ ____ _,__ __________ ......,,_ __________ _. _______ _ 
1.2 101 2 •. 3.: 

. 1 6 . .l 100 3 .1 103 
X X 10 . X. X 

*More than· '9()% of the thyroid dose is due. to t't1e assumed release from the Silv~r Reactor. - The 
addition a 1 rel eas~ trom the dissolver is (minor con tr i but'i ori. - - -
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9.2.6 Hydrogen Explosion in a Dissolver 
. . . . - ·' 

This accident involves an explosion in a PUREX Plant dissolver during 
fuel decladdinge -

_ This acciaent assumes. AFAN is not available when needed during · 
preparation for Mark IA {spike) fuel charging •. A- procedure deviation 

_authorization- (POA) is written to minimize process .delay. The dissolver 
· uq~Jd le.vel is,adjus-:t;ed,,-wJth. water. and-.spike fuel is charged and covered · 
_ with ,water. - ·- · · · 

.- To begin declad·, dissqlver, liquid level'' is reduced-,by bo.H ing. off an. -
appropriate amount .of water to make room for the AFAN. · After liquid. level 
adjustment. the dissolver should.be cooled to between 25°C and30°C prior 
to AFAN addition. However, due to operator. error or temperature probe 

_ -~~- failure, the AFAN is added without sufficient cooling of the dissolver;. 
· - .The fluoride begins to react with unoxfdized_zirconium -in the heel before 
- :~. the PEAN addition is complete~ Higher th·an normal hydrogen production · 
_; _ - results due: to the 'dilute nitrate conceritratfan. Hydrogen builds up in 

~·""- - / · -the dissolver and 0 DOG system very rap_idly, exceeding the lower explosive 
limit, and is jgnited by -a mech'anicalor static induced spark~ or 

.. localiz.ed hig~ temperature.(31) Th.e en_suing explosion lifts the lid off 
the dissolver·releasingaerosols·and volatiles to the canyon vent- system. 

. - . . 

· . • . •·The.aerosol. nuclide inventory: is estimated by .assuming an fostantane
ous explosion-induced particulate concentration of 100 to 1,000 mg/m3(32) 
composed of· fuel and dissolver .so}ut ion in th!:! dissolver cell. The· c·el 1 , 

'}: vo.lume (about 560- m3) indicates 56 ·to ·s60 g··of material are· suspended._ The 
calculatea .volume ratio• in the_ aerosol indicates that approximately 94% is 
water and ·AFAN and 6% is fuel (52_' wt%). Therefore, 560. ·g of: aerosol is · 
composed of apprqximately 290 g of fuel, .100% of \t!hich is assumed to con-

-front- the canyon filter· system. The- maximum aerosol concentration- of 
l,.000 mg/m3 is not likely to involve the entire·celr volume; however, the 

· _ 290 g of resulting·fuel aerosol is only 00006%.of a dissolver charge, 
. which does not seem excessive .. for a conservative :analysis~ 

_ Table 9-25 summarizes the: assumptions used to, al low calculation of 
source terms associated with th is scenario. ·. They are listed as "more 

- 1 ikely11 ~d "worst easel' situations • 

. 9.2.6.l Ac~ident-Induced.Radionuclide Release from Hydrogen·Explosion in 
a Dissolver.. The adverse meteorology is summarized_ in Table 9-26. The - · 

· rad10nucllae release resulting ·from this acciaent- is identified in · 
Table 9-27. This release would be from the 291-A-l stack, at 2oo·ft above 
grade o - -

9.2.6.2 ·uose Commitment. Onsite and offsite doses resulting from this 
__ accident are identified in· Taple 9-is. 

·9.2.6.3· Frequency of Occurrence~ -From Appendix D~ the probability of a 
·hydrogen explos~on in at:iissolver is·l.2 x l0-3 a year. 
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TABLE 9-25. Summary of Assumptions·for Calculating Source Terms 
for the "Hydrogen Explosion in a Dissolver" Accident Scenario. 

Assumptions 

Fuel 
Type 
Age 
Percent 240Pu 
Amount 

Concentration of aerosols generated by 
exp las ion 
Fiaction of aerosol consisting of fuel 
.(vol%) 

Volume associated with aerosol 
. concentration · 

Fractio~ of iodine in suspended matter 
which is vaporized (versus aerosolized. 
iodides) 
Canyon Vent System OF 

Iodine 
. Nonvolatiles 

More likely 

Mark IV 
· >180 d 
·.6% or 12% 
10.2 t of U 

·100 to l,000 mg/m3 

<6% 

<560 111
3 

<100% 

>2 
> 2,700 

•·Worst case 

Mark IA* 
180 d .e 
6% . 
4.8 t. of U 
1,000 :mg/m3 

6% 

·560 m3 

100% 

2 
1,000 

· *Although more tons of Mark IV a-re present in the dissolver, the 
aerosol concentration is independent of this fact. Thus Mark IA fuel, 
with its greater number of FP. curies per MTU, is worst case. 

· 9-60 
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TABLE 9-26. Adverse Meteorology Summary: - Hydrogen Exp lo~ ion~ 
10-mln Release from the 200-ft=Mgh _Stack. . · ·· ,-. 

Recipient 

MaximU!fl worker 
Workforcea 

Maximum individual 
Populationb 

- ' 

Distance/Directi~n 

350 m NE 
1,400-7,600 m w 

1~~5 km E . -

15-45 mi SE 

. ' 

Atmospheric · 
stability 

Ons-ite - · 
•' 

unstable 
Neu.tral 

. --· '. 

· _ -: Offs ite 

- 0Workforce totals 2,096 pers9ns 1 · X/Q is ~opulation -t.otal. 
bpopulation totals 109,411 persons, X/Q is pop~latio~ total. 

X/Q . ( s/rg3) . _\, 

, .. ~ { 

10'.:5 
,,-

6.5 X 

1.2 X 10~2 
,. 

. 3.6 x J0-6 
6.2 •x 10-3 -

':' 

..... 
•· 

' ' 

Wind 
speed 

1.0 m/s 
1.0 m/s 

··i m/s 
2o5 m/s 



·,' _, 

·~·' 
·.•.··~· 
·•;~ 

: ''" .· a,· 
.:-. )t~: .· 

' .. 
···; 

I.·. 

· so...;HS-SAR-001 
.. REV: 3 

· .. 
-·} 

TABLE 9-27., Release at Building Envelope· . 
·trom a Hydrogen Explosion in. :a Dissolver~ . 

. . 
·.Isotope Ci Isotope: Ci 

.. 
" 

85Kr 2.0 x 103 ·.l33mxe .: 4.9 ··x' ·10~19. 

89 . 
· Sr 1. l X l -2 0 . ·134cs·· 4.7 X 10-5 

905 l .1. 10-3 . l37cs· .. l.1 
. -3 · . 

. r X X ;10 .... 
' .. ' '• . 

90 l. l X .10-3 . l 37m8a. l. l 10-3 . y X .. 

9ly 1~6 '. ' -2·' X · 10 .. 
140 · . 

. Ba . l.6 X '10.:5 .. 
.. 

95zr 2. 1 X .10-2 140La 
·. . . 5. 
1.8 /x .10-. : 

95~Nb 1. 7- X l -4. 141 -
4.2 

-3 
:· 0 ' .· .... Ce X .10 ,. 

.95Nb. 3.8 10:..2 1_44Ce 
. . . '. -2 

'· 
X 2.2 x:lQ 

; 

·l03mRh 4~4 X lo-3 144Pr 
"• 

2.2 X 10-2 
,. 

:lQ3Ru 4.4 X _ 10-3 147Pm: _ 3.9 Xio-3 

1°6Rh . '2~2 X ·10.:.3 . 148mPm · ,, 
· .3.6 ·x '10-S · 

106R.u. 2.2 X 
10-3. 154Eu· 3.9 X 10-6.· 

.. 

.12.sSb 6.0 X 10-S l55Eu 1.3 X 10-S 

l 25mTe L3 -5 234u 
... •· 8 .. 

X ·10 .. · 9.6 x· -10- -

127Te ict4 ' · 235 10-9 ,: 1.2 X u 6~4·x 

121mTe 1.2 X 10-4: 236 , 
u 1.2 .X 

10-8. 
" 

129 
.·· Te . 8 •. 9 X 10-5 238u 9.6 X 10-B_ 

129mTe. · ,-~4 lo-4 .. - 238Pu .. 8.2 
. 7 .. 

X X 10- · 
'· ,· 

1291 1.8 X l -3 . 0 . 239Pu 1.5 x··.10- 5 

-· 1311 l.8 X 1()-1 ·. ·240Pu 3~0.x 10~~ ·. 
.13lmXe 1 • 1 X 10Q ·241Pu 1.3 X· ,o~4 . 

l33xe 3.7 X 10-4 242Pu 1~3 X 10
-10 

241Am l. l X 10-7. 
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TABLE 9-28. Dose_s Resulting from a_ Hydrogen Explosion in a Di~solver.~ 

1 yr 50 yr 
·'•' 

Recipient Total ' Total . ' 
Bone L1mg ; Thyroid Bone Lung Thyroid body_. .. ' body . . 

I 

0nsite _· 
.•. 

Maximum 
·' .. ·, 

,. ,. . . . . 

1·0~5 10-4 .• ., 

10:.4 ' 10-3 X ·10•4 10~3, 10.:.4 10·3 worker 4.4 X 4.9 X 4~,t X 4.8 -X L2 1.9 X 4.4 X 4~8 X 
(r·em) ,· .. 

. . ' ., 

10""'.3 10-2 
·. .. 

1·0-2 .. 

10-l ' ,. . . .;2 10~1. X 10·2 10-l Workfor·ce 8.3 X 9.2 X 8.3 X 9.0.x 2.3Xil0-- 306 X 8.3 9o0 X 
(man.;;rem) 

.,. . . ,., . . ., 
•,' ' '. ,, 

(;_..,'s:..·. 

-
· ... · -~Offs1te 

Maximum 
10-5 ](f5 x. 10-5: X 10~2 1.2 X 10~4 10-4· 10-5 10-2 individual 3. l x 7.7 X 2~5 l.6 4.2 X -3~_4 X L9 X 

(rem} 

l -2 10-2 10-2 1.0 l 10-l X ·10·1 
·.• 

10-2 l Population 2.9 X 0 9.0 X 4.3 X 1.4 X l. lx 4.5 5.3 X L7 x.10 
(man-reni). 

·, 

. 
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-9.2.7 lBX Column Criticality· .. ·· 

.This acciaent··involves·a criti·cality ··in.the·lBX,partifion:,cohnnn: . 
. · ·dudng PUREX Plant operations. . . . . .. 

The lSX .column is not geometrically favorable .for plutonium and. there-
. fore requires administrative controls for·criticality prevent-ion •. These. 
controls include sampling .. and ana.lysis ofthe·reductant streammakeup,.flow 

< control', neutron mon'itors, an.d analysis ·of the,feed solution~· A. number of: 
.. · ,._._· .:ciff_;standara condi.tfons and process control .failures must occ1,11". before the: ' 

.. ·-,Plutonium concentratio'1 can reach an ·unsafe level ·in the·cotumn~ ... 

The' lBX column receives: an organic s~l vent feed' stream. ClBXF) cont~in~.: 
. ·•. · · ing .plutonium and uranium. A reductant (ferrbus·sulfamate) is added coun-. ::a\ , ·terflow to the.organk stream·whic:h.redutes the plutonium from plutonium I\7 
-~ to p.lutoniiJm III; thereby 'pa·rtitioning it from the organic;..favoring ura:n-. · 

w. ium. Limits on ferrous ion. concentratfon control .the plutonium level .·in.·· 
. -,"~ · . : 'the aqueous· phase. :;n the_ colunn- during normal.:operation •. Both an inc-reased 

, N. . ·: •:, > Fe+2 ion concentrat1on- (possjbly due· to, an .~rror cfri feed preparation.·a:no >·~ 
.· ~::;·' · analysis) and an increase in available.plutonium must simultaneous.ly exist• ---~~ -·~--

1·-•. 

to have the potent_ial for a criticality •. The additi9nal ·pluto~ium.could 
.. resulf. from .a reflux condition where pfutonium would accumuJate in the 
·. · ,aqueous ·ph ~se ·. of Jhe ·.l BX col LJmn •. ·. · · · ·' · · ·. · 

Reflux could. develop due to. the presence of:n,~l~i~e ions(which'. 
: . oxidize plutonium from III ·to'· IV) in .the lBXF stream. N-itrite can be.· ·· .•.. 

present in a recycle stream from the •second plutonium cycle, if hydrazine 
: ·_. (adaed to destroy residual N02). is ,absent. The _reflux could occur·wi_th 

all column inlet ,and outlet flows at normal -rates.· ·. 
' ' 

lf reflux aid occur, it·would take place in ·the bottom ·few feet of 11:he . · 
co-lum~ arid _Should be detected· by one of three neutron detectors positioned 

·around the outsiae of the column-at·5"."ft_ intervals. Also, ttie reduced ;plu..:., 
tonium_Jevels in ttie,_product·flBXP} stream should be i.ndicated by sampling• 
and monitoring. Thus. some- combination of .:physical and ·administrative' · 

.. f ailu~es must persist for a period of· time sufficient for ·a minimum critf- . 
cal mass to accumulate.. . . . . . . . .· .. · 

. . . 

. Calculations indicate that a 20 g/L pluto:n·ium c:ontentration, .cor- . 
. responqing to a critical mass··for·the lBX' column_geometry. of'about 1800 g 

· plutonium; could develop with adequate Fe+2 ion concentration and l.00% . ·. · 
. reflux in :less than 2 h.(33) · The -resulting critical_ity,' involving less 

than 100· L of ,solution,- is assumed to·. i11volve a total of .}.,x 1,019 fis-
, .. _ ·sions producea .by a·series of pulses ·over an .8,h peri,od.(15) A crif.i- .. 

. ·cality would be detected by -cen and offgas mon;-tors and alarms would_ 
.initiate operator response :to alleviate the situation. An lBX- criti- ·· 

>Cality may, in fact, be a self-limiting _event;· however, the 8-h, 1·x lQl9 
fissions.·is· a specified crit}cality_f,or conservative evaluations.(15}: · .... ·· 

· The postulated criticality should produce .little or no mechani.cal dagiage, 
so all .of the releasea fission products travel. via_ the .vessel .VOG .system 
to .the 291-A-l stack. ·The silver r.eactor in the.·vOG system has .been shown· 
to be.Jargely.ineffective in.removing iodine due.to ,the req1.i'ired low• · 

. · operating temperature.(3~,35) . ': ,, ·.: . . 
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. . Table 9-29 sunma.rhes the :assumptions .which impact source term cal= 
·. culations for this scenario •. They are J isted as "more 1 ikely 11 and 11worst 
· case" situations·. · 

· 9e2.7.l Accident-Induced Radionuclide Release from lBX Column 
. Critical it~. The adverse meteorology is surm1arized in Table 9-30. The . 
. . rad1onuch e release resulting from this accident is identified in 

Tab.le 9-Jl.: This, release-: would be at the 291-A-1 stack, ·200 ft above· 
grade. 

9~·2.7.2 Dose.conmHment; ... 0nsite and- offsi.te,-:dOsE!s: .. resulting:;;from this 
... accident are identified .. in•:·TabJe· 9-32., 

. ' , . . . 

9.2. 7 .3, Frequency of 0ccurrenc·e. · From Appendix D, the. estimated fre-· 
· · quency of a lBX column criticality is -3.8 x 10-8 a year. As a result of 

the fault tree analysis, another criticality event", criticality in a dis-.· 
solver due to overcharge,_of. spike fuel ii ·was detennined to have a .sig- · 

· nificant1,thigher probability,·.1"5x l0-2 a year.· therefores this·· 
probability value will b~ used in evaluations· of overall facility risk. 

· 9. 2.8 · Sol vent Fire in H Cell 

<This-accident involves: the contents. of the organic continuous.· 
·. HA colunn. in a. s_olv.e.nt firl! within. the PUREX Plant canyon• H cen. ·.· 

·1',.: The HA column contains a,highjnventqry:,of mixed FP,. uranium·,and. . . 
plutonium:· The organic used to sel]arate .'uranl'um and plutonium from the,fP 
is 30 vol% :tribu:tyl phosphate,CTBP) in.a nonnal paraffin hydrocarbon (NPH) 
diluent~ ·-

. The postulated cause of this accident is a failure of the interface 
· float 'jumper on the HA column resulting in: a partial loss of column con..: · · · 

tents to the SH sump.· Subsequent ignition of the solvent mist. results in 
. burning the solvent in the sump. The postulated leak is located such that . 
the column does not completely drain, with most of the aqueous- phase 
remaining· in the lower dfsengaging: secti.on where it .. is assumed to be. 
evaporated. by.the fire. Leakage from the HA-column would be:detected:by 

· · instruments· monitoring column differential and static pressures, and a 
rapid increase in the-SH sump WF would also result in an alarm •. Column 
influents are postulated·to be terminated within 5 min of leak· . 
initiation.. During this 5 min interval some of the column contents are 
being drawn off at the normal rate and- the influents contribute negligibly 

·. to the accident. 
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. ·~; ,,.., •. -- TABtE -9~29. ; Surmmiry of As_sumpt'ions fa~ Cal~uiating ;Source-Tems : 

I. 
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' '. tr-;;!'' 

Ns~ -""' .: . 

·-~~ 

I . 

I, 

··, ,: ">·· 

.for the- "lBX Co.lumn Criticality" J\ccident Scenario~ · · · 

_ Assum pt i.ons 

_-,Amount of Pu required .for lBX column 
-er itica 1 ity · · · 

. . . 
. . .. 

· Tirrie to accumulate critical .mass- in 
-. : col.Limn. -

--.... . . 

· Cdtica iity parameters 
Pulses _ . 
Total f i.ss ions -

- :Duration o·f. pulse 

P·u1 se frequency_-- _ 

.. Buflding release-fractions:(15 , 36) 

... Noble .gases · 
· _ Halogens _ 

:Time. from gas generation to- exit from.-_ -
stack 

Mo:re likely 

>2 h 

l -
101.7 

. J s 

--
-- l --
< 0.1 
- l :to 5 min: 

·worst case 

1.8:kg·•-•· 
. ' 

43-:_ -·19(15)/ 
l x 10 _, ,. _-

' ·l 's -initi.al~ ·0!"5- s· 
subsequent -·• 

·-1 · pu.lse/10 min 

l .. · -
0.25 -

O min 

,.,, ; 

·. ·~ ; . -

_; .·. 

;.:.'·, :· 
, . 

•.·, ;' :·.,:·t .•. 
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TABLE 9-30., Adverse Meteorology Summary: ,,lBX,Column Criticality. 8-:-h. 
· Re_lease from· the 200-ft~~igh Stack. · ·. . .C ':_ 

Recipient 
. . 

" 

Maximum worker 
Workforceb 

m individual Maxi mu 
Popula tionc 

Dista~ce/Qirectitin 
' . 

350 m NE.· :,, ,. .. ' 

1,400-:-7,600 m W' . ' 

'. 

15.5 km E •' 

15-45'mi E 

Atmospheric.·. 
stab_Mity 

Onsite 

. Unstable 
.. 

Neutral. 

· 0ffsite · 

'. Moderate 
Moderate 

acritical · organ value;. inert gases were computed separately. 
bworkforce totals 2,096 pers_ons 9 X/Q ·1s population total. 
cpopulation totals 109,411 persons, X/Q_ is popuJatio~ total. 

.. 

' 
X/Qa {s/m~) 

. ·. 10-5 .• : 

6 •. 5 X ', 

2.6 X 10-J 

1.3 X 10-6 . 
6.1 X 10'."3, 

,;,', 

. Wind 
speed 

1.·o m/s 
1 ~o m/s. 

1.0 m/s 
5 m/s 

' .· ···]· . . . ' 

. . . 

. I 

Vl 
C 
I 

:::c 
:;ig (Ill 

. rn. B .. , <:V, 
)::z, 

w:;o 
.. I 

0 
0 -

I 
. I 

I 

I 
• I 

I 

' I 

,I 

":I : ,, 
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TABLE 9-31. 'Radionuclide-Release at Building 
Envelope from lBX Column Criticality. 

· Isotope Cia :· Isotope Cia 

83mKr. l. l X 102 l35xe 4.-1 X 102 

85Kr 8.1 x.10-4 135mxe . ' 3 •.. 
3.3 X 10 

85m Kr 7. 1 X 10 l . 137'xe A.9 X 104 

87K · . r 4.3 X 102 l38xe •:·· 1. l X 104 
.. 

88Kr 2.3. X 102 . 131 I 
,' 

.2~8 X 100 

89Kr 1.3 X 104 _ 1321 3.0 X ·102 
•' ,, ,, 

_13linxe. l .O X 10-l 1331 4.0 ~- 10 l 

1·33' ... 
>~2. 7 

.. l · · · 134 .·, ,, ,. 

-~ ··103 Xe x· 10 . . . I 1.1 

133mxe . 
,, 

100 . 1351. ·102 2.2 X , 1. l X 

. . aThere·would be other FP ~enerated··from 
· the criticality, for example: .-90sr-

1 
9ly', ... 

. 95zr, 103Ru, l06Ru 137cs, 141Ce, · 1'1-4Ce, 
·(these based, on 23~pu fission yiel~s and 
l x 1019 fissions). However, it is believed 

. that most of these would be contained within the · 
· column and any rele_ase would .also be subject to• 

additional filtration. Therefore, only the 
volatile isotopes are presented as significant 

-releases. · 

. 9-68 



·Recipi~nt 

Maximum. 
worker. 
(rem) 

,, 
~ ' .. ' 

TABLE 9-32 •. ·Poses Res,ulting .frpm ,JBX .Column Criticality;,:: 
, • • '. ", • ;, ~·• -l 

lyr ··.···~Qyr, 
'.: . ·:. . -·-~ 

. Total ' 1 · Bone .·.1.· Lun.9. ··• I··. Thyroid body . 

. •Onshe: . 
, •.' . •'• 

' . ' 

· Total 
bocly .. ·· 

.. 

Bprie Thyroid : ·. 

· - -· . - 1 - . . - ·1 \ . _· -·. . -1 > . ·.: --_ j: - : ·· ~ l .. ·. · · . -l . · . - 1 . . · . -1 ,: : 
2.2 X 10 ' 2.2 X 10 2.6 X JO'' 6.3 X 10 · 2 .. 2 .. X .10 . 2.2 X ·10:- 2.6 X 10- 6.3 X 10 . ·;.,;; 

' ' ;\'~ -... · . ,. •' '. , - ·•\~, ( . :·;· :,_. ; ,.. ' - .. -

~
.,C, 

Workforce . 
. (man-rem) . 

' .. ,, 

2.2 X 101 ' 2.2 X 101 il X io1 7~3 x'1012•j::x'101 2.2.x 10( 3.3,x,C.101 7.3 X 101:., ~·~,_, 

' . 

Maximum 
. individual 

(rem)· 

. 

·,, 

Qffsite 

6.3 ?< ·10~4 1.1 x 10-J' ~.7 x 10~4 ~ .• ,-:~'10:-2 :6.7 x 10-4 1~9 ·x '10~3 .. 5.7 x 10~4 LO~. 1o~J ·::_ 

Population . 7 .o ~ 10° . 9.Q X 10° '8 .• 7 X Jo0 2.t X 102 . 7 .·o X 10°.' 9~3 X J_o0·. ~J- X 1~0 . 2o2 X 102 

(man-rem) 
.. · 

,~'~:· 
w :;o' 

-":·."., '1 ·. 
,0 

g 

:·j 
. ,, 

- _, 
- -~ 
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'.~- ... \_. ., · .. ·~ ' ·.: ·_'.·,. .. ,, ',.: .] ·:; ', ·-;:ti ; _;_ >:, .<-~:::,.;-_<\~:)--=.{ . .i~. : ·>- :~· .::,_.·· . ·, ,. : :/·' ·.· ... ' ·:, .. ·- "/ .. ' . .,., 
... >"<,A• light water·· foam· system· in .H ,ce1i:· ano·the a,djacent·-·ventilatlon.:. 

·tunnel ls -activatea· automati_cal ly if a fire:js sensed by dua,l .. heat·· ·, .. 
. oetectors fo H cell,. ( 37 ;38} Energized ·heat<detectors would also\.act.uate': 
.. : an ··alarm in tr:ie PUREX Plant control ·room -and .th·e -200 ·Area ·:fire statfons •. '. 
_;Jhe ·installeel fir;e protectio_n equipment'would nave· to.malfunction-or not> 

•/: __ :perform satisfactorHy for· an appreciable f-ire to deve_lC>p and- prog_ress~, •.. · 
· .. The.ven·u1ation.tunnel js·,equipped with·arvautomatic: water spray to:._.,.._ 
.. ·.protect. the final exhaust Jilt~rs from excessive heat and soot. . . ·• . 

.. . ' . . . ' - . . ,,. . . ., -·: '. 

•· 

.. · The fire could possibly burn at a rate of 6 i_n/h o~er·.the.surface.·: -:_' . 
.-.av.a·ilable in the sump (about 710 .L/h)., and would last a·h.~ -:assuming no · 

. \:manual backup extinguishing •systems _were activated :or, other mit'igatfog , : .. 
•'steps-taken.such.as reducing cell venti]ationJlow or .. r~du-cing:the-Jevel· 

< ,-.of .sump contents. (31 ~39) · · · . ·, } : , .< . . : · · •· · ··:/: .:. · ·.· •· · _, · .· ·-.· :·.>-,· 

Table 9-33_. ~ummariies·:.the .:ass·u~ptioris'·which• impact:•source ·term. 
>-calculations for this: scenaT'i_o~ ·: T~eY are:.l-isted:"as a iimore:.likely0 'and,. ; .~~:-.> : .. "worst easel! situations. . . _. 

:'.·.,·.~.:._-.. ·i:· '·.'":; ... ·-,1 

.
. '.' .. ,,f_:~-•,~.~ .. -,'::._._··.•-.-·: .. ·.·,· :·9:2~8. l,, A~c-icient~I~du~ed :R'ad'ionuclide Release'Re~tilting -froui''sol~enf,Fire' 

-c;;,,. ' _'in HCell. Table 9-34 .. surrmariz.es the meteorolo.gical :Conditions. --The_ , .. • . 
. '~ :: '- •_· ,., rad1onucJide re·1ease ·,resulting from. thi,s a-ccident<in ident-ifiecL fo> ·:_ .: . -. . : 

>_ 'Table'9~35. The,':release would be at -the. 291-A..:-1 stack~:i2QQ(,ft/above grade. ·: . 

'~-; .< .. ·'' 

.' , ,. • • • I ' • ' • ' • • • •• .; • ' • ' ~ •, • '• ' • , •• , • ,• S, , 

--: .. , 9~2.8.2 _ _.Dose Commitment~' Ons.ite __ an_d 'offsit_e· worst-case 'dos~s _resulting''. 
. · from. thi.s acc-1-dent _are identified in Table·- 9-36. · ·Two possible worst-c.ase· .... _ 

-Jnixti.J.res were testeo •. :'. ' .· ' ' 

9.2.8.3. Fr.eguency of Occurrence·. :F~om•';Appendix'D~· the_est_imated 
freq·uency of a solvent fire in .H·cell· i_s -8.6:,xJo:--6 ·a-year~:··/ 

. ' 

/9~2.9. · Solvent·iire in L Cell 
' ·,.·' 

.. o"Th JS, 'accio~nt: involves the. contents' of· the 3A column ~ith-in i :ce1r·.at:_. 
/the :PUREX Plant. 

. The 3A column ~esembles the HA::col,umn'in'purpose,·1~e~~ it js-.a:~ual,. 
purpose'-organic"'.continuo·us ·column for: extrac:ting .the plutonium into -an '. · 

_organic_- stream, . ·and then scrubb ing .. the_'-prgan ic;,_to acc:omp l is~ additfona l-:FP 
and.metallic impurity :decon.tamination. ·, The organic .solvent. us~ for 
se:paration :is a mixture of 30 v:ol% TBP:in NPH :diluent~ . . . 

· ... , ;, ; '.::. 

>:9:.:70.· ·.",,; 

. :-1· 
. : ·,.;' 

.. <1.·. 
' · . .'1 

.', / .. J 
, I 

" . .. ~ 

• ••r .. ·, ., 
''• 

,,{' --;-.. :,:: i.", 
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TABLE 9-33;.-- Simmary.,of Assumpt·ions,-for: the 11Solvent 
· Fire: in H Cell 11 :Accident Scenario • 

Assumptions 

Fuel
Type -
Age 
Percent 240Pu 

Duration of fire 
. Rate o,f Organ·ic Canbustioti 

InventorY involve<f in fire 
u *. 
MF~ and Pu 

· (21 40) Release Factors - ' - · 
Volatiles (I) 

Semi volatiles (Cs, Ru)..- .. 
Nonvolatiles 
Actinides 

_Ven ti lat ion_ OF 

*Mixea FP. 

. More likely. 

Mark IV -_ · 
~180 d 
6% or 12% 

<10 min 
<2 in/h 

. . 

Worst--· case\ 

Mark IA 
180 d 
6% 
8 h 

- 6 iil/h 

: 10 kg • - 400 _ kg 
Correspo·ndinq .with the· amount of 

·· U in fuel minus volatiles 
- released during dissolution, etc._ 

<1~00 ,,· 
0.20· 
0.01 

I. <0.01 L41 )_ 
2, 70CJ.. -

. ' 

9-.7l 

l.00 
0.80 
0.10 
0.01 
1,000 
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• TABLE 9-34. · Adverse Meteorology Summary: Solvent Fire H Cell, 8-h· 
· . · _Release from the 200".'ft-high Stack. · · 

·----~---------'---~ 
. ·Atmospheric. 

stab i 1 ity 

·-
Rec i pi ~nt _____ .---_· ___ ...,]_. _o_i s tance/0 i rect I on ___ _;.... ____ ~-'--'-------,.--

Maximum wsrker 
Workforce 

. Onsite 

.. 350 m ·NE . , :.=r· ·· · ... Unstable . --· 
· 1_,4'o0-7,600 mW . , · - __ .Neutral.•· ...;._. ________ _,_____._ _______ _ 

Offs lie· : 

· M_aximu __ m, in~ividua1· -1:: • 15.5 km E ~~-- M~derate 
Popu 1 at i o_n -~---· __ . ---~---l_S_,;4 __ 5_m __ i_S~L~oderate 

. a·Wind. sp~ed . is 1 m/s In each case. 

·._ bWqrkf orce. totals .2 ,096 perso~s ,· ·x/Q, is popu.lat_lontotal. ·. 

CPop~latfori totals 109,411 person_s. X/Q h population total •. 

I ' 

6.5 X l(j-.5 , 
1. 3 x 10:-2 

"' -C 
.' :, 
. :c 

;;au, 
rr,· I 
<U, 

. )::o 
w::a ,. 

-.0 
·o ..... 

•··., :·:· 

·:: . 

•.,•-

·.··_ .:_' 
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TABLE 9-35. "'·
1
Release ~t' Building. · 

Envelope from Solvent Fire in 
H _Cell. · (Sh~et 1 of 2) 

Isotope 

asKr 
. ' 89sr-' 

-9osr ·_ 
90 y 

9ly 

·95 Zr 
95mNb· 

95Nb : 

·o 
l~5; x ·10° 

. 1 
l.5 x 10:-

0 2\2 X 10 . ·· 

Ci 

0 

lA, x 10-3 

1 -1 4.0-x o 

4.8 X 10-3 

2.8 X lQQ. 1~4-x 10-2 

· _· -2 -6. 
2.3x.10. 1.6-x 10-.. :-

·_ 5·•~::X i10°. · :: - 3~5 X 10~2 . 

103m- · · · · · -· · 0 · . -. ·-4 .. 
·.- :Rh · ·-.· , 4·.a :.x. 10 ·_ .. 5.4; x, 10 .. · 

103R. ._·-
. . u 

106Rtf 

106. -
Ru · 

125sb 
125m - · · Te ·. · 

127Te .-

127fflre: · 

. 129re. 

129~e----

1291 -

131 I 

13lmXe . 

134cs 

. ·4~8: X 10°·.: .... 5.4 x·. 10~4 ' · 

·• --· • 2~s. ~ 10° · J.9--. x 1o0· 

· · _·_ 2.·5 x· · 10° 
.. -•-.. ·' . '·..:3 _· 
.8.3 X :10 . 

· ·_ ·· 1 ·-a·-·.·-' 10--3 .. •. ·x ... 

. . . . . -2 
. 1.6 X 10 

. 1. 7 X 10-z . 

1.2 X 10-2 

· 1 - -1 - 2 .9 X 0 

. l.7- X 10-4 

1.7 X 10-2 

0 

5.2 X 10-2 

. 9-73_· ,· 

. . 0 . 
3.9 X 10 : · 

. . 
2ol.X 10-2 

. -3·. 
4.8 X 10 . -· . 

. . -3 . 
1.4 X 10 · 

l.4 'X 10::-J . 

2.1 X 10-7 

3.4 x 10-7S 
. . . 4 

- 5.5 x· 10-

0 

0 

3.2 x lO~l 
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TABLE 9-35.· .· Release at Bui ld,ng . 
Envelope from Sol~ent Fire in 
. H Cell. · (Sheet· 2 :of 2) 

Isotope 

. l37m8a 
l 37cs 

141 Ce 

. 144Ce . · 

l4_4Pr 

14T Pm 

148mPm 

. l 54Eu 

_·. 155Eu : .

. · 234 · · 
.U 

-235u .· 

. 236u. 

238 -. · u .· 
238: · Pu 
239 .... 

- Pu 

. _· 240Pu 

24lpu·. 

242 · .. 
. Pu 

·'241 
.. Am-

.. o· 
1.2 X 10 

'L2 x 10° 

· ·5 8. · -10~ 1 
•. X . 

3 ~ l X 
. 0 
10. 

3.1 X 10° .•. 

·. 5.4 X 10-1 

4.9 .X 10~3 

5.4 .X ,o-4 

1.8 :x l -3 0 . 

1.3 X 10~
6 

8.8 x-
" ·-8 
10 

l. 6 X 10-:-7> . 

·. . . . -6 ·. 
1.3 X 10 . 

. l. Lx ·10~5 .·. 

. -4· 
2.1·x10 .-

·4.2 x 10-5 

.· _;3 
_1.8 x .10 

.1. 9. X lO_g 

.. 

· l. 6 x: 10".'6 : . 

· Ci 

'. ·. '· 0 
3.4 X 10 

-3.6 X l()O 

6~.l X 10-6 -

. 2.0 X 

2.0 X 

. 9.-8 X 

100 

100 

·, -1 
.10 . 

.3~7 ·x 10-6 

· 4.2 X lO-J 
_· . '. ,·. 3 

. 4.2 -x 10-.. 

.l.3 x·.rn-6 
' : -, 

. . .. • ·a 
·6.9-x lo-• 
. 2:6 X 10_]_· 

J .3 X 10~6 

---. 1.5 ·x 10-4 · 

. 4. 7 X 10 ... 4 . 
~4 , .. 

2.7 X ,10 

. 2.6 X 10-2 

9. 7 X ·10-8-

9.8 X 10~
5

-•-· 

· __ aReleases based on Mark:IA fuel, 6% 
·240 Pu, 180 d cooled.· Based-on the computed .·· 

.. - -doses, ·this was worst-cas·e. . . . . . . 

bReleases based on Mark _·IA fuel~•·. 
12i 240 Pu, 2 yr cooled •. 
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Recipient 

Maximum 
worker 
(rem) · 

· Workforce 
(man-rem) 

Maximum 
•individual 
(rem) 

Population 
(man-rem) 

. -· ,_ .,, __ . . 

'. . . _.· ., . ' . . . ·.... ·. . :: 

TABLE 9-36. .Doses R_esulting from Solvent Fire 1n H Cell.~ 

1 yr, -, ~Q yr, 
Total Lu.rig Thyroid Total 
bo_dy_ _Bone ·body . Bon~ Lung Thyroid_ . 

•, 
;~ - '' 

-,, --· 
· -.:Onsite 

. - ', ·.3 . ' . · ..:2 . .- -- .-.. __ - .;. l -- .- · - > -4 . - > -3 · · - --· ~ l · - · --_ -- - l - =4 , \ --
2. 6 X 10 - 2.9.X 10 3.0 X 10: 4e6· X 10 · 8.4 X 10 - 1e2 X 10.· 4.0 X. 10 ' 4.6 X 10 ~ _ . . ' . ~- ·- . . . ' - - . ' ' .. 

Offsite 
,. 

r-4. 10-J 10'."2 --
_lQ'."3 -2 .10-~ 10-2 X 10-J 

--
9 •-2x 0 ._ A.1 X 1.5 X 1e5 X 1..2 x--10. 4.l X 2 .• 2 .x 3.8 _.,,_ 

' 

5.~ x· 10° 2 •. 5 101 1.·3 ~ ·102 7.7 :100 5.5.x 101. 2.0 X 102 , 1.8 X Ht 2.0 X 101 
X X --·,- . 

V, 
CJ· . 

. I- .-

:C ·:::00· ..., .. 
<en 
··'> 
w :::0 ·., . •1:-

0 
0 

*worst-case doses were found to conje fr~~ MK II\ ·at 6~ 240pu. age~ 180 d. 
. . . . . - -

••.-~ 
j 

.. ~ 
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In this accident, a rupture (possibi°y due to corrosion ·or-a' pressure 
surge) in the lower disengaging section of the column, during otherwise _ 
norinal operation, e111pties the column contents to the cell floor and.sump. 

· - Pressure fluctuations would indicate a major leak. ·Column influents then 
continue to flow for 5.min before being ... terminated.· Based on this input, 
.col!Jlln -size, leak location and other factors, _the total -amount of. lost 
liquid is assumea to be composea of .115 L of;"solvent and 40 .. L of· aqueous 
solution. T_hisfills the sump and rises to a height of about 1/2 in. above 
the sump lip covering a surface. area-of.about-250- ft2 on the ceil floor • 

. ,The ·denser-aqueous layer fills the sump and constitutes'about-l/5. in. of 
_:. the liquia on the floor with an interface _area of ·about,llO ft2 with the 

solvf:nt. The agitation of the spillfog organic may produce a solvent mist. 

·: ·Igniti6n of'.ihe ~o1Vent mi~t result~ i~:blirriing' o~er a decreasing.Sur-_ 
face area from 250 to 110 ft2. Cell ·ventilation is assumed to sustain• a . 
c_ombustion rate of 380 L/h. ( less than l in/h f_or· the average available 
solvent surface area). At this-burn rate the 115 l of solvent wili ·be-con~ -

_· slimed in less _than 20 min assuming· t_he fire detection or supress io_n _system 
fails to perform satisfactorily.· - _· · · 

·.·Table ·9-37 summarizes the assumptions· which impact. so·urce term cal cu
: latfons .for this scena.rio. - They are listed asllm9re likely" ~nd 11worst 
case" situations. 

· ·9.2.9~1; Accirient~Induced Radionuclide.Release Resulting from a Solvent~ 
-Fire in L Cell. The -meteorology is summanzed rn Table 9-38. _ The 
_radionucJiae release resulting· from -this· acc.ident is idenfified in 

: lab le 9-39-. The release would be· afthe 291-A-l_ stack, '200 ft ,above grade. ·. 
' . 

~.2.9.2 -Uose:· commit~ent. >Onsite arid offsite worst-case doses resulting -
frorri'thfs accident are identified_fo.-Table9-40_. Two possib_le.worst(:ases 
a re . l i s tea • 

~ 9.2 .• 9.~3 · Freguenc~ of Ocsurrence. Fro~ _Appendix ,0, the ·estimated 
·frequency of a -.so vent f 1 re rn L ce 11 1.s 5. 9 x l o-5 a year. -

,9.2.10 -- Pilitonium Release v·ia the -P&O ,Gal-lery 

Th is accident involves the release of Pi\JtOn ium and some FP through 
·. the. P&O gallery ·and white room· ventilation. systems. 

A pip'=! le~k, similar to :the one postulated in thisscenar.-io, ·resulted 
, ·,in.the.creation of the white.room (westertimcist 160 ft.of P_&O gallery)·an_d .-

.' the -ins_tallation of HEPA filters .9n the exhaust from th'at zone.(42,43) ' 
· _ · Any new leaks ·involving solutions -from cells adjacent to the wh-ite room -

· woul_d be subject to HEP_A filtration. Leaks outsiae -of this zone (much of 
- the remainder of the P&O gallery) may be subject -to temporary unfiltered· 
release until detected and ventilation is diverted to the white room -

_-exhaust. 
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TABLE 9-37.. Sunmary of Assumptions for the "Solvent Fire 
in L Cell" Accident Scenario. 

·Fuel 
Type:.· 

Assunptiohs 

A~e .. · ... 240 .. · . 
. Percent::. Pu> . 

Duration of fire:. 

Inventory involved in fire 
. ' . . . ,,. 

Release factors for burning 
solvent 

Canyon· vent system OF. 
. ( nonvol at i 1 es}. · 

· More likely 

·: · Mark'. IV···. 

.· 180 d : or 2··; yr, 
· 6% or ,···12%~: 

< 10 .min 
'<800 g Pu 

•. ·>.2~·700 

Worst case. 

.. Mark IA 
2· yr. 
12%: 
20 min 

1,800 g Pu 

0.01. 

TABLE .9-38. · Adverse Meteorology Sumnary: Solvent Fire L .Cell, 20;.min ·· 
. · - Release from the 200-ft-high. Stacko ... 

Recipient· 

Maximum wo~ker
. Workf orceb · · 

; . Atmospheric· 
Distance/Direction · stability 

Onsite 

· 350 m NE ... · . : / Un.st.able 
l,400..:7,600 in ·w ·. · i · >Neutral 

Off site 

Maximum indi.vidual, > . 8. 5 -km .SW ... ·· · · Moderate . 
Populationc . 15-45 mi SE · ·. Moderate 

aWind speed is 1 m/s. "in ·each case. ·· 
bWorkforce totals 2,096 per.sons, X/Q.is population total. 
CPopulation. totals .109,.411 persons, X/Q is population total. 

· 9-77. 

X/Qa .{s/m3) 

6.5 X .. 10-5. • 
. 1.3 X lQ-2· · 

1. 5 X 10-5 
2.7 X 10-2 

.. I ·. · .. " 
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TABLE. 9-39 •. Release .at Bui.lding 
Envelope from Solvent Fire in 

L Ce 11. 

Isotope Cia Ci 0 

·238Pu 5~6 X 1o'_5· ·3.0 ~ 

239pu· l.J X, 10-J 9.4, X 

240P·u 2·. l X ·10-~· .. 5~4 X 

241Pu a.a- X lo:..3 . 5.1 X 

· 242 · 
·9.2 

• ,, -9 
L9 · .. Pu X 10 , X 

' ·4 
10-

10~4 . 

10-4• ' 

1 -2 0 ' 

1o-7 

· . aRe leases based on Mark. IA, fuel~- 6% . · 
240pu, 180; d cooled~ 

... bReleases based,on Mar~-IA fuel, 
.. 12%: 240pu,. 2· yr .cooled-. Dose compu

tations revealed this to :be the worst 
case. _ 

· Airflow diversion. is accomplished by -a system of continuous air moni- .· 
· · tors (C·AM.). distributed throughout the P&0 gallery, -and prov is ions for•· . 

. . . · auto·matic or manual power shut-off to exhausters, ·Clos'ing of daniperst and 
· ·. reduction of supply air.(44) An automatic response requires d~tection · 

· of elevated radiation levels [two maximum permissible <:oncentration (MPC) 
hours]by more than· one CAM •. The man.ual action· can ·be taken· at anY time 
based on an alarm fr.om .one CAM, visual' detection of ci lea.k, or any of a 

. number· of other indications. The CAM system reliability is backed by · 
.. - sensors which alarm if power. to, CAM is, interrupted or an .instrument ·. 
' fails • ( 44 ) • . · . · · ·. .· · ·_ <· . . · _ · · · / 

.. , A le·ak of·solution into the gallery must jnvolve two simultaneous: 
events: a breached line (corroded, sheared, or disconnected for som~ · _ 
reason}, and a force behind the solution sufficient to .overcome both the • 

· eleyation head and air pressure differences. between cailyon:·cells and the.· 
gallery.- A line leak becomes more -probable with time as copper tubing · 

. -. · become~ -bdtt ~e-·and ·s? l ut ~ons have· longer'.· to. co_rros.i vely attack.· pi ping.> · 
0perat10nal l rne open mg 1s carefully controlled ·to prevent· releases.t45) -

:The most .likely·: •if ort:ei•. can resu~ t from _steam ~ondensat ion (.in ·the 
ev~nt steam is shut -off and the .line is_ not purged) ·and •the subsequent 
vacuum· created .(42) These· 11 suckbacks 11 are· short. lived and would only 
result Jn a small liquid leak. A more·serious leak ~ould occur· if the. 
radiomicliae solution were under pressure. · Pressurization of cell vessels' 
could develop due to explosio_ns (ammonia, hydrogen, red oil), vigorous 

·: chemical reactions, ·air pulser valve leaks, or. attempts to unplug line~ 

,r'·· ·. 

, .... ,,,;:· 
;·· 
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TABLE 9-40. Doses Resulting froJD Solvent Fire in L Ce11~~ 
----------- ----------------

1 yr . 
,, . 

5() yr 
~• . ··- ·:· : •. '!' • ' 

. Bone_· 

----------------

- -Maximum 
work er 
( rem) 

-----..-------
~3 - - -2 - -2 

l.6.x 10. 3.6 x 10. 2. l x JO,_ 0 

'--------·t----•--t---.----1------- ---------------1--.,-,---+-----~---

.workforce 
(man.-rem) 

·1 l - 3 . _1·0_- 2 - . ·10° .7 x O - 4.2 x l.&:x 

------------------ ---,---------"-----
.-.>Offs ite 

----.--,.------~---------.------ ----. ----~----'------------.---- ------ .. 
Maximum _ 
indiyidual 1.9 X 10-6 5.0 X 16-5 J.9 X 10-3 4 · -3, 3 3.6xl0:-8.2xlO· 4~7x_lQ".". 

- ( rem)· 
. . 

Population 3.6 x 10..:3 9.1- x 1o-2 3_·5 x 10° 
(man.,.rem) 

0 , l -l l l l ---1- O 6 • 6 X 0 ' • 5 X 0 8. 7 X .0 

. . -----------------------.-,---
*Worst-case doses were found to come from the Mark IA 12% 240pu· aged 2 yr. 
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with compressea gas_es (similar to the white room incident).l45) . Such· 
· overpressuri za ti on should be detected by vesse 1 pressure IJlOn.itors, . and -

'· 

. __ . ·re 1 ieved by ·venting through the. vessel vent off gas -system or. through -any 
· · penetrations caused by the event· itself.. · · · · · 

. One plutonium leak which could occur outside .the white-room is asso~ 
·ctated with the product stream from the 18S tol.umn. Some residual FP · 
(pri~arily zirconium, niobium, and ruthenium) would also be associated _ 
with th·is leak. Of the 20 CAM located in the nonwhite room portion of tbe 
P&O gallery, only 2 are deoicated alpha· monitors. · Due t'o the "ventilation 

. areas" created in· the gallery -by multiple exhausters~·(46) it is possible· .. 
·only one of the alpha CAM would detect th~ plutonium. The;lower levels· ... of 

. FP .would require up to 12 rri'i n to activate one of the beta/galTDTla CAM once 
__ . the postu·lated aerosol ·concent,rat ion· reached the' ·sampling port •. · Due to . 

_. ·this delay,. a'long with possible exhauster'shut:..down problems·or.calibra
-· t ion errors on· CAM, an unf i ltere·d ·rel ease could continue for -up to· , ·._- · 

20 min. Once the airflow is -diverted through HEPA filtered.exhaust, .. 
releases.will be significantly reduced. 

• • I ' 

-The potential also exists· for .liquiireleases to tt1e environment from. 
the P&O gall_ery·-floor, drains via a· 'chemical sewer.to a surface pond~(43). 
However ,-:there are two different divers ion .systems· that_ should contain ·. 
both the initial .leak,and any clean-up solutions. 'First, once the leak-is 
aetected, the dispatcher can --activate an air ,operated ·valve to send the 

·P&O gallery drainage to the canyon. ( 4!).', This becomes automatic- if power< 
. . ·or air f ajls •. Second, failing -.this or perhaps even before drains are ·· 

·:. : ,di.verted, monitors on the c.omb inea chemic a 1 sewer flow_· could detect ele- · 
- ·.·v_ated radia_tion levels and automatically divert ,the stream to a retention .· 

-··, basin. , · · · · · 

· .Table 9-41 · summarizes the assumptions which· impact· source term 
_ calculatfons for this ·scenario. They are listed• as 11 more 1-.ikelyll and,··. · 
:,i11 worst case". situations· • 

9.2.10.1 .Acciaent-Induced Radionuclide Release R·esulting from Plutonium. 
_ Release via the·P&O Gallery. The meteorological.conditions are sunvnarized· 
'· •in Table 9-42. The rad1onucliae release resulting from this accident is 

·.identi~ied in Table 9-43. This release would be, in two parts: .the - -- ·-. 
unfi-lter~d portion, jf any, wou-la be released f.rom. vents near the ·top·of: 

.. ·toe canyon ·building at 20 ft above grade; ·:and .the filtered portion woµJd, 
. be:releasea at the 296-A-8 stack, 78 ft•above grade. · · 

-9.2.10.2 . Dose. ColTDTlitment. -· The ons ite and offs ite worst-case· doses 
:resulting .from th 1 s acc.1aent are identified in Jab le 9-44. .Two possible 

· •.' .;worst:..case isotopic .. mixtures 'were tried. . 

9.2.10.3 Frequency of Occurrence •. Fr_om AppendixD, the est·imated. fre
quency of a blowback into ·the P&O gallery, (the accident producing the 

,most significant source terms) is 1 x lQ-3 a year. The estimated fre- ·· 
·quency.that _the release will be totally unfi)tered due to HEPA failure is 
, 1.8 x rn-6 a year. 
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TABLE 9-41. Sunvnary.-of Asst111ption·s for th~ ''Plutonium 
Release via the-~·P&0 Gallery" AccJdent; Scenario. 

·.•.Fuel 
Type 

· Age .. 

.Ass1J11ptions 

·Percen1; 240Pu· 
Type of incident.·. 

:: .. Durr.at ion ·of •.leak· 
Detect ion of · 1 eak 
Duration of unfiltered· 

· ·; release, .to atmosphere 

Aerosol concentration 
resulting from leak 
Ventilation•· associated ·with · · 

· .· aerosol concentration: 
Unfilter.ed. portion .. · 
Filtered portion ·· 

More:: 1 ikely 

.·. 

Mark IV 
180 d · 

6 

Suckback· 
· <10 min 

< 2 ·min 

<.2 min 

< 1_ rrig/m3 ... · 

Worst case· 

Mark IA· 
2.yr 
12 : 

13-lowback 
2 h 

12 min 
· 20 min 

. ·. ( 48) 
10· mg/m3 · 

· ... :•: 3 . . · · 3 · 
· 6,400 ft 1min 16,000 ft

3
/min. 

22,
0

500 ft /min 22,500 ft /min 
Radionuc tide content of: aerosol .·Pu· .in less . · Pu in 1 BP . 

· .concentra.ted .. 
vessel 

White room HEPA 0~ 3,300 2,000 

. 9-8l 
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· TABLE 9-42 •. Adverse Meteorology Sunvnary:. Plutonium Release .via 
P&O Gallery,·. 20-min Release from "Ground Level. · 

Recipient 

, · ,Maximum worker 
: Workforceb 

· Maximum individual 
Popul ationc 

· Distance arid 
Direction · 

-.- Atmosph~ric 
stability 

.· 0nsite 

. 350,m NE 
· 1,400-7, 600 m -~ •· 

· Very' stable 
.. Very stab] e 

8.5 km E 
. 15-45 mi SE 

Off site 

Very stable·. 
Moderate· 

, ·X/Qa ( s/m3) · 

·2.3 x lo-3· 
1.0 X lO-l' 

· 5. 3 x l0"".5 . 
-2.s x .1c.:.2 

awind speed is 1 m/s in each case. 
· bWorkforce totals 2~096 persons, X/Q is populcition total •. 
tPopulation·-totals · 109;411· persons, X/Q is population total. 
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TABLE 9-43. Release at Building 
Envelope from P&O Gallery· Blow- · 

back Involving Plutoniume 
_ (Sheet l of 2) · 

.Isotope· 

· 85 · ,' . Kr.· 

89
5 

.. r 

.90sr 

90y . 

9ly . 

·_ 95zr.··· 

. '95Nb 

9SmNo ..... 
. . . 

l03mRh .·· 

. l03R~ · • · 

106Rh ' .. 

_ 106Ru · 

. 125Sb 

_· .125mTe: ··.·. _· 

121-re, · 

·. ·. 1_27mTe. · 

129re· · 

129m · · 
Te . 

· 129
1 

... 

131 •, 
I 

·. 131mXe· · 

C.a 
. 1 ' 

.. O", .· . 

. . -4. 
5.4 X 10 · 

s~s x 10-5 

. 5.5 X 10-S: 

8.2 x 10-4 

' ' -3· 
, 1.0:_)(, .10; ,· . 

. ' ' . . .·' -3 
.l.9x 10 .. 

Ci 

0 

5~2: x:· 10:1 · · · 

LS x 10-4 

l.5 X 10-4 

l.9 x 10=6 : 

5~4 X 10-6 

1 j X 10-·s 

8.3~~ 10"'~; , 4.~ X lci~B 
', . ·. ·4 ', -8 
2.2 X 10~ 2~5 X 10. 

. . . ' 

2·.2 X 10-4 • 

. .. 1 • l :x 10-4 · 

. ' '' ' .: . 4· 
·· .. 1.1· X JO~ 

. 3~ l x 10-6 

7, . 1· -7 .6- X O · 

. 6~ l 'x 10"'6 : . 

. . . l -6 
6.2 X ·. 0 -', 

' -6 
7.1 X 10 

' -6 
] .2 .X 10 .. 

. -11 
7 .8. X 10 .. 

· .. 7~9 X 10-9 

0 

9-ar 

· 2.s ~ 10-8 

-4 ,·. ' l.8. X 10 · ... 

Lax 10".'4 
. ' 6 . 

. 7 .8 X 10- . · 

1.9. X 10~-6 

5~1 X 10.;_7 

6.3··x 10"'7 

7.9 x 10-ll 

l. l .x 10- l O 

· -10 
2.6 X 10. 

0 

0 
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TABLE 9-43. ·Release at Building 
.· Envelope from P&0 Gallery Blow

bac~ Involving. Plut.on ium. 
·• .·(Sheet·2 of 2). ··· ·· · 

Isotope· -

134' 
Cs 

· 137m8~ 

_l,37Cs . 

:l41. 
· . Ce 

144ce 

144Pr . 

147P . m 

- 234u. 

· 235 u 
236 . u 

· ·. 23Bu 

·23aPu ·_ 

_ 239Pu· 

. ··240 . Pu 

241 · 
· Pu 

· 242 · 
Pu 

... 24 r.~m 

.-

C.a 
: . 1 

. 2.4 X 10-6 

. 5 •. 4 ·x 10~5 · 

-5.7 X° 10-5 · 

•.. 2 . J X 10 °'.'4 . 

·1.·1x 10-3 
. ' ' . 

•. ·l. l ·x 10-3 . 

2~0 X · 10-·4 . 

6.5· x 10-_lO 

· · 4·~4 /.10..: 1 r 
· . · -1 l 
.. 8.Q X. 10 . 

6.5·· x 10- l_0. 

2.2. ~ .10~4-·; 

4.1 X 10-J 

8.2 X .lo.;,4 . 

3.4 X l -2 0 . 

3~6 X 10-a 

6 •. 3 X l' -9 0 .· 

." -6 
. · 1.5 X -10 · . 

·· 1.5 ·x 10-4 

·. . . ·-4 
-l.6xl0 .. -

- ·- . 

. .. . . . -_9. 
2.3 X 10 

. 7.4 X J0-4 · 
. . . -4 

· 7 .•t X 10 .. 
·.· . • . . -4 . 

·. 3.6 X 10 _ ·.• 

6 5 . ··10-·10 . .. • . X. . .. 

· · · .· 11 · 
3.4 X -10- . 

· -1.3 X 10-_lO . 

. 6 ~ 5 X .l O.;. 1.° . 
·1. l x 10-3 . 

3 • 7 .>< lo~ 3 : : 
-3. · . 

·2.l x 10_ .· ,,· 

' -1 
1.9 X 10 ·.• 

7 .·s 'x :10-1 

3.8. X ]()-] . 

. 
240 

aRel eases bas ea on Mark IA _f ue 1 , 6%· · 
. .. Pu, 180 d_cooled. · 

b . .· . . '. . . . . _-
. 

240 
Releases based .on Mark .IA fue~, 12% · 

_- Pu; 2 yr cooled. • Dose calculat10ns 
· . revealed this to be the worst case.· 

·. '9-84. 
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TABLE 9:-44, .· Doses· Resulting frdm '.Plutonh1m Release ·fro,;, Pipe and Operating Gallery.* 
. . ' : - ' . '. -. . .• ·.•: .... 

1 50 
., 

yr .. y_r. ·. 
'.c:, 

,. 

Recipient ... ,·, ., . ',.,. 

Total Total 
.. 

• . .. 

body Bone Lung T~}froid body eo·ne Lung Thyr1>id 
.. 

Maximum 
10-2 . . =1 

x 10-1 
. ·.·: 

X ·10~9 10;., 1 1 10-l 10-9 worker 1,8' ~ 4.5 x.10 · 2.8 1.8 5.9 .l( 1 .4 X 1() 2~8 X LB X 
(rem) : --- .. .. 

10~1 X 101 
.. 

x.101 .·.. . '8 .. 
10 l 1~2 101 X ·10=8 Workforce 7.7 X 2.0 1.2 7.9·x 10- 2;6· X 6.0 X 1.2. X 7.9 

(man-rem) 

.. Offsite ·. · 

Maximum .. 

10-4 10-2 
... 

10-3 x'1011 X 10=2 1Q~1 10~3 X ·10 ll indivicjual 4.l X l.() X 6.4 X 4.2 ].4 3.2 X 6.5 X 4.2 
(rem) .. .. 

" 
.. 

-
Population 1.9 10- l 4.8 0 3.0 X lOO 7~6 10-5 6.4 100 1. 5 102 3.0 10° 3.9 10-3 

X X 10·.· . X X X X X 
(man-rem)·• 

; 

.. ----
*Worst-case doses were found to come from t~e 12% 240pu Mark IA fuel 2 yr out of N Reactor •. 
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- - 9.2.ll --Fission Product Release via.·tne :P.&b Ga1'1~;ry· , 

This_ accident involves the release _of FP .through the P&O gallery and 
main canyon ventilation systems. · ·· · 

Th.is accident is comparable· in many respects to the plutonium 
.P&O gallery release scenario. - The requirements· for obtain inf a signifi- · 
cant leak and associated mitigating mechanisms are essentially the same. 

· Only those aspects which.differ from the plutonium releasescenario.are 
presentea here. 

_ The_ source of radionucliaes is assumed to be vessel TK-Fl5 ·which -
contains concentrated high level waste ( lWW). Su9ar is• added to reduce_ 

· the nitric. acid· concentration., and ·:ff added ·too rapfoly. antj/or:-to ;a• cool:.-· ' 
lWW sblutio~ whicW is subsequently heated, the tank could pressurize;(18) · . 
Th is procedure ·is normally carefully controlled and off gases are routinely 
exhau~tea through scrubbers, mist eliminators, an absorber, .condenser, and 
the ·process vent system. - If a .leak pathway were -simultaneously available,- ·, 

· during~ overpressurization, _ lWW solution could_ spray into•. the eas_tern .. por-
. fion of the P&O gc1l lery. · · · · 

. . ' - . ' ' -

:- .There are· adequate beta/gamma :CAM ·in th is portion of. the ·gallery(49) 
to expect· a a"uar alarm in a matter of seconds after ventilation ··currents . · 

- carry the aerosol to CAM sample ports.(49) · This ·would result in automatic 
'P&O gallery exhauster shutdown, damper closures, reduced· supply ·atr, and 
-alrflaw. divers ion toward the white room and through the_ east chang~ .. room. to . 

·:· 

.._,'_·· ·, 
,• .... :- . 

. the canyon and-niain exhaust filter sjstem.(50). Should the-CAM be ·Signifi- •--". 
cantly out of -cal i bratjon ( unl ikel_y because they are .source checked monthly) ' ·_ ·, <)J 
or.the automatic response systems fails in some respect, unfiltered.releases - -.:.; 
could con_ti hue for up to 15 min. 

Liquio releases res·ulting from the FP leak are. subject to the same 
· diversions identified ·t:or the plutonium P&O gallery. release. The only 
d-ifferences are :that eastern P&O gallery drains diver:-t v.ia an alter.nate 
pathway-to a common :canyon tank,(47) and the· higher activity ·contamina- ·-
fion would be more readily _detected by the chemical sewer monitor. · 

·Table· 9-45 .summarizes the assumption·s which impact source •term., 
calculations for ·this scenario. They are listed as a 11more likely" and 

· .
11worst .case 11 s i,:uations. · 

: 9.2.11.·1 -_ Acciaent-Induced Radionuclide ReleaseResul'ting 'from_ Fissi~~ pr~:.,;: 
. -duct Release via P&O Gallery. The meteorological conditions are sum~• 
· - mar1zed .. rn .Table 9-46. me radionuclide release resulting from this. _· ·. 

•accident is identified-in Table 9-47. The release w·ould be in .bio·parts: 
. ·.-·the unfilterea portjon, if any, would be released from vents near the· top ·of· 

the canyon building; 20 ft above grade; and the filtered p_orti.ons would be . 
_ released at the ·296-A-8 stack~ 34 ft above ~rade~ and th~ 291-A-l statk, 

· · 200 ft above grade. 
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TABLE 9-45. Summary of Assumptions ·for the ''Fission Product 
Release via the P&O Gallery10 Accident Scenario~ . 

Fuel 
Type. 

· ·Age 

Asst.mptioris 

Percent· 240Pu 

Type of incident ',: 

Dura ti on .of· 1 eak. 

Detection·. of leak 

Duration of unfiltered·.· 
release to atmosphere 

Aerosol concentration 
· • .. resulting.from ·1eak· 

Ventilation associated 
. with aerosol concentration 

Unfiltered portion 
Filtered portion.,· 

Radionuclide content of aerosol 

Canyon.filter .OF. 

· More likely Worst case 

Mark IA ·· Mark IA 
: 180 d -or 2; yr: . 180d :: · 
6or.12· 6· 

· Suckback .. 

<10 min 

< 2 min · 

<2 min·· 

<1 mg/m~ 

. Blowback 

: 2 h· 

5 min · 

15 min 

10 mg/m3 

·6~400 ft 3/injn J6,000 ft 3/min 
,,1 1 , 000,, . . , · ll, 000 . 

MFP in ·1ess . MFP in 
. concentrated... . TK-Fl 5 
: tank.''': · 

2~700'. · 1,000 

TABLE 9-46 •. Adverse Meteorology Sumnary: Fission Product Release 
• P&O ·Gallery, ~JS-min Rel ease from Ground Level. 

· · Recipient 

Maximum worker · 
· Workforceb 

Maximum individual 
Populationc 

Di stance and. 
Direction .. 

. Onsite 

. 350 m NE 
l, 400-7 s 600 m: W 

Atmospheric 
stability · 

Very stable-· ·.-I·· 
Very. stable 

Off site-

.. 8.5 km SW. 
15-45 mi SE 

Very stable 
Moderate · 

X/Qa (.s/m3} 

2.4 X lQ-3 
LO x 10-1 

5.6 X lQ'."'5 
2.5 X lQ-2 

awind speed, is l m/s· in .. each case. 
bworkforce totals 2,096 persons, X/Q is population total. 
CPop~latton totals 109,411\persons; X/Q is population total. 
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TABLE 9-47. Fission Product Release at 
Building Envelope from P&O Gallery 

Bl owback. (Sheet 1 of 3) 

Isotope Cia Cio 

85Kr 0 0 

89sr 2.8 X lOO 2.7 X 10-3 

90sr 2.9 X 
10-1. . 7.6 x 10-l 

90y 2.9 X 10-l 7.6 l -1 X 0 
c.;..._ ... ,"t 9ly 10° 10-2 ~- · 4.3 ·x l.Q X 
~~ 

;!fr_ 95mNb 4.6 X 10-2. 2.3 X 10-4 
t:~._ 
"""""· 95zr 100 2.8 X 10-2 t..,. ID 
''-', 5.5 X r,,;,=,, . - ~-
"G"i.;;,m;..;_· 

101 ::~,.,, 95Nb l.O X 
. -2 

!'.::'.\"'·, 6.7 X 10 

103mRh 1.2 X ·lQQ l.3 X 10-4 J 
103Ru 1.2 X lOQ 1.3 X 10-4 

_106Rh 5.9 l -1 X 0 
. . - l 

9.5 X 10 . ,1 

]06Ru 5.9 1 -1 X 0 9.5 X 10 
-1 . 

.125Sb- 1.6 X 10-2 . 4.0 X 10-2 

125mTe 3.8 X ,o-3 . -3 
9.6 X -10 . 

127Te 3.2 X 10-2 2.7 X 10-3 

l27mTe 3.2 X 10-2 3.3 X 10-3 . 

l29Te 3.7 X 10-2 4. l X 10-7 

129mTe 3.7 10-2 . -7 
X 5.9 X 10 

1291 5. l X 10-8 1.7 X 10-7 

1311 5.2 l -6 X 0 0 
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TABLE 9-47. Fission Product Release at 
Building Envelope from P&0 Gallery 

._ Blowbac:k •. (Sheet 2 of 3) · · 

Isotope Cia Ci 

133111xe 0 0 

134· -· Cs: . -2 r.2-- x,, 10.. · 7'~7 X 10~3 .. 

13711'1Ba-·- 2.9 -1 -x-10 · 8.J · X lO~l-

137' · ... ,cs 3.0· X 10·1 8.5 X 10~1 

141. > 
· .Ce 1.1 X 100;·. 1.2 ~ 10~5-

144ce 5.9 x" 10° 3.8 X 100 

144Pr- 5.9 X 100 3.8 X 1·0°- .. 
' ' ... 

l47Pm. 
•,. l O . 10 1.0 X 0 . l.9·x 0 

-.148mp . · . . . m 
. .· .. j 
9.6 X 10 .· 0 

.154 Eu . 1.0 X :1Q·3 7.2 X 10~3_ 
o·. 

155:Eu .3~4 
. , -·3 

X .. 10 . · 4.8· X ·103 

234u 2~·3. ·x 10~12 -~ -· .. 10•12 2 .• 3 X 

235u 1.5·.x 10-13 1.2 X lQ"." 13 

.· 2a6u . ... ~ 13 .. 

10:-13 2~8 ,x 10 .. 4.5 X 

238· · u '2.3 X 10-12 2.3 X 10-12 

238Pu ' x -·1o•J0 10·9 3~'3 l:] X 

•. 

239py 1 -9 -9 6.2 X 0 . 5.5 X .10. 
240- .· 

. Pu 
, . . -9 

1.2 X 10 · 3~2 X 
-9 10 · .. 

241Pu 5. l X 10-8_._ 2.9 X 10·]. 
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TABLE 9-47. Fission Product R~l~ase at 
Bui1ding Envelope from P&O Gallery 

Blowback. (Sheet 3 of 3) 

Isotope 

5.4 X ,o-l4 

3.3 x 10-S 

l.l x 10-12 

2.Q X 10-:3 

aReleases based on Mark IA fuel, 6% 240Pu, 180-d cooled. Dose calculations 
revealed this column to give higher doses. 
. b . . 

240 Releases based on Mark IA fuel, 12% 
Pu, 2-yr coolea. 
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9.2.11.2 Dose Cornnitmen1:. The onsite and offsite doses resulting from 
this accioent are 1dentlfied · in Table 9-48. 

· 9 .. -2. 11.3 Frequency of Occurrence .. _From. Appendix D, the. estimated fre-
. • quency of occurrence of a blowback 1nto the P&O gallery 1s l x 10-3 a · 

year. This estimated frequency that -the release will be totally unfiltered. 
due to HEPA failure is· 1.8 x l0-6 a year~ - · · 

. 9.2.12 Oxide Line Fire ._- . . ,, ..... 

This accident involves .a· fire\ in the PUREX:PlahtfN".ceJF that·· results• 
in a· re 1 ease.: Qf · p lutontwi,; to:· the'. env·i ronment·. 

-.·ci · The PUREX plutonium nitrate product solution is converted to plutonium 
=...,,., -· · . o·xide in the recently modified N cell.· This cell - is well protected · 

. a~'· because it is located· in the lowest elevation_ within the PUREX Plant _ 
N ·· .· canyon bi,ijilding., Both the N cell_ room exhaust and. glovebox exhausts· are . 
r~~ . · filtered by multiple HEPA systems.(51l The only combustibles in N cell 
;;,: · .. ·· (possible· accumulations of solid wastes),_ if ignited9 wQuld not result in -

· ~r--.., . : . any significant consequences., Some· gloveboxes are· protected·: with automatk· 
-' Halon fire suppress ion sys-terns and the cell is covered by an automatic. wet ·· 
:,; _ pipe sprinkler system. A solvent· fire,, on _th~ other hand, may not be read-

. ily extinguished ·within N· cell.·· Several sources of: solvent· for su·ch an · 
acciaent have been:consiaered.(52-54) The most cred-ible solvent "fire 5 • 

-. -yet ,stil 1- highly unlikely~_ is assumed to originate from: a major sol vent. 
leak in R cell., · · 

·, .. 
'·,· 

The R ce 11 . leak could be caused by -the dropping of -a cover b 1 ock or 
heavy.piece of· equipment which breaks lines connected to a large storage 

· ·-tank. A water line must-also be ruptured in· order to float the solvent 
· out ·of the cell, down the PR corridor» and into N cell. Such an incident · 
: should be ,readily apparent to .the respective crane' operator· and personnel , · 
in N cell, who would be expected to take measures to alleviate the situa-

.- tion and prevent ignition. However, an electrical-spark or hot machinery 
.. wilt be assumed to.ignite· :the solvent, after personnel. have evacuatede 

. . 

A·camplex series of events is then required to_provide. a,pathwayto 
· the environment for pluton:ium in_ the gloveboxes. The.fire.on the:N-cell 
floor melts or burns the gloves and/or window gaskets, and· Benelex sh·ield
ing, .thereby allowing for possible··-entrainment of plutonium· (about 1,500 g_ 
total of oxalate and oxide exposed). into cell _air. · Glovebox· Halon systems 

· would probably. not be. effective in suppressing a large cell fire, espe
'cially since ventilation~would be mainta-ined for filtered cont~inment of 
any contamination. Also, water sprinkler systems have been shown to be 

·unreliable in extinguishing-solvent fires.(55'} 
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TABLE 9-"48 •. Doses Resulting fro'm Fis~d'on Product Release from Pipe arid Operating Gallery.* 
- ,, ' 

1.·yr 50 yr 

Recipi~nt -----

I I 
--

I l Total ,Thyroid Total 
body Bone Lung body Bon~ _Lung 

Onsite 
--- --

Maximum 
10:.:.1 4.'4 x- lo0 100 10-4 10- l io1 . l 

worker 3.4 X 4.0 X 3.4· X 7.6 X 1.1 X 1. l X 10 
( rem) 

' 

Workforce 1.4 x·lOl l.9 X 102 1. 7 X 102 l. 5 X 10-2 3.2 X 
10 l. 4.7 X 102 l.7 X 102 

(man-rem) 

O{fs ite 
-

Maximum 
10-3 10-l l o..;2 ·x Hf'6 10-2 -l·O- l rn-2 individual 8.0 X 1. 1 .X 9.6 X 8. l l.8 X 2.7 X 9.6 X 

(rein) , 
----

" 

Population 5.7 X 'HP, 6.J X 101 4.3 X 101 7.7,x 10-l 7 .1 X 101 3.5· X 102, ,4.6 X 10 l 
(man-rem) 

, , '' - -
*Worst-case doses were found to come from Mark IA fuel at 6% 240pu aged 180 d~ 

.-. .. 

;;1-i-/ 
.·.·· '' ( ' ~ -· . ' 

-... -:.-· 

I Thyroid 

3.4 X 10..:4 

l.5 X 
-2 10 ' 

,. 

8.l X l -6 0 ,· 

3.6 X 100 

., 

Vl 
·o 

•', ,· 
:r: 

~Vl 
rt1 I 
<Vl 

' ):a 
w~ 

I 
0' 
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The first HEPA "filters'• on" both air ,syste~s ( glovebox and eel 1) can be 
assumed to. fail due to hot combustion gases. However 11 the next HEPA filter_-. 
sets also ,receive.cooler air from other areas and can be anticipated to 

. plug from soot and fragments of_ breached filters rather,· than fail due to 
heat.(55 ... 57) Once the .exhaus.t is blocked by plugged-HEPA filtersl,l the . 

- supply air dampers automatically close to avoid pressurizingthe cell., . -
· Although this· may restrict the: solvent burn ·rate, the "release pathway, now f · . 

becomes more or, less• independent ,,·of the f ir.e.. .-- , -- · 

. · · , A, plutonium 0 releasei-fracU.on:. of·· s::x Jo ... 2. ( 54 58)_- is assumed-· to be·: 
even1'y}entrained,-into 20',::min:·;of'' verit.Ha~fon,' air-~p1 ustthe<.stagn·ant.: ai.r" , ·· -. . · 
volume:. of,.·N·rcelJ·::-and,,t~e"·pR"cor;-ridori after-·ventilat·ion::,ceases"·(Ref'~-- 54.-,an·d,;:, ,· 
58, through,::61 )., A.ir- iS'J assumed~to ,e~cha11ge:between:c glovebox:~ and;'cell du~·'_ -

' . to failed gloves/windows and plugging of: the glovebox exhaust ·HEPA filters 
J~f . slightly before-.-those:;in the cell~· Releasing plutonium at the 5%. rate -· --
~·- • in.to the "post-vent,ilation" air is -very conservative since ·entr.ainment · 
-~. . should decrease: once the· air flow. arid -fire :intensity are reduced~· The _ 
·~~ .. -- : stagnant air is ·assumed to migrate (diffusfoni -convection11 pressure.· 
:N f.luctuationsl to the.canyon lobby via.s:tairweH:and elevator shafts~':'-_ .· -~,z·- · .. ·s.1nc1f ·the lobby is also: wi_thotit ventilation (part of the same system}. soine" < 

, __ ,~.~--.--.. ~_:- . of this -air may be released· outstde., "'.A:worst-case, estimate·w1n be- · 
''i:, ~ ;,;- . ~% al though. a greater release. could.occu·r, if the-supply a:irt did not .shu_t" : . 

·:,;f:down. inmeaiately (a nonrelated and therefore,'multip.le accident-)J60}. . 
. , l~ , -· - - . . . - . . : .. . . . - . - . , 

- '· - - . Table·9-49,stmarizes<the·assumptions which impact"source term calcu-' 
·lations for th i's scenario/ They:are .... lis.ted<ias ,llmore'Tikely1':and .: 
· 11worst-case 11 situations.,,,. · · · 

' . ' , ... _._.. ' 

9.2~ 12~ l ·-Accident-Induced Radion'ucl ide Release··R'esulttng 'from· Oxide Line: 
- Fire. The rneteoro_l9gjcal "·ond.itio,ns- are,_surnmar,1zed. in Tab;le 9-50. The . 
. raa1onuclicie release resulting ·from ·this ·accident isc identified in . -
Table 9-Sl~ .This. release ,would. be: :in two parts: the unfiltered .. portion· 
would, b~,released at'- the canyon· lobby:: door;·at:ground level,; and the - _ . ·_ _ 
filtered :portions at -stacks- 296.:;,A~ l, and 296-A-7 ·a(.74' and 78 ft above . .-· · · 
grade,. respectively.<: · · · 

9.2.12~2 Dose Cormiitment.; _- The onsite and off site Closes resuJting from . 
this.- accident are identifled.· in Table: 9-52~ - . 

• .• • : • ' • .,, •· ••. r ' • 

. , 9.2.'12;3 Frequency· of Occurrence~ , From Appendix [), the· estimated fre--• · 
quency. of an oxide 1 ine fire iri_ ,N,c~lJ is 3~T-x.,lO:-5 a year~ 

9.2~ i3 · Cooling Coil Leak with Release ·to 216-A-25 Pond 

This accident involves a·le·ak. in the PUREX metal solution TK-05 · 
cooling coil: with a subsequent release of radioriUclides to -the surface 

-_ .. aisposal site,. 216~A-25 pond. · 
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TABLE 9-49.· Summary ofAssumptlons' for the' 
110xide L-ine 'Fire" Acc·iaent Scenario •. 

·fuel· 
··Jype··. 
·Age 

Assumptions 

. Percedt ·240Pu 
' . : 

,· Arrio~nt .of· Pu 
Exposed. 

Pub ,·, ·2, 
, , ~U{C204)2-6H20·· 
·. Jotal Pu · 

-Release fr.action of Pu :into ,air. ·· 

More lik.elya,.. Worst ca'se ·. ·. · ·· 

Mark IA,- · Mark IA 

180' .. d or .2 y~ 2 yr 

,:.6.or.12' ··.· a:12 

-o·.: 

,. · 500 g· 

240 ... Cg .. , 
.· <:5 'xc10-.2: · 

.. . . ' : . ' 

·1~:000··9 

.· 500,g'· 

. . . . 

·:i ,l10 ·g .• . . . 

· s:<x: 10~2·: i.:: .: •-:: ,_ 

Time to . .. . 
: F a·n,. lst: set of HEPA i.n N c~i'l arid' 

·.- ·-.,,, ·. 

:,glov~box. e-xh·aus,f sys.terns .. ·. · 

·.'.Plug 2ii'd ':set: of. HEPA in each· 
, system after first.set.fails 

·• .· - . ' ' ' ... ' ·. . . 

Extinguish·fi~e - .froin··ignition·· 
, . 

· ·. Vo1 uine ,:Of air. in which Pu is · 
· entratned . . . . . .... •. . · . 

··,Exhausted .:from·. HEPA· filters 
Not exh·aus·ted. to HEPA· · . 

. "DF for: HEPA; filtered rel eaie 

: _:,Per.cent :of s'tagnant .. air>that leaks 
. ·:to,:.environment · .· · 

, . . 

>10 min · .10 min 

:Nof plugged · ·lO· min . 

<20 min 

. ~:1,000 ~3, ·. 
· None · · 

· .. ·.·>3~300. 

· .None · '. . 

• 1,000 m3 
N ceH·,and.P~ cor.;• 

· r.idor , voJum~: . 
. ( l,300 .m J · · .. · 
2~000 .. •. ,., .•· 

: 5% '(of :"1,_,3~0: n?)~ 

. ' aThis' 11more likely" column ,is baseo in part o~· a·scenario:.in which'.: .. · 
·several hundreo gallons {versus 6;000 .gal invoJved.jn worst· case) of _ ...• · . 

...... solvent (which could be on the .floor in.R cell). is·floatedout·'of,ceJl :by 
: . a·water. line break. . .• ... 

. : . •.· . · bAny burn time in ex.cess· of· the 20 min,needed· to 'produce :pl~tbn.ium-
contami nated stagnant air ·does not significantly impact the. sour.ce terrns~ 

···.lt.,does,.however, rep.resent a possible hindrance to resolv'ing the. 
· ;plutonium re·lease in a timely .fashion. · · · .. 

.. . ;''. ':...,·_:· .... · 
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TABLE 9-50. Adverse Meteorology·Sunmary: Oxide Line Fire,· 
3-h Release from Ground Levelo 

Recipient 

. ., " 

Max~imum,:.\'.Qrker-_;. 
Workforceb 

Maximum. individual 
Popul ationc · ·· 

Di-stance · and 
Di reef ion: 

· · 350 ·. m:, NE'.: 
1,400:.7,600 mW. 

· .. Atmospheric· 
stabi 1 ity 

. Very stable-.: 
Very stable 

· Offsite 

8 .. 5 km E. 
15-45 mi SE · 

Very stable 
· Moderate 

X/Qa (s/m3) 

1.0 X 10-3 
1.o·x 10-1 

2c5 X 10-5 
2 .. 5 X 10=2· 

· awind speed is,.1 m/s in. each· case.. . . · .. · · · . . 
bWorkforce totals 2,096 persons,iX/Q is population total.· 
CPopulation totals 109,411 persbns~ XIQ is-population-total~, 

·- ·- . ·-· .- ' 

TABLE 9-51 •. · Release at·Bui.lding 
· - . . · . ~nvelop~: fram:·oxide -Line .Fire .... 

Isotope ,_ Ci 

. 238Pu ·2.1 X 10~2 

-239Pu 8.4 -2 
X 10 

240pu· 4.8 X 10~2: 

241Pu, _·. 4.6 X 
0 10· , 

242Pu · 1. 7 X 10~5 
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Recipient· [--'--!--;-~--;--1~-~-~l~~~B~.o~n-e_-__ -_·l= __ (_-_r=-~:L=_u:n-· g=._-=_--:=_--__ r=_h=_y=r_-o_. __ , -.-._d-.:~~:-, __ T-b~-~=._~=Y_a=,_-:_=_-~=--:=_B=_o=n:e~--

5
_-' __ 
9
-. __ . ___ .:-y~-r~~-_L-.--u:-n:g~~:~~1:--T..:..-h ..... y~r~o~i :'-.. ~ 

· 0ns i.te .. 

Maximum . -2 . -1 10 l_ x' l OO 101 10 l worker 1.2 X 10 3.0 X 10 Ll X 0. 2.2 5.0 X 2.9 X ·.O 
( rem) .. 

' -· 

10° 101 103 
. . . 

·102 . 103 103 Workforce 1~2 X 3.0 x 1. 2 X .. ··o 2.2 X 5.0 X 2~9 X 0 
(man-rem) 

------~ 
·-·0ffsite.· 

-----------,.-------.-- --
Maxiinum 
individual 3.0 x 10~4 7.5 ~ 10-3 .2 .9 1 -1 () 5.4 X .1 ()-:-2 l. 2 100 7. 1 10-l 0 X. 0 X. X . . 

. ( rem) 
-· 

102 
; 

)( .101 103 .... 2 
.8 X 0 5.4 1.2 X 7. l X. 10 0 Population 2.9 .x 10._ 1 7,5 x· 10° 2 

(man-rem) 
-----------------------'- -

: .:', 
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There· are several PUREX radioactive service tanks with cooling coils 
which discharge to-surface disposal sites.(61) The cooling water dis
charge stream is continuously monitored for alpha, beta, and gamma 
radiation and i$ equipped for automatic di version to retention bas in 
216-A-42.(62,63} Coil leaks have occurred and can result in a release. 
to a pond if.diversion fai_ls.(64,65) •- ._ . · ·. · . . 

' . . •. '.· ' . . . . ' 

·solutions in TK-03, :-04, and -05 have one of 'the highest radionuclide 
-concentrations of tanks with cooling water discharges to ponds. · The· coil 
· in-TK-05,isthe·:.largest;.of-the:three,:.tank. coils and,h·as. b~n- selected.for·.· 
a, postulated-. leak ·scenario~- The -tank- coil is periodical lY .. leak checked;·:· · 
however; a,.leak· could develop~a-t any time.(96) · Th'e,:TK-05'~,fi.mctions. as" a~ 
s_torage/sanipling tank for metal solut!ons from• the>fuer dissolvers· and is 
batch transfer.red an average _'of l.5 tunes a day. · . · . · . . . 

The cooliog· water supply·and discharge headers are located such that 
the pressure head within the coil is' always greater than .the tank contents • 
A shut-off valve. bypass with a flow rate of-3 gal/min (Drawing H-2-63219) · 
has been installed to prevent· drainage of the coi 1 in the simultaneous 

. event that the valve is, c·1osed,- the coil_. i~ breached,· and·- the tank is 
empty. Such draina·ge could occur .only if.-the leak exceeds ·3 gal/min or the· 
bypass ·is plugged, because. if the main supply valve were ,shut .off (no· 
bypass around it} procedure. calls for hydrostatic. leak tests of coils 
before ·reopening this valve~ . Ref il Ung ·of a: drained coil with tank . 
solution_ can· then only occur, obviousJy, if: the tank is refilled prior to 
introducing cooling :water. to .toe con.:., __ ,." _ · · 

Ever1. .if thi.s,: sequence:· occur~:, the: cooll:ng water: monitor would detect 
the elevated rad.,ation and alarm if above· a safe discharge leveL There, 
are also alanns-, .locatec:Lin.,.the.coritrolroom·,.for sample:'flow dev.iation 
and monitor failure •. These a.larms woulg have to be· deactivated (coupled 
with a failure) or the monitor incorrectly calibrated for the discharge to 

· go undetected., This. is considered a'.:double·accident (occurring ·coinc-i- · 
. dentally with a leak}· .although· both: are necessary for a release ·to the · 

environment. . A lternately 11 a coil 'leak could be indicated by changing tank 
, solution specific gravity ("especially .for relatively. empty tanks) or 

volume (more noticeable if. the :tank is near•full and therefore c.lo_sely . 
watched) due to~ in-leaking:cooling water •. Another. _indicator would be the 
weekly radionuclide analyses performed on proportional effluent samples. 
It is this last method which is considered worst-case for duration of an 
unrecognized .leak condition;· · 

. Once· discharged. to· the pond,. the, radionuclides are still isolated from 
the public. When the· leak is discovered, special procedures (maintain po'nd 
level,. discourage antmal • access, add chelating or .precipitating agen_ts, 
etc.) will- be- undertaken to minimize releases from the pond. However, dur- · 

. ing -the assumed· 8 d• ·of undete_cted: lea~age, · some evaporational releases .to 
the atmosphere could occur •. ;· Releases might also result from nucl ides
depositea along the shore by wave action or l~ft behind if the pond level 
drops,. if they dry and are suspended by the wmd. - . 

'' 
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Ta,ble 9-53 summarizes the assumption~ wh·;·~'h, ;~pact sourc~·,term calcu
lations for this scenario. 'They are .listed as "more likely". and. "worst · 

. case" s ttuations·. ~ · · · · ·· · -.,-
. . . 

·9.2.13. l. Acc.ident-Induced Radionuclide Release Resulti~g from· Cooljng· · 
· Coil ·Leak. -The meteorological conditions are summarized in Table 9.:54 .• 

· · The. rad,onucl ide release resulting from. this .accident. is 'identif:ied in . 
Table .9-55 •. This release woul_d be at tne 216~A-25 pond surface ·at ground 
level~ · 

9.2.l3.i: Dose Commitment'.·. Th~ 'onsite .and.·offsite·doses resultfogfrom: 
: this actident. are identif.ied.in Tible 9~5~. · 

. : . ' :•. - . -. -

9._2.13.3, Frequency. of Occurrence_- .From··App:e~d-ix· D,: the ·estimated:• 
frequency of occurrence of a coil leak i_s -l.3 :x 10-6 a.year~ 

. . . . ' 

9.2~'14 . Personnel Overexposure During Fuel Charging. 

' ' ,· 
J 

-! . . ;--; 

'._.····· ,This accident involves exposure'of a~ indiv.idual ·-to-.unshielded fuel 
-canisters with.in the .PUREX Plant railroad.:tunnel duri_ng_ a di_ssolver·. ·. 

. ;; .' 
. ,: ~'- . ':-: ... , :·· .. 
. I .. . . 

· .charging operati_on. 

There are· extens i·ve prbceeiura l and physical safe~uards .which should . . · .. 
. ·prevent such an occurrence·(Ref. 18 and 68 through 71). In addition,:the· 

·: .··' h·igh · _no·tse.- level generated while .. removing a. cask 1 id would alert anyone · 
· · ·with·in the tunnel to the impending oper_afions. The crane operator ·:will· 

.also sound a warning claxon to signal evac:uation. · · · 

Tun~el ac2ess doors ar~ clearly marked as leading to. a h.igh radiation· 
· ·, area and' are controllea by the dispatcher· ·through· electric door locks and 

·aoor position indi~ators. As ~.deiignated-fadiati-0n area, ~orkers must · 
. wear:· protective clothing_ and contamination- and dose -rate monitoring -is· 
· :requirea. : Qualified -personnel· are authorized to self-survey and to. 

self-monitor up to 100 mrad/h.' Above _this limit·; workers must be 
· accompanied at all· tiIT)eS by a Radiation Protection Technologist~ The· .. 

dispatcher logs the .name and entry and exit. times for all personnel . 
involved with. anY tunnel work. Prior to a dissolver charge, genera_lly two ·· 
operators and:· a Ra_diation Protection Technologist enter the tunnel to . 
prepare the cask cars (engaging car puller and openingmetal well doo_rs) •. 
Pr·ocedures "explicitly state that all :.personnel must be·. evacuated: from the · 

. tunnel prior ·to any canister .unloading~ . . . 

. An ac~iaerital exposure revolves around the departure .of all· but· one · 
individual followed by 'improper actions from his· p·artners and/or the_> 
dispatcher. Due to the presence of the dispatcher's TV monitor and the 

. crane operator.'s periscope, the closest he would be to. a canister without 
·'.·being detectea· is on the floor besia~ the car. to be unl~aded. The · 

worker's ·white·swP could easily blend against the white floor and he may 
be partially h.idden by an open door on thee.ask car. · 

- ._9-98. 
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TABLE 9-53 •. SU11111ary of Assumptions for the Calculating Source 
Terms f_or the 11 Cooling-Coil Leak with.Release · .. 

to 216~A-2_5 Pondll Acciden~ Scenariqc · 

Assllllptions . 

- . Tank- Inv1~tory 
· Volume 

Fuel. · 
Type::- _ 
Perc~nt:\240 i>u- ·. · 
Age ·_ 

. . . . . 

. Time to detect and· terminate leaf 

More likely 

. 5,000 gal 

-· Mark-.IV 

;:6%,: or 12%-· 
•· -~180 d. 

<l db .. 

Volume of contaminated solution . <l coil vol 
._ released during. each tank batch cycle .. 

Nunber of .tank cycles .. involved. witt1 -1 
a le~ · 

. . . -

Isotopic inventory of solution which - ·: 410 g/L -
enters coil (U}d 

Worst case 

5,000. gal.• 

·Mark. IA-

. 12%· 
· 2 y_r -· 

8 d 

1 ·coil vol 
(86 gal)·_ 

1zC -

380 g/l. 

._ Containi nated pond - ·· 216~i-3 and/or· 216-A-25 
· 216-A-25 · . 

Pond resuspensio9 .. factors· froni- · 
evaporation· ( 40)- _ · .. -, I . - ... , . . 

- Semi volatiles (Cs~ .Ru) 
Nonvolatiles 

. : . , . : .... 

·. <·1 ;o · _
3 

· ·· 
. < 1 X 10, · -,· . -7 

5. 7 .x 10. to 
.. 1 X 10-l0(40) 

• •• • I., ,,• • ' 

. aThis has- little bearing on -release estimates· since the only · ·_. 
mechanism which could drain the entire tank contents (.siphoning through a 
large coil leak) is not possible. . _ . · 

brnis_ is -based' or) closer timing. between sampling_ and the leak or on. 
tank. specific .. gravity readings •.. Obviously~ it is.most likely that the, 

·.· .. diversion monitor·system.will ~work and there:wilT be.little: or no release 
·_ to ponds. (No release-might--be possible s.ince monitor is located well 

. upstream of point. of di version • .) . · 
caased· on 8 d·.x l _-5 cycl~s a day. -
dThis uranjum>concentration is tied.to the original fuel properties 

. of various isotopes. -The more. likely is. based on Mark IV while the worst 
case is for MK iA. (67) Although. the uranium concentration is smaller, 
the MK IA still contains a greater isotope inventory than Mark IV. 
Volatile isotopes in fuel were included although their prior release in 
the .DOG or VOG systems is likely. . -· · . . · · 

• esased oti a ·drying: experiment· for, plutonium: nitrate [Pu(N03)4] 
· at 25°C to 90°C and_ 10 to 100 cm/s .air ve 1 oe ity •. 

frhis accountsfor:the potential for release mechanisms· other than 
- _evaporation •. · · 

9-99. 
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· ·TABLE ·g..:54_ · Adverse Meteorology Summary: Cooling-Coil Leak·, 
8-d Rel ease fr.om · Ground Leve.l. · 

Recipient 

Maximum ·worker 
· ·_ · workforceb· 

Distante arid Dir~ction 

-_ :0nsite· 

- 3 km s _- --- . 
·- 3-9 km s~sw 

· _0ffsite 

. Maximum individual _ 15~5 kmE 
•_ Po~tilati~nc 10-~5 ~~ SE-S 

. . 

X/Qa (s/m3), 

. · 1. 7 x lb-6 
2. 7 X lQ-3 -

. 1.4 x. 10-6 
4.3 X 10-3' 

aMode'l used obtained from. NRC Regulatory Guide_ 1. 3, in which _ 
Pasquill-Gifford classes, C~- D, and F are equally weighted and sector -
averaged~ -The wind speed for-classes C and-0 .is 3m/s, while''the · 

· · · .. wind· speed for cl ass F js 2 m/s. In addition, _the wind only heads in 
·the-worst case -direction 1/3 of ·the time •. · Three sectors were thus·· 

used for population_ X/Q determination. --

- - _--_. •: bWorkforce· totals3~025 _pe;sons, X/Q is population total. 

CPopulation totalsl37,519 persons, X/Qis population total. -

· 9~100 
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TABLE 9-55. Release to Atmosphere 
from Cooling Coil Leak to 216-A-25 

· Pond. (Sheet-1 of 2} 

_ Isotope 

85Kr 

- -a9
5
- -- -r- -

9(J
5
-· r,.c,· 

-' ' 

-- · __ 90y. 

9ly. 

_- 95~Nb --

>952· - r 

95Nb -

l03mRh. •• 

i_03R~ -
106 -- - -

Rh 0 

106.R_u, 

:. 125Sb _ 

1 ~5inTe · · 

127re 

•-127mTe 

. l2~Te 

-129m·T - e 

: 129 ·_ I 

131 r. 
13lmxe 

134c·· - -s, 

137m8a 

C.a. . l 

0 

Ci 

o 
5.5 x 10-1 . - 5~ 1 x -10-4 

5.5 X 10-2 _: . --l'.5 X· 10_]-

5.5 x 10-2 . LS, x 10-1 

-_ 1- -1 
8.2- X 0 _ 

8.] X 10-3 

. . - o -
l.0 x 10 -·. -

- o'- -
. 1.9 X 10 

1.8· x 10-3 

-5 4c9.x 10 
-__ - -3 

5.2 X 10 - . _ 

1.3 X 10-z 

:2.~'x 102 2.s~x·10-2 · 
- - 2 - - - 2 _-

2.2 X 10 - 2:5 X 10- - . _ 

l~l x 102 . l.i-x 162 

- - · 2 2 
Ll x 10. - ; La x .. 10 · 

- 3 • 1 X 10 :--3 . - _ 7. 7 X 10-J 
- -

6~7 X 10-4, 1.8 X 10-3 . 

:6.0 X 10-3 - 5.0 ~ 10-4 

- ,·6. l X 10-3 . 5.1· X 10~4 --

. 4.5 -x 10 -3 

7.l·x lp-J 

1.2 X 10-·3 -

- -l 1.2 X 10 . -

0 

2.4 X lQO -
' ' 1 

5.4- X 10 : 

9-101 

7.9 X 10-S 
' - . -7 
L3 X 10 

4. l X 10-J 

·o 

0 

: l.5 x 10 l 
- -

- l .6 _x 102 
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TABLE 9-55. Release to Atmosphere 
from Cooling Coil Leak to 216-A-25 

Pond. (Sheet 2 of 2) 

Iso~ope 

137 Cs 5.7 X 101 1. 6 X 102 

141 Ce 2. l X 10-l 2.3 X 10-6 

144ce 1. 1 X lOO 7.4 X 10-1 

144Pr l. l X lOO 7.4 X 10-l 

147 Pm 2.0 X 10-1 3.6 X 10-1 

148mPm 1.8 X 
,o-3 1.4 X 10-6 

154Eu 2.0 X 10-3 1.6 X 10-3 

155Eu 6.6 X 10-3 1.6 X 10-3 

234u 4.9 X 
10-4. 4.9 X 10-6 

235u 3.2 ·x 10-7 2.5 X 10-7 

236u 6.0 X 10-7 9.5x 10-7 

23Bu . 4.9 X 10-6 4.9 X 10-6 

238Pu 4.2 X 10-5 5.6 X 10-4 

239Pu 7.8 X 10-4 1. 7 X 10-3 

240Pu 1.5 X 10-4 1.0x 10-3 

241 Pu 6.5 X ,o-3 9.5 X 10-2 

. 242Pu 6.9 X .·10-9 3.5 X 10-7 

241 Am 5.7 X 10-6 3.6 X 10-4 

240 aReleases based on Mark IA fuel, 6% 
Pu, 180-d cooled. 

240 bReleases based on Mark IA fuel, 12% 
Pu, 2-yr cooled. Dose calculatio·ns 

revealed this column to give the higher 
doses. 
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Recipient 

Maximum 
worker 
(rem) 

Workforce 
(man-rem) 

Maximum 
individual 
( rem) 

Population 
(man-rem) 

TABL.E 9-:56~ Doses ,Resulting fr_om Gooltng Coil Leak to 216-A-25 Pond.·•. 

Total -
body. 

l. 7 X 10-3 

2.8 X lOO 

4.3 X 10-3 

8.9 X, lO l 

: 

1.yr -

Bone Lun~ Thyroid 

0nsite 
,, -_, 

3.3 X 10-3 9.7 X 10-4 3o5 X 10-6 

5.2 X lOO l.6 X lOO - 5.6 X 10~3 

,. 

· ottsite: 
-
-3 1 -4· X 10-4 4.4 X 10 8. l X O· 7.1 

9.4 X 101 - . l 
1.8 x lQ 

- l 
1.5 x.10 

-5.0 yr 
"'•t 

Bone Lung 

' -... . '~ ' 

2.0 X 10~3 6. l X 10-3 1.0 X 10-3 

3~3 ~ 10° - 9.8 x 10° 
"'' •, 

l ._6 X 10° 

·--

- -

2.0 X 10-2 
2.2 X l -2 0 - l ~3. x 10-2 

- -

4.0 X 102 - 4.4 X 102 2.7 X 10 2 

*Worst"'."case doses were found to come from· the Mark IA fuel, 12% 240pu, 2 yr _out of 
N Reactor. 

., ' .~: ... , . 

Thyroid 

308 X 10-6 

6. 1 )( 10-3 

1o4 X 10=2 

2. 7 X 102 

er._, V, 
. Cl 

I 
:c 

:;a V, 
rr11 
<ln 
--;,.,J:z, 
w:;o 

! --, 

0 
0 

- _ __, 
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... . . lt is conceivable.that an· ,individual 1 S ~xposur~ couic1·.atcrue::frtim th~''. 
. ·unload"ir1g .. of ;27canisters (t.hree ·r,f1kars), whereupon he· :would ·b.e di$-· . •. 
:covered _when.the tunnel is re-e.ntered •. · .. f:lowever, his abs·ence. should be: 
detect~ within 2 h, when he woulq be missed ,at a break time· or:,.shift-. · 

.·.change,· which corresponds to the.unloading ofnine canisters;(one·' ... · .. 
_. :raiJcar) ~ Jhe ·canisters ·are. assumed .to contain 180-d cooled~ .6%· 240Pu., . 

M~rk IV fuel. Based on-the uriloadi~g cycle of fr:ane:~peration, the i:nd;: .. :, 
.v1dual wou:ld be exposed to. each canister a~ varying distances (la·tQ ,. . .·• . 
30 ft) fo:r up to 3 min •. · Depending.,:·on the exact .location, residual con.,. : _:, : . 
tam, nated .water drai njng .from the .canisters passing overhead. could ,cpntact-:· • . 

< the Cindivtdua:L Protect~ye ~lot~Jng and .. respirator .. :should reduce ·the · · ·· · , 
~hances,tor ai'ly".inte·rnal ·:deposit~,-on·or skin contact. >. · _ ·:· . · 

'!~!Sf,, Table 9-57 summarizes the· ·assumpt,1ons.; nece_ssary -to calcuiate· e~posure·;_' . 
' ... O\': dosage. The '.'more ·li.kely" column.:reflects··alter:-nat.ive 'locations for :the .. , ..... :,:_,··. 

,· ""."":"""" ·: · .il')dividuaJf shorter ~eriocLunti~ missed or detected, faster. cr~ne ppera:- . 

. 

:·;·.::·•• .. ·.·.~.-.::·•.~.f·....,.,•·:-_:_~_ .... :.:'..· ... ·.-.•"';.;,······•~···:·•.~-•.·-:,·.~-···: ... · ...... :··::·.·.•·.:.·•• .... · .. I;;;b; ~;\
0~•~•:.~~"c:~s:~~!t i v!o:;:r ;s}~:.:;51 case •~s•""t,on,; are •n .. 

~-· .··• No radionuclicl~ .re,lease~.are:'as,sociated· with this .. accident;,-: :.: .: 
ther:-efore, .there. are no offs ite· .. dose resu]ts 'from this· acci'dent •. 
:Onsit.e;dose· is· conf,ined to 'the inatvidual-loc-ated in.the railroa(J: 
tunnel,_who.would receive .an estimated 74 rem. 

' .·. .. . . . . .,·. ' , .. · .... ' 

· .. ·. ·•.·· No .. frequency cif occurrence.'was :developed .for this actident·'as•"it 'was·, 
,not·assciciated '.With a,radionuclide release~· · :· .. •.• :·.·,·:.· · 

. '· 

TABLE 9-57 •. Summ~ry. of.'Aisumptions for the l'flersonn~r,': · .. :, 
Overexposure During Fue•l.-Charging" Accident Scenario.·.:-'.:-; 

•·::: Assumptions · More likely .Worst case·· .· . .. . ', ,,_,' ,. 

• .. Fuel .. 
Type · Mark ·,rv Mark IVa· 
·Age 2::180. d .· 180 d : 
. Percent 240 Pu · 6% or 12% · ..• 6%5 

.. 

. Exposure source (canister nu~ber)b · s9 

.· Distance to· source 
·· t1oses't · · 

Furthest 

· l..~ngth .of exposure (per· Ca~ister) 

~ . . ' 

'>.18 .ft.· 
. >30. ft,.· 

3 min. 

... 

.il8 ft. 
3o·ft.· 
3' rni n . : .· .· 

, aMark IA would contain a·higher .radionuclide·cqntent; 
•however,· Mark IV canis_ters typically contain 40~. more- fuel 

. :than Mark IA. . 
. .· .. b6% fuel aged 180 d is. worse than 12% fuel.aged 2 yr~·/ · 

-~The_ exposure per.canister at· 18 .ft would.:be. around ·100 R/h, 
··based On l.295 x 1Q3 R/h·at 5ft for 180-d:ccioled;-6% 240pu, ··.·. 

Mark ·IV f ue·1. (72) . · .. · . . . . 

\ ' .~ .. 
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9.3 EVALUATION OF RESULTS 

The dos~ consequences of several postulated accidents have b~en deter-
. mined., in this analysis. Dose consequences of· postulated external phenomena 

. are summarized in Section 9.2 .. l •... _ Direct radiation dose. consequences of a. 
postulated N cellcriticality event ancf fuel charging! accident are summar- : . . 

· ii:ed .in Sections 9.2.2 and· 9.2.14:, respective]y. All other· accidents inves".'>· · 
tig~ted·: resulted< in. ai rbor:ne releases~ the· consequences:• of which a~e s·ummar~'- . 
i;zeg.·;n Tab·le 9~58~;.,To evaluate .their acceptabiTity, these/consequences 
were" c.ompared to: the cr:ite-r·:ia;.of _Referei'lcer73. •. 

9.3.1 Hazard Level. · · 

Reference 73 specifieS criteria f~r. th~· determination. of hazard level> .. 
based in .tenns of potentialfor annual radiation .exposure~ .These criteria .· ·· · 
are listed. in-Table 9-59 ~- . 

' With the ,exception of three.· a~cidents·, the sei-smic event, the ·N cell 
·. criticality event, and: overexposure .. duri.ng· fuel· .charging, all acc.idents 
·analyzed were found ·to .. be.tin the .. low..;hazard;..level category when compared 
with .. crite·ria listed in TabTe:-9;.59. ·· · · 

. •·· · · The· seismic event was detenni ned. to have the ·potential .:.tor sjgnific.ant:: 
fohalation. and iminerston·-exposure 11. including a, potential for lethal · · . 

. exposure,to' individuals irf':close proximity.{Jl ,12} -·nie' to.rnado e-v~nt .•. 
was evalua.ted :as havi_ng minimal radiological c.onsequences. · · 

. '-. . .· - . ' . '" ;•f·. . . ' 

'.The N cefl criti~al ity, was. ev_aJuated ·:;~~-h-~~ing 'the potential for 
significant di rec;t ·radiat fon exposureJgreatef thari''. 25 ,'rem) to nearby, 
personnel~· .i ncl_uding ,a. potential for ·1et~al. exposu~e to individuals in _ . 
cJose pro~imity (a few· feet} .to··,the.event;.,· Due to,. the, recogn,ized severity . 
of this type of. accident,: a triple contingency safety_ factor·· has been· , .. · .. · 
built into the operation of_ the oxide. production facility, requiring the ·. 
simultaneous fai.lure ·OT t.hree e·ngine·ered .or administrative ,safety features 
befor~ a criticality is possible.· 

,- . ·.•. . . . . . ' 

The overexposure during fuel ·charging was evaluated. using :high,lY con.-,, 
servative assumptions· as li,aving the potential for direct radiation exposure ·· 

· of.74·rem :to.a nearby;indiv.idual. · · · , 

Que .to the extremely·-lo~· probability of thes·e events, all accidents 
. evalu~ted meet the criteria for acceptable risk as d.escribed in 
Section 9.3.2. · 

· .9.3.2· Risk Acceptabi·lity · 

.· . Ri_sk .. acceptance guidelines have .been implemented by Rockwell to 
provide assurance that risks have.been limited to a level which is 

· ··acceptabl.e.:. :.Risk criteria are discussed in Section 2.5.2. 
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TABLE 9-5B~ Accide~t ~nal_ysis Summar,y. - (Sheet T of 2) 

' . 

A~c lden't , .. - · 
· ·Accident. 
' freqQyncy 
·.· (yr I 

Criticality in the· 1·,5 ii 10·5 

Pu02 product io_n 
f_ac1 Ii ty .. '. 

Dissolv Ing short-cooled 2 ,5 x 10· 7 . 
fuel 

U Metal.fire in a dis~ 2.0 ~ 10~3 

solver 

. _Sllv~r reador explosion .1.o·x 10·3 

It? explosi°.n ·1n _a dis-. 
.. ~Diver . . .,. 

. -------.- . 

·1.2xfo•3 

1,5 X 10"2 

. Org~n ~f . 
concerri 

Total Body 

Bone·. 

.L~ng 

.Thyrol_d· 

'rota 1 Body 

. Bon~ 
,, 

Lung 

Jh}'."Oid 
,. 

Total Body 

Bone 

L~ng 
. Thyroid 

Wl1ole:Body 

Bone 

Lung 

Thyroid 

,Whole Body 

Bone 
Lung 

Thyroid_ 

. wh_o l_e Body 

Bone· .. 
Lung· 

. fhyrold 

.· Dose in rem_ to: 
max imu1ii ons lte . 

.. Dose In rem to 

In div I dual 
·. maximum offslte -

Individual ' 
-----

1 yr 
., 

6.0 X 10·' 
6,0 X io· 1 

8,3 .X JO~l 

2,7 X 10° 

4.2 X 10"2 

7. I X 10·2 

6, 1 ii, 10-2 

6.8 X 10~1 

5.9 x· io;3 

6.2 X ·10-2 

8.3 X lll-l 

9.2 X 10~4 

4.3 X 10-~ 

'4,3 X 10·3 

1.8 X · lo; 3 

l.J X 10~1 

4,4~·10-5 

4,9_ X ·10"4 

4 ,4 X 10"4 

·4,9 X 10-3 

_2,2 x. 10·1 

2,2 X 10"1 

2,6 X 10") 

5·;'3 x 10· 1 

5D yr,* l yr 

6.0 X 
10-1· 3.0 X 10-3 

6,0 X io-1 3.3 X 1iJ-l 

B.3 X 10·1 4.J X 10-l 

2.7 X 10° 9.0x 10··2 

4.5,x 10·2 5.5 X 10"3 

1.3 X 10~ 1 7.4 j( 10·3 

6.'1 JI lo-2 4.3 JI 10·3 

6.8 X 10·1 LO ,x 100 

2,4 X 10~2 2.5· IC '1((3 

l.6 JI 10·.l 9.2 X 11i-:3 
1.1 X 100 4 .1 x' 10·3 

9.l. X i"ii-4 3.2 X '10-3 

4 :6 X 10':4 1.3 X lo~l. 

B.9 X 10~2 L·o·x io.::3. 
' fo•l 10·4 1.8 X. 2.,Q X 

L4 x. ,o-1 9.2:~ 10~1 

1 ,'2 X 10·4 3; 1 ii 10·5 

1.9 X 10"3, ;., ic 1(1-5 

4.4 X 10•4 2.s· { ·,o--5 

4,8 x 10~3 1.6 JC 10~2 

2.2'x\~~J 6.3 X fo~4-
2;2 ~ 10·1 1·,7 x' 10•3 

2.6 11 lo•l S,111, 10"4 

6,3 II io~ 1,· . 9,1 'x ,10~2 

.50 yr* 

3.0 X 10-3 . 

3.3 ,i 10-:3 

4.3 JI 16:3 

9.3 X 1o:2 

6.9' Ji 10~3 

l.3 j( 10·2 

4.3 X 10·3 

1.1 x· 10° 

2,9 I( 10·2. 
. . . 1 
1.0 JI 10· · 

6.2 X 10·2 

9.8 X 10·3' 

1.2 ~ fo-2 

2.1 X 10~2 

5.2 X 10·3 

2.9,, x.· 10° 
,• 

' " 4 1.2 il'-10~ 

4.2 X 10~4 . 

3.fx·_ 10•5 

1,.9 _x 10:2 

. 6,7 ~ ;~·-4 
<. ' ' '-, .3· 

1.9 11 10 
5,7 ,i 10·4 

. I o· ·1·0~ 1· 
• IC 

Dos_e risk (rem/yr), · Dose rtsk.(rem/yr) 
to mulmum onsite .to maxlnum offslte· 

1ndfvldual Individual 

1 yr. 

4.5 X 10•5 

4.5 x· 10-5. 

6.3 X 10~5 

2.0 'I io·4 · 

1.1 X 10·8 

1.B X 10-:B .. 

1;5 JI 10·8 

1.7 I( 10~1 . 

1,.2 I( io•5 

1.2 X 10"4 

1.7. X 10·3 ; 

1.8 JI 10·6 

4_j' X 10-7 , 

4,J X 10",6 : 

1.8 X 10"6 . 

1;3 x io~4, 

5 :J:,X. l(J~B. 

5.9 II lo"
7 

·· 
5,3 ii 1G"7 ,'', . 

5,8 X 10'•6. 

:3;3 IC 10"3 

3,3 _11 10·3 ' 
3;g x lo•l 
9,S x 10~.3 

l yr. 

2.3 X 1o-1. 
2,5 X io~7 
3.2 ,i 10-7, 

6,B x 10·6 

1.4 X ·10·9 

1.9 X 10•9. 

1.1. x 10·9 

2.5 X 10•7 

5.0 K 10•6 ' 

1.8 JI 10•5 

8 •. 2 X .,o-6 

6.4 X 10·6 

I ,3 ~ 10-.6 

· J ,'Q X. 10:,6 

' -7 2,0 K 10 . 
9,2 X 10~4 .. 

, 3.7 X 10"8 

4 .J X 10~8 . 
. ];7 X '10· 7 ·.·· 

J.,9 .X 10"5 :, .. 

.. · "- ~ ., 

V, 

CJ 
r 

. :c 
.. :::0 Vl 
·m I 
<V> 

' ):,i w:,::, 
I 

0 
'o 

, ,---'· 
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TABLE 9-58. Accident Analysis·. Sulllflary. (Sheet 2 of ;2) ---.;;....,------...;_;,.;..,..----....-----~----- . . 
Dose In rem to · Dose In rem to. Dose risk {rem/.1,r) Dose risk .(rem/yr) 

Accident· 
Accident. 
frequyncy 

(yr:- ) .. 
Organ of 

· concern 

maxlmilll onslte ·, . maximum offsltii to maxl1111111 ons!te to'foaidmum offslte 
indlvid~al · . Individual . 'Individual .. . lndlv.ldual 

_., ____ . .;;.. ... .;.,r"-. -'-··----+----------
I yr . , 50 yr* l yr . 50 yr* . 1 yr 1 yr 

--------'----'----·-'--------c:...----1..--------1-------'-----
S~l~ent fire in H Cell 

-:io]vent fire in L Cell 

.Pu release via P&0 
gallery · · 

FP .release via P&0 gal-
lery · · · 

Oxide· line fire 

Cooling coil lea~.to 
216-A-25 pond 

Whol~ Body 

Bone 

Lung 

. Thyroid 

' 5 
5,9 x 10·. Whole Body. 

Bone 
·Lung. 

Thyroid 

1.8 x 10·6 Whole Bo_dy 

Bone• 

. Lung 

Thyro_id , 

, 6' 
1,8 x 10· . Wh~ le Body 

u1ng 
Thyroid 

3,7 x 10·? Whole Body 

Bone 

1.3 X 10-] 

Lung · 

Thyroid 

., 

Whole Body 

Bone 
Lung 
Thyroid 

. 2j; x 10-3 8,4' x· 10.:.~ 9.2 x ,o-4 1,2 x 10-2 2.2 x io:,~· 
2.9 ll 10"'2 1.2 x lo·J 4.1 x 10.:.l 4,1 ~ 1()"'2 · 2,5 .x fo-;? 
3,0 X 10.:,l 4,0 X 10-l ·,,5 X lif~ . 2,2 X J0'.'2, 2,6 X )()"';~ 

4_6/ui-4 4;6·~ io-4, 1,5 X 10·3 3,8,x.10~3 4.0 J1 lo-9: 
8,5 JI· 10~6 

. . . -4 
2.2 11 10 . 

a,3;x 10·3 

.. o· ,' 

1;8 11 10·2 

·4:.~:x 10:.1 

2,,r~·-10·1 
. . •, ·, -9 

, );8 X JO.· 

. ; ; ;, . - 1 
3.4 X ]0 .: 
4,4· X )(JO. 

. ·o 
4.0 x.10 .· 
' , ·.·· 4 
3.4xw·, 

1:2·~ 10·2 

3,0 X 10•1 

f.\ ~ 101 

() 

·1.1x'1ct3 

3.3 X 10-~ 
9, 7 X 10-4\ 

3,5 X 10"6 

·1.6·~'10·3 
3,61! 10~2 

2.1 I! 10~2 ' 

: , 0 '. 
; . 

5.9 X Jo;, 1 

i.4 ii 101 
. '.. . ·- 1 

· 2!.f. x.10. 
9 1.ij 11 10,:". 

· .. \ ' ... _, 
7.6x-lO .. 
, . 1 ·'. 

. 1, l x 10 · 

4,0 X JOO 

3,~ ll lf~. 

' 2.2 )t 10° 
5,o -~ ml 
2.9 x 1Q1 

0 
' 
2,0 X 10"3 
. ' ' ' . ' 3 

6. l 11, 10,".' 
1,0 X lo•3 

3.ax.1ct6 

1,9 ·ll 10~6 3:6 .Jl 10•2 i~O lt 10~ ju, 
5,0 JI 10-5 8;Zx 10·3 1,3 ·-~ l'cd' 
.UJ x_ 10-3 4,.7 :it 10·3 4~9 ~ i~-7 

0 ·: . 0 0 

4, I x 10,:-4. •· l,13 ii I0-2 

l.o x 10'-:2, -1~2 x 10·1 

6,4 ·x 10"'~ . 6,i x fo"'3 

4.2 JI ,,o~P 4.2 JI 10·11 
' .. : . 

'·· 

e;o x io".'3 ~ .8 x· 10·2 

1: Ix '.10· 1 . · 2,111, 1o-1 

< · · -2 9 ·.6. · 10·2 
9~6 JI 10~6 . .. 0 ,,x 
8.1.x 10. 8,~ ii 1~-6. 

3,0. X ·]0-/i 
7 5 . 10·3 

, •. X 

9 10-1 2, ,ll 

0 

-3 4,3 X 10 . 

4,4 ll 10-3 

8.·1 ~ 10~4 
, -4 

7, 1 X 10, · . 

5~4 JI ~0-2 

1.2 /10° 
. 7 .1 )I 10· 1 

·o 

2,o'x 10·2 
·. . ' 2 
2,2 ll 10. 
. '. -2 

· ] ,3 X. 10 

1.4 X l0-2 

·-8 3,2 X 10 :, 
~,1 JC 10:-7 . 
5~0 X 10:_7 

i2 X )Q'-.l~ 

6~1 X 10-~ 

7]9 X ,Jo•,6 . 
, ' . '-6 

. l ,2 x 10 . . 
6 ·1 ~ ,07JC>. 

-·· :,J,;-'' 

. 7,9 X 10_g 

3;5 ·x 10-8 · 

1,3 X 10-J 
1,3· X ]0·-9 

1, I X 10• lO 
. -9 

3,0 X 10 .. 

J;l X 10-7 

0 

7'.4 X 10-lO_ . 

. l.B ·x 10·8 

1.2 it 10-8 

7,6 X io- 17 

· 1.4 X 10•8 

2,0 -~- 10-:-7 

TI.7 ll 10_: 7 

1 ~.5 JI u,- 11 

1.1 X 10-B 
·2~8 X 10°7 

L 1 x 10·5 

0 

S.6 x 10· 10 

5.7 ~ 10-10 

,~, 11, ur10 
. . . -H 
.. 9,2 X 10 . __________ ,___ ____ __._ _______ ..,.,..-,--________ ~--~-...,...--______ _;__ _ __,_ _______ __,_ ______ _ 

, \ifetime: 



I.O 
I ..... 

0 
co 

Hazard 
level 

Low· 

Moderate 

High_ 

Whole 
body 

5 0.5 

> O .5 to < 5 

~ 5 

TABLE 9-59. Hazard Level Criteria. 

Offs ite 

Bone surface Lung Whole 
thyroid other organs body 

-
~ 3 ~n .5 ~ 5 

>3 to· <30 > 1. 5 to <1~ > 5 to <25 

? 30 ? 15 ~ 25 

Onsite 

Bone surf ace 
thyroid 

-~ 30 

>30 to < 150 

? 150 

Lung 
other organs 

~ 15 

> 15 to < 75 

? 75 

Vl 
c:, 
I 

::c 
;;o (/) 

. ' rr, I 
.,, <Vl 
. )> 

w;;o 
I -

0 
'0 

..:., 
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Based upon first-year. dose risks to the maximum onsite and offsite 
individual listed in Table 9-58, PUREX. presents an acceptable level of 
risk. 

9.3.3 Consequence Guidelines 

Reference 73 provides guidelines for evaluation of accident 
consequences to-offsite personnel. The guidelines are:shown in Table 2-11. 

Based upon the lifetime dose conlilitmentto organs of· concern with 
respect to offsite personnel, all of the postulated· accidents are,well 
below the consequence guidelines. 

5: · 9.4 SUMMARY 
It 

~' 
~ 

lt'-.,J; 
~~ 

In sunmary, a PHA was developed for PUREX Plant operations. The 
hazards identified in the PHA were reviewed by personnel experienced in 
the operations of the PUREX Plant. Preliminary risk assessment was used 
to screen for primary risk contributors as well as to provide approximate 
frequency of occurrence of the accidents. The accidents were developed as 
scenarios with onsite and offsite doses to maximum exposed individuals and 
on and off site popul atic;m doses calculated. 

·.comparison of the predicted accident consequences with established 
criteria result in the judgement that PUREX Plant operations may be con-
ducted with an acceptable level of risk. 
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. 10.0. '•CONDUC:t OF OPERATIONS . 

. This ',chapter ·des~ribes the Rockwel 1 Hanford Operations. (Rockwelt) · . 
organizational structure and management control system 0as it· applies to the· · 

.Plutonium-Uranium·Reduction Extract,on (PUREX) program. Also discussed•are .· 
the provisions for preoperational. testing, training, normal operation, and.·. 
emergency planning to ensure safe- oper-ation of the plant. · · · · 

:. 10.l ::ORGANIZATIONALiSTRUCTURE AND MANAGEMENT'CONTROL SYSTEM 

· .. The organization described herein· was established by Rockwell 
.· International Corporation to. conduct .operations ·at the ·Hanford Site under 
contract to the_U.S.-Department of.Energy (DOE).· 

,_ . -· . . . . . . 

·· • Sai ient features of-this organization are. di'scussed, · including the 
matrix management system and the respons·ibtlities, authorities, ·and 
·activities ·of the program. and functional components. · ·· · · 

. '' . ' : ' . 

.·• ... io~ 1.l Corporate Organization 

.. Roc:kwel 1 is a subsidiary. of North American: Space. Ope~ations ._"Division,.- . 
.. '·Rockwell .'International Corporation. - · · · 

.. ·. 
1O.l.2 Rockwell ·Hanford Operations . 

'.,: ... :'.)' 
~,. 

,·.:;_ 

' . 
,. !· t ,-,.,,-,,.•,-

. • Ro~kwell.conducts operations at the.DOE Hanford Site·facilities·n~ar· - ? 
. Richland, Washington in fulfi 1 lment of contract DE-AC06-77RL01030. This • _ 

contract,· administered by the Richland Operations .Office of .DOE .(DQE...;RL), - · 
specifies that Rockwell. will .provide materials and services for certain· . 

· identified. operations at the Hanford· Site. ·Rockwell 'International corporate 
· personnel are available for technical assistance when it is-requested •... · :·_. ·-

The top ·officer· for Rockwell is -the .Vice President-'and General Manager.: .. 
This resident officer. reports to the President, North American Space . , : · ·· 
··Operations~ · · · 

· . The Chief Counsel, Rockwell~ ·is· an assistant general counsel :·of the · · 
Corporation :assigned to Rockwell •. ·. He reports administratively ._to the. Vice . 

_.·.President and General Manager,· Rockwell, and· professionally to the Staff _, · 
_Vice .President and Associate .General Counsel, ·corporate headquarters, · 
.El Segundo, California.· · 

The Rockwell organization was established to plan, manage, a_nd control · ·. 
effectively the various programs and activities assigned to Rockwell by DOE. 
The P_rogram Directors and Functional Directors report to the Vice President 

•. the Genera 1 Mqn{'.ger. . The Rockwe 11 · Policy Manua 1 describes the Rockwe 11 
organizat:ion.tlJ . 

. ·10-1 
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10.1.2.1. Organizational Levels~ Rockwell organization levels are . 
identified by .. the1r reporting re·lat1onsh1p to the Vice President and General 
Manager's ·office. as fol.lows.·. · · · · 

• Program Office 

:An organizationoreporting, directly tcrthe;Vice· President and: 
General Manager's"'off,ice;. assigned resp~nstbi.llties for .the. 
overa.1.1 :, pl ann:f ng /andf conduct: of•'- speci fic.,programs~. 

e'il- Function _ ... · 

An organization reporting to: the Vice·President· and General .... 
Manager's offi~e, assigned specific functional respons1bi1 ities 
far performing the .technical tasks· in support of various programs. 
The exceptions:are Production Support and Production Processing. 
Ftmctions, which. report to the Directori· Plant Operations and - · 

· functional organizations whose· directors report· through the . ·· 
Director,· Site Service·s. :. ·: .. · .· ·., · · .·· . . . · · .. 

•' Department . -~ 

·· An organ:fzat1on~.reporting:d1rectly ·.to: a· function. 
. . . -· 

. . . 

. · Ari o~gani.zation · rep~rti_rig·:d.frectly.<to'._'.a department.,· 

• Unit· ·• 

.. · An ~rganizatton· reporti~g dir,ectly . .to a groupo · 

10.1~2i2 General Manager's Staff~ The Vice 'President' a~d- General Manager· 
appoints a staff to formulate policy'and conduct day-to-day business 
activities. The Vice:President. and .. GeneraLManager's staff is comprised of' 
the ·following: · · · · · · · · 

• Ass i sta~t General Manager.· . 
. . ,, : ,, '. 

• Program Director,>ChemicaJ Processing.··. 
. . . - .·· ' . . 

:•· Program·o;rector, Waste Management 

• Program Di rl1!ctor, · ·Land 1 ord 

• Director, Basalt Waste. Isolation Project (BWIP): 

•• :Director, Personnel and Public 'Relations · 

•. D.irector, Safety and Qµality Ass·urance (S&QA) 

10-2 · 
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• Director, Research and Engineering (R&E) 
' • I I •• 

• Directo~, Plant 0perati'ons. 
~ . ' ,"':I... , . 

• _ D;ir_ector,· Site 'Services 

• Chief .Counsel 

. ·.· • ,Chief Auditor~· .. 

'', ,- ',' 

-10.l.Z~i .Executive Control Meeting.· 'An essential part. of the. Rockwell man~._'-.· .. ,·.· 
. agement contra l • system is the weeldy . executive contra 1 meeting ( ECM) • On a · . 

·._:rotating basis, ·.the program.-offices·,and_Junctfons presentbriefi.ngs .. on the ' ... 
... _._status of their programs and operations to ·Rockwel 1 management .for··interna-1 • 
:: · visibility·,. evaluation, and controL·. Emphas-is is pl_aced on program'.assess-
. · ment _in areas of ·performance, schedule, technical, financial, and customer · 

interfaces. ·· The ECM provides nia.n_agement·:with._ information to .resolve· · · · 
··p.roblenis -or redirect resources. :·in problem, areas. . . . 

·.· - • '. 10.1.2~4 .Rockweil 'Polfcies Manual~< The ·Rockwell po•licies manualCl)'.s~rves. · : 
· .. as :the formal channel for communication of' policies and procedures· · · · · 
:'::throughout: the -total Rockwell organization.· · These policies implement _ · . 

cci°'pany, ·contractual, legal,· and __ governmental :requirements. to achieve: 
coordinated and efficient.operations ........ ·· ... ·. ···. _ · .· · . •_ :._ .. : 

. - .. · .• .· Rockwell management is, provided with the procedures: require~ to · ·· 
effectively plan;· organize,. direct,.' and· control operational ·acti_vities · i.n· a· 

. formal .management control s.tstem;(_i::) .. : ... · · : ·. · · · ... . . . . . . . . . ~ . . 

·: :10. l.3 ,Rockwell Programs and Activities 

. Roc·kwell activ.ities · at the Hanford. Site_ include ·four major program, 
. areas: ·. Chemical, Processing, Waste Management, •Landlord, .and the ·swIP. , 
Included· in.the Chemical Processing Program is the management and operation 
of. the PUREX Plant. . . . .· . . . 

.. :_ .. Airequirement of Rockwell 1s· contract .. is to prepare and- publish for, DOE . 
_.

0 a·-·program plan for the startup,.operation,-and maintenance.of the-PUREx·.and. 
·.·:to 'Update the plan.at appropriil:te·_intervals·.-. A program plan for·the PUREX. 

: · :Plant responds to -that requirement and ;is periodically revised. ;Approval -of 
· the plan·:by DOE is required. · · · · 

10. L 4 Program Management 

. · . Effectjvely managing programs requires planning, integrating, 
organizing, staffing,· directing, and controlling ,the combined. efforts of.· 

.. , · .•·. program and functional organizations -to achieve program objectives.• · . 
'Position descriptions ·defining the .responsibi.lities ijnd auth.orities for: the : 

; Program a{ld FunctionaFDirectors are contained. in the Rockwell policies , · 
·•·.manual; (lJ a summary fol lows. . .. ·. 

• • >, "• • -." > • • 
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10.1.4.l Matrix Management. Each program is managed by utilizing the irite
grated matrix management system (Figo 10-1).· This involves assignment of 
staff from various functional disciplines to·meet the needs of particular 
programs. 

PIIOGtiAM: 
~NTA1MS 

- -. . -

FUNCTIONAi. 
OIIGANlz.til'IONS 

-"---------.... + ;_u _ _-;_ ___ .1 , -

~] 
Figure 10:--1. _ Matrix Management Relationship .. · 

The program offices establish :program requirements and objectives· by 
adapting program plans, work packagesi;i budgets51 and program schedules. In 
addition, program offices provide.performance evaluations and reports and 
specify corrective action when appropr1ateo - The actual work on ariy program 
is accomplished by the functional organizations, which are responsible for 
detailed scheduling~ provision of manpower. and performance of identified 
tasks.· · · 

The matrix management system assures that the program requirements are 
· accomp 1 i shed. __ The program management team consists of representatives from 

each of the functions who.serve as the·interface between the program office 
and the functional .organizations .• ··. · · 

· Program Busi'ness Management (PBM)- provides support to both functional 
and program organizations._ · 

10.1.4.2 . Program •Director •. A Program Director is appointed by and is 
responsible.to the \!ice President and General Manager and is delegated 
authority to planv coordinate, and control the performance of the programc· 
One Prog_ram Director is designated for each program area. The Program 
Director acts .as the primary point of contact with _DOE on program·activities 
and is responsible for receiving_ i!nd approving all correspondence pertaining 
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to the program activities. Responsibility for the management of the PUREX 
--Plant is ·assigned to the Associate Program Director, PUREX, within the · · · 

Chemi ca 1 Processing Program as indicated in the Rockwe 11 Policy Manual. ( 1) 

10~ 1.4.3 - PUREX Program Team. The organization established .forthe PUREX • -
Program is headed by the Associate Program Director, PUREX, who is 
accountable to the Program Director for _the t{!chnical objectives, .schedule -
requirements,_ and -cost management of PUREX. ( lJ - · __ -

. . , . 

The._.Associa:te Program Director_ "is-appointed by the"Program.Dfrector 
with the concurrence of the.Vice President and General Manager and acts as 

_ the primary point of contact with. DOE-RL or other· contractors on program 
_ · _ - reporting and communication. 

_ ·_ Program Managers· arid Project Managers are appointed· for portions· of the 
program, _w_ith the following .responsibilities: 

· • _ Prepare functional planning documents (FPD) to ass"ist .in 
developing work packages that define work to be accomplished~ 

. _'· establishing schedu.les, and allocating appropriate _re~ources. _ 

• Obtain functional organization commitments to accomplish-program · 
objectives as defined in the FPD and assure that appropriate·.-_ · · 
functional skills, resources~and _capabilities -are applied to the 
programs. 

The- Construction Projects Manager for ·the .. Chemical Processing Program -
· Office represents Rockwell concerning construction activity at the PUREX -
Plant performed by subc_ontractors. The full responsibilities for · 
construction activities and the procedures for performing, monitoring, and 
accepting work are described in detail by formal written procedure. · 

-. · - 10 ~ 1. 4-. 4 - Program Team Res pons i bi l it i es. A program charter deve 1 oped for _ 
the.PUREX Plant startup and operation designates the members of- the.Program 
Team and def.ines their responsibi'lities -as fol-lows:. · 

• Represent Rockwell in all program matters with the customer 

•· Prepare and maintain the program-plan that defines -the·activities; 
subacti~ities; technical, scheduling, and financial requirements-; -
and _-constraints of the PUREX pro_gram 

1 Issue work-packages and budget targets.of all functional 
organizations and other participants in the program __ 

- • Evaluate performance against the program plan and direct 
_alternative actions as required · 

1 Present status of program to Rockwell management and others as 
requ-ired. 
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10.1.4.5. Programmatic Work Breakdown Structure, Work Packages, and 
Functional Planning Documentc The work breakdown structure in the program 
plan breaks down the program into elements of work that can be scheduled, 
estimated, and tracked~· The schedules are made to the work breakdown 
structur! (WBS) so that elements.of work can be authorized. in an orderly and 
logical .Pattern.. · · · · 

A work package:is, a subdivisfon:.of the WBS and is consistent with the,· 
WBS ·. as . cont a i nec:1 in the · approved .. program-. pl an~. 

The· work. package,. is . of manage ab 1 e. · sj ze from·. the. standpoint of schedu 1 e, 
cost, and technical objectives. and control, and it is an element for which 
the co11ectfon.arid reporting of complet~ dollar costs and variances are 
warranted. Work packages define the work to be.accomplished, establish 
milestone schedules, and identify .the resources to be utilized. Work 
packages assign specific management responsibilities and are an integral 
part of the management control system. · 

The performing functional organization prepares an FPO, which at the 
lowest level of·the· WBS provides time phasing and reestimating of the. 
functional schedules. These are.submjtted·to.the program offices.and,· when 

. _·. different from the target budget or the. ·work package, are negotiated with 
the functions. Once this negotiation is completed; the work package is · 

.. signed by the Functional and Program Directors!) or their delegates; and· 
becomes the. fiscal year budget, subject to period.ic--amendment and semiannual 
revision._ 

.;·,·,' 

10. lo 5 Funct i ona 1 ··Management, ·. 

Functional Directors are responsible for the accomplishment and 
.technical .excellence .of .all assigned work and the ·effective'cost managemer:,t 
of assigned tasks as reflected in the.program plans and work packages. 
Functional Directors·are responsible for providing necessary staff, 
facilities, and services in support of program requirements. If resource 
allocation conflicts.occur, the Functional Directors are obligated to. 
negotiate changes with the·Progl".am Manager •. They .Provide.for the 

. development and effective utilization of management and technical talent and 
skills to assure competence ·and capability. 

In a matrix management organization,functional organizations are 
responsible for performing the, services .and providing the material and o.ther 
resources required to meet the objectives of the pr'ogram~ Functional , 
organfzations.are staffed for maximum utilization.of specialists who can be 
reassigned as required. · 

Functional manuals are issued under ,the authority of .Functional 
· Directors for.the purpose of.administering operations within the director's 
, organization and for .implementing management pol_icies. • Tbe Rockwell 
po li ci es manual lists the manuals ma i nta.i ned by Rockwe 11 • ( 1) , 

10-6: 
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10.Ls.r Plant Operations •. The Pla~t Operations organizatio~ is . . . 
. responsible for the site-wide operations of Rockwell. The organizational 

structure is· shown_ in Figure 10-2. · The organization consists of two·.,· 
· Functions, Production Processing and Production Support, and three 

department- level organizations, which all report to the Director, Plant ... 
Operations. _An Associate Director of ·Plant Operations is provided :to_ assure 

· . m·anagement overview of .this rather lal"ge or~anization •. 

· 10~1.5.l.1 Production Processing ·Function. The operation of the PUREX 
Plant is the responsibility of the -Production Processing .Func:tion •. The ;_. 
organizational .structure of-the Production. Processing Function is shown.in_· 
Figure 10-3. The-significant:responsibiJities that are assigned to 
Production Processing ·within the PURE~ program are implemented\by the··PUREX· 
Operations Department '(discussed in Section _10. 1.5.2). · 

10 •. 1 • 5 .1. 2 Production Support Function. · The Product fon Support· 
... functional organization is shown in Figure 10-4 •. The ·PUREX Maintenance -
.; cirganization (Fig. 10-5) reports to the Plant. and·Faci.lities Maintenance; . 

200 Areas Department, which.is integrated with. the other Production -Support.- · · · 
. departments. · · · 

The .PUREX· Maintenance organization is responsible for maintaining the . 
PUREX Facility and equipment in a safe operating condition.·. This ·jncludes .· 
providing general maintenance services, calibration of instrumentss checkout 
of control equipmen·t, preventive maintenance,· installation of process 
related wiring and piping, maintenance of·a11 process equipment,and support 
services required for installation and .removal of equipment. 

An ·instrument technician,. a pipe fitter, and an electrician are . . 
.assigned to each of the four shifts. These craftsmen are allocated .:a h of 
work by their respective managers. On shift, they report to· the operating 

. shift manager who.identifies· assignments and establishes work priorities~ 
The•:shift .craftsmen respond 'to situations to keep the plant- operating in a· 

·. safe manner. Day-shift craftsmen do the preventive maintenance overhaul of 
equipment and al 1 major repairs. · ·· · 

The Maintenance Engineering Department develops and issues preventive 
. ma.intenance procedures. and computerized maintenance .schedules. · 

. . . ' , '' .· 

The Utilities,and Services Departm~nt provides water and steam to the. 
· PUREX Plant and maintains the transport lines. ·This organization· also .. . 
balances·the ventilation system and performs the integrity testing of the 

:. PUREX P;lant high-efficiency part·iculate air (HEPA) .fi.lters." .. 
. ' ' 

• • • • ' •• < • •• • • • , • 

. 10.1.5.1.3 Plant Operations·Control •. The prime objective of ·this· 
organization is to provide a central ·coordinating,:monitoring, controlling, 

•and.auditing role for the operating depar_:tments within the Plant Operations 
organization~· A" list of principal responsibilities follows. · 

. . . . . . . . . 

• Provide planning for all Plant Operations Processing maintenance 
arid fabr.ic:ation activities and ensure that this planning includes .· · 
and is consistent with other support organization requirements ·· 

:e.Q~~ S&QA. · · 
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• Provide management.information, systems,· and procedures within 
Plant Operationse . 

• Maintain and track performance ag~1nst logic networks and 
schedules thatl) at a minimum, consider function, manpower,· 
equipment, material .and document availability. 

: •:· Direct :implementat-ion and::use: of"the Plant Operations work order· 
system· and superv-fse · operatlori<:of' the~_computer1zed work· order.· 
authorization °system.;. · 

• Develop work-around and/or catch-back plans as requir_ed to achieve 
Plant.Operations' overall objectives. 

· • Provide inventory, management, and control for spare parts and 
equipment used by Plant OpeY-ations., ' 

•: Provide cost estimating capabi11t1es and expertise for"make or 
· · buy11 analysis and proposals. · · 

•• · Provide 1-fa:ison with other_ functions, other Hanford contractors, 
or outside subcontractors>for work· that. cannot~ be performed within-
Plant Operations.,· 

10.l.5.l.4- ·Facilft1es and· Industrial Engineeringc .. The Facilities and 
Industrial·. Engineering organization. provides, the fol lowing: (l) :field 
construc.tion coordination for new or modified Rockwel 1-managed faci 1 ities·, 
(2) master planning and management for- the assignment and utilization: of 
general purpose facilities as landlord and controller of space,· . · 

· .. (3) industrial. engineering studies, and· (4) management overview of 
. nonconstruction capital equipmentc -· · 

10.1.5.1.5 Fabrication Services. Fabrication Services provides shops 
and specialists to fabricate equipment and material required by all Rockwell 
components and by other_Hanford·contractorss as·required. The. facilities 
located:in the 200 East· and 200 West·Areas have a variety of equipment and 
knowledgeable personnel that results·. in an unusually wide range>of 
fabrication capabilities •. 

' . 

10 .1. 5. 2 · PUREX P 1 ant Management. . - • 

10 ~ l. 5. 2 .1 PUREX Operations. Res pons i b i1 i ty for· the operation of the 
PUREX Plant is assigned to the Manager, PUREX Operations Department. The 
PUREX Operations organization is shown in Figure 10-6. The significant 
responsibilities assigned to, the PUREX Operations Department follow. · 

•· Perform process activities reqtlired to meet program goals and 
· objectives, including N Reactor fuel processing, PWR Core 2 fuel 

processing, and conversion of plutonium nitrate solutions to 
-oxide • 

. . • Operate the PUREX Plant in a safe manner~ 
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• · Cqordinate .-facilities maintenancee 

• Plan~ schedulet) execute~ and monitor Production Proces·sing 
activities. · 

' . . 

e, Coordinate :material and.equipment requ,ired to support. production 
- activitles. - · - · 

e::,(. Ma 1n.ta:f n, records for~' co,nteoJli ng/shi pp.H,g~.conta 1 ner.·s:~~ .. 
. ~ : - . .. ' . ' 

' ' ' 

.-;,r I n1tlate, ¾ coord frtatet,-' atid:0 pa~ti c:H,.atef i h, re·ad 1 ness rev 1 ews ·~ .. 

• Provide. building"-service to tenants not directly associated with 
-Production Operations. . - . . 

·.: • Coordinate access for construction activities.,. 

.· . ,, The Manager, PUREX Operatfonssi 1s aho the PUREX·Bu11d1ng 
. Superintendent; ·this, posit.i_on-l'las.the following· respons1Ml1ties. 

• Establ.ish, approve,·:-andc disseminate. specific building rules 
covering : these _areas: : · · · · · · 

: - Safety d,n_d1~J9n_~·-and~practice·s for the: building, including -
-period.:ic safety, inspections · ·- · 

· - Building· evacuatjo"'!,-a;nd emergency, procedures• 

- Contaminated waste 'generatioh and-handling . 

< .. Special nuclear mateffalsa~d building security 
' -, . ', ... - -. . ' '• 

- Other cc,ntractor h~usekeeping. and -safety_.requirements •. 

- -. • Establish arid provide for: the enforcement.of good housekeeping 
· practice{'.in·the building.:and on-_the. building.ground~-. 

·: • , Prepare and . i s~ue p 1 ans far.· the, general ··maintenance _of . the 
. buildi.ng appurtenances, ... vent11ation, air filtration, and o.ther 
_ building systems a11d request correction of maintenance · 

deficiencies,· via.work.orders, to Production Support or 
· Maintenance ·and Transportation. ·_ · · ·· 

. ·. - . 

· • Recommend ·changes in spat~ al lo~at. i ans and :equipment install at i ans 
to Industrial Engir,eerin_g. ·. · · · · · · 

• Implement·secur1ty r~gulations'and'controls ~s directed by 
Safeguards and Security. _ · 

· • : Sample/monitor effluent. ·releases·- by butlding tenants to assure · 
_compliance•· with app l.1 cable standards. 
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The PUREX Processing Gro~p has primary.responsibilit/for day-'to~cia} 
operation:of the process system, iriclLiding·all aspects of radioactive.Juel 

·· receipt and, processing waste disposal in conformance with established .. 
· written procedures.·· Total.facility_and.process respons.ibility is assigned 

· .. ·for each shift to a ·shift manager, ':who is .assisted by .two shift-support · 
.. managers in directing the work_ force. · · ·· · · · · · 

. The PU.REX Oxide Processing and Uranium Oxide (U03} Operations ~Gr~up is -
. responsible _for the plutonium nitrate sarilpl ing area: (product ,removal room), , 
. ,- ·:and the plutonium conversion fac-ility. · Activities include: .. an around-the:.. . 

.. : . .clock operation,· 5 d/wic (X,: Y, Z shift) in the piutonium conver:".sion from a· 
_ c: . : liqllid nitrate into a powder oxide; ';the.:ca.i')ning· of the plutonium oxide as . 
· . OJ . . : ' · > we 11 as. t~e shipment of. the oxide; ~nd the rework of any product that is . not 
/ 8 ,:- . . .within the- prescribed specifkations. · It is also -responsible '.fof conversion 
.~ · : of uranium/nitrate to uranium oxide in the U03 faci 1 ity. · · · 

,,1" 

· ,~ ··_ ..... ··The>PUREX Services Group. is r:espons•ibleforan Litili'tiessystems -
S~ . . . -· : with1n the facilities and various ancfllary .operational functions required 

. : ~~: in. support of· process, maintenance~ and -project activities. Thi_s includes 
&~ direct:responsibility for -building ventilation,· water purification an~ 

di~tribution"systems, steam 'distribution/ and ,;process and instrument air 
supply systems._·_ All effluent· waste sampling, chemical receipt· and storage; 
and project and maintenance support work unique to the day'.shift are 
included. in the scope- of this function~ · · . . . · 

· Manufacturing Engine·ering in:support_ of PUREX. operations is provided by 
engineers who address the .-current processing ·and -long...;rangeJacility, and.· 

.. . process . improvements and -additi.ons from -an operational standpoint~ Their . . 
< ··responsibilities include design review, faci.lities and equipment -analyses·_ 

. for replacement ·and improvement,· and planning and operational· coordination . 
·:,·.of project and .major maintenance activities.- ·· · 

_·. 10.1.5.2.2 PUREX Oper~tions Functional Support. The PUREX . , . 
_organization receives technical or administrative support from all Rockwell. 
-functions •. This operating organization is shown in Figure 10-7. The net .. · 
_result is an integrated work force that<is·composed of the-necessary 

-.. profes·sional and craft skills required to operate the PUREX. Plant •. The _ 
.operational components· are: under the admin.istrative and operational control 

· · _ :·of the PUREX Operations Department Manager:- -.The direct functional support
. ••· components -are under the administrat_ive ·control, of ·their .respective 

· furicti ona 1 ·. management but under -the · opera ti ona 1 ··contra l. of· the PUREX . 
Ope rat fons · Department Manager. The QA , l aborator .; es, g·enera 1 . building, 

, operatio·ns, construction and maintenance actfvjt.ies~. etc., al l'function _ 
together. as .an i'ntegrated work .force. The Manager, PUREX Operations,- ha.s · · 
•direct control ·of the operational component of the organization and has the 
authority and responsibilityfor coordinating the represented functional 
groups. All functions that provide essential daily input needed for · 
effective operation. of PUREX ar:-e occupants in the plant. The organization 

· configuration, and number of personnel -provided -in .these groups are 
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. _ determined by the Functional Dire·ctor, witli the toncurren~e of the Manager~ 
PUREX Operations. · The result is an. integrated ·organization in which the· _ 

· expert_ise required for the daily decisions involved in plant operation is· 
immediately available. - These decisions include perso,nnel and environmental 
safety matters, process control.problem resolution; ·quality conformance of 
maintenance and design changes, schedule modifications, and changes in 
f abri cation or p·urchas i ng priori ti es. The Manager, PUREX Operations is 
accountable for ;the eff.ectiv~ integration of all functional disciplines 

'. r_equ ired to:· assure safety, quality", schedule effectiveness,. and ecooomy. of- - . 
plant operations.· · · · · · 

' ' During the :offshHts (i ~e.; ·weekends, ·evenings,' and nights) the·,~ 
responsibi'lity -for overal 1 functional integration .is delegated to .the ~enior -· 
shift manager. A 11 functional support services, whether res i.dent . or on 
·call,- respond _to the needs of the shift manager relative to safety, process 

._ support, quality, and schedule effectiveness during that particu·lar shift of 
operat i ans. . ' . ' , . . . 

_ 10.1.5."3· Safety and Qualit,Y Assurance. This function. includes v~rious_ _ 
· aspects'of safety, environmental protection, radiological protection, and· 
quality assurance and control •. A discussion•ofthe·various activities 
as.signed to this ,function follows. 

•- Provide radiation monitoring, approve radiatibn·work'.permits and 
··special work permits, and approve Production ·Operations' · 

proceaures to assure that personnel ·radiation exposures are 
: maintained within safe levels. - · 

, 1. 

'. :·· .,·: 

. <1··_ .··. :'· ·. ,· ,, 
,.\, ,. '.·_. 

,' ,' 
:-::,.; . 

' ' ' 
~ . . .. 

• . Provide radiation-shielding calculations. and ·decontamination. · · r 
procedures;. -recommend tools to be used • 

. • . Co~duct design reviews to assure that radiation s_afety, industr.ial 
safety, fire protection, industrial hygiene, and env:ironmental - · 
protection have been adequately considered in the design of · 
facilities and equipment. Provide technical support to.assure 
tha:t env,ronmental discharges from operation of facHities are 
reduced as low as is reasonably achievable (ALARA) in comp1iance -
with applicable county, state, and federal directives. 
. , . . 

••. Perform operational- safety reviews. Provide·c:riticality safety 
calculations and prepare criticality prevention· specifications. 

- i Prepare safety assessment documentation·and/or safety analysis 
reports (SAR) as .required ·by Rockwell polici-es. --

• Assure qualJty of design and operation._ 
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Rockwell has .developed and implemented ·a _comprehensive program . 
responding to the requireme11ts. of Reference 2. In keeping with the Rockwell 
pol icy of conducting its activities .in a manner.,·to protect employees, the · 
public, the environment 11 and property, specific safety responsibilities are 
assigned to members.of management organizations and employees. The S&QA 
F_unction, supports:th;-s Rockwell policy ~rough the following act1v'f.ties., 

· •.>. Radi atiorf ProtectiorL: 

. . Rockw.ell I s radiation< pro1;ectton program ' and "methods,; for: assuri ng7: 
th-at personne1,,,ra~iat1on:exposures~,are AL;ARA/is·, de~cribedi-in --· · 
Chapt~r- s.q~ · 

' ' ' 

. • Nuclear Cr.itical 1ty Safety.·--·• 

The Rockwell program for c~1t1cality safety ensures that fissile: 
materials are _processed 11 stored,: transferr.ad_,.-. and .handled. on th~ 
site and within facilities. in such a manner that the probability 
of a criticality accident is remote ... · Clear lines of- · . 
responsibility for nuclear safety~ management review, and audit 
systems are established and maintained, and trainir1g programs .for 
employee indoctrination. and instruct1,on are developed. _The 

· criticality prevention'. program and responsib11 ities for, its . 
implementation are documented by -formal written· pol icy •.. The 

.. Criticality.Engineering and .. Analysis GroupJ11_the.Safety:: · - .. 
Integration Department .·provides ·the technical support for -the' . · 
Rockwell nuclear safety,:program •. · -': ,: .-· · 

.·,, .. Environmental 'Analysis· and Monitorjng:: Program._. 

This program is- operated by, the -Environmental Protection· _ · I 
Department that m~as1.n:·es radionuclide-release to. the environs, -
maintain. survefllance of operating· facilities· and storage sites to 
permit: prompt detection a~d.,correction of unplanned releases,. 
determine the impact of operations· on the. environs,. and develop 

. programs to ·reduce· discharges to_.: the. environment •. The frequency 
of inspection, .. corrective· actions:, taken, comp1 iance. reports; . 
unplanned' release· reports, surveillance standards;, and other 
specific means by which the-program is· implemented are documented 
in -a formal policy manu·al. .· · · · · 

·, , 

. . e Industrial Safety Program 

· Although the bas_ic responsibility.for. safety rests with line 
management having inmediate.authori.ty over workers, a separate 

. S&QA department· (Industr.ial Hygiene and Safety) -has been · · 
· estab·lished to assist.:in- the conduct of safe operations. This 

group reviews· and approves designs,. specifications, and procedures 

,? ··., 
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with respect to compliance with industrial safety and hygiene_ 
standards. The program is monitored by the Industrial Hygiene and 
Safety Department through surveys and routine facility 
inspections. The Quality Assurance departments assist by 
monitoring the implementation of mandatory standards. 

• Environmental Safety and Health Codes, Standards, and Guides 

· It is Rockwel 1 's intent that all operations be performed in 
compliance with applicable DOE environmental protection safety and 
health protection requirements and that they adhere to generally 
recognized and accepted high standards of performance in the areas 
of occupational health; nuclear, radiological, industrial, and 
fire safety; and environmental protection. To this ends 
Rockwell's program describes compliance to many government and 
industry codes, standards, and guides. In-house criteria are also 
extensively developed and applied. 

• Review of New Design 

As specified by References 2 and 3, Rockwell requires that third
party engineering design reviews be conducted. These reviews 
assure that applicable requirements are correctly incorporated 
into engineering documentso All engineering documentation is 
subject to thi-s policy. The Director, R&E establishes design .. 
review methodology and hold points for specific documentation and 
approves documents prior to release and implementation. 

• Independent Safety Reviews 

Rockwell policy establishes an independent safety review program, 
consisting of four safety review committees: Chemical Processing, 
Nuclear Critical i_ty, Packaging and Shipping, and Waste Management 
Committees. These committees assure that all operations and 
functions are performed in accordance with established safety 
guidelines. Reviews of specific areas are performed by standing 
committees chaired by a senior staff person with acknowledged 
expertise in important, related disciplines. Approval authority 
is vested in senior management. 

The overall functioning of the safety review committees is the 
responsibility of the Safety Review Panel, which consists of the 
Director, S&QA, the individual chairman of the.four safety review 
committees, an executive secretary, and an administrative 
secretary. 

• Safety Documentation 

It is Rockwell's policy to provide safety analyses and reviews 
that meet the golicy, objectives, and requirements of DOE 
Order_5481.1A.l4) The Safety Analysis Group of S&QA prepares 
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documentation.that reports on the capability of a fac1f1ty to_ 
operate without undue risk to -the public, work force~ or 
environment. The preparation of SAR is_ Rockwell 1s formal system ·· 
for identifying and assessing risks. 

· -.• • Compliance ·with · Approved · Procedures 

_ Rockwel 1-. personnel·· involved· ir, -operat1c,ns'-c. that·. have health, 
environmental~ or safety, implications- are':guided by written-
procedures. : Thes.e proce(lures. are.,:approved,-.by designated personnel\_· 
involved with.safety of., the operat-ion for. which the. procedure is·' 
prepared. In.turn~ the procedures are based.on Rockwell-approved 

.· _ standards and ·spe.effic:ations .• 

-•· • · Unusual Occurrences,·_ · 

The ·Rockwell program provides a policy :for the notification, 
·. inve~ti.gation,· and reporting of unusual occurrences. This .. policy 
:requires immediate investigation-to identify causes and corrective -
actions to prevent,similar occurrences. Analyses and 

·_documentation·of the'occurrences are required so that informed 
decisions can be made to improve operations .. - · 

.· ' .. - - ' 

__ Rockwell pqHcy aJso.provides.that·in- ·tt,e·-event ··of an emergency 
situation, local .response :teams under. the -leadership of an · . 
Emergency Director .. will,act to: bril'.'lg -the situation under control. 

.. Emergency procedures- for" operatfo.ris and suppo.rt build.ings are. _ 
formulated-.. Gel'.'leral. gu.idel 1.nes. arid assignment_ of duties· during -
plant-w1d~t emergency response are comp1 led in a widely distributed. _ 
mariua1.(5J · Emergency·tests. and drjlls are conducted as part·of a -
continuing -training. program~·• An0Emergency Plannirlg Review 
Committee is established to coordinateand.-evaluate these tests· 

. and,drill.s;to review emergency· plans, procedures 11 equipment, and 
facilities,. and to prepare, and update the Rock.wen emergency plan. 

-.. •: Continuing Program Overview--::•- -

The Rockwell program establishes that DOE environmental 
protection, safety-~ _and health protection· objectives are a prime 
resporisibiltty of Rockwellmanagement. Therefore, an Executive 
Safety Committee with responsibility for creating safety policy, 

. approving goals and objectives, and evaluating safety performances 
_was- establishedo This.safety committee consists of the Vice 
-Pres., dent• and Genera) _Manager, the . Program Di rectors. -and -· the 
directors of the following functions: · R&E, S&QA, Plant 
Operations~·Production Processing, Production Support, Personnel 
and Public Relations, Safeguards and Security, and Maintenance and · 
_ Transportation.. · 
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Rockwell policy provides for an· Accident P~evention Council whose_ 
.functcion is to encourage employee -review of safety matters-and :to 
• serve as a.,communications link between employees. and management. . 

__ .Jhe Rockwell_ internal .audit program provides an independent audit· -
to· assess the extent .of ·compliance ·with ·DOE and_ Rockwell policy, ·.i. 

· as· we 11. as to measure functional performance against established 
. guide 1 i nes. · . ·. · · · : · · ·- - · : ... · . · · · · 

:Sp_ecial emphasis -is given to activit'ies invol~ing fi.ssi'le · ·. 
materials. Authority ·is giveri to S&QA' to suspend any operation· .. , 

.. considered to constitute. an 1mmediate and· significant _danger to • -
·. Safety, -health, property~. or -the. environment. A_ nonconformance: : · .. 

reporting and>control system.was established to. document and 
correct cond it i ans -not in comp l i ance with· specified · :requ i rem~nts ~ · 

' . 
' . 

- •· Quality Assurance· 

Thei,requirements applied by the ·Quality Assurance· act.ivities ~o 
promote the safety ·of design _and operation of the PUREX Plant and . 
:the responsibilities with respect to quality as·surance pol icy -are . 
-.in· accordance, with _References 1, 3, and (>_. - Tab le :-10-f: presents a 
ge·neric :summary of .the qual it.y assurance verification system. _· 

,Qua-lity -assurance' program p'lans '(QAPP) are proposed and iss,ued 
··; · . _· under· the authority of. the Director,- S&QA". - The QAPP identified· 

:the .planned actions· necessary to provide ·adequate tonf.idence · that 
·· facility and administrative controls are. in place-for designated • ·" 
programs and special support activities~·. · · 

-" • Level. of Quality -

. Rockwell -quality and safety objectives· are included in prog·ram 
plans to ·comply•with DOE.orders. Each·Rockwell function. 

·-__ . identifies_ its ·organizational responsibilities to the'· program. -
- . ·objectives using functional manuals~ plan, procedures·,.. _ 

instructi ans, and reports.· Rockwe 11 applies _ the QA l eve 1 · · 
.'necessary to assure each objective is.maintained within the limits 
· prescribed. · · · 

, • Personnel Training . . .· 

· Personnel_ orientation, training, :and qualfficqtion programs are·· 
_ - .: _conducted :in accordance with Rockwel 1 policy. {l) Records of° the 
· - .: employee's current training status are maintained by ~ersonnel and 

Public .Relations~ As a minim~m, -Operatirins personnel designated -
to perform proce~sing op~rations and those obser~ing these · 
operations in clo"se proximity are required to attend courses in · 

·. radiological controls for radiation exposure protection •. 
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Elements 

QA verification 
during element · · 
deuelopm_ent ( I) 

::_ TABLE 10-1. Quality Assurance Ver1f~cat1on System~ .. i 

AIE facilitv de5ign 
phase 

~nceptual 5tudy (7) 
Pre-design review (7) 
Project design review 
(7) ~-. '. •, . ; . 

Pre-SAR (7) · ·· 

Project QA Plan (8) 
QA Program Plan (7) 

QA Syste_ms au~it (6) 

· Construction_ 

Connruction 
management (1) 
. Project engineer (7) 

C~nstruction QE (69 
Plant 5afety (1). 

Operation,· 

Facility man1g1msnt C 1) 
Procesungineer (7) : 
PersoMel training (1) . 

Radiological controls . 
(16) ' ·. ' ' 
Test'plans (7) 
Inspection planning (6) 
QC verific:ation (S) · · 
QEIC surveillance (6) . · 

QA laboratory system .. 
(9) . . . '. ' . ,, . 

Gloye ~ontrol 1ysteim (1) 
Pl1nt safety (I) . 
Nuclear aiticality 11fety 
(10) ' ; , ·, · 

IE~Hntial material 
contro! (7) r'.t · · · · 

· M1interianc:e. ~odified design~ 

Maintenance Codes and 1t1nd1rd1 
m1nageme111t (1) . (7) 
Fabrication specialist (I) QA level~ (6)'. . . 
Inspection pl&nning (6) QA drawing review (6) 
QE verification (6) Doc:ume~t checking .. 
QEac surveili.nnct1 «Ii» · 41> · • ·· · · · 
Calibration conUQ! «1) De5ign review (7) · 
Pl_an,. tufety(I)_. •· . QE&Cdocumenl: . 

review (7) . ' • 
Packlging committee 
(PSSQII) s ·,' · ·, 
Nuci1t1raiticality · 
safety (1) · ... ''>', · 

-----------Readimns
0

Re~iN IW!rd ao 
Stilrtup Yeam (6) 

•. . . 

Meterlallpm · 
. proc_urement1 

Purchase '""151tlon 
review (14) · . 
PQA review (6) ·; 
Supplier conuoi (6) 
PQA surveillai!b(s «s~ 
Receiving control11 «Ci, 14) 
M1t1rial certificait!am (6) 
Eueniiai maieviai 
control 41) · · · 

. Hypalon glove _control (10. . . . ' 

______________ ......,... ___ Final S~fetyAnalysisReport (7) --------.------------1 
Quality Assurance 
evaluation of . 
completed 
element activity 
(1) . . 

~ All references rom Section 10.6. 

1~ -. ------------· Annual S~fety arid Qu.nlity Assural\C1 ~udi~ ,,,, 

. ~--·----'- Periodic Safety and Quality._.• --~1- · 
·· Asiurance Audits · 

. (6, 17) 

Ii----- Material Audit of Rad-Material ----1 
.. . ShippingPr~ctkesOnsite(I) · 

,I,' , · 
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The Engineering Procedures Manual (7) identifies specific 
procedures for an effective design control system. These _ 
procedures establish organizational interface with the design to 
assure the safety and quality aspects_ are properly applied. 

Design verification is conducted as the design of the facility and 
the associated components and support equipment are established or 
modified. Design verification is made by consensus agreement. 

-The S&QA function participates in all fonrtal design verification 
reviews as do invited representatives from other functions. 
Additional waste container designs and related administrative 
controls are reviewed by·a PSSC. Co11111ittee recommendations are 
reviewed prior to the design's release. · 

The R&Eorganization maintains a design change system to assure 
that the same level of review is provided design changes ·as was 

. afforded the original document. 

• Procurement Document Control 

Procurement documents are generated. and controlled by Rockwell_ 
·policy and function manual procedures. Procedures provide 
guidance in the preparation of procurement orders ·to ensure that 
a:11 the technical elements associated with the item for purchase 
are transmitted to the selected supplier. 

An active supplier survey program is conducted by Rockwell 
Procurement Quality Assurance to assess the credentials of 
potential suppliers and to maintain a list of viable candidates 
for procurement p,lacements. Procurement Quality Assurance assures 

· the same ·degree of quality is applied throughout the purchasing 
cycle as is afforded to activities conducted onsite. 

• Drawings, Procedures, and Instructions 

Drawings, procedures, and instructions are prepared and .issued· in 
support of activities affecting quality and safety. 

Functional procedures (test plans) and instructions generated by 
engineering to accomplish work tasks are reviewed by the cognizant 
Quality Engineer (QE) and approved when the acceptance criteria 
associated with the work task adequately represents quality 
assurance.(12) · 

• Inspection and Test Control 

Quality Control (QC) observes operations/fabrications in progress 
and verifies that characteristics are in compliance with 
engineering documentations. 
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The 1 eve 1 of qua 11 ty assurance ~f fort 1n procurement '·areas , and for 
· onsite operations is .in concert,w1th the requirements determined 

by the design media .. Design criteria.is translated by the QE into 
specific inspect~ble characteristics for. QC.inspection and 
verification.' 'Instructions fo110Wo 

. . . . ' - . 

·.:•:··The verification of a configuration charac.teristic shall. occur at:: . 
the ·earliest. practi,cal .· point in the· sequence. · ~ . · 

I) Choice.: of O inspection·•· method:, Sh!f.] 1 . yi.e 1 d · ·· r.esu] ts·' cons,i ster,t · with;. . ·. 
t~e:, re 1 atJve stgntff cance·: of "the: character,ist i c •... 

1 Instructions,shall·be presented· in a manner that ~ill minimize the 
potential for er,:or during. the inspection process. 

• • Safety measures:shall be·applied comensura.te wi.th the poteniial-
. · 1mp_act ;On per_sonnel and enw1ronmenta1 ·safety.,· 

.. In add1t1on<to pJanned: inspections. QC representatives conduct on-· 
. going surveillance of ·operations. to .assure that qua-11ty and safety 
requirements are beingmaintained.in compliance with procedur:-es· 
designated for :the;area •. · · · · · 

Infractions noted·: during the-surveillance 'activity are reported to· 
. the appropriate management· authority for act1ono Repetitive · 
infractions are also reported on the Corre~tive Action Request. 

Quality Engineering' and:, Control: (QE&C)' conducts' surveillance 
during .the operation: of lifting equipment to ensure. its proper 

·.use,·. proof~ load1ngsi and ident1ficationG . When 1n use, this· 
· equipment•shallbear an unexpired proof-load date 11 and a.code or 

tag. indicating safety worldng-load limits,; Equipment not fo.. · 
accordance.with approved practi_ces· are tagged to preclude use. 

. . ~. - ' 

,: 1. Ca 11 brati on and Control° · 
. ' ' 

Instruments-. (including radiation protection instrumentation); test: 
equipment •. andworking· standards ·used are.calibrated to standards· 

·. traceable to the National Bureau .of Standards or.other recognized 
· equivalent. · · · 

.Instruments in use, other than those identified for 11 indication 
· only, 11 and test equipment shall· have valid eyidence of a current 
ca 1 i brat ion. The QE&C persorine l.detect i ng the use of items not 
·showing this evidence shall attach a 11 hold 11 

· tag to the item and 
issue a_nonconformance·report for.immediate corrective action. 

· •. 10..;24. 
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Items removed from service for maintenance or calibration 
servicing are labeled to prevent inadvertent use. Item 
maintenance is conducted in accordance with the Production Support . · 
Maintenance Manual (13) and calibrations are in a"tcordance with the-· 
Instrumentation Calibration Control Manuai.(14) · 

• Incidents, Nonconformance, and Corrective Action Reports 

Nonconforming conditions noted by S&QA during equipment or. 
material acceptance are reported as specified in the QA manua1.(6) 

Incidents in the facility process system (e.g., system/component 
anomaly or procedure infraction) noted by QE&C, S&QA, or Process. 
Engineering that could affect operational safety are cause for 
system shutdown. · In addition, incidents may be subject to 
processing as "Unusual Occurrences". in accordanc:e with formally 
established accident prevention standards. 

Deviations in which corrective action is required to prevent 
recurrence beyond the scope of disposition of the nonconformance 

-are documented as "corrective action requests,". generated by the 
.individual recognizing the need,·coordinated by QE, and responded 
to by responsible management. · 

. • . Quality Assurance Laboratory 

Analytical Laboratory personnel perform measurements of samples · 
extracted from the prqc1~s flow to-characterize the contents per. 
laboratory proceduresll J and process requirements. Results are 
utilized for balancing the system to the prescribed limits. 

10.1.5.4 PUREX Analytical Laboratory.· The Manager, PUREX Laboratory 
reports to the Manager, analytical laboratories (Fig. 10-8), who in turn 
reports to the Director, S&QA (see Section 10.7). 

The Manager 9 PUREX Analytical Laboratory, is responsible for laboratory 
startup.and operation and for ensuring safety, quality, cost effectiveness, 
and schedule effectiveness in the support of PUREX operations. The manager 
controls tlie QA analytical laboratory program for PUREX and is responsible 
for the organization of its components. 

Personnel and facilities for all process control analyses are part of 
the PUREX Analytical Laboratory though support, particularly for product and 
environmental assays will be provided by the Plutonium Finishing and 
222-S analytical laboratories •. The number of personnel and their 
organizational assignments are determined- by the_ Manager, PUREX Laboratory. 
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Personnelwith authority to make decisions _-for- laboratory .support_:_of _ 
the PUREX process are .always available~ Personnel safety, laboratory _: 
procedural problem -resolution, laboratory ·standard and reference . · ... 
-difficulties, and schedule adherence a,re several areas ·in which decisions 
:are ·made. · · - · 

· During the offshifts. (i .ie., swing, graveyard, and weekends), . 
· responsibility for the laboratory operation,is delegated to the shift 
supervisor, with the day-:shift st_aff 11 0n call. 11 

.· All support services 
· : respond to the needs of the 1 aboratory shift supervisor in matters - . - - . • . · 

-· -concerning safety, quality assu·rance:, and schedule. effectiveness duri'ng-that -_. 
period of operations. · · · -

. .... , -f. 

,, ,J',.' 
·':' ,.,. ,-·, 

•·, , .. ,· 

· 10~1.;5~5 -."Resea~ch and· En ineerin -Function~: _One. of the missions '.of ihe • . C:: :• 
. R&E Function· Fig •. 10-9 _ i_s to prqvide technical direction_ and .. leadership in _·· 
support of :plant qperations~ . At PUREX, this is done through the PUREX .. 
Process Control (PPC) ·Group of .·the Process· Engineering ~epartme_nt :· - .- .· · _ 
(F.ig.-'10-10). -.The :PUREX separations process technology is provided_ by the : .. ;,' 

-- -Process Design Department (Fig.-10-11) •.. Also in.this function and in - . · -
· _· support of PUREX is the Design Ingineerfog Department (Fig. _10-12) ;and .the .· · 

· .. ,, Development Engineering Department_ (Fig •. 10-13),,, · , _ _ . · - · .. ,. < _ · '"• 
, -·:, Tlie PPC-Group provides the 'required process engineering support, ·for --~he .·• 

PUREX · P·l ant. · . The . types · of support -given . depends_ on · the operating .. status of · 
.. --~ - the· plant. · Before startup~. the,main responsibilities of-PPC Group personnel-
.... :have been Jn the areas of technical materials, project liaison, and . 

training. ·After the PUREX Plar:it is operational, the PPC Group•will supply· 
-PUREX.Operations with the· required technical:suppor:t for plant·operations • 

. In, the ,, area of . techn i ca 1 materials, PPC Group -respons i b;, 1 it i es. i ric 1 ude 
the preparation, evaluation~· and/or review. of the necessary procedures, and·_ 
documents for .. pl ant startup' and operation~ Examples include operabi 1 i ty · 
test procedures (OTP), operationarsafety requirements,_and the-process 

· flowsheets.. · · 

,· Staff from PPC monitors the plant 'operations for adherence to safety, , 
adherence to flow sheet requirements, and efficient operations. Based on 

• •· · .. this _activity, PPC provides daily technical direction to operations· . 
- '. :; .(including ·shifts) .and initiates design requests for· systems upgrades. The 

. , PPC Group has been -organized into --a Head-end · and Support Systems Team, a 
:_ Plutonium Product Systems Team,' a Solvent ·E)(tractjon Systems :Team, and a:. 
Special Projects· Team to carry: out the vari,ous responsibilities. 

.. _ .The Manager, ·PUREX/U03 Engineering Design: Unit, reporting 'to the .... 
·. Mana~er,~ Engineering Uesign Group, is responsible for the RUREX~Plant desi~n 
. activities. This unit is responsible-for ·the engineering and design·· · 

. nonproject work, consisting._primarily of maintenance, repair, minor facility 
, improvements, and engineered equipment design. The drafting support for ' 

these engineers is provided by the Design Drafting Group. The draftsmen 
_:providing the majority.of the support to the PUREX-Plant are located near 

the . PUREX P.l ant. 
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Instrumentation and e,lectr.ical design;· development. of equipnient 9 • and ' 
development of computerized systems are provided. by the Design·Engineering 
and Development Engineering Departments. . . . . 

Additional·engineering-and destgn ·support· is available in speci:alties ··· .. 
within 'the R&E Function such as weld,ing, metallurgy,.,corrosion, ·and, stress 

· an.alysis. · 

. 10 .1.·6 •.. Qual if i cations . of.· Man~gerilent, Personrie l 

· Table .10~2 gives· a brie( summ~ry o( the responsibilit;es,)1f- ~anagerial 
·. personnel associated with the principal, safety-related· functi.ons described 

... in ·the·• above support organizations. Qual ifitations of .. supervisory personnel 
assure that.the.succession of authority can sa.fely,~nd competently proceed.· 

· .. directly in' accordance with the 1 i.ne ·o.rganizatio,n. ··,'At. leas.t .one .individual 
:under:eachmanager or supervisor is specifically desfgnated.as an alternate· 
.in the event of· illness or emergencies~ The qualff.ications .of key .. Personnel 

> in the operating ·.and resident functional organizations are ··given in 
· · Table 10~3. · · ·· · ·· · · · 

. ·.· .. ·10.1.7., ·Staffing ·.'and Manpower Requirements 

: . .Manpower requirements from the various Rockwell functions it:1 support ·of· 
. · PUREX are provided in Table 10-4. The numbers include all.craft,. · 

... profess i ona 1 , management, -and. c 1 eri cal · pe.r:sonne 1 • 

. ·'. ,.·10~2 TRAINING PROGRAMS 

.. R~ck~el l has established a progr.am· for the·•selectfon, training,.'·and 
.•retraining.of -all .. individuals who operate,· maintain~ or ~ug~rvise activities 

· .. in the PUREX. Facility. i The-.PUREX Training Program Plan t15J 'llas. deve.loped . 
· ·by the Personnel and Public Relations Function, Employee and Organizational 
;Development Department ·and COftlDlies with the requirements of 

:.·• OE Order 5480.lA,. Chapter. V.l2) ..... 

:The.,PUREX .Trai.ning Program·.Plan defines the ·following: 

• · Wh.o. is. r~sponsi ble · fo~ Rockwe 11 ·training·, 

• What are the operational· :levels .and assignments of res~ons:ibility 
for PUREX operations. · · 

• • How .were the mandatory training- courses and progra~s determined 

•. What are the training programs qualification and· certificati.on 
requirements ' 
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• Table 10-2~ Qualtf1.cations of Management- Personri~l -AssQci~ted with Oth~r Sµpport 
. · · •. : '. , _ . -· ·. · Org~n1~at1o,ns. · . . . · ·• · , · .. · ,., ,,.,_ . 

Position 

· · Director.· 
, Research ind . 

Engineering · 

Manager. 
Process· 
Engine~~ing 

. ',. ' 

Director. 
· Safety and 
Quality ' 

. Assuranc_e · 

· , Manager.·. 
Radiologkal _ 
Protection · 

·,._ ",• 

Manager,· 
Criticality· 
Engineering 

. and Ana 'iyses. 

Manager. 
lndustrrflal 
Hygiene.and 
Safety ·. · 

Manager. 
Enviro11A1ental 
Analysts and 

. Monitoring 

Manager •. 
Radiation 
Monttoring 

, Education 

College degree 
in engineer
tny. phys1c~l. 
sc ence •. 9r_ . 
equivalent 

. (same) 

(same) 

. . . ' 

· (same) 

(same) 

(s~) 

(same) 

(same) 

Management 
experience 

Industrtal 
ex~er1ence 

Nucleir axper1ence . Reports to Responsibiltttes 
' .. -:: '\ ~' : 

Demonstrated 12-yr • in1u 6-yr ahiillUII Vtce President Dir~t a11d ·cont~ol 
adlll1nistraUve. in related tn ra]ated and General Research_ :and E!Jg1~. · 
and 111anager1a1_ 1ndu~tl'.'Y industry; - Manager neer_ing assignments 
sktlls · ' · · 0:' •• ,_, ,- ••• 

csameL .-: 10-yr mint• 
in.related ._ 
industry 

S~yr •in1111Ul11- Director.·· Direct and control 
In related Research and process' _e11gineerlng 
industry· Eligh'1eering ass.igniaents. · · . · · 

Vice Pre$1derit · .Dir;~: ~~~ ~ontrol 
and General . ' Safety'arid Quality 

. (sa~_) 

(same) · 

(Hme) 

(same) 

(same) 

(same)_ 

12~yr ~inimu• 6-yr •int .. 
in related . tn related 
hid!J~tri · .. - l~ustry Manager Assurance''' '' ,' ·,;, ' . 

' ' asstgnmelits 

(s~> Director, · 
Safety and 
Qumllty 
Assurance.· 

10-yr !llnfl!U!II 5-yr iitntu Manager, · 
in.rehteci . · in related· Radtologfiul 
industry' industry · Protection 

'', 

(same) : 

(511!18) 

. (same) 

(same) 

(s.ame) 

(same) 

Director. 
Safeti &md 
Quality 
Assurance 

Director, 
Safety and 
QuaUty 
Assurance 

Manager. -
Radlo1og1ca1 
Protection 

·"',,;,:'~.- -'- :•, .. 

Direct and control 
Rad,tolo'gi~~l P;r~:. ' 
tec.\1qn 11ssig11111f1!1~S 
and programs' · .. ·· · · · 

- ,~ ... ' 

·Define, alf1111ntsterr, 
and evaluate:" · ' 
nucleaf crtt1ca11ty 
safety· · · 

."" ;,:~ 

Develop and. 
adlmt n i _~~er(, 1 lidus~ 
-trial: ,aft!ty and 
hygiene ~n_d f,1re 
protec:Uori' ·· ·· , 
progr~s·. 

Deve 1 op and , 
admlnistert'env t ron
inenta 1 :analysts · · 
and monitoring 
progr!iff!S' · · · 

Ad1111n1ster,a 
program t~ 111tnJ-
1111ze iradia~ton,· 
exposure' ' ' .... ___ ,.,-



iiPJ m n, § C: ~r,,1 -· : -
·Table 10.:.3. 

r ~ ~lt.. ~ ~1;. Hi1C ·· , · 
Qua'l ifications of Key PUREX ·operatfng and- Resident Sui:,I,o~t' Pe'rsonnel. 

,• ' < > •• ,r • •• • • .,.. ' ' •, • ' ) • • • ~ •, • ~ ' < 

-·. Position Education -· 

Manager, PUREX College.degree 
Op'erat tons· in engineering 
Department· or physical · 

science 
Manager, PUREX 
Process.tog 

Manager, PUREX 
Oxtde and -
UO3 Operat tons 

Shift managers 

.. Shift support 
manage·rs · 

Manager, PUREX 
Process 
Control 

'' 
Manager,· _ 
Separations 

. Process 
Manager, PUREX 

.Maintenance 

Supervisor~ 
PUREX 
Radiation 
Mon~tor_ing ··_ -

Manager, 
Quality , 
Engineering· 
Process ·· 
Fac11tties 
Manager, , · -
PUREX 
Laboratory 

(same) 

College degree 
or _equivalent 
in engineering 
or physical 
science -

(same) 

High, school 
graduate 

College degree 
tn engtneertng 
or physical 
scJence 

(same) 

Co 1 lege degree 
or equivalent 
tn engineering 
or physical 
science 

(same) •. 

( same), 

College degree 
1n chemistry. · 
or phys teal 
scfenci! 

Management 
·expedence 

Industrial.· 
exper_ience 

·- Nuclear experience _ ·- ·. Posit ton ac·countable to 

Operational Components 

Demonstrated 
admtntstrattve 
and manageri a 1 
sk111s 

( same) 

·· (same) 

Demonstrated 
supervisory -
sk.1 lls 
Demonstrated 
effectiveness 
1n toter
personnel 
relations. 

io-yr mtntmum 5-yr mhiimum Director, r·rodi1ct Ion Process Ing 
in related - in related 
industry nuclear 

8-yrintnimum 
tn related 
industry 

(same) 

6-yr minimlim 
in related 
industry 
4-yr mlnfrilum 
in related· 
industry . 

field. 
4.:yr minimurri Manage}, PUREX Ope~ai tons 
in related _: Department.-
industry 

(same) (s-ame) 

3-yr m,intmuril Mtniinuni, PUREX Process . 
in related or Manager, PUREX Services 
industry and UO3 Operations 
2-yr mfntmum Shtft maniigers : 
tn r_elated 
irdustry. · 

Resident Functional Support Components 

Demonstrated 
admi nts trat fve 
and m~nagerial 
sk 11 ls-' 

( same) 

( same) 

( same) 

Demonstrated . 
admtntstratfve 
and managerial 
sktl ls 

( same) 

10:-yr mtntmum_ 
in related 
industq• ·, · 

(same) 

(same) 
'' 

(same) .. 

· ( same) 

(same) 

6-yr minimilm 
1n related 
nuclear-. 
field 

(same) 

(same) 

( sam!!) 

Manager, Pro·cess Engineertng 

Manager: Process Design 

Manager, E~st l\rea Matnlenance 

Manager, Radhtl~n Mo'nttodng 
~ . . . 

Manager",.Qualfty 'Eng1needng , • 

Manager• An~ lyt fc~ 1-
Laborator tes · 

... V, 

·.o 
- I 

:c ~er-:~ 
I •-,o 

'-0 -_- ...... 
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TABLE 10-4. Manpower Requirements for the PUREX Plant. 

Typical Support Tatai Day shift Classification · . manpowera · at plantb of.fshift away from 
at plant · 

Production.~rocessing, 

Process:-Operators:::, _(17)- 96· ·36:' •lt .. 

Power-Operators, .' (2)- 11' 4:- 2:. 
Crane Op"erators {l). 5· z·· 1 
Oxide Process ·(xYZ} 

.. 
( 4) - 12 13 4 

Other .. " ' (2) 10 8, 5 

Other Plant Operations Organizations· : 

PUREX Plant Maintenance . (10) 74 50 
Production Control· '" . · · - 26 .. , 22· . 
Other·(Shop5. and Services) JU) · 36' . 36 

· Research and Engineering· 

Process Control 
.. · .. Engineering : . · •••· : . 

' · Design. Engineering• - . 
. Deve 1 opment/Eng i neeri ng/ .. 

. Process Desig11 
·_ Other .· · 

· (40)- -

, (25) · -- . 
· .. · (45.)-• 

32 

,25 
45· 

Safety·and·QualityAssurance 

Radiation Monitoring· 
Lab Technicians · • 
Lab Chemists 
Shift Supervisors 
Other · 

. csr 38 
.·_(4) : 44 
' (1) - 7 

. (14) .. 14 
.(4), - ,6.5 

22 . 
9 
7, 
6 __ 
s~s ·-

• _ Other· Functions., 

Total- ·.. .· _, . . . .. 
(Program Office, PBM,. Finance · 
and Information Services~ 
Safeguards/Material)_·_.· · · • (23) .·. 23 

18 
3 
-

6 

: --· ~ 

· 12. · 
35 

.4 

,. 

plant 

-
... -

-
-
-

2-6 
,1 
-

2 

4. 
-g 

4 

aDenotes management/supervisory. personnel ·which are- included in. the 

,. 

tota 1 manpower. . · , 
,· bi'A:t· Plant"· includes o.nly',those· person~el. whose normal work location 

is 202-A building.· Other personnel who may visit 202-A are included in the 
. "support. away from. pl anti' co·lumn .• · . 
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:•. -.How were PUREX personnel identified for compliance to · 
.. DOE ,Qrder ·S480~1As · Chapter v(2) : _ . 

. . , ' . 

' •. 'What methods were ,'implerrie~ted, to develop and complete _a training 
needs analysis.·· · · · · · · · · 

• What documentation. is required for ma,ndatory train'ing ,.and 
· ret_~aining 

. , . . -· '· '. 

• ·Where.is the requi_red documemtation ·stored 

· • .: How.is Rockwell assured. of .satisfa~tori ly trained personnel·. for . 
startup and. continued operations.of .the·PUREX Facpity. 

10.2~1 . General Training Program Description 

. ' ·. Al,1 new:'Rockwel l-e111ployees attend: New· Employee Ori~ntation·~ · ThiS· .. , 
. program. gives the new employee insight · jnto Rockwe 11 1 s purpose and _ _ . . 
·•concentrates on subjects related to. the. employee I s weJ 1-being {e.g~:~ safety · .. 

programs, fire protection, .conduct •in radfological. areas, etc~)- i. _ ·'. · :_ · , · -· 

. . _ .. ·Employees working at PUREX for ,the first time receive 'immediate -basic· 
training in radiation protection· as· well as. plant-specific .. orientation._ 

· Emergency •.response training, including security, diversion;.- -and_ .terrorist ' · 
awareness, is· a.lso provided. · ·· · · · · · ·. 

. . ' . . . .· . 

_ 10~2.1.'1 .. :Training. in· Radiation. and· Criticality• Safety. Generic training in· 
. · ·.radiation and criticality safety is provided for all PUREX operations and· 
· maintenance,persorinel-invo_lved in routine.r~diation work :arid fissile·_.· 

materialhandling. Thus, operating~and maintenance personnel may be 
categorized as radiation workers or nonradiation workers and fissile-· 

· ·material· handlers or nonfiss.ile material _handlers. 

·10~2~1.l.l. Radiation Workers •. Personnel who require routi.ne or 
emergency access to posted radiological areas, as determined by their 
respective managers, will be 11 qualified 11 radiation workers. However, 

· persons.-not qu_alif.ied as radiation· workers may enter posted radiological 
. '. areas ·if escorted by a qualified radiation worker. -The nonqualified . 

·· ··• _.individual is -not permitted to .hand:le~ ·process, or work _ori ·radioacfive 
materials:. · · · · · · · 

· -. Radiation workers become officially qualified upon successful··. 
· comple.tion of radiation safety :trairiing courses and by satisfactory, fitting 
. and training in the use of -avail.able respiratory protection devices. 

' . ' - ' . . . 

'The radiation safety training· requir,es, in part, thafeach participant 
demonstrate the following to the;satisfactionof.a designated·instructor: 

• The ability to read the commonly used self~reading dosimeters 

• The proper pro.cedure for putting: on a~d removing protective 
·:.clo~hing- and protective respiratory devices . 

10-37 

. ·: ,t •:·· 

. ' . . 
. . ·.1· < 

.... ;'' . 

',,, : ,, 



-~-
- ~ 
-~;., 

-~ 
•' a,,.,._. ' ' ·-.~...!!· 
~~-· 

.• ~11;..; 
- ~~ 

~•--., 
I, . 

. ~, " . ·~ ... --

• The proper procedur~s for entering, and leaving a contaminated area . 

• An understanding of the theoretical basis of radiological 
protection standards. · 

10 .. 2ol.t.2· Fissile Material Handlers. A.fissile material handle·r is
. def: i ne~:L aS"• a person. whose wo.rk assignment may requ 1 re. the hand 11 ng. of : more, • 
_ than.,cl5g ,_239pu, or equivalent,. {3%~·or more of the minimum critical mass), .. · 
. a~d,whb:-has succ~ssful ly :completed ,the-~required. tra,;ining. courses_. · · 

Fis.sfle material' h'andlers .and al r others·; assigned. to a- fissile factl ity 
·such as PUREX _are required .to receive criticality safety training· . . · 
appropriate to their level of involvement and re~ponsibility. · Indiv.iduals-. 
who have succe~sftilly completed formal (classroom) ·training may be allowed. 
to handle fissile material$. as part of on..;t~e-job training •. · 

Rad,f at ion worker and .crH:icaUty safety training provide opetating. 
perso·nnel with a basic understafidfng ·.of criticality and radiation safety -

··· · requirements. General requirements· for prevent.ion of cri ti ca 1 i ty and ·. 
· control of: radiation hazards are also taught.-. · 

'10.2.L.2 · Specia-lized Personnel and Training.·: ·specialized personnel• are . 
· required to_ obtain additional plant and process spec·ific ·skills. · ·. ·. . 
· Specialized personnel include'.nuclear process operators!! process controJ 
engineers,' radiation moni.torsll ana"lytfcal laboratory personnel, systems 

. power operators,'' and maintenance personnel •. ,: (The. fo 11 owing summaries. have . 
been excerpted from Reference 15· ,to represent the methods used. for. training~ ·· · 
skil l··maintenance,.and, retra.ining · of·'special ized personnel •. · · · 

. . . . ·- ' . . . ' ' ' . . 

•· • • . Nuclear Process· Operators 

·.This training .program conststs of two· part~:progression/promotiori ·· 
and. job certification.·.· · · · 

Under progression, and: promption, operators are required to· 
· .. , successfully. complete written examinations at· 6, 18, 30, 42, and . 

. 54 mo.• After completion -of the· 54-mo Nuclear Process• Operator 
examination, retesting is required every 2 yr to maintain this 

.. , respons i btl ity 1 eve 1 • · 

Job, certification.is the practical,, on-the-job portion of the 
training program. Operators are required to successfully complete 

. a written examination,. and. a walk-through evaluation demonstrating 
·._. competence .. in performing a specific job. Recertification is 

· .,, .. ·required every 2 yr.~· · 

-:.• Process •Control Engineers· 

This training progr_am i_s divided into three phases: phase I 
(site-generic) includes. trai_ning pertinent•to all Rockwell.::. 
operated Hanford nuclear processing .faci ]Jties; phase II 
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· •. (plant..;specific} covers generic information .for the.:PUREX . 
Facility; phase HI (process-specific) covers detaiJed.:informa:tion: 
on ' 11-special.iz;ed areas 11 wtthin· the PUREX Facility. . . _ -· . - · . ·· 

Upon successfully completing the first two· phases~ i_r1cluding the · 
· reqlJired examinations, the candidate can· be certified as ·a ·Process 

· Control Engineer (PCE) -for the specific facility~ .·However·, ·this_ 
· is a·limited certifi-cation, in that.the PCE may not function in. 

those( areas designated .as· l'spec.ial ized · areas., 11 Successfur . 
completion.·of the phase I'Ir. training~·· including examinations,. is 

. required .for functioning ,·in _such areas. . - .. 

· Training is a mixture- of ·self...;study and on-:the-job experience. 
under -the guidance of ·qualified personnel~ and is supplemented with-· 

· · t~chnical workshops and seminars. Self-study is based on · · · 
technical documents, ·trajl'ling manuals, administrative manuals,'and 

-•.. operating procedures~ · Study guides, -including specific Jearning 
objectives, ar:e .. :provided to. t~e candidate. · · 

·:• .-_Ra.diation Monitors·· 

Jhi's program es tab l i sheStrai ning requirements arid methods for -,: ' . . , 
cert'i.fying the ·technical competence of Radiation· Monitors··. : . 

. [Rockwell _job tit:le: Radiation :Protection Technologists.· (RPT)l~ 
· .The,purpose of certif1cation .is to· assure that.RPTs are· fully .. 

qua.1 ified to perform 'the required duties -in a safe c1nd :proficient. 
rn~nner~ 

·Required training. includes general requirements, academic·· 
: training~ on-the-job ·trajriing and·facility training.and is _ 
, ev_aluated by examination. Levels of RPT are Radiation Protection . 
Trainees, Juriior·RPT, RPT, and Senior RPT. · ·. · 

The ·requirements for. progression to Senior RPT include formal · 
':training of increasing ·depth, continued ·on-the-job traini.ng and_ .. ·· 
experience, and formal testing leading to certification. Once · 

. certified as a Senior RPT, recertification will· occur at.2-yr · 
inter~als. · ·· 
. . ' . ' . . '··, 

• Laboratory Technologist· ' 

:This ,training program ccms.ists of ·general laboratory familiarity 
· <training ·and on-the-job training. Both of these areas --~equire 

·,' 

,.,.,,.- : .. ,·· 

; ,' :··, 

•demonstratior:, of. proficiency through the· use of documented ·. • · • · · 
·performance testing •. The general 1aboratory familiarity training 
also requires written testing. ·· · · 

Retraining is conducted when a procedure undergoes a significant . 
change, every 5 yr, or whe_n a technologist demonstrates difficulty · · 
in performing a procedure. · 
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.. • Chemist:· 

Laboratory .chemists are expected to possess an academic background 
that provides a theoretical base and an~lyt1ca1 experience. · 
Specialized training consists of laboratory.operating procedure 
familiarization arid· self.:study guided by reading,.lists and is a 

. combination of• formal. and on-the;.jpb training· designed to ensur.e·· .. 
that required'du_ties are _per,fonned efficiently and· safely·;,_.· · 

· Performancef:c is· eva 1 uated.,,, during. the· conduct'"of:· 1 aboratory. 
procedures, by·observation, and verbal questioning. Need for 

6· .. ,~ •. •· 

,.:~•.·'.·.·· 

additional training and retraining .is determined by periodic 
performan~e evaluation~ _· >: 

, . "' ' 
~",, 
~-, 

·,.~ 

. 10.2. l.3 Operations Managers.. This training program.applies to al 1 first- . 
· hand, second- level managers .of· operating personnel. .Operations Manager (OM) 
· candid.ates are expected ·to attain. certification. within 12 mo. after entry 
.. into the· training· program. Training Jar certification consists of · · , 

.. ~-~:::_·. ,.. completion. of the requ.ired readlng/study topics; thorough understanding of 
o;,,;,;• :::· · - plant and technical information· as· evidenced by· passing written · · 

._. · .examinations·; demonstration· of on~the,;,.job knowledge .. as evidenced by . 
· ",- · walkthrough examinations of ·all:,areas: of the operations, equipment, and 

· procedures within the area ,of· future. responsibiclity';' and successfuJ 
completion of writtenexaminaticms on emergency procedures and abnormal 
plant conditions .. · · · · · · · · 

\' . - . ' .. The OM recert1ficat1bn ls' required everf 2 yr. by written examinatfolis: 
· and walk-through evaluations. :(To 111a1nt,ain certification, OM are required 
. to successfully complete the· emergency procedures and'abno-,~mal plant·· 
conditions examination: annually~) · · 

' . - . 

-10.2.2 Administration and Records . · 

The Employee. and Organizational Development (EOD.) Department ma•intains 
all official training f'.nes. These files contain the original record of all· 
indivfdual training results, a$ well as: the original ,copy of job 1 i.sts, 
tasks,: and documents relat.ing to ,qualification·and !=ertifications.. . · 
Duplicate records.for PUREX employees w1ll be. kept at the PUR~X Facility. 

The EOO.Department maintains the.official·records'of criticality safety 
training status.· A copy' of the criticality· training records are transferred 
with t~e .employee whenever the employee is assigned Jo another organization 

· within.' Rockwell. ·. ·· · · · 

10.2 .• 3. Adequacy of Training · 

The adequ'acy of trai'ning is assessed in several ways. Occurrence 
,: . reports:_are reviewed by .each organization to determine .. if there is a ne~d 

· for'. training.·· The _review may require a change 'in some aspect of training~ . 
Training and docuinentation would then be developed and- implemented •. · . . 
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. Evaluation· sheets. are periodically presented to. employees to evaluate , -. · ... 
the ·training courses '/programs I contents, materials, and instru,:tor. ,The 
evaluation sheets are reviewed by the .instructor,- plant: .personnel~ arid : 
EO.D _personnel.· . . . . . . . 

Audit·s by ·S&QA, EOO}· and functional internal audits substantiate that.· 
training courses/programs are being·conducted and documented according to 
.government regulations .and Rockwell. po.licies and practices •. 

· . 10.3. NORMAL OPERATIONS 

10.3.l Plant -Procedures 

. Responsibility is as~igned ·and· authority is· delegated to each member :df 
-the ·Vice· President and General Manager!s staff .for issuance of formalized _·, · 
. procedural manuals covering -their respective assigned actfviti~s to_. · · · 
· -implement pc:,]jcy, ,functional programs; and DOE management. directives· 

·: affecting the manner in which. contractual activities c1:re performed~ : 
' ,·, .·". < 

· .. ·· · _· .. The OSRs define the· acceptable conditions, .safe 'boundaries· and ,ba:s~$, • .. 
' ·•· .·.and management ,controls required to assure safe. operation 'of the PUREX · · · 

· Plant •. .The ··osRs include both ,technical and administrative matterso: The· 
' ' technical matters 'reflate to the, features {process- variab:les; systems, or . 

. components) of the facility that are of. controlling importance to,safety; 
.T~e technical-matters ·also include effluent arid environmental specifications 
.addressed .to the attatnment of "as low as practicable" levels, of releases · 

_·and.exposures. Administrative matters address the organizational and. · 
functional requi.rements that are important to the ·achievement and. 
maintenance -of safe operations. of the·. PUREX Plant. ,The OSRs provide· the 

.. · basis for stable .plant operations with a manageable margin between the· 
.. normal. operating range. and the· safety limits~ The OSRs are incorporated · 
.. into guidelines for Plant Operations. · · · · ·. · 

Guidelines for Rockwell's· processing activities are generally written .. 
as operating procedures •. An operati'ng procedure is a written, step-by-step · 
instruction .designed to provide guidance and advan_ce approval for the .safe · 
and efficient performance ·of a specified task. Operating procedures may ··. · ·' 
take one of the two following forms~ · 

• Standard Operating Procedure. (SOP) 

. . A SOP is a proc:edure for a--selected process operation that 
provides·sequenced, step~wise, and explicit,in~tructions~ In 
format, the SOP provides a brief explanation of the system and the 
operations to be conducted, with attention to the specific safety 

, requirements for the job being done, including radiological, 
chemical, and·criticality safety hazards and environmental.risks. 
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,. • Plant Operating Procedure (POP). 

, A POP is a procedure strµctured more f orma Hy than the SOP. 
Development is controlled by specifications. This is the primary 

, format for procedure development, for PUREX~. 

··. S~veral, other types: of· procedures, dtrectly 'contrJbut~, to safety and 
efficiency of, operatlons·, at·, PUREX·~, · 

- . - ., . 
,_: 

· · .· • :' Laboratory , op·erat•i ng, Procedure· ( LOPl.,~ · 

.... The LOP de$cribes, routine laboratory practices~ administrative . •· ·, 
practices,· facility 'Operation; and eq1,1ipment operations requiring · 

. considerable speci,al .oper~tor technique •. :The LOP contains, a , 
sect,1on on, s_afety ,that .discu$s~s unique,.or unusual safety items , 

. that pertain to the use,of the procedure., The LOP is 
· adm1n1strat1ve in nature~ ·· · · 

., e:. Analytical ·Procedure {AP.L .. 

An. AP ·descr·ibes work 'methods :and technical, considerations for · 
, laboratory analyses used· in determining. the. qua:1 ity or quantity. ·· 
makeup, of 'samples to be ·analyzed •.. An AP is,, technical in nature· •. 

• · , Radiation, Work' Perinft :, (RWPf : ... ~: 

An .RWP :provides a· detailed,:,seqOential d·escription.of· thia conduct,,·.'·.· 
of radi~tion w<>rk. ,Specifjc procedures are in place for all 
aspects of PUREX work~~> ,,- . , - ·· ,. ~ : ·· · · ·. 

' ' . 

•• 
. . 

The HPP ·is a'procedure that,governs specific tadiological 
protection practices. · These include instrumentation calibration .· 
checks, site dosimetry, personnel dosimetry, _skin deconta.minatioti, 
etc.', The HPP ,is approved, by the Radiological Protection 
Department.' , , , , · · 

·. e, Process Test Procedure· (PTPL ·., · 

, A PTP .permits testing of; significant changes in process 
flowsheets, specification, or equipment.· A PTP ,out·lines. the 
implementation of a process test plan, which includes an informal 
safety analysis of t,he, proposed changes, defining . potentia 1 
personnel safety haza.,rds or detrimental effects on the equipment, 
process, facility; or·environmento ' 
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· • . Acceptance Test Procedure (ATP) 

An ATP describes procedures to test newly constructed _systems or 
components by checking the response of indicators,.i_instruments, . 

. and. c_ontrollers. Since operational condttions -may_ not: exist, the 
· -signals--may,have to. be. simulated.-· · · - · · · · · 

. . . 

• . Operating test Procedure (OTP) 

Ari OTP provides instructions .-for.checking.and; te~ting of ·a· process. 
system--the · entire system, its· components; :or its. · · 

_ ·1nter~elation5.h'ips to other systems. · - · 

<:.c~.·: . The Process 'Engineering Department 1$ 'responsible for the development 
~·-,.. : of-operating procedures for·PUREX •. The task is·assigned·to the-Operating 

.·-:_, Documents Control Unit. The_ Operating Documents Control· Unit·analysts 
-·Q""!'. ·_ · ·collect applicable technical and -process information from .knowledgeable ', 

- :. _:sources. to ,prepare each 'procedure •. Procedures are irt. a format that ·lends 
-i:;;~. \ • .'- <itself to safe;: ifficient -operation; thi-s format. also i's cpns.istent wi.th the. 

_·· _ ;;'.'.;: ·: • - Rockwell policy statement of safe operation and Witt, ·the. OSR developed for · 
_ ~'- ·--~ the_PUREX:Plant •. · .Technical- and functional ir:rformation--from·PPC and--.• · . - . · < operatio~s personnel :'is structured into user-oriented operating procedures.·, ·-• 

·.Additional inputs. to and approval ·of these procedures are provided by 
Production Proc·essing· or the· applicable S&QA and Nuclear Material Control • 
organizations pr.ior to issua·nce, ·so as to provide sets .of' written· · . · .. - -.. 
•instructions designed_.to enable the user to. perform a specific task safely_ 
and-efficiently~ -The appropriate operating procedures are available-in all 
work. and process .'control areas. · - . ·.- ·· . 

.-- •, .. 
--~ ·, <j ·~~ . -. ';' 

. The P~oduction Processing Function :is re$ponsible :for. determining the · T ... · 
need for new or revised _operating procedures and for approving operating · 
procedures -for use. Procedures require strict compliance to ensure safe• 
operation and "are: structured in compliance with Reference 2 for. both -
radiation and :criticality safety. · · · · 

. . The o·perating Documents Control Unit is responsible for issuance,· . . . 
1 ._ removal~ record .keeping, auditing, and _all other activities associated with·. 
I .·· controlling operating procedures -for PUREX. The· .. operating document _control 

system is.,set up·- to _provide th·e following: . . 

. 1_ :A uniform sy~te!II of procedure control'· assuring that th_ere,:~re -no -
obsolete, void~ or outdated,procedure,s·in -the operating areas of 
.the PUREX:Faci l ity . . . . 

1 • Procedure placement and removal ser_vices 

• . Proc·edure· change. notices.· to· affected :personnel_,. 
. . ' , . 

• A listing of all PUREX procedures for review or audit and .the· 
. status of any procedure.. ·· 

. All- procedures are: revtewed and formally chang~d at any time a change .... 
is made. in the affected. area. 
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The establishment of a system for creating and preserving records is a -
fundamental management responsibility of Rockwell. The Rockwell records 

·policy is contained in Reference. l. The Rec;:ords Department of the Finance 
and Information Services Function has the responsibility for assuring the 
existence of a records system that meets the needs of Rockwell and DOE. 

Records.are maintained for PUREX by various·support. organizations· 
(e;;g., historical operation byPUREX Operations:and Process Engineering, 
radiation,· exposure by Radiological Engineering-,_ environmental 
samples/surveys by Environmental Analysis and Monitoring, quality assurance 
by S&QA, etc.}.· - Records to be maintained include the fol lowing: 

• Records of personnel exposure 

• -Records of plant modifications · 
' . . . .. . 

•· Records· .of personnel -qualifications and training 

• Records concerning special nuclear materials inventories· and 
accountabilities, other hazardous materials inventories; plant 
radioactive effluent releases, radioactive waste disposal, and· 
plant radiation and.· contamination surveys . · 

•· Records of operations relative to .the constrictions and boundaries 
of the safety .limits and requirements, including sample logs, 

· instr4ment settings.or charts, activity logs, and maintenance and 
survei 11 ance logs. -· · · · ··· · · 

. . . . . . 

· Record retention requirements are defined in. conjunction with the 
·description of.the QA program provided in Section 10.7.. 

10.4 EMERGENCY:_ PLANS 

Rockwell has a complete set of emergency procedures(S) that are. 
responsive to Rockwell-policy pertaining to emergency preparedness. The 
emergency plan manual is published so that managers may have it available 
for reference at all times. Each member of management is familiar w1th its 
contents, and uses it for.training of subordinate personnel. 

. . . 

Changes in facilities, in Rockwell organization, .or in government 
requirements necessitate frequent revisions of individual procedurese To 
assure that manuals are up to date~ managers promptly 'initiate appropriate 
revisions. In addition, the emergency plan.is subject to review and 
revision,at least annually by the Emergency Planning Review Committee. This 
committee reports directly to the Vice President and General Manager. _ 

- 10-44 -
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. The manual discusses general .emergency responses and plans, assigns . 
. responsibilities, details methods of and pathways for communication in -an 
emergency; describes Rockwell I s emergency facilities, and contains a · 
directory and emergency log. .Types of emergencies covered include 
·criticality, fire/explosion,· natural .forces, civil disobedience, and bomb 

·.·.threats.· · · · 

Under the emergency p 1 an, the Manager, Safeguards a.nd Security 
· .. ,(alternative!. Director, S&QA) is.considered to be the Emergency Director·· 

· who. is supported by trained, 1 oca 1 . ·emergency teams and p 1 ant-wide · emergency · 
and support groups. · ·· · 

Incorporated into the emergency plan is the identity of offices· of the 
· emergency organization and a description of the system for notifying 
· appropriate persons both within and outs; de of Rockwell. · Rockwe 11 Emergency 

Control, under .the direction of the Vice· President and General Manager, has 
.Primary responsibility for maintaining an overview of onsite emergency· 
response and for fulfi 11 ing · corporate reporting ·requirements and .loca l 
reporting to DOE-RL; DOE, in turn,: is responsible- for notifying :other ··, . · 

· appropriate agencies. · •Detailed information. is contained: in ·the emergency . 
plan communications section.•· · 

The PUREX Plant is equipped:with personnel decontamination rooms and 
,the necessary decontamiriatiori supplies, showers, and alpha and .beta-gamma 
radiation-detection equipment ( see Chapter 8. 0) • · : Personne·l decontamination 

. is .covered in detail in ~itten internal procedures. An RPT trained in 
personnel'decontamination techniques .is always on duty at the PUREX Plant. 
Additionally, in the event of an emergency,·•trained personnel are always. 

· available ,in .other facilities in .. the 200- East and .200 West Areas.· 

Emergency dri 11 s are schedu 1 ed and . conducted for PUREX Pl ant personne 1 •.. 
These include· nuclear excursion evacuation,. area evacuation,· and fire·· 
·drills. Each type of drill is conducted at least annually. The nuclear 
excursion detector systems are checked weekly during plant operations. 
Plant telephone crash alarm systems are checked weekly. ·rhe sirens that . 
. signal area .evacuation are checked monthly. Fire alarm systems are checked· 
every 6 mo. 

10~4~1 Fire Protectio~ 

The Fire Protection Department of the Safeguards and Security Function 
· has the responsibility for preparing prefire plans in conjunction with 'plant 
· management for each facility in PUREX. Prefire plans have 'been prepared for 
'all PUREX Plant facilities. The plans for major facilities·are updated at 
·1east every 3 yr, and for lesser facilities, every 5 yr., Fire protection 
personnel· review these plans in:their·tra-ining sessions three to four times 
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each year. Fire protection personnel and equipment from the 200 Areas Fire 
Station are available _to react to any emergency in the PUREX Plant. They 
are located within 3 mi of the plant and can be available at any PUREX Plant 
Facility within 6 min after receipt of signal. Additional backup is
available at the 100 Area Fire Station, 7 mi from the200 Areas Fire 

.- ·station, and. at the 300. Area Fire. Station, 20 mi from the 200 Areas· Fire 
· Station. · In- addition, there is a mutual aid agreement wlth the City of 

Richland Fire Department making personnel and equipment available in the 
case-of extreme emergency~ All members of the Fire _Protection Department 
have· had ·.advanced first-aid •;training·_~. 

All Patrol personnel have also had advanced first-aid ·training •. The 
Patrol Department has about 50 people available in the 200 Areas during the 
normal work·week and 46 people available on shifts, weekends, and holidays 

· _ to assist in an emergency •. 

,. 

10.4.2· Emergency Shutdown of Process Systems 

Specific emergency shutdown procedures are prepared for each p.rcJ'cessing· 
system or area by Process Engineering. These procedures are located and 

. maintained within the operating.procedure system: They are issued· and 
· . 'controlled in the same manner as. operating procedures ... , · 

10.4.3 Emergency Medical Services 

· ,,., · Medical services are- supplied by -the Hanford•,·Env-ironmental Health 
Foundation." The 200 East Area First-Aid Station is located· less than l mi 
from PUREX. ·The station. is .fully equipped with- first-aid supplies. 
A registered nurse .is stationed in the-200 East· Area First-Aid•Station 
during the normal work week and is located in either the 200 East or· · 
200 West Areas on shift, weekends, and holidays. Ambulances are located at 
the 200 Areas Fire Station. Additional ambulances are stationed in the 
100 N Area and the 300 Area, and are available in an emergency. Fire 
personne 1 serve as ambulance drivers and assist the. nurse as requ; red. -

Additional medical support provided by-the Hanford Environmental Health 
Foundation includes a competent medical staff knowledgeable in radiation
contaminated injury treatment techniques, as well as decontamination 
methods. The foundation has a wel 1-equipped radiosurgery facility, located 
near Kadlec Hospital in Richland, for· treatment of injured, contaminated 
personnel. A medical doctor. is· always 11 0n call" in the event of extreme 
emer_gency. 

Details of established.radiation exposure·guidelines and arrangements 
· for· the formation of an emergency technica.1 advisory group. are al s.o included 

in the emergency plan. 
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Decommissioning of PUREX -is anticipated to 
0

be accomplished as .p.art of -
an overall progr,am effort for DOE facilfties.(12) -

- - . 
Rockwell personnel have been involved in both, iri-plarit and onsite . 

_ decommissioning ·efforts involving radioactively.contaminated facilities.' 
· In-plant experience includes decommissioning of _the ·Recuplex· Plutonium 

Facility and the Division of Military Applications Plutonium Fabrication 
. Facilities. Onsite experience includes the decomm·issioning of the•-

- Pll Plutonium-Contaminated Critical Testing Facility. Ext_ernaJ radiation . __ 
-· -- exposure :and internal plutonium deposltiori were well control led during :these · 

activities. - No applicable .limits.were exceeded. - __ - · 

- Rockwell International personnel have experience in organizing,. - · 
managing, and conducting decontamination and decommissioning programs. 

· -Initial activities began .in 1969, with decommiss·ioning ,of the· ,Hallam ·and · _ _ _ 
Piqua Reactors. These activities .'have:evolved into a comprehensive ;program· · _ 

- established to decommission eight facilities at Atomics International's 
Santa ·Susana Nuclear Deve 1 opn1ent ·site. · -
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11.0 - OPERATIONAL SAFETY REQUIREMENTS 

11.1.1 Applicability and Objectives 

The Operational Safety Requirements (OSR) herein, in accordance.with 
U.S. Department of Energy (DOE) Order 5480.lA, Chapter V, define acceptable 
conditions, safe boundari~s arid bases, and management controls required to 
ensure safe operation of the Plutonium-Uranium R~duction Extraction (PUREX) 
Plant during the processing of irradiated fuels.ll) Operations outside of 
the specified boundaries and conditions could result in-an unacceptable 
level of risk to the public, site workers, or environs or a compromise of 
facility integrity. · · 

~iz.~: 

~::; 11.L2 Definitfons 

The OSR are divided into the three following categories. 

• Safety Boundaries 

Safety Boundaries refer to the values of safety-related process 
variables which are observable and controllable. Operation out
side of a safety boundary may result in serious consequences._ 

• Safety Conditions 

Safety Conditions refer to those.technical conditions or restric~. · 
tions essential for safe operation. 

• Control Features 

Control Features supporting each safety boundary and safety con
dition are delineated in this document. Specific Limiting Control 
Settings (LCS) and Limiting Conditions -for Operation (LCO} to 
implement each of these control features-are defined jn internal· 
Rockwell Hanford Operations (Rockwell) documentationat2) The LCS 
and LCO define_ the minimum equipment operability requirements, 
repair schedules, operability testing or calibration schedules, 
and more conservative operating limits. 

11-1 
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11.1~3 Operational Safety Requirements ,Violations 

The following ·items are OSRviolat1ons: 
. . 

. . . . 

, t) . Operating outside of a· safety bounda.ry · 

· e'i, Failing to .meet, the requtrements ·of. a'. safety co'r1dition 

•T FaHing:,to :have:.a: specific;,co11trol feature in ,place;; 

11.t.4. Corrective or Responsive• Action: 

· A. violation of ·a safety boundary or safety condition would normally be ··. 
detected._at the time of occurrence since. the specific control· features 
provide ,early warning.·. Violafion of a safety boundary at safety condition •. 
could also be detected after the.fact during r.outine process control review-

. or perfodic audito Failure to have. a specifi.c control feature in place . 
-should. be detected and corrected during· the ·prestartup · review or would'. be 
detected after the fact~ '. Actions· to be taken _in response to _OSR violations:: 
detected at the time of occurrence are delineated in Section lLl.4.L 

. Response to·, violations detected -after the fact is· defined, in 
Sect i o.n 11. l. 4 .2'. . 

lf.1.4~1 . Violation Detected at' Tlnie .. of· Occurrence; --when· an OSR violation~. ·. 
is detected at the time of occurrence·,. the, foJlowing' ·action shall be taken. · 

• , • • < ~• '•, \ •: • C •, • • < 

·. ·· • The· :affected process sh.all be. brought to an orderly shutdown; this., 
· may require shutdown of· ,the entire 'fat:flit.t~ , lf the violation or 
response is addressed: in 'an en1ergency pro·cedure, that· procedure . 

. shall be followed. <.:,.· · · · · · 

· · .. • - The· following people (by positi~n) shall be promptly notified: 
Manager, PUREX Process Operations; Manager, PUREX Operations; · 
Manager, PUREX Process· Control; appropriate-Department Manager,: 
Safety_' and ,Quality Assurance· (S&QA) Chief, Nuclear Processing 
Branch~ DOE-RL. · ·-• :: ·. . . 

, e, Rockwell shall. ;·rivestigate the viol.at ion,, recommend corrective 
. actions tcr.prevent'.further<violations, and prepare an unusual . 

· · · occurrence' report •. • :This. report shall' be reviewed. by the. appro- . 
priate Rockwell safety.committee and the DOE:-Richland Operations· 

,Office '(RL). -

11:-2 ·-·· 
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,_., · The facility shall .not restart. untfl the. following h~~e :been 
·· completed: : · · · 

, - The faci iity system,· or ;process has .:been returned t9 a Safe· 
·. condition·. 

· Actions or controls have been establ:ished to reduce proba
bility ·of· a.reoccurrenc:e. 

" ~ . . . - ,', 

. ·Approval'··to restart 'has. been obtained from' the following:: , 
. ,:. Director, Production Processing; Di'rector, S&QA arid DOf-RL · 

Director, Nuclear Materials Productfon Divisiono · 

. · 1L1.4:2 . Violation Detected After the Fact~·. -When an CSR violation is' 
· .. ·detected ·after the fact_, the -following act_ion;·sha.ll be taken... . .. 

"., •· :A~·immediat~•investigation shalfbe,made.by'a PUREXPr~c:ess···•· .· .. 

·.,' 

· .Control Engineer and process, supervision to determine the .safety 
of'the processing operation and the immediate·corrective action to 
be taken to as·sure. safe conditions. · . . .. · ... · · 

· :•.,•:·.The- Man.ager, .PUREX Operations_· Department 'sha.11 · decide,'· based.··ori' ·.· 
· the . .results pf _the_;pre1 iminary inv:estigat.ion, :whether-or. not to·· 
·. shut down the· affected process or, ... operation. 

, • .· The following .people (by position) shall be promptly _r1otified: 
'Manager PUREX.Process Operations; Manager, PUREX Operations; 
. Man~ger ,_ PUREX Process Control; appropriate Department· Manager,. 

. _:_S&QA; ·chi.ef~ Nu:clear Processing Branch,, DOE-RL. · 

•· Roc·k~el 1 · shall ·investigate th~ violation,·. re·c~mmend ·c~r.rective .· 
actions to. prevent further violations~ and prepare an unusual 
occurrence report •. This report shall be reviewed by the.•appro:,.; 
priate Rockwell'safety committee·.and DOE-RL.. · 

' ' 

• The f ac.il i ty sha 11 not restart (if shutdown is required) or. 
· begin the· next.scheduled processing campaign_(if operation is 

conti_nued) .until the following have been completed:·· 

Actions or· co~trol s have been es tab 1 i shed. to· reduce proba- .. 
bi 1 i ty of a reoccurrence . · 

Approval to resume operation· h,as been obtainedf;om ·the 
fo 11 owing: · Di rector, Production Processing; Di rector~· S&QA; , 
and Director, Nuclear Materials Production Division, DOE-RL. 

, : 
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11~1.s Revisions 
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Revisions to the CSR.document to correct discrepancies; reflect process 
flowsheet or equipment chang~s, etc., shall be initiated- by the PUREX _ 

· Process Control Group~ R~view and.approval of-revisions to the.CSR shall be 
·as. follows: · 

- Same- 1 evel ~ with:f n :; Roc~wel l, as· orci'gj nal : document 
. ' ' . .· 

• -Safety Boundaries, ·safety Conditions, and-Control Features 

Same lev_el, i.ncluding DOE-RL, as· original_ document 
. . 

- - • Sec.tion lL.l, PUREX Final Safety A~alysis Report (FSAR)· 

Same level, including ~aE..:RL~- as ori~inal document. 

11.1.6 - Audit Link 

_- __ · : An aud,t li'nk exists ·between -th.is OSR chapter," the accident· safety 
· analys'is '(Chapter. 9e0}"-and the ·process control documentsc - The ·1 ink: within _ 
_ this FSAR is given in Table 9~3. ;The· link _between the OSR and process con..: 
trol documents is: provided by an ad_dendum to RHO-RE~MA-s,: PUREX Process- - · , 
Contro'l Manual (PCM). (2) - The PCM-addendum contains_ each safety boundary and' 

. safety condition as presented in the ·osR~ followed -- by· Control Feature 
_ Requirements (CFR). that ·1mplement ;the.specific control-features •. -The ·CFR .- -

contains the LCS and· Lco· which .provide more conservative operating limits, -
· minimum equipment operability requirements, repair schedules, and -- · 

operability testing/calibration .schedulese Revisions to the CFR-to correct 
discrepancies, reflect process flowsheet or,equipment changes, etc., shall 

_be initiated by.the PUREX Process Control Group. Review.and approval of CFR 
revi-sions. sha-1 l b_e at the. same· level, within Rockwell; _as for the original -

. _ PCM -document. The S&QA approval authority -for both :the original PCM and 
_-_ revisipns is -the. Safety_ Review- Coordinator. - . - · -_- .. - - · . · 

•· 1L2 · -SAFETY BOUNDARIES 

The safety boundariesapply to those·safety related p'racess variables ... -
and condi.tions which are. observable an.d controllable~ The specified safety 
boundaries represent the maximum (minimum) values for the respective ·_ 

.. variab'les where it can be said with co·nfidence that no serious· consequences 
. will .occur. Operation of the plarit or process under-conditions outside the 

scope of the safety boundaries could result 'in serious hazard to the- public, 
environment, or operating-personnel. - An infraction of a safety boundary 

.requires the immediate notificatiqn ofDOE-RL and the prompt, orderly 
shutdown of tlie affected porticm of the processing operation. Depending- _ 
upon the affected -opera.tfon,. it may be _n~cess.ary- -to __ shut down_ al 1- production . 
_process.fog activiti~s. -
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lL2-.1 · Jodine-131 Content of Fuel 

11.2.1.1 Applicability. This safety boundary applies to.any nuclear fuel 
that·m~y be dlssolved -for- reprocessing at the· PUREX P.l_ant. · · .. · · 

.. " ,, 
'· . 

11.2.l.2 Obj.ective. The objective is to define the maximum 1311:tont~ined ..... /·•.,: . 
in one dissolver charge·of irradiated ·fuel. · · ·· · · 

.. , 11.2.1.·3 Safety Boundary. · The amount of: 13b contained in one d:is_solver 
· · , charge js limited to 1.3 .x 105 Ci ;.;O; 

. _· ;· ll.2.L4 .. Bas~s., The 1311 QUcintity ;stated is that analyzed in the short-< 
coo 1 ed. fuel ace i dent in Chapter 9. 0. The actual quantity norma Uy• processed 
will be much lower as describedinSection 11.3.2.4~ · 

11.·2.1.s · _Control Features. _ Processing of only authorized -materi,al will · · 
a.ssur·e fow levels of 131.r. in the PUREX Plant. • The green fuel monite>r- wH.J · 

_ permit detect i.on -of short-coo 1 ed -:fuel prior. to charging·,·; n the event · · · _ · · 
-administrative controls at.both UNC Nuclear Industries and Rockwell break 
.. down.· Temperature limits :on. the •dissolver off gas· (DOG)~. s;Jver <:reactor 
:regeneration, -and acid absorber operatio_n assure ·that .the· minimum deco_n-
tamination 'factor (DF) assumed .in.the accident analys_is is maintained,. The .. 

-··.-:o;radiation·devices in the·offgas_ system are todetl:!ct abnormal l31r~re•l¢ases · 
: 'ar:td. :to permit prompt· corrective action.: -The testing/caJ ibration program·: · · 
•. assures the mitigating conditions assumed in··the .accident analys'.is are .. :· 

available· -and functioning •. Specific· control· features fol low.; · . -· -· ·--. · 

-A~· . Only material authorized -in ·Section 1L3·.2 shall be processed~ -

. B.. A radiation measuring device· (green fuel monito~)- shall -be·: located . 
· in the PUREX Plant· rai l~oad tunnel.· The radiation emanating from ··,: 
·the: fuel wi-11. be readily detected and· measured as. the canisters pf 

.· •fuel are removed from the cask :cars and transported to the · · 
~dissolver.. · · 

· C. The DOG temperature operating range shall be defined to assure .· 
efficient operation of the silver reactor and preclude the_· 
formation of. silver. azide~ · · · 

· D •. _ .The silver reactor regeneration· -frequency shall be defined to· .. ·-
. maintain an acceptable-OF for 1311. ·. 

E.. _·Radiation· measuring devices .shall be .installed 1·n the;.DOG systems · 
· to provide early warning. ·of 'highe,r than normal 3lr releases as . · 
the fuel is dissolved. · · 

F.. Operability requirements· for the- 293-A backup fac.ility acid. . 
absorbers shall be established to recover nitric acid and attain · 

·.·additional 1311 decontamination from the DOG during fuel. , . : · 
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dissolutione Operability requirements shall also be established 
for other equipment necessary to support these specific control 
featureso 

G~ Operability testing/calibration schedules for equipment and· 
instruments required to support these specific control features. 
shall be.established· and executed. 

11.2-.2- Ammonia Concentration-'in ·Off_gas· Systems,, 

11.2.2.1 Applicability. These safety boundaries apply to the ammonia 
concentration in the dissolver, E cell,-and the ammonia scrubber waste 
concentrator (E-Fll) offgas streams. · 

11 .. 2.2.2 Objective. The objectives are to prevent the.occurrence of an 
ammonia fire in the listed systems and-to limit personnel exposure to 
ammonia. · · · 

11.2.2.3 Safety Boundaries. · Safety boundaries follow. 

A. The.maximum concentration of ammonia in the effluentgas from 
the dissolver and E cen · ammor:iia scrubbers shall be 14 vol%. 

·e. 'The moisture content of the vapor space in TK-E3, -ES, and -:Fl2 
shal 1 be maintained above 10 · vo1%:·whenever ammoniacal solu:tions 
are in the tanks. 

. . . ' . 

C. The discharge of a11111oni a from the PUREX Pl ant .sha 11 be con-
tro 11 ed so as to limit the concentration at ground level at the 
project boundary to 25 ppm parts .of air cm a weekly average. 
basis. · · 

lt.2.2.4 Bases. Ammonia is flammable in the range of about 15% to 30% 
ammonia in dry air~ Water·vapor effectively decreases the range of flam
mability~ so that at about 44°C, th_e vapor pressure over an aqueous solution 
is sufficient to render all ammonia and air mixtures nonflammable •. ·. At·a 
temperature of 44°C, the moisture content of saturated air is 10 vol%. 
Ammonia reacts with nitric acid or oxides of nitrogen to form ammonium 
nitrate, which is flammable and, under extreme conditions, potentially 
explosive. Ammonia may also react with· silver nitrate (present in the 
offgas iodine removal facilities) to form silver azides, which are flammable 
and explosive. This reaction is prevented by controlling the DOG tempera
ture as stated iri Section 11.2.1.5. The limit in Section 11.2.2.3 9 item 1, 
is intended to ensure that the lower flammabi1ity limit is.not exceeded in 
those systems where the presence of moisture·cannot be assured. In those 
systems where the presence of moisture can be ensured, the requirement of 
Section 11.2.2 .3, item 2, applies. · 
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The 1 imit specified in -Section 11.·2.2.3, item 3, for ammonia in the ·air 
. ,s the Threshold Lim,t Va.lue (TLV) established by._ the American Conference of 
Governmental and Industrial Hygienists for areas of.uncontrolled 
occupancy. ( 3) 

11.2.2.s: Control Features. Ammonia monitors on the DOG, E cell, and 
296-A-24 stacks combined with the established temperature and-cooling :water 
flow limits assure ammonia concentrations are maintained ·below the safety 

· boundaries •. Minimum operating temperatures in tanks• containing .ammoniacal 
solutions maintain sufficient wate.r vapor to assure. nonflammable air~ 
ammonia-water mixtures. Maintaining TK-ES Linder vacuum during -the reaction 
of decl adding. waste with caustic minimizes the amount of ammonia· ·released to · . · 
the cell and subsequently_the a.mount of ammonium nitrate formed and depos-
ited on the main canyon exhaust fi.lters. Air dilution combined with _effi
cient operation of condenser E...;fll assures that the ammonia concentration at 
ground level is •below the TLV. The operability testing/calibration program 
assures _that the· mi-ti gating condition.s. assumed are functioning •. Specific 

··control features·follow. . - : . - .:·· ·-_. ·· · - . · 

A.· T~e maximum allowable·ammonia concentrati-on in the ·effiuent gas 
fro·m the disso.lver .. and. E cell ammonia scrubbers shall be· defined 

;·'to allow corrective actions .to control the ammonia qmcentr_a:tion 
. - ·within the safety boundary~ 

. . . . . . ·. . ' . 
. . - . . -

B.. -_ The maximum temperature of the effluent gas from the downdraft. 
condenser towers during decladding shall.be defined to enhance 
ammonia removal from the gas stream.. · · 

C. - Minimum water flow rates shall be established for the DOG ammonia 
scrubbers during decladding and for the E cell ammonia scrubber 
when ammoniacal solutipns exist in E cell and during the chemical 
adjustment of cladding waste with.sodium hydroxide in.TK-ES. 

D. · A minimum operating temperature shall be established for tanks. 
that contain or may contain ammoniacal solutions •. 

E.· Controls shall be established to minimize the transfer of ammon
. · iacal solutions into vessels serviced by the regular' vessel vent 

system. · 

F. Personnel entry shall be restricted from any onsite location where 
·. the ammonia concentration exceeds. an es.tablished limit, ·ori an 8-:h • 

-- average basis. · 

G. Minimum equipment operability requirements and repair schedules 
-for the ammonia offgas system blowers, ammonia monitors, and other 
necessary equipment shall be defined to support these specific 

. contra 1 f ea tu res. · · 

H. Operability testing/calibration schedules for equipment and. 
instruments required t'o support these specific control features 
shall be defined and executed. 
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11.2.3 Hydrogen Concentration-in ~ffgas Systems 

· · ll.2c3. l Appl 1cabil ity._ These specifications apply to the hydrogen content 
of the DOG system· due to. the _chemH:al decladding reacticH'ig arid in all 
process· vessels. ·due-to ·radiolysis~ : · · · 

·. -11.2.3.2 Objective~ . The _pbje¢tive is to prev·ent the· occurrence of a ·fi.re. 
or explosion-due to hydrogen -accumulation .exceeding. the:flananability or 

-- eJ:<plosive. _11mit,s~, · -

11~2.3.3 Safety Boundaries~~-·· Safet;y· boundaries: follow~::· . 
' . . ' -~ . 

.· • The _maximum concentratio·n of hydrogen: in the offgas from ·a dis"". 
solver .shall be. 6.0 voll. ·· 

, •· The calculated concentration of hydr~gen gas f~rmed by_ solution 
, , · radiolysis shall not exceed. 4.0 voll· in all other process vessels •. 

11.2;.3.4 · Bases~_The hydrogen generated:in the PUREX Plant during fuel 
element decladding.and by:radi.olysis of hydrogen~bearjng_material is.-· 
controlled to preventa.hydrogen.fireorexpJos1on. The. lower flammability 
limit of _hydrogen in dry· air._ is -4~1 voll for upward flame propagation •.. The -. · ·, 
flame_:produced .. at thi-s concentration is .erratic and barely_ self ... sustaining. · · · 

· The· limit for horizontal _.flame propagation is 6c0 vol% :hydrogen. Ignition · 
(presumably an-open flame would be required a:t this· concentration to raise 

· the. local -temperature _to the. 350~C ignition,,point} of a 6~0 vol% hydrogen-. 
air mi,stvre in er r_oom would result in .window br~akage and personnel · : 

. burnsA4J: A significantly(higher~: concentrati~n. (>16 .vo]I) wou_ld, be required:·. 
·. for. an explosion to occur. 5,6) · < . . . . - · -. · · .. 

. . ' .- ' . . - . 

- · At concentratiQi"l$ -Of <10 vol% in air, less than one-half. of the , · < 
hydrogen is burned.l4J At 6 vol% hydrogen, there is a .near zero probability· - · ·• 
?f ign'ition·. in the -DOG. system (9.l(' volS hydrogen in dry air .could not be: _ . · 
1gnit~d with a spark -plug source). SJ ·. If ignit1o11 did occur· in some .. -

. unforeseen_manner, damage to. the DOG equicment would be. minimal. (maximum · · 
calculated pressure .•il"!crease is ,22 lb/in.2 g) arid '.there ·would be .no danger 

.· to personnel 'as the equipment is· located, in. a remote shielded. area._ 

An additional s~fety·margin,is provided in.the DOG.system by 
-maintaining a LCS ·of 4.0 voli hydrogen and stopping the reaction by adding -
· drown tank water to the dissolver if the uncorrected reading reaches . 

s~a vol%. The readings are normally biased high by Oo2 to 0.4 vol% hydrogen· .. 
due to the presence of water vapor in the.sample. Also, under dissolver · 
dee ladding •conditions at a ·temperature of >86°)C, '·an hy~rogen-air-water. 
vapor (saturated) mixtures· are nonflammable. (7 ·. · · · . 

The more conservative 4.0 voll.safety boundary is. applied to other 
·. process vessels .to. allow. foruncertainties in the .hydrogen generation 
· calculations ••.. , _ . · · 
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11. 2 .3. 5 . Centro l Features. . The concentration of hydrogen in the off gas_ 
· .. :from the decladding step i$ ·measured. · The concentration.is tontr-olled by· 

:, adjusting the rate of· the cladding· d.:fssolution· reaction. ·and· diluted,- if . 
•. necessary, .by the in-bleed .of cell air to the DOG system~ · · · 

' • • ' ' • I • • - • • • • , • • • ' \• ~. ., • • • • ~•, 

. ' ' Hydrogen ; s a by-product o't. -the reac~ ion bet~~en Zi rca l c;>y an{ ~oni um 
fluoride .• · In the presence of nitrate ·ion the llydrogen reacts to form , .. 

· .. __ ·ammonia. .Hydrogen in other PUREX ,Plal'lt vessels is formed by radiolysis of_ 
;water. The concentration .-is rea~ily_ di lu:ted by air ·leakage int.o the tanks
and discharged to the various·: vent systems •. Specific control -features· · ·follow. · ·· · .· · · ·• · · · · ·. · · · ·· .· · · · ··. 

· A~ The maximum-allowable -measur~d hydrogen concentration i~· the DOG. 
system shall be defined· to allow.corrective actions to control the 

. ·. hydrogen within ·the.safety. boundary. · ·· ·· · 

. •-· B~ :i.\ minimum nltrate iori: concentration shal 1 :be defined :for _the _ _ .. 
· decladding solution at the_ start of the decladding step to control_, 

. , the maximum, hydrogen- generation rate. · - · 
. . . . - . 

-- -. C •. : .·A maximum hydrogen concentration in the ·-·atmosphere of '.al 1 process _ 
. vessels . except those, vented by the DOG systems sha 11 be defined~ . ·. : 

. D •. ' :Minimum· operabj l ity req.uirements shall' be -defined. for·'equipmerit 
necessary to ·s.upport these speciftc control f_eatures. 

·: E. · Operability testing/calibration schedules for equipment and ... 
. instruments·required to·support these specific control features 
.. shall be· established and . executed. . . . . . 

11.2.4 Fuel Receipt and :Handling · 

. · 11.2.4.1 Applicability. .·The safety boundary applies -to. the receiving, 
· 'handling, and charging of nuclear fuel to the dissolvers.~ · 

.11.2.4.2- Objective. The objective is to minimize the probability of 
: -. spontaneous ignition of fuel during the fuel handling and charging · 
.. , operat i ans. · · · · · 

. ,., .. 
. ' . 

'• 
'. -- ~ 

.. ·> -- .. ·. 

·. ,_ 

... _ .. _; 

_;,,,, ' - · .. 

': .. ' . . 

· 1L2.'4.3: Safety Boundary. The· temperature of any portion ~f a fu.el eiement \: ' 
·shall not· exceed 300°C. · ·· · 

· ·U.2.4.4 Bases •. _ Exposure of irradiated fuel elements to. the :atmosphere for_ 
· excessive periods could result in overheating and:subs~quent ignition. Both· 

._ uranium and zirconium are pyrophoric. The- uranium fuel .element ignition · · 
· ... temperature was estimated to be 300°C in' the Chapter 9.0 accident analysis • 

. ca1Cu1ations Show that the 150-d cooled fuel would self-heat· to 446°F 
. -•. (230°CJ in 15 h Jn the absence of a mechanism for heat removal. This would. 

characterize a f:illed.double-barrelcanister with a total of 14:-fuel 
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elements~. The canister is cJS$Umed to contain 121 240pu fuel and to be qn 
1ts side within the canyon.l8J Combustion would. not occur at this 
temperature even if the cladding is breachedo 

ll.2.4e5 Control Feature. The control-features assure thefuel element 
temperature is maintained within conservatively safe limits at all times. 

·• Specific control featlJres follow. · · · 

A~,._ In the event irradiated fuel is held. in the cask longer than the· _ 1--
tfme· r.econanended by; PUREX Process Control on the,sh1pp1ng papers, 
control shall be-established to ensure adequate cask cooling. 

B. Controls shall be established-to ensure that fuel in the dissolver 
is adequately cooled, to prevent ignition of uranium or _zirconium. 

C. The requirements shall be defined for developing a recovery plan 
as'well as restrictiofi for fuel movement following the dropping or 
spfl 1 ing of a container· of irradiated nuclear fuel. 

D. Minimum equipment operability requirements and repair schedules 
· shall b~ cleffried to support dissolver charging operationso 

' ' 

E. -Operability testing/calibration schedules for equipment and· 
instruments required to support these specific control features 

· shall tie es tab 11 shed and executed • 

llo2;.5 FlamableSolvent Vapors and Aerosols 

_ 11.2.5.1 Applicability. This ·safety boundary applies to the prevention 
of solvent fires. in a_l l process vessels· in the solvent extraction {including 
concentrators/condensers) and solvent waste treatment systems {F, G, H, J~ 
K, L, and R cells). -

11.2.5.2 Objective;._ The objective.is to prevent the occurrence of an 
organic solvent fire or explosion ina process vessel. 

. . . . . 

11.2.5.3--·Safety Boundary. The concentration of-organic in vapors and/or
aerosols containing <33 vol% water vapor shall not exceed 46 mg/L. 

11.2.5.4 Bases. The PUREX process solv_ent consists of materials with 
predictable vapor pressure/temperature relationshipso The safety boundary 

- organic concentration in vapors and/or aerosols in dry air of 46 mg/L is the 
established lower flammability limit,for hydrocarbons of chain length Cg or 
greater.{4) This limit therefore applies to normaf.paraffin hydrocarbon 
{NPH). The similar limit for pure tributylphosphate {TBP) is 88 mg/L anct is 
not reached·until the temperature in an_unagitated Vessel _reaches 146°Co(9J 
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The 46 mg/Lconcentration due to the vapor pressure contribution of,NPH 
· i.s reached at a minimum temperature of 80°C. Calculations based .on censer~ 

vative assumptions for available vapor space~ agitator -aerosol gen·eration 
_ rates, and aerosol settling rates are made to determine the maximum aerosol 
-.. contribution ·towards the vapor phase organic concentration. (10-12) -- -. . . 

A temperature LCS based on the worst-case tank is then_ selected to assure 
the 46 mg/l value is not •.exceeded in any tank. 

Very fine aerosols or 11mists 11 with particles in the size range of 10 to 
.· 60 µm may be flammable at organic concentrations of less than 46 mg/Land at 
temperatures from well below the flashpoint (80°C minimum fo~ NPH) to 90°C. 
At 90°C, mist flammability is limited by lack of sufficient oxygen -in the 
mixture. Engineering calculations have shown that NPH particles-in aerosols 

·-. which may be formed as a result of agitatiqn in.· PUREX vessels· would have a · 
.mean diameter of greater-than 300 microns.ll0) -Thus, the 46 mg/Lis . 
a~p l i cable wh_en both vapors and aerosols are present. · 

For wet ·air systems, such as .in a concentrator/condenser or the .. 
·discharge from a steam jet, flammability is limited by the water vapor 
concentr'ation. For kerosene-type hydrocarbons 9 gaseous mixtures containing 
greater than 33·vol% water vapor are not flammable under any conditions, 

· Wheri water is present as .a separate .Phase, dilution to 33% water vapor -is 
reached at 72~C. At this temperature, ·the vapor pressure contribution of 

. pure NPH }S well below the 46 mg/L flammable conceritrati.ono · 

li.2 .• 5.5 Control Features. The concentration .of organic in the vapor phase 
is primarily controlled by establishing upper temperature limits_ for the 

· 1;quid phase, controls on the volatility.of the organic diluent(NPH)· 
purchased for use, and operat"ional·controls which limit formatfon of 
aerosols. In agitated tanks,which contain organic, a lower·allowable 
operating temperature is established to ensure that the sum of the concen
tration· contributed by vapor pressure and by any aerosol formed by a · 

. partially submerged agitator is less than the concentration allowed by the 
safety boundary.· The use of steam jets for· transferring Qrganic is avoided 
whenever possible or controlled to prevent gasing which could result in · 
exceeding the temperature limits near the jet suction leg. Controls are 
also established over agitator operation in tanks containing organic to.· 
avoid ·.spark generation •. Solvent spills and leakage from a .pressurized .. 

_ system are limited to avoid aerosol formation and to assure that airflow 
through the ventilation ~stem filters would not be significantly reduced by 

- • soot resulting from a potential fire. The equipment operab;.lity require
ments. and the. operability testing/calibration program assure that themiti
·gating conditions .(e~g., aqueous _film-forming fire. protection system). 
assumed' in the accident analysis are functioning. -Specific control features 
follow. 

·A. · Any potent.ial ly organic-containing process stream fed to an evapo-
- rater (or other vessel) in which solutions are heated above an 
established temperature shall be steam stripped or decanted. 
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B. Vessels that contain or have contained solutions that have con-. 
tacted an organic solvent and have not been steam stripped or · 
decanted shall be operated above the established temperature only 
under special ccmditions:and procedures reviewed and approved by 
the Director~ Production Process1ngo 

C. Maximum temperatures, shall be established .forr all aqueous feed,. 
scrub,. and stripp:fng,:_.streams to' the solvent extraction°columns and' 

. for· all vessels:·•·cont·a.ining,,organ.ic-'.'solvent·· during,,•both,:normal\and" · 
flushing· operat·ions. · 

D~ The potential· .formation·-of large quantities of organic aerosol · . 
: shall be avoided by using. pumps for .t·ransferring· organic wherever· 
practicable •.. , · 

E~ Special precautions shal 1 be :·taken to avoid gasing of steam jets 
used. to· transfer organic. • 

F. Interlocks shall be provided·to prevent operation of an uncovered.· 
bottom agitator blade. n, tanks containing solvent to minimize the 
possibility. of agitator/shaft failure_and·the resulting spark . 
source. . 

· ··· · ·. G1 .. : .. Temperatures .potentiall,Y.resul:ting in. vapor.·:phase organic concen- .· 
· . trations exceeding ·the safety boundary of· 46 mg/L from· both vapor .. · · 

. pressure:and'.aerosol con.tributions;shall ,be.established for'each 
~~ . 

H •.... A tempe~atul"e limiting control setting shall be· established based· 
on the worst case tank .:fdent.if-ied in item G~ 

I •. Controls shall be es~a~lished:'to··l~~Httie· volatility"ofNPH 
purchased for use (m1mmumflashpo1nt).,(l3), · .·, . ·. 

·, J. .Air jets shall, be used·. for ·sampling. PUREX tanks that normally con-
tain, a separate organic .. phase. · 

. . . . . . ' . - . 

·. K. .. Controls. sha 11 , be, estab 1 i shed to 1 imi t organic so 1 vent sp.il ls' or · 
·.leaks.from a pressurized part of the. systemc• · 

, . '. ' . . . 

L.. Minimum equ.ipment operability requirements and repair schedules> 
for the temperature measuring.systems, temperature,.;.steam (or 
cooling· water)-interlocks, agitator interlocks, and·other 
equipment·to support solvent-extraction operations shall be 
defined.• · · · · · · · 

M •.. Operabi lity·testing/calibration schedules for equipment and 
instruments required to support these specific features shall be 

· established and executed. 
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lL:2.6 .· Concentrator Temperatures .. 
. . . . 

· 11.2~6~} . Applicabil.ity. · These safety bou~daries apply to the ~following 
process ·vessels: .. 

· • . lWW concentrator, -E~F6-1 

· • 3BP _stripper, T-L6 

· .:.• · 3WB concentrator, E-H4-l 

•. 3BP .concentrator, E-L7-1 · 

• . lCU .concentrato·r, E-JS~i 

· • .. Uran1urn rework tank, TK-P6 L .· 
• ' • • r • • 

• .. 2EU concentrator, I-K4.:..L: • 

. •· ·1 . • ··waste hydrolysis tank, TK..:f8 •. 
' . . . '. 

11.-2~ 6.2 :~Objective •. The objective. i.s to prevent the formation and· 
. ·potential violent .decomposition of.·nitrated ·organic.compounds ... · 

. . ' ' ,' . 

· lL.2.~~3 . Safety Boundaries •. Safety. boundaries ror concentrator.tempera
. tures follow~ ·. 

·•·The.maximum solution temperature iri vessels.E-,H4-l, E..:JS-1, 
.· · E-K4-l,' TK-F8 11 T-L6, ·E-L7-1 and-TK-P6 shall 'be 135°C. .. . . ' . . , 

• . The ma·x:imum solution temperature in con·centrator E-F6-1 shall be · 
· 14b 0 c. . . . 

... ll.2.,6.4 Bases. Vigorous exothermic reactions can occur:between·nitric . 
· · acid or heavy metal nitrates and some TBP: diluent mixtures under conditions 

that ·might arise during the concentratio·n of waste and product solutions. · 
Violent react.ions .resulting in equipment damage were experienced 'duri n

1
g) . 

earlydevelopmental work and were verified in laboratory studies.( 14- 6 · 
. More recent.;:laboratory work in which various ,d_ilu~nts ~ere· stud~ed hiJS ) .· .. 

. . . extended the knowledge of the nature ·of solvent nitration_ reac:t1ons~ l 1~ · 
··•·While· the>exact reactions have not been determined, certain characteristics. 

have ·been observed arid the. conditions under which these· can be expected to . 
occur have been defined as follows. · · · · 

• ·The ,explosi.onsor rapid.reactions have involved the evi;,lution of 
.oxides of nitrogen, and ·the two incidents occurred e>nly after 
concentration had proceeded to,the point of incipient calcination 

.. ··. of the uranyl nitrate (greater than 135°C). · · 

.••In each incident,·solvent was· present in the concentrated pro
duct aiid a dense, second organic phase was present '.in the con-, 

. centrator "bottoms" liquid~: This se,cond oT"ganic phase commonly 
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called "red oil," is the interm.ediate product of the .nitration 
reactions and is a complex mixture of degraded cn"garrfc and organic 

•. nitrate compoundso . 

· • · ·In the laboratory studies1 the temperature at which the reac;.;· • 
. tions were initiated (as e:vidence~ by the evolution of. oxides of: 
nitroge11) varied·, depending on the nature· of· the di 1 uent. and 
whether· or ~not heavy-metal: nitrates: were. present. With. a;> 
naphthenic-type:·;di'luent. (such as·.was used:: during,the, ffrst.10 yr·, 
PUREX ·operated); rapi.d react.fansJ,ave ,occurred: .. at:temperatures 
of ··1Js.0 c·1n,-t.he:·,presence·:of .h~avy~meta.1 · nitrates, and· 1501:)c· ln ·the·· 

· absence of heavy-metal. nitrates. In more recent laboratory 
studies. straight-chain-sa.turated or NPH-type d.iluents {such. as the. 

· NPH· diluent used during the las·t 7 yr of plant operation),' no . · . · 
·. vigorous, ex.othermjc reactions were enceuntered at t~mperatures up · · 
to. 150°C in the pres~nce ·of .heavy=meta.l n1trateso (17 J- Th.ese. later .. 
studies did· not .. investigate the solvent n1trat1cm reaction in the . 
absence of heavy-metal, nitrates;,. However 9 it 1s· re.asonable to · 
assume· that the relationship.reported .ear11er'(1eec, Mgher 
initiation temperature in the absence of ·.heavy-metal nitraty~) · 
would be equally valid with normal' paraffin-type'diluents.{ .J 

ll.2.6.5 Control Features.·. The control features are· designed·.to preclude: ·. 
violent solvent.:.nitrate reactions by. preventing.solvent from entering·the · · 

· . ·Concentrators ·and maintaining ,an always-safe temperature. · Decanting or 
steam stripping prevents solvententry:and the.interlocks.assure,a safe 
temperature. The use of the -straight :chain ;!NPH dtluent provides an addi
tional: margin of safety •. · The equipment ·operabi 1 ity requirements< and the 
operabi 1 ity/calibration program· assure· .the required systems are functioning . 
during'operation to provide the mitigating conditions assumed in the 
accident analysise Specific cor:itrol · featlrres f'9llow., .. · 

• • ' , ', I ' .,. - , 

A~ .. Maximum allowable steam· pressures •in' the ·reboHers which are 
consistent.with the·temperature limits shall be established. 

B:. Interlocks.shall be.provided to shut ·off the .steam upon high steam 
pressure or high temperatu~e readings. · 

C~ · The feed to conCel'ltrators shall be decanted ·or steam ·stripped · 
{minimum ·w~ight ratio of steam ,to liquid shall be ,specified) .•. 

. . . - . 

D. Steam.stripping shall be.initiated·before addttionof·process· -
streams to a concentrator. : 

• L Decanting shall be perform~d from ~nagitate~f t.anks with a speci-
fied minimum pump submergence. · 

F. Minimum equipment operabi·lity requirements .and repair schedules 
for the concentrator control systems and other. necessary equip
ment shall be defined to support concentrator operations. 
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G. -Operability testing/calibration schedules for equipment and _ 
instruments requ-ired to support these specific control features 
shall be established and executed. -

11.2.7 Waste Treatment--Sugar Denitration 

11. 2. 7 .1 Applicability. These safety boundaries apply to the sugar deni
trat ion of high-level waste. 

11.2.7.2 Objective. The objective is to prevent entry of radioactive 
solution into the pipe and operating (P&O) gallery lines which may result in 

~- excessive radiation exposure to personnel and/or contamination spread. 
(~ 
~· .. 

,., 
'.t;~ 
~~M 

~,J 
~ 
IY.r<11~ 

-~11'<.'"r" 

~;..,.. 

11.2.7.3 Safety Boundary. The maximum pressure shall not exc:eed 
6.5 lb/in.2 gin E-F6 and 8.2 lb/in.2 gin TK-FlS and TK-Fl6. 

11.2.7.4 Bases. Sugar is added to the lWF solution in the 'concentr~tor 
feed tank (TK-F7) to form nitrite ion in the c1Jncentrator and suppress · · 
ruthenium.oxidation and volatilization. The primary safety concern with 
this operatior:i is the possibility of uncontrolled pressurization as a·result 
of pumping an excessive quantity of unreacted sugar-nitric acid into a cold 
concentrator, then heating to boiling temperature. Similar reactions could 
occur in TK-Fl5 and TK-Fl6 where sugar is added to denitrate the waste 
solution. The approximate pressure that will force.solution· with a _ 
1.0 specific gravity from these vessels into the P&O gallery is given as the 
safety boundary. The actual solution specific gravity is cons;iderably 
higher-and the vessels are controlled at much .lower pressures .to avoid 
plugging of the·vent line- and/or ejecting solution to the canyon 
floor. The TK-Fl5, TK--Fl6, and E-F6 vessels are equipped with seal _pots 
which limit pressurization to '<25 in. water gauge (WG} (<0.9 lb/in.2 g). 

1L2.7o5 Control Features. The control features are designed to prevent 
overpressurizing a vessel as the result of a rapid sugar-nitric acid reac
tion. Use of sugar is restricted to only three canyon vessels. There the 
reaction temperature, addition rates, and reaction times are limited to 
maintain a vigorous, but complete and controlled reaction. These vessels 
are routinely operated under vacuum. Minimum equipment operability 
requirements and the operabi 1 ity testing/calibration program alssure the 
needed equipment is functioning during operation. Specific control features_ 
follow. · 

A. Solutions containing sugar ·or any other chemical derlitration agent 
sha 11 not be added to process vesse 1 s other than TK--F7, -Fl 5, 
and -Fl6. 

8. The maximum rate of sugar addition and the minimum MAW flow to-the 
lWF Tank (TK-F7) shall be established. 

· · C. Minimum operating temperatures shall be established for adding 
waste solution containing sugar to E--F6 a(ld during sugar 
addition/digestion in TK-Fl5 (TK-Fl6).(18J 
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D .. · - Interlocks shall . be provided'. t~. shut off the sugar' at or below the 
established minimum TK~FlS (TK:-F16) operating temperature.. - · 

E. Maximum pressure limits shall be established for E-F6 and TK-F15 
_ (or TK-F16) which -shall. not be operated r.out.1nely at pressurfza-
.ti on w1 th respect· to the process- ce 11 .. · -

r~ - The minimum;d1·gest1on .P,er.iod.:;for--waste.·-soliJti'orf containing sugar~ --
1n-clud1ng .ttie\t;ime of sugar,"addftion, .sha:lT-be:·establ ished~ · 

· G;. · M1nimum,,equ1pment operabi:lit.t requirements and repair schedules_ 
for the temperature,·pressure, and flowmeasurement systems and 
ofher.necessary equipment shall.be defined to support sugar 
denitration operations •.. 

- H. . Operitbi lity :test fog/calibration schedules for- equipment and 
· , instruments ·required to support these spec:ific control features 

- sha 11 be ·es tab 1:i shed -and executed. 

.. :~~ , . : ·~. ' . ~ ' . _·.,: . . . ::· . . ; 

· 11.2.8 Waste Treatment Operations-,: -_-
... 

lL.2.Sol-Applicability. -These .safety boundartes•apply to the operation of: 
·· -. - the waste treatment .and .. neutralization operations.· 

:. ,'_. _.,.-~ .... - '·. ,· _ ... - - ·_•.·"' _' · ... ··.:·-., - -. :· .. 

11.2.8~2 ObJecti-ve:" l,he<objective •is: .to m~intajn the- integrity of ur,der-
ground waste transfer· lines and storage'tanks~ · · · 

• ' i :•• •-• ,Iii·,••• H \.,~~•, . ' • ~·--~ ',-· " ',-.·".. . .:· , ' ' •• '.-' _., • ·. . 

11.2.8.3- Safety Boundaries. ,Safety·boundaries·for_the waste treatment 
_ operations follow. , - · · 

. ' • Solutions (excluding water':flushes} discharged 0 directly· to mild 
stee 1 storage tanks or through mi.1 d stee 1 l i nes sha 11 have a pH 
greater than·a.o before being,transferred from the.plant. 

•, Underground transfer l fnes -4001,, 4002, . 4003, or 4004 .. shal 1 not 
be subjected ·.to ·an· average.: _temperature;.exceeding· 66:0 C. 

. U.2.8.4 · Bases. - ContaJ.nment of\the r,adionuclides·.·in the aquec;,us waste 
streams requ-ires- that the integrity_ of the. transfer 1 i nes and storage tanks- · 

-- be maint~inede -The. underground ·storage, tanks are fabricated of mild steel 
. which ·1$ not resistant _to nitric- acid •• Except for the short section of 
· carbon steel pipe from the_ valve pits to· the tank, _the transfer line from 

the PUREX.· Plant to· the underground ~torage tank -js · stainless steel, and 
suff_icient highly basic·solutio!1 ·is.in the·tank to neutralize.any waste 
discharged from the plant~ · Bec_ause of inadequate mixing in the large,· 
·relatively quiescent tank; however, the absence of pockets of acid cannot be -
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assured unless the pH of the waste (excluding water flushes) is-greater than 
8.0 prior to transfer. Also, the equilibrium nitrite concentration in the 
stored waste solutions is enough that the addition of acidic solution to 
-stored waste would evolve copius quantities of oxides of nitrogen gases. 
This ·gas would be partially converted to nitric acid in the m·ild ·steel tank 
farm ventilation system, causing excessive corrosion. In practice, the 
aqueous waste to be transferred to the underground storage tanks is adjusted 
to a pH of greater than 12.0o Excessive heating of the underground transfer· 
lines by contact with the low pressure superheated steam rema·ining from the 
90 -lb/in.2 ·9 steam supplied to operate the transfer jets subjt!cts the lines 
to undue stress and could result iri line failure (one instance of line 
failure was attributed to this phenomenon). The 66°C limit allows normal 
transfers and short-term heating, as can result when a transfE!r is slow to 
start, yet protects the line from excessive heating. The linE!S are designed 
to withstand a maximum operating temperature of 93°C. 

11.2.8.5 · Control Features. - The control features are designed to assure 
.. that the integrity of the waste transfer lines and tank farm receiving tanks-
- is maintained.· The weight factor of the sending tank will be observed 

closely during waste transfers to minimize operation of the steam jet· 
without solution flow as evidenced by no weight factor decrease within a 
short time after turning on the jet, leveling of the WF during t_he transfer, 

-or continued operation of the jet after the WF has_ 11 zeroed, 11 ][nterlocks are 
· installed in some cases to shut off the steam to.the jet at an established 

minimum WF. The minimum operability requirements and the operability 
testing/calibration program assure the needed ,equipment is functioning· 
during operation. Specific c_ontrol · features fi::,l low. 

A. Prior tci transfer to underground waste storage tanks 9 ,the waste 
sampling and chemical adjustment requirements to mee!t tank farm 
needs shall be defined and implemented. 

B. A means for measuring temperatures in the 4000 series lines 
shall be provided. 

C. Minimum equipment operability and repair schedules for the 
WF instruments in the sending tank a,,d other necessctry equipment 
shal 1 be defined to support waste transfer operatior1s •. 

D. The use of WF instrumentation to minimize operation of the 
transfer jets without solution flow shall be defined. 

E. Operability testing/calibration schedules for equipment and 
·instruments required to support these specific control features 
shall be established and executed. 
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11.2.9' Plutonium Conversion and Oxide Powder Handling,. 

1L2 .. 9. l Applicability~ These safety boundaries apply to -the processing 
operat.ions involved. in the ccmversion .of plutonium nitrate to. plutonium · _ 

· dioxfdE! product and to ·the handling o.f the product •. ' · 
.. ' 

.·. · 11.2.9.2.: Objectives •. The-objectives;- are'.to prevent'._the,"Spread of· contam-'. . · 
ination ·and minimize·exposure.<of;personnel to. radiation:.during the plutonium" 

.. conversion· and~'-product .handling;: operatjon~ .. - · · · 

11.2~9.:]r Safety, Bound~ries. ·, Safety :boundaries for plutonium· conversi'on·_and· .· 
oxide powder handling fol low. : · · · · 

• • The pluton1.um nitrate· feed soluti'on · to the oxide production 
facility shall be free of separate organic phase. 

. . . ·. . ' ' - : " . . 

1 · The prereduction tank (TK-NS) shall not be operated at greater 
than 1.0 lb/fr,.2 g pressure( · · . _ .·. ·. _ . . . · 

. • Plutonium compounds: knowri to. be capable O!, ~as generation which · · 
could cause pressures in excess of 40 lb/1n.2 g in a sealed · 
containe.r during _storage.shall be stored in. a vented. · ' 

· . conf 1 gurat ion~ _ · · · 

_ ll.2.9A Bases~ . Because:of the. h1gtroperating. tempetatures,. 'a. slight, 
possibility: exists· of a. fire. or exp.lesion occurring in>the calciners if a· 
significant quantity. of organic should be admitted. This organic could. ·.. . 

· .. either: flash vaporize and·~ possibly, ignite or be:•-nitrated to red oil in -: 
•· the calciner and explode.• Whf le the probability. of a· significant quantity 
. of organic passing through the· final- plutonium concentrator is lows it .could 

happen_ a~ a result. of flooding· of the 38 columri'e , , · ' 

Pressurization-of any of .the process vesseJs in the gloveboxes· in 
conjunction with- a defective. instrument air line, cciu-ld feasibly result in 

. the discharge of plutonium solution. ·1nto .the· operating area. The. vessel 
•. most likely to- pressurize-,-h the prereduction .tank •. The··pressure .limit. 

· · · _ specified in,.Section 11.2.9·.J;:is to prevent suffftient' pressur:-ization .to. · 
cause the above· contami.nation. In practice, the'. vessels are expected,.to · ·· 
operate under a.-sl ight _vacuum"• at a:11 times~ · · · 

The probability ·of-contairier•failure ·and •the .. mag~itude of the resultant 
controlled contaminati.on release is increased-by container pressurization. 
A typical contaicier (food pack canf ·ruptures at approximately. - ·. · 

·95 lb/in.2 g.(19J' The 40 lb/in~2 ·g limit allows a sufficient margin of 
·, safety 'for sealed containers. Container ·venting el imtnates pressure 

buildup. -. . 
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11.-2.9~5 Control Features •. Plutonium-dioxide powder is hygroscop1c .and 
readily adsorbs sufficient moisture .from the. air to cause :container p_res
,surization. The dry product powder is exposed t0; t_he glovebo~ -.atmosphere in 

· .·the powder.handling .and the l_oadout .gloveboxes.. To -ensure that. the air. ·in 
.. those gloveboxes is ·sufficiently dry :to'prevent the adsorption of '.inoi.sture ' 

by-the product,_ the atmospheric. moisture i's. limited. · ·. · · · 

. .The rate .of the prereducti_on' reactio~ and therefore .the !"at~ of.gas : . 
·. generation can· ·be· control led ·by ··placing restri-ctions. on nitric: acid and•· .. 

hydrogen peroxide concentrations and reaction-temperature~ :This will limit 
· press·urization of the prereduction tank. · · · · · · ·. 

-Tests'such as 11 l9ss on ignition" readily detect the presence of 
. unstable_ compounds .which. co1,Jld. resu)t. tn·.container pressurization~. · 

. . The~ operability/calibration.:program:assures that.the mit'igatiori condi-. ·- .. · .. ';•; .. 
·· .:: :tions· assumed are ·functioning. · Specific control_ features fol low~· . . . . .. 

A. Prior to .further processing .,in the plutonium -oxide production 
facility, a. sample of each plutonium nitrate feed.solution.batch 
shall tie ·visually inspected to verify there is no ·• separate organic · 
phase. · . . •. · . · ·· · · : · . · ·• ·.: . · . · . · · · · ·• · ·• · · ·.· 

, . . . . . , 

· Bo · ·The ·maximum allow~ble· moisture content shall be ·de.fined ;for the 
powder ·handling and loadout glovebox atmospheres. · · · 

.. :c. Operational controls-shall, be'·defined to .limit.pressurization of 
· the prereduction tank/ calciners, and other. process vessels.' 
•, ..... ,_. . . . . . . _,· - . 

D. , '·Operational controls. shall be established to avoid storage,of ·. · 
,unstable plutonium compoundi:iri seal~d containers.. · · 

E. M_i n i mum equ i plllent, operab i l i ty requirements and repair schedules 
stiall be.established to support these control·features. 

F. Operability.testing/calibration schedules for equ~pment and 
instruments required to support these specific control feat_ures 
shall be established _and executed •. 

11.3' :SAFET,Y CONDITIONS 

:•· . /fhe safety -Co~ditions apply to th.ose .technical ,cond_itions 'or restric- .. 
tions which are essential for·safe operation. "The safety conditions.pertain 
to those process ·o.r operating _conditions necessary to preclude the occur- -· 

- rence of .a serious .incident or to ensure that normal operations can be main
.tained ·within ·the confines ·of release '•gufdes. Operation of. the· pl_ant or 
process under conditions outside the.scopeof the safety cond"itions could 

· . result <in .hazard. to the public, environment, or operating personnel. · An 
infraction of a-safety condition, 'therefore, requires the- immed_iate 
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notiftcation of DOE-RL and the prompt, orderly shutdown of the affected 
portion-,-of the. processing operation~ Depending upon. the affected operation, . 
it may be necessary to shut.down. all production processing activities. 

. . ' ' . 

· U.3.1· Nuclear Critica11•ty ·Prevention. 

ll. 3 .1'.l-· Appl i cab i 11 ty •. ·. · This .safety. condlt ion applies., :to -- a-11 processing· 
and hand11ng;of 'fisst1e;111atertal in,·-the PUREX Plant~ _ · 

n:3'~1.2' Objective~ · The"Objective is,·to· prevent the"OCCUrrencei•Of a 
nuclear critical i~y accident. · . · · · 

11.3.1.3 Safety Condition., A criticality· prevention program shall be 
established to provide the capab1 lity for ensuring that the accumulation of .. 
fissile material is maintained 1n a subcr·u1cal configuration (i, .. eo g with an 
acceptable margin of subcr1tica11ty} •. The.program shall consist of 
equipment.ai"id system design· review11 cr1tica11ty prevel'ltion limits and 
restrictions. configuration control._ personnel tra1ningil inspections, and, 

· . i ndepe,ndent· reviews·. _. · · 

·_ .1L3.1'.4 Bases/ Oepartment·.of, En~rgy Order 5480 •. lA, Chapter v(l) requires· • 
. that f1 ss ne material be· processed, stored, transferred and_ handled in a· __ 
manner: _that minfmi_zes·:-the. possibility of -a nuclear criticality accfdento . 

·-within::Rockwel J ~ the_ .criticality saf~t.Y .program. is deffried in the Nuclear · . 
Criticality Safety_ Standards. manuaL.l20) · Each fissile material operation is 
considered ... in detatl. Credible contingenc1e·s .that could potentially lead to · 
a· criticality accident are identified;. evaJliated·,. and. documented.. · 
Criticality-prevention limits are then established and implemented.(21) 

• In shielded ·.faci'lities~ criticality prevention· is based on the 
contingency principle.that at least two unlikely,independent, and 
concurrent. changes or. contingencies must occur before criticality 
1s possible. . . · 

' . 

, e·, In unshielded/facilities, critical;ty. prevention is, based on the 
contingency prfncip.le that at .least·.t~ree, contingencies must occur· 
before critical,it.Y Js possible.· · 

- . • ·. In establishing controls to ·assure· compliance ·wrth the c:ontin.gency 
criteria,. the marg1n of subcriticality meets one of the following: 

The k~ff* is, less th.an 0.95, includi-rig allowances for bi_ases 
in the calculations• (if the method of calculation can be 

·shown to.be:accurate by comparison to experimental data far a 
;similar system 9 a higher'value may be justified and approved; 

. und~r nQ circumstances.shall- a·keff of 0.98 be_ exceeded) 

*If a Monte Carlo-.. method· is used to calculate: Keff, the ·reported value 
· wil.l be the calc:ulated Keff .+ 2a, where a is the standard devi.atiori. 
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. - ·rhe fraction of critical dimension, volume,· mass~ etc., _ 
including an allowance for accuracy, is·equalto or less'.·-
than . 0. 90 . . · · · - · : . . · · · · · · : . · · · ' . . . -

The evaluated parameter. is equal to or .less than a corre~
ponding subcritical ·limit given in American Nuclear So~iety · 
standards or guides.(20) · 

.• _Criticality •prevention'may be achieved by' limiting ·one or more of_· 
.~the following items:·_. . 

. ' ' . . 

Equipment geometry--shape and dimensional limitafions-
including allowances for corrosion, toleY-ances 9 etc. 

.- . Fissi.le material mass,: including allowances for measurement 

. · accuracy: _(particularly using _NOA methods) ·,. · · · 

: .·Fi~sile materia1.v6lume 

· - "' Fissile. material f onn 
. . 

. -- >Fissile material concentration or density 
-- ". 

- Fissile material moderation 

. . Presence· of fixed or soluble neutron :absorbers (poisons) ·· . 

- -· Arra_ngement and spacing of: ~quipment 

. Reflection. 

Where pr act i ca i, re 1 i ance is p 1 aced on equipment design in _which . 
. dimensions"are limited, rather than ·on ·administrative control.. . 
· ·Full advantage may be. taken of ·any nuclear characte·ris.tics .-of the. 
• process materials. · 

• -Criticality ·1 imits take into account neutron interaction between . -
systems or individual units (e.g., indjvidual fissile material 

· bat.ches, containers, or vessels), ·.unless the systems :are isolated. -· 
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11 .. 3.L.5 Control Features. The control features assure· that all fuel types 
proposed for processing.,,in· the 'PUREX Plant are analyzed for criticality· 
implications and specifications are established before approv:al to proceed 
is given.· Controls on the dissolver operation are established to prevent 
excessive plutontumconcent~ations,.plutonium precipitation~ and plutonium 
polymer formati•on. Limits on plutonium rework added to TK:..E6 maintain the 
P:lutonium concentration in the solvent extraction feed within an acceptable 
·range. The· sample, schedule and· 1nstruments: are -used to- monitor process · 
performance and .pr.event plutonium reflux. or und.esired accumulation in•.· 
solvent··.extraction-.. equipnient. ·The. J!quipment ·operability requ.irements. and. 
the•operabi-lity test-ing/calibration.program assure that· the mitigating
conditions-assumed in the analysis of postulated criticality accidents are 

-· _functioning. Specific control features follow. 

A.· · Analyses shall be performel for materials. with specif it 235u 
· enrichments and minimum 240pu isotopic contents prior to · 
· processing. 

. -B. _The procedures shall require dissolvers to be inspected following 
· · di ss·olution to prevent overcharging. · 

.' . ,· . . . 

C. _ · The dissolver sequence. selector switch ,and specific gravity 
_interlocks shall be used to control allowable· additions to and 
_ transfers.: from, the ·,dfssol v~rs per f 1 owsheet .· sequence~ . 

O. · The ,nitric acid concentration and plut6nium content.,of the metal- . 
• .. solution at the end of :th.e .dissolution step shall be. controlled 

- based on .disso-lver specific: gravity ·readi.rigs~· 

E.· ':: The amou~ts, concentrations, and conditions for rework of 
plutonium via,feed make~p ~ank,TK..,E6 shall _be specifiedo 

F •. An approved sample schedule shall be issued which identifi.es 
.. · samples required ~o support the criticality prevention program. 

.. 
G~ Nitric acid mc>nitors, ,flow monitors, plutonium concentration 

· monitors, and interlocks shall be identified 'to supplement the 
.. sample schedule- and prov:ide an -additional safety margin. 

·' ,H. / Mini~um equipment operability requi.rements · and repair schedule~. 
·, , :·., shall be defined to support the criticality prevention program •. 

I. _ •,operability testing/calibration· schedules for equipment and 
· instruments required ·to-support these specific· control features. 

sha 11 be established . arid executed~ · 

._,_ :,• 
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· ._· 11.3.2 . Authorized Materials 

. 11.3~2. l . Applicability.· .. These safety conditions· apply to nuclear fuel that. · ·. 
. may be-received ·for storage or processing -in. the PUREX P,lant a.nd other·,. 
>nuclear materials. that may be· received, :stored!) or used, ·such as ·laboratory 
standards .and. calibration sources. · · · · · · · · 

11.3.2.2 _Objective. The objecthie ·is to define those ~uclear materials. for' 
which safe handling and processing conditions have been.established jn the. 
approved_ f)owsheets and .this' FSAR~ :- . .. . · 

•• • ·, ' ' • • <' 

1L3.2.3 _· Safety ·conditions~· Materials scheduled for processing--source, .· 
special nuclear, and by-product materials--may be .received, subject to the 
fol lowing· 1 imitations. · · · · , · 

•·•_Uranium and/or plutonium to be·processed shall be ·in a form 
·• ', ·:compatible wfth' approved .flowsheets~ 

• The ·annual average (per· charge)radioactivity of the fuel sched-
,, uled. for processing at the. PUREX Plant shall be no greater than . · .. . . . 

'_ that ·of .fuel irradiated .to ·.2~500 MWD/t in N Reactor. and aged 180. d <. 
--· after discharge from the· reactor.·. ,No. single·charge sha:11·-·contain . 

.. . more 'fission product· (FP) radioactivity than that associated with , :, 
N · Reactor fuel irradiated to .~ 11 500 MWD /t and aged 180 ~ o · · 

.:·,· •·., Standards, calibration sources, etc.~ and other nuciear material 
-.. shall_.not ·exceed limits developed in the FSAR.:analysis. 

_11.3'.2.4 ·Bases~ Detailed safety analyses performed in this FSAR. on those 
· · · processes covered by an approved· flowsheet have shown ,that operations: can be 

· conducted safely.· "The analysis ,currently covers only Zircaloy clad fuel and 
must .be amended before aluminum clad fuel. is processed. · · · 

' . . .' ' ' . . . . . . .. . . -.. . 

· . _ The FP inventories for the fuels to. be reprocessed have been calculated_ · 
. as· .. a. function of exposure and cooling ·time. (17J The average FP' inventory ·. 

· .. permitted has been shown by this FSAR analysis to result in acceptable · 
radiation exposures during reprocessing. The maximum FP inventory permitted . 

. _"in a single charge allows some processing flexibility with~uf a significant 
· increase in radiation exposures. Activity of Activity of 3 I in the fuels 
: .to be processed ·wi-11 be on th{! order of 4 x 105 Ci/t, of fuel at the time of 

discharge from the reactor{22J .and, will have decreased to ·about 0.1 Ci/tat 
· .180-d. A·review of. the decontamination performance of the DOG system during 

·· . the -last processing _campaign .prior to plant shutdown i.n · 1972 (at which time · 
·. the ·silver reactors had not been regenerated for at ·least ·49 mo) indicates .. 
· that fuel cooled 180 d or·longer •can be.processed contin~o~sly at the 

maximum sustained.production rate without exceeding the 3 I environmental 
release guide(.s), ·on a weekly average bas.is, even with.an ineffective silver 
reactor. 
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. The 1 imits s·pecified in Section 11 .. 3.2 .. 3 for ~ther nu.clear material· are 
established to ensure administrative control of hazardous materials without 
unduly restricting the use or those materials for necessary· and legitim~te · 
purposes. · · · 

·11.3.2~5 Control Features •. The control features .assure that the _material 
processed at the PUREX Plant 1s withir, ttie .constraints·or the FSAR and the, · 
Environmental· Impact Statement (EIS) .,l23) The required .reviews 1 isted below,i 
assure processing, of-·only· approved materials _and that:·radiation exposures 
resulting:, from-: use.- of> m:f_ scel l aneous : standards . or. sources.• are · maintained.: at 
an· as""'low-as-reasonabsly7"achfevable: (AlARA) -level.. Specific control features'·· 
follow.· · · · · · 

·A~' Prior to· acceptanc~ for processing at .PUREX,· the identity of :all 
nuclear fuel received shall be verified in· accordance with 
approved procedures c · 

" ·, . 

-8~ · Plutonium oxide, nitrate, or other reactive scrap to be trans~· 
ferred. into the. PURE~. Plant. for processing shall .require the prior 
review·and approval of the managers· of PUREX Process Control and 
Critical 1ty. Engineering and Ana lys 1 s. · · 

.· C. <. The nuclear materiaf ~tandards, calib~ation sources, etc., shall· .. 
· be approved.for use.by the'ma,nagers'of 'PUR~X-Process Control, 

, Radiological Engineering, and Criticality Engineering and· 
· Analysis. 

11.3.3·.Gas~ous Effluents· ~- '. ' ' ' 

1L3.3~l Appl1cabi l ity. · This_ safety, condition app_l ies. to th~:-gaseous 
effluents from the PUREX-Pl.ant. . •'.' - . . : . 

11~3.3.2 Objective . . The objective is to ensure the protection of the 
public, environs, and operating personnel, from radioactive materials and 
oxides of nitrogen.released. via-the. PUREX exhaust stacks.· 

. 11.3.3.3 -Safety Conditio~. ,. 'Neither the general public nor onsite,personnel 
shal.1 be exposed· to excess' (see Bases) airborne radiation or oxides of 
nitrogen_·concentrations. resulting from PUREX ga·seous effluent streams. 

11.3.3.4 Bases. Ttie calculated impacts o( radionuclides and oxides of 
nitrogen released in PUREX Plant gaseous effluents during both routine 
operations and under postulated :accident condJt1ons,. were found. to be 
acceptable in the PUREX·EIS and this FSAR~- Actual releases must remain. 
inside the limits evaluated(23) which ar~ below the radiation exposure· 
guidelines co11tained in Reference 24. The PUREX Plant effluent control .. ~~~==( :~;d~~s;~

2
g~

2
;fzBling.and controlTing at the p~int of release per· 
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11.3.3.5 Control Features. The control features assure radic)nuclide and · 
oxides of nitrogen releases remain within the limits evaluated in the EIS 
and FSAR •. The limits established comply with the requirements contained in 

. the PUREX Plant startup criteria and assure that radiation exposures to both 

. onsite and offsite individuals from the PUREX Plant gaseous effluents are 
.well below the level of concern. ·The action to be taken in response to 
abnormally high re_l eases is specified in the emergency pl an l ·i sted as a -
specific control feature in 11.3.5.5. The routine stack samp·tes and/or 
monitor.readings provide early warning of off-standard·condit·ions and allow 

. for corrective action to be taken well before the safety cond'ition is 
approached. The equipment operability/calibration requirements assure that .. 
the mitigating conditions assumed in the accident analyses are functioning.· 

{~. Specific control feature~. follow. · 
.~·· 

t{J, 

. Cit'-., 

,'.l:l'i.T!f'..;;i',: 

5~' 

Ao Limits sha 11 be established for the annua 1 average concentrations . 
of radionuclides from PUREX operations measured in samples taken 
at ground level at the Hanford ·site boundary. 

B. limits shall be established for the annual avera·ge c:oncentrations· 
of radionuclides from PUREX operations measured in onsite samples. 
taken at ground level • . . - :;, · 

C. Radioactive effluent releases-shall be sampled, monitored as 
required, analyzed~ measured for volume. and reported (total · 
quantities)~ · 

D. -Performance limits (e.g., vacuum requirements-) shan be estab
lished for the vessel and condenser vent systems. 

E. A program for testing filters shall be established which includes 
·. performance limits. 

F. -A program for limiting and monitoringthe oxides of nitrogen 
released from the PUREX Plant shall be established. 

G. Minimum equipment operability requirements and repair schedules 
for the HVAC systems and gaseous effluent control and monitoring 
equipment sha 11 be defined to support processing ope!rat ions. 

- ' ' 

Ho ·Minimum operability requirements and repair schedules for the fire 
protection systems shall be defined to support plant operations. 

I. Operability testing/calibration schedules for equipment and 
instruments required to support these specific control ·features 
shall be established and executed. 
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11.3.4. L1gu1d Effluents 

11.3.4 .. l App11cability. This safety condition applies to the liquid 
effluents from the PUREX Plant, except sanitary waste. 

' ' ' 

11.3.4.2 Object1ve. The objective is to ensure the protection of the· 
public and environs- from.,rad1oact1ve. materials and noxious material in 
otherw.ise potable water.- supplies·... · 

1L3.4.3 Safety -Cond1t1on •.. Neither the general pub.1 ic .nor"onsite ·personnel. 
sha 11 be. exposed to excess. radiation or,; to hazardous concentrat i ens of 
chemicals resulting from PUREX liquid effluents (see Bases). · 

11.3.4.4 Bases. The DOE Order 5480 .. lA~. Chapter x-!li(24) requ1res that the 
radionuclide content in liquid wastes discharges to the uncontrolled 
e~v1ronment be ALA~ and not exceed the concentration guides of Table II, . 
Attachment xr~1.- The.effluent cadmium concentration is controlled to 
mainta1n the value in the pond and groundw~ter well below. the concentration 
limits established _by federal regulations.t26J The g·rou·ndwater beneath the 
Hanford Site is considered to represent the uncontrolled environs, since it 
is not in an isolated aquifer contained within the sjte boundaries. .The 

,:. - liqu1d wastes are therefore considered to reach .the uncontrolled env1ronment. 
when the groundwater: is reached .. 

. . 

Compliance with the requ1rement of· Section·ll.3.;4 .. 3 is determined by 
analys1s of groundwater samples taken from monitoring wells~ 

11.3.4.5. Control Features. The control features assure the radionuclide· 
and nox1ous chemicals in PUREX Plant' 1 iquid ·effluents are maintained w1thi n · 
the levels analyzed .in the FSAR and EIS. The weekly samples and/or monitor 
read1ngs prov1de early warning of off-standard conditions-and_allow for 
corrective action 'to-be taken well before the safety condition is · 
approached. The action to be tak.en in response to abnormally high releases 
is specified in the .Emergency Plan listed as a specific control feature in 
Section 11.3.5.5. Controls on pH and organic content prevent leaching of 
radionuclides previously loaded onto the son column. Minimum equipment 
operability requirements and the operability testing/calibration program 
assure the mitigating conditions assumed in the accident analysis are 
functioni,ng. Specif'ic control features follow. 

A. Limits shall be established for weekly and annual average con
centrati.ons·of radionuclides in .aqueous.effluent streams from the 
PUREX Plant. . . . . 

B. Radioactive liquid effluent releases shall be sampled, monitored 
as required, analyzed, measured for volume, and reported (total 
quantities)~ · 

C. Capabi 1 ity shal 1 be provided for automatically diverting the 
chemical sewer, cooling water, and steam condensate streams 

·containing levels of radioactivity exceeding established trip 
levels of radiation monitori_ng. equipment to a lined retention 
basin~ • · · 
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D. Limits shall be established for the chemical composition of the 
process condensate (pH) and chemical sewer (pH and cadmium} · · 

. streams. 

E •. Controls to prevent the presence of a separate organic phase in 
any radioactive liquid effluent stream shall be established. 

·F. · Minimum equipment operability requi·rements and repair schedules . 
shal_l be defined to support the liquid effluent disposal program.· 

G. Operability testing/calibration schedules for equipment and . 
. · instruments required· to support these specific control_ features 
· shall be established and executed. · · 

~=· . ' 

. ~~- 11.3.s·. Administrative Control System 
'. L~. 

-~ · . iL3.5.i' Applicability. This safety condition ·applies ·to the administrative· 
. ;;;,;:· control· system requi1"ed for operation of th~ PUREX Pl ant. · - -
-~ 

. ·• ·11.3.5.2 Objective •. _The objective is to· assure safe ·operation -of the ·PUREX 
Plant during both no_rmal operations and under _accident _conditions. . _- . 

11.3.5.3 Safety Condition. An administrative control system shall be 
· defined for the PUREX PI ant which assures safe ·operation under both nonnal 
and ac_cident conditions. 

·• '11.3.5.4 -· Bases. The safe operation of a processing facility depends upon 
personnel ·of various talents, each performing the assigned task in accordance 
with established procedures, rules, and controls. For the· staff to operate 
the facility successfully, there must be an assignment of responsibility and 
delegation· of authority. To ensure a safety consciousness throughout the 

·_ organization, safety standards and objectives plus a. procedural system. for 
implementation ·and an education and training program covering the content and 

-application thereof must be provided. · 

11.3.5.5 Control Features. The specific contro.l features are listed below. 
·:The criticality prevention, gaseous effluents, and liquid effluents controls 
'discussed in Sections 11.3.l 11.3~3, and 11.3.4; and· the Accident .. ---. - - . 

· Prevention Standards Manual(~7) are required to assure safe operation of the 
PUREX Plant. These controls assure that a qualified and trained staff is 
available at all times arid is capable of safely shutting down.the plant if. 
necessary to remain within limits evaluat~d in the EIS and FSAR. Procedures 
are provided for both normal and emergency shutdown conditions. The 
mitigating·conditions assumed in the accident analyses are assured by the 

_ design control and operability testing/calibration requirements. Adequate 
records and audits are. available as proof of safe operation and compliance 
with this. OSR. Specific control features fol low. · 

A. An organization plan shall be established which provides_ an . 
··. effective management system for the PUREX Plant and supporting 

o_rganizations. · 
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B. Minimum qualifications shalt be established for-operating and 
support . personne 1 .. 

C. · · A minimum shift staffing plan ·sha11 be establfshed which assures· 
that the plant can .be· shut down safely under accid.ent conditions. 

Di A documented training.-program shall be established • 

E~ . Pl ant operating.-· procedures. stia 1 l ··be· prepared to ensure. operation. 
wit~in the scc,pe, of_ the,_OSR. specified here,in~ · · 

F. A surveillance, operability testing/qll ibration program for all 
equipment and instruments required to .support specific control 

: f ea tu res . shall be established and executed. -

G. ·. An emergency p 1 an and emergency shutdown procedures sha 11 be . 
- .established and maintained .in appropriate· 1ocations .. 

H. 

I. 

An ALARA progr~ p ,·an sha 11 be establ1 stied c · . 

Records shall be maintained by PUREX Operations Department to., 
provide auditable proof·that operations are conducted within-the 
.safety boundaries and safety•conditions. . ' 

.. J;;. .An, internal Rockwell document· containing LCS and LCO shall be . . 
prepared·to. implement the control .~eatures contained in this CSR. 

. . . . . 

K~ Aud its of the- conduct· of·. the ope rat i ans and · support activities 
shall be made. - . . . . . . 

l. The design .or design, modifications of_ any. equipment item or system
. related to environmental, personnel, or process safety shal 1 ·. 
• receive prior engineering· and safety-review and approval. 

· M. The requirementsf:or storing and handling chemicals shall be· 
defined. · · · · · 

N~ ·. The .requirements _for. dispos~l of solid waste ·materials with the -
.potential. for:containing radionuclides shall be.defined •. 

" . . ' . 

O. Minimum operability requirements_ and repair schedules for-pres
surized air·supply systems and essential services (ele.ctrictty~ - · 
steam,water) equipment shall be defined. 

·u-2a·· ... _ 
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APPENDIX A 

GLOSSARY.OF TERMS. 

·•_1,, .. ;. 

'The definitions of terms u"secf ·iri the Pluton.ium-Ura~ium Reduction ',,. 
Extraction Final .Safety Analysis Report (PUREX· FSAR)'are those used at the 

-·Hanford Plant. Wh~re ~ossible, defi~itions·are those that.are~in yeneraJ 
use. 

. The ,informatiori·:is.·arra_nged .alphabetically, .;including terms which a.re 
. ·. constructed 'by jotning more 'than one weird •. For example~ llairlock 11

. is: Hsted. 
· ···.under A and "Lock· and •Jag, Procedurell under l. · · 

, • ~ r • • - ' • • 

A·glo_ssary-of acronyms used-,in·the-PUREX FSAR occurs .at tl~e·end·of'1:hi~· 
-appendix •. · . 

A 

'' ' 

absorbed. dose:· the quantity of.energy 'imparted·to ·a mass of ~ateriial. 
exposed to.radia:tion·expressed in rads {1 ·rad= 100 ergs/g)· 

abnorma 1 occurrence: . · . an unwanted · fl oW of·: ener~y. . 

absorption: .. the .prqcess bywh_ich r~diation imparts some or all ofS.its·· 
. . enef'.'9Y ,to any ma teri a 1.· through which -.it passes;_ 'the taking up. of: sub..;, -· . 
· stance :through the ·interior of .another substance; (not _to be confused. 

with- adsorption which is the adhesion of. one substance to the surface.·· 
. _'of another) . .. . . . . . . 

abused: .. ·used wrongly or. improperly 

accident:. ,the detrimental impingement'·of. an unwanted energy flow upon a. · 
target as a resu_lt of the lack of barriers or barrier failure. 

_ accountabi'l fry: :material balance~ usually of a <va luab 1 e materia 1 · . 

; '-~ . 

(e.g. plutonium .and uranium, ·see SNM Material) encpmpassing,all,. . . .-, 
significant· inv_entory~· incoming, and outgoing arnounts·-of the ma.teri.al 

· . accuracy: conformance with standard; as compared : to precision. -which . is _a 
measure of ability to duplicate or qu_ality of reproducibility 

: .- . _. . . . . . . . -.. . -. ' .. ___ ,· 

acid:. ii hydrogen-conta.ining .substance·which dissociates on solution in 
water to produce one or more hydrogen ions. · Acids turr:i litmu·s paper 
red, react with bases to form salts.; solutfons .of acid_s hav~ a pH 
below.7.0-

atid absorber: equipmerit used to recovei nitric acid 

> acid deficient:. a-t.erm app,1 ied to caustfc {basic) solutions 
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acid suit: acid resistant·tldthirig~ usually.rubber of plastic, worn in 
conjunction with hood and face:shield, gloves and boot~; to provide a 
complete cover to all parts ·of.the body 

actinides: the elements with _atomit numbers above_ 88. 

activity: : (1). chemical activityHthe relative rate, .degree, readi,ness,. · 
· or ease with which- an element, compound, or agent acts; -(2}.. nuclear 

activity:--the rate af wMch a ·material. is emitting nuclear radiations, 
usually: given in terms -of the numb·er_ of d;:sintegrations occurring in a·· 
given mass per.unit·oftime-[the .. standard unit of.nuclear activity is·, 
the curie {Ci)]; (J) operational a.ctivity:--a planned program of work 

administrative control: control ,enforced by management- directive, 
usually in. written ·form,. and t.ransmitted to the· operating personnel in 
an appr::opriate directive instrument such as a proce9ure or a posting 

adsorption:. a surface pheriomenoii in which one substance is taken up at 
the solid ~urface df anoth~r r~su1ting in a change of co~centration at 

~t~e interface · 

ae·ratfon: . chargi.ng a· Ti-tjuid··w_ith~·a;r;: bubbling air' through a liquid or -
spraying l ·i quid into· t_he. air<: .-.· 

.aerosol:· a.dispersion of.coiloidal. (ve"ry finely divided) particles in 
air, e.g., mist, fog ·.' , . . . . - , 

~=- usually refers to dec'a.yo'.fradforiut'lides; aJso refers to chemical 
or physical 5=hanges brought about <by:::time _• 

air ·change: the rate: of change of ventiJatjon air, assumi.ng bulk dis
placement. .Usually refer.red -fa as l'air change_s ·per houru 

' - . . . . 

air lift: dev.ice for raising. liquids to a hig~er level by air current· 

air-lift ci·rCU'fator:' a device using the afr:..lfft principle for agitat_ion" 
. and/or mixing- df- liquids · · · 

airlock:_ (lf airlock (ventila.tion):.--a compartment between· areas of 
,diff~rent,pressute· level u~ed to pro~i~e transpottation betwe~n areas 
without up·settjng pres-sure differe·ntials; (2) airJack (pipe)'" stoppage 
of l.iquid flow caused by air· trapped· in the pipe 

air -.monftor [-constant air monitor (CAM) I: air sampler with associated 
.. electronic circuitry-for thecontinuousdetection cif, radioactivity 
collected on the fjlter paper; alarm_ cfrcuits are also provided to warn 
personnel of changes in activity. lev:el ·and -instrument malfunctio·ns 

'afr operated valve (AOV) :· . a valve actuated by air for controlling fluid 
f.l'ow - · 
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.air sample: a sample of air for~ .content analysis. -(When-measuring radio-> 
. acti.v:ity; a known volume of ai•r is passed through a filter paper and 
·the ·total activity ·collected on t~e surface .of the filter .. pa:per is-. 

· ·• measured) 

- airborne:· supported by air •. Usually appUed to sma:11. particles whose _ 
.free-fall velocity is so ,slow that they are carried by air currents. · 

.··. )\irborne contamination applies. to contamination -loose jn'9 filtered·. - . 
from, or deposited from the air: :as contrasted with contaminati.on spread 

· :by suth ·means as splashing.; dripping·, orJeaking • 
' . . . . 

''alarm limits: prescribed maximum and/or·.ininimum q~antities'io determine 
'when a warning ·:Signal is to be given ' ' '' : ' ' ' ' ' 

al igrime~t:' · adju~tment; arra~gem~nt.' in:a 1 ine . 

-~-- <'·aliquot:.- jn· chemistry~ ·a -measured propcirti.on of a total :volume.,.of a -
:so-lu:tio,n · ,. · -·.·. ~,,,.J". :. __ 

N.~~. 

· ·;'-i:':. ·:.::: e_;alkal'i: ·see base; a generic•tepn ·for sodium··or potassium hydroxide .. 
~"'- ' ' ' 

,. ,: · '.: al' k a 1 i ne so 1 uti on: · aqueous so 1 ufi on: ha v :i ng more oH- i ans than_:H-, i ans; 
• . turns red: 1 i ~mus. p~per blue;' pH above :7. 0 _.·· 

_ •alpha particle: . nucleus of hel.ium atom,· emitted by some radioactive.·ele~ 
ments;·each alpha'particle conststs of two proton~ andtwb neutrons.~ 

· therefore, ·having a nuclear· mass .. number of" four and a charge ·of plus • ·•two· · · · · · · · - · · · - -- · 

·-•• alpha.radiation:.'the emissjon of a]pha pa.rticles (he'liumnuclei) 'from·a 
•-:. material .. undergoing nuclear transformation by alp.ha decay.· · · · · 

. alpha total'(AT): .. · total.net.alpha ·counts per•minute per unit volume· . 

. , a·lp-ha- waste: .. waste material. contami~ated by- radionucl ides ·w,Mch emit~ 
alpha particles, particularly transuranic element.s · _ 

analogy': likeness or sim'ilarity betwee.n two or- more th.ings ·. 

anhydrous; dry, contains no.water 

anion: a. negative.:ion. 

• ... ari~ul~r tank: a ·doughnut~shaped tank;. the• annulus ·provides f1i'vorable 
.geometry for. nucl.ear safety. 

' ' ' 

'annunciator: _ .an electrically controlled 'Signal ·or indicator that audibly 
or vi sua llY '(or :both) announces an· event 

: . . : ,. 

antifoam: •an •agent that· prevents foaming or, disperses foam 
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appreciable: considerable 

aqueous solutioris:_ s6lution in Which wat~~ is the solvent 

agueou·s makeup: chemical preparation of water solutions; sections of 
process buil,ding used for ·this' P.urpose., 

aqueous ·phase: · in ·solvent extraction, -the· water-containing 1 ayer-, as 
.,differentiated .from the·orgarik.phase· · · 

aquifer:, ~.formation,. a group of<formations~ or part of a formation which
contains- sufficient·saturated permeable material to.yield water to 
wel_ls_<lrs'prings. - · 

areal concentration: -.in units of grams per unit area~ Mas·s (usuany of 
plutonium)• within a vessel ,divided by 'the effectiv'e: floor a,rea of the 

;.vessel-.' . 

· -- _ array: - an ,arrangement of objects~ such as spacing of tanks~ cans, etc., 
as in.nuclear safety 

as-built:. modifications -Of. the ·master d_rawings :according to actual plant . 
installation, including dimensional changes, substitu_tiori- of materials; 
deletions, etc., so that-an· accurate record is available forfutµre 
maintenance and design activi_ty · · · ·- · 

aspirator:· any appara_tus,for producing-. a. movement of fluids by suction 
••- ' •• ' ' ' •••,••• •. C }' • ••t • ,.' •• 

-_ Atomic Energy· ·commi-ssion. (AEC)::~ the -government .agency :e~tabl ,shed •to. 
administer.the nation's atomic energy program replaced by ERDA and .then 
by DOE - ' -- -

-atomic: number:. the number Of· protons; in th!:! nucleus of each chemical 
. , . . ' .. '. ,. 

element· 
. . . 

. attenua'tion: a ,reduction ·fn int~nsity 

autamated'·process:. any'·pottion of operations, either chemical or 
mechan-i cal_, that doe_s nof ,.require manua T ape_rat ion 

auxiliary: - eq~ipnient used i_n-support ofa_pr,acess or,activity; also the 
small hoist on a crane 

availableradioacti~e contamination:._ the radioactive nuclides whi_ch are 
access i b 1 e and can- be transported by· naturi;i 1 env ironmenta 1 forces 

8 
- ' -

backc,Ycle: _-returning some portion.: of praces_s solution ta a previous step 
- in. _the process (.in. PUREX, the portion of- the faci 1 ity. i nvo 1 ved in . 
-_ aqu~ous :waste · recycle} · · -· -

.. 1" 
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backgrou-nd: the amount of radiation ·present at a given "locati~n.· d'ue to 
natural or induced radiation; the ambieryt ·level of rad'iation: · 

background radiation: _ the Jevel of radioactivity _in an area, whi,ch •is:_ 
·,_produced by _sources other than the one._of specific- interest; ir, the· 
- Hanford ·area, the ·background ,radiation is produced by- naturally occur~,, 

ri_ng r.adioattive materials in the·crustof_the earth, cosmic -
radiations, and the fallout from nucle,ar<weapons -tests - · 

backscattering: th'e deflectjori .of ·radjatio~ by :scattering proc-e·ss,th~ough 
angles greater than 90. with respect to ,-the original directfori of the., 
motion - -

backup:_ usually -emergency equ i pnient or ·spares readily- avail able~ ·also ,_ 
-refers to.· secondary HN03 recovery from0:PUREX ·dissolver off gas __ - _ .: · 

baffle: -.a plate in a piping or duct.system 'used to ·control_ or.·direct the' flow of fluids -. . 

.· bag 'in and 'out: procedure used ·to introduc~_-arJd to, remove material from - - :, -
process hood~, witho~t loss ·of. containment, via ·pi'a,st,ic 'bag.'.p~ocedure -= .:_ · J, 

. , .. , - ·,,: ,,• . 

. · ba:t~h operation: -· each' of :the process· steps i,s comp 1 eted ·, and stopp_ed:before 
. proceeding to ~lib sequent steps--as opposed to conti nuou.s operation 

.,where.:process-:_$tr,eams flow ·continu·ously. through_.a, series of process ·_, 
. steps · · · · · · · · · · 

: :".batch.:.sf~e ·control: . a method· ·used to control 'the_amount of fissi.le mater-· 
· i al in· each_ batch or vesse 1 to·• prevent· a nuclear. criticality· 

beam. radiation: a stream of radiat;'on,_ such- as a· st~'eam· of 'beta •pcirtl
c.les; the radiation.escaping through an opening ·.of a .shield 

beta decay: radioactive decrease by emission ·of beta-particles 
. ' . . . 

beta particle: an electron or positron emitted'•from an atcimic nucleus, 
. or neutron in.the process of transfo~mation 

·beta radiation: 'essentia:llt weightless charged .part ides ·(electrp~.s and -
·positrons) emitted from the_nucleus-.of ._atoms undergoing nuc.lear 
transformation · · · · · 

·.beta ray: _ ,a stream .of 'beta particles 

beta· radiation: ·.essentially weightless charged particles -(electrons and 
positrons} emitted from the nucle~s of atoms undergoing-nuclear.· 

·-.transformation 

beta ray: a stream of beta particles· 
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. boron trifluoride BF3:. gas used in. ion_ ch.ambers for detection of a 
neutron flux by the neutron.,,.alpha. reaction; also denotes·both the tube 
and the entire instrument assembly 

biological:. pertaining to scfenc:e of living matter 

biological hazards: the dangers involved in ·exposure of -1 iving things 
.to radioactive and.other toxic material 

· block :valve:·_ normally r~fers :to the ~alve fn a gang valve system which 
is the last one in line. to the .jet· · 

. Blue Print File {BPF}: engineering files· containing certified vendor 
· information (~VI file) •. such as vendor drawings; specifications,· 

-__ prints,. tracings, catalogs/etc. · · · 

- _ body burden: - the amount of radioactive. material in the body at·_ the time 
of interest 

boiling point: · the· tempetature ~twhich the_ ~aturafi~n vapor pressure _ 
elf a Uquid fs in equilibrium.with the· external pressure on the liquid 
_a.t stand~rd conditions JBP 'of water is -1_00°C or 212°F at 760 mm of Hg) 

breakthrough: _ point _at whi'ch retention of ltproduct" - is no Jong~r ma in.:.: 
tained= e.g., ~n ion.exchange~ a breakthrotigh occurs when. the re~in i~ 
saturated ·and permits the· product to pass- through· 

breathing air: separatf:! air supply for workers who wear fresh·-air mas,ks 
. a:s respiratory __ p'rotectio'n_ . 

.. ,,~-

Br:emsstrahlung:- _ secon~ary' photon .radiation. p~oduced by deceleration of · 
· . chargeq pa·rti_cles passing _t,hroµgh matter 

bridge crane:' a crane:Jn wh1ch:·a beam or bridge··running on overhead 
tracks carries the hoisting apparatus ·. · 

. . . 

bucket: .a metal'confairier for--·storage,·transpor-t. and dumping of 
i~radiated aluminum-clad fuel elements'~t PUREt· 

buri a 1 ·box: any /met.a 1 , wood-, -concrete~-- or cardboard container 
specifi.cally designated for containing contaminated wastes or equi.pment 
for bud a 1 · · · 

-burial ground: a .land area specifically designated to· receive packaged . 
contaminated sol id> waste or- warn-out equipment for sha 11 ow land -buria 1 ~-. 
So lid waste repositories on the site ·are of. sev.era 1 types: 

.. ' . ·"" .· . : - - . 

t - Ory waste trench: a 1 inearly m-i.ented excavatio·n which receive_s ·. 
solid waste in cardbaatd bojes~ barrels, cdncrete boxes~ · 
fiberglass-impregnated froxes~ etc. The trench is backfilled and 

· covered with . 8 ·_ ft of· earth · · 
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• Concrete- lined V~trench:·. a trench which rece.1ves 'barre.ls of' -solid 
waste which are covereq by metal and 4 ft of earth· 

. . . 

· • Transuranic slab: a concrete-;pad storage facility, conta-ining 
.stacks -of 55-:-·ga 1 drums of transuranic dry wastes. The stad~s -of 
drums, 24 by 24 .by 12 ft, are covered witt:1,p.lywdod_; ·plastic- · 
coated nylon ·sheet~ng, and 4 ft of E!arth . 

-• Caissons: vertically oriented cylindri.cal structures of metal· 
pipe or concret·e· which are buried below grade for receipf of .. small. 
items of contaminated ·solid waste · 

- . . . 

, .·•·'Tunnel: oval-shaped .steel struc.:tures -support.ed by· re:ir,forced 
_concrete beams and covered ·with a; soil :overburden •. A railroad . 
traverses/the tunnel, and large. -Pieces of contaminate_d equipment. 
are placed on railroad flatcars and stored in the tunnels. 

. burst: . an-,exceptiona~ ly large release o'f un~ontrcli led radiatJon: energy; 
·. is a very short period Qf · time .· ·· · · · 

. ' 

·butt: an adj~stment·to bring a chemical solution into specifications 

. button:' the mass·of .plutonium' metal ,formeq in the 'plutonium:·reduction.· 
. operation 

by-product materfal: · ,rad.ioactive, inateri a 1: produceq in .a. nuc'lear· re.actor, 
ariciJ lary to the reactors main purpose of producing power-. or fissile 
·materials;Jission p'roducts are.usually consider_ed to :be by-product 
material ·· · · · 

C 

. calcine:: to dri_ve off volatile. matter and produce drj' solids by. act_iQn · 
of heat; :also, the product produced by calcining C 

'l 

calibrate: to determine;- check, orcorrec't the graduaficin·of 
• •• ' • < 

'cam: a .device for converting ,regular rotary motion i.nto«i,rregu,lat. rotar,y 
.. or •.rec:i procat i ng .motion 

CAM: ·see continuous aif monitor 

campa i qn: . th!= time frame .·and series of events associated with .. a period 
. of acti~e or continuous operation 

canyon: th~t p6rtion of a chemical separations plant that ~ontains ~he 
processing cells and maintenance· cra-neway 
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capacity factor (CF): the ratid:of the actual, c~pacity compared with 
the-design capacity_ 

·, 

capillary: a fine bore tube, of any material· 

car puller: a device~ 1Jsually ¢qnsisting of a fixed. capstan," drive 
mechanism and cable, used' for mov-ing railroad cars· to a specific Spot·· · ·. 
for lo.ad'ing or unloading: · · 

· ... cart.ridge: the assembly ·_or·· package of· stacked perforated-. p 1 ates and 
· spacers used-·inthe:'solvent extraction columns;· .. a filter.element in 
assault masks (same .as i::anister). . 

cascade: equ·ipment arrangement Where· process streams fiow by gravity . 
from vessel to vessel, column- to column; al_so~ radioactive decay _scheme· 

·-.. cask: a shield~d container ·used ~o transport radioactive material 

cask car (well car):· a rail·r~ad car. d~sign to transport casks 
' •• s \ ' • ·~ • • • ,. • 

cation:· a. positive· ior:i . 

caustic: sodium ·or potas·sium .hydroxide · · 

cave: .. ·a shielded hood,• usualJy containing a view,ng·. window or overhead· 
. mirror and seine sort of manipulators f9r handling radloacti ve·· materi a 1 s 

' cell: a confining room .or enclosure~. often 'shielded, where ·radioactive' 
materials are prcice'ssed 6r stpred . . . -

· :> · c~-ntrifuga·l pump: a pump f cir: transferring 1 i quids, consisting of an 
i_mpeller. rotating within- a casil')g · · · · ·· ... 

-centrifuge:· rotating equipment using> centrifugal. forte to ,sepa~ate sol id-
1 iquid mixtures or liquid:..liquid-mixtures· of different densities; act.· 
6f ust~g-·a centrif~g~_ · · · 

'Cerenkov radiation: .. eiectr~ma1netic radiation emitted by a chargedparti-> 
. c_le moving. iri a materiaT·at·a velocity g_reater than the.speed of light· 
· i_n that. material · · · · · · · · 

' . ' 

chai; ;~action: a se~ies 6f nutl~ar r~actions- in which-one of-the\agents 
necessary to the series is .itself produced by the same react i ans . 

. Depending. an whether the number of react-ions <;jirectly caused by. one 
. reaction fs on t_he: average less than, equa i to, or ·greater than unHy, 
· t_he chajn reaction ·.is -convergerit Jsubcritical), .self-contafned. · 
(criticalL or divergent (supercritical) · · -

. ' . ' 

charging·: feeding· raw materi'.al int~ an· apparatus, e.g., dissolver or 
· furnace 

... 
A"."8.· · 
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chemical processing:. chemical .·treatment of materials to separ~te specific, 
.. usabl.e constituents·. At Hanford, the separation by chemical means of•·. 

· · · plutonium, neptunium, and urari'ium :f.rom each other and fiss.ion iProducts 
· resulting .·from irradiat.fon of ttie .uranium in a nuclear ·reactor. 

circulator: a .device for introdlicing ~i/ into' -the bottom of a :self-''.: 
boiling waste storage. tank to_· tirovide agitation and to minimize thermal 
stratification · · · 

•ciarified:. made clear ·or intellig.ible; ,fr:ee of solids 

clearance· (Security):. access permit ·,cover.i!,g type ·of informat.iori· one ,can 
. ''. rece•ive and· areas and buildings on.e is.)e:rm·it:ted .to enter . : . . 

._coating re~oval: . an ope-rat'i on· i rwo l vi ng ~-remova i of :the mefal ·s_healh •front· 
reactor fue 1 s · · · · · · 

ccidecontaminat-fon: .removal of fis~fon,.·product·s.anq impurities f.rom,pluton- ... 
. , . ium and urani.um· streams S,imultaneously ir( solyent extr_actlon; , _ _:,. . . 
· , Le., first solvent .extraction· cycle at PUREX ·: · 

cold: ';uncontaminated; free of'·radio'activ,ity; not irradiated when. referr1ng 
·.to.uranium · · 

. . 

·- :column (pack~d): extraction column whi,ch ·.cbnta.ins :,packing ,(Burl saddles· 
·: or ~aschdg· ring~) 

.·.column· . ulse : -sdlve~t extractAo.n column in which the two lfquid,.:"phases 
: '. organic and aqueous} flow countercurrently: to each. other and are 

pulsed to attain good mixing 

( co lum'n fregu;ency: . or pu 1 se frequency~ :; s the time rate of pulsing in .a 
· .column; expressed in cycles per,ininute· 

compound (chemical): a substance .composed of.two or ;mer~ ,he~ents com- .. 
bined in definite proportions -by weight; the individual properties of 

, t~e constituents having dis-appeared. . 

.. ·._. compound column: a solvent .extraction column hav1ng more than ·:two influ.:._· · 
.·entstreams, such.as an organic stream, feed stream,.and,scrubstream, 

·. all .intrbd~ced at different points' 

~com~ressed: condensed; p~essed fnt~iess ~pac~ 

co~ceritration: ' the mass per' unit vblume or the strength of a solution. 
. . . 

·. concentration guide:, - the average concentration of a r,a.dionuclide in air . 
. or water.to which a worker or member,of the general population may-be 

continuo~sly exposed without exceeding radiation ddse.standards · 
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concentrator: equipment. used to ~vaporate:solutions to reduce volume and 
increase concentratiorr 

condensate: .. liquid fo·rmed from cooling vapors ... 

• condenser: ·equipment.used to condense vapors, usually. some form of heat 
exchanger that . removes heat 'from. vapor, ·.causing. condensation. The · 
cooling medium ·is ,usually water' · .• . ·.. · . . . . . · 

confinement:. to .keep radioactive• materia~ within· some specified bounds, .. 
differing from·:containment in that- no_ absolute physical barrier exists. 

·· connector. remote: .· a. devi.ce for connecting process. piping,· auxi 1 i ary 
lines,, o.r .electrical conduits by ·an operation performed remotely 

consequence: · an effect·or•resulf 
. ' . ' . . . 

constant monitoring: 'continuous ,detetminatfon of a parameter, such· as the .. 
amount of ionizing. radiation• or contamination present · 

contact maintenance: maintenance wor"k irivo lvi ng contacf. or touch wi t.h . 
equipment befog _repaired, as· 9ifferenti.ated from remote maintenanc.e 

. . -
· · ._·_ contactor: apparatus .in .which batch ·or continuous. solvent extraction 

.... "<lperations ar:e performed 

containment:: that which privents escape ~nd dis~efsion of· radioactive 
material :beyond specified confines· :·· 

contaminated wa'ste: .soli.d, gaseous, 'a~ 'liqufd waste which contains. radio-
. active• materials.· · · · · 

contamination (radioacti~e}~ the ~resence of radioactive material~ wh~re 
they are nor:ma l ly unders frab:l e, harmful, or cause i nte.rference : 

contingency. do~ble/triple (as referred· to criticality safety):. the phi-. 
)osophy that .at least.two unlikely, independent, and concurrent ch_anges 
:,(contiogencies}, ·in processing ·or operating> conditions ·are required. · 

. ,before a CTiticality. is possible in shielded. areas. For unshielded· 
, areas, criticality prevention i,s ba,sed an the accurr_ence of three such 
·changes (coqtingencies).:befare·a criticality is possible 

·_ continuous air monitor (CAM)·_ i·~strumentwhich continuou'sly ·monitors 
· radioactive··ievels. in the:air and.alarms at a set point· · 

cantfnuaus phase: .the.larger volume of liquid in a colu_m~ through which 
· 'a smallei volume {dispersed phase).travels in th~ form of droplets Of 

.. globules . '. 
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controlled ·area: an area in which: access~ occupancy, and working :condi
tions are controlled to minimize exposure of personnel to radiation and 
contamination, or· to maxi.mize security · · · 

··.controlled 'exposure: the -~imiting of .occupational exposures· to ionizing 
radiation by administrative means · 

, r • . • 

control led :injury zone (CIZ): · a ·zone containing radioactive mater1al, • 
· in which employees with improperly protected-or h~aled skin injuries 

are· not permitted ·to w.ork. · · 

·· .··convection: natural movement of heated parts of·a liquid or.gas· 

·-,-~~cling (fue-1): storage -of.fuels after discha~ge :from reactors to allow 
for the decay of short-lived isotopes to acceptable. radi,oactivity .· 
levels · · · · · 

. corrode: to eat· a,~ay gradua;l_ly by cheroical.'a.ction 

count: · act Oaf measuring rad.ioactivity; .the specific .amount of radioac
--tivity preserit · · 

. . . . 

· count rate meter (CRM): a. device which g·ives a continuous indication· of 
· the average rate of ioni:i)ng .events · · · 

. ',• '· 

.. counter: an instrument 'that records a ·portion of the disintegrat_ions· 
from which the total can be calculated 

,counts per minute (cpm) : .. -the .number of events per minute recorded bY an 
ir;is.trument designed to detect. r.adi.oactive particles; especially used to· 
indicate the relative. amount of radioact.ive contamination·· 

. . ' - . . . 

cov~r black: a removable toncrete.sh)eld over c~ll op~nings·and ~iver-
. sion boxes 

, -crane maintenance platform (CMP): canyon maintenance work area behind a •· 
- -· sh i. el ding wa 11 where . direct. ma-i ntenance on ·the. crane is· accomp] i shed 

. . ' 

.. -crash alarm: ·• riotif·ication· of an emergency made simultaneously to tele
phones on.an automatic confere~ce ~ircuit· 

. ,· -

crib: a porous underground structul'."e for disposal of low-level liquid 
· wastes · 

critical: fulfi_lling-the condition that a medium capable of sustaining 
a nuclear chain reaction has an effective multiplic~tion factor-~qual 
to unity. (A nuclear reactor is critical when ttie r:-ate of neutron 
production, "excluding neutron sources whose_ strengths are ·:not a 
function of fission rate, is equal to the rate.of,neutron loss.) 

• • Delayed critical: identical with ·critical; the term is used to 
emphasize that.the delayed neutrons are necessary to achieve the 
critical ·state 
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• : Prompt ·critic.al: .fulfiJling the condition that a nuclear chain 
·. reacting medium .is critical uti.l izing ·prompt neutrons only 

critical mass:. the minimum masi of .fissile material.which can be made· 
critical with a specified geometrical arrangement and material com-

.· position : ·. · · · 
' ' 

critical organ: the• critical organ for internally dep'osi.ted · radionuclides 
is that organ· of the body. receiving the specif.ied radioisotope that 
results in. the gr:eatest•·-physiologica.1 · damage to ·the body· · · . .. . . . . . . . . -

criticality:,· state ,cif being ·critical; a· self-sustaining 'neutron chain 
reaction in which there .is an. exact balance between the production of 
.neutrons ind the losses of.~eutrons in-the abserice·of extraneous 

• ' neutron "sources 

criticality alarm system: a network of. active.gamma radiation or neutron
sensitive detectors •co"nnected- to audible alarms that will signal a 

· · personnel evacuation· if a" cr)ticality · occurs . · 

. ·. criticality accident, nuclear criticality ·accident: the re·lease of energy . 
· as a result of accident~lly pr-oduci~g a self-sustaining or diver~fent 

neutron chainreaction. 

. criticality safety:.·. protection against the. consequerices of an inadvertent 
· nuclear· chain· reaction, preferably by .. prevent ion: ·of the· react ion 

crud: 'solids, precipitates~· and acc:umul.ati'cins of unidentjHed mater.ials · 
- .. -. ·.not .wanted ·in the process·. · · · ·· 

curie (Ci).: one curfe is' a iJ~.if,of radfoactivity, equaJ<t.o 3-7 X 1010 
.dts integrations per secont:j;' al so, equal. to 3 .7 x 1010. becquereJs 

cut: portion of·metal dissolved: at-one time from a dissolver ·charge;- a 
.. portion of a product~ material· eluted from an jcm-exchange column· 

cvI ffle: .:cert:ified_.vendor information file 

. cycle: .'a distinct<and':camp-lete portion of a: process· ·operation,- s~ch as a/. 
P.artition<cyi:le· o.r final: deCo·ntamiriation cy.r;le 'in. solvent extractiqns. 

D . 

dauqhter (element)~- th~~pradu9t:of the ~adidactive decay of a radidac~ive 
·. e .. lement (called: -t!ie parent) 

. . . . ·'. ' 

. daughter· products:.· the nuclides formed: oy the radioactive disintegrations 
of• a first.nuclide. (parent)_.· .. · 

·· de mini mus l eve'ls: ·. the· contamination l ev·e1 s ·acceptable for unrestricted 
access or, release> 
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deactivation: · the· permane~t· remo.val from ·active service of ·a lac-ility or. 
portion of a fa..cility, possibly '.atcompan,ed by removal or partial 

: removal of equipment or .. services essentia.l to the operation of the 
· , facility or .system · · 

decanting: ... to separate a liquid. from a residue or a liqu,id pf higher den,~. 
sitY _by pouring off carefully the supernatantliqu,id without disturbing 
the. heavier material settled ·at the bottorri; a vacuum or pump_: transfer 
is genera':l ly made instead of pouring .· 

decay (radioa~tive): ·th~ sponta11eous t~arisfor111atio~ ofone'nuciide into · 
· . a different nuclide or into .a· d'ifferent energy state ·'of. the same . . 

.•· _nuclide~ The _process results tn a• de·crease, with t,ime, of. the number 
of the oriigir,al radioactive atoms in a sample.: It· jnvolves thE;! 
.'emission .from the nucleus of alpha partftles, beta particles •(or. 
electrons), or- gamma rays;. or the nutlear capture or ejection of.· 
.orbital_.electrons;-or ,fission; also called radioactive.dis.integration , 

'decay chain:. the sequ_ence :of radioactive disintegratio~s fo' su.tcessfrm: ·.:· .. 
· ·,, from one.nuclide species to another until a stable daughte.r is reached. 

cfe·cay ~heat:· th~ .. thermal energy_produced .in ·a materia·l .by' its own .radio-. 
·. ·,active disintegrations · 

. :deccimmfssioning: .: the management.or di.sposition ,of ·worn out ··or obsolete 
·· · ·nuclear factnties or contaminated sites; at·Hanford, four'.altetn·a-

. ti.ves have been defined for decommissioning contaminated excess· s·ites ·. 
and faciliti~s · · 

• .. layaway: the facili.ty or.•site is preserv.ed essentially in its 
··.current state~ as a temp·orary measure~ Continuing surv.eillance 

· ·and maintenance are a.nticipated as long. as the facility is in .the: 
l aya_way mode 

·,·, . . . ' . 

• Protective storage: the facility is prepared to be left :i~_.piace .. 
. . -safely for an extended perfod which might range from decades to · 
·,centuries. Often this mode ~ill req~ire engineered improvements 
· .to strengthen the containment of·contamination for the duration of 
>protective storage · , · 

. • Entombment: the facility or -sfte. is ·prepared to be. left' in place · 
safe-ly, with a long-lasting barrier surrounding all contamina,ted 
materials and with.no intent to allow for their subsequent 

'· retrieval· 

•· Dismantling: as a minimum, all ·radioacti.ve'.c•mponents and mate-·· 
rials which exceed the crife~ia for unrestiicted r~lease are 

. removed from the site.·· In addi-tion, _nonradioactive. components may 
~e removed, .structures dismantled,. and the area·prepa.red for 
alternative use 

, ' . 
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decontamination:· the selective re111oval of radioactive· material from within 
another material. -

decontami. nat ;·on·. agents: 
· decontamination . 

.. 

those solutions or-other agents used to effect 

decontaminatfon factor (OF):. the: fact.or- by.·whi~h the concentration of 
contaminants ·is reduced; it is·. the ratio· of the .initial contamination 
to the contamination present''at the: completion· of the process ~tep 

.' ' . ' ' . . - ' . . 

... · deep well pump:. ·turb-ine.:.type·pump.'designed to meet a .. wide·range_·of·head. 
·.. and capacitycondit.ions;·such:pumps usually con~ain a number of stages 

· to· meet .the high head_ req1Jirement .. • 

>~<~ . _:: ·degas: to remove uncombined gase·s that may be present in ·a liquid or 
_, s·o1·1·d · · •,,::·,· ;_J(l,, 

.. : :Q,.,,;,.~. 

,)~·
,·~-

ey:~ 

demine·ral ized water:. - water which has been treated by ion exchange or. 
.material such as· zeolftes .to remove the dissolved. salts'' · 

deinineralizer: . equipment used to· ·pr~duce ·denfineral ized water; the 
d_e111inera l _i zing ·material;.· such as ze·o 1-i tes ' · 

. , . 

demister: -~- trap _Jar removing liquid particles (mist) _in ·a gas st_ream · 

: denltration: ·•·the removal of nitric acid,: nitro groups,, or nitrogen 
. oxides (opposit~ of n·ttration) 

dens Hy: the mass. of,·any subs~an~e _per·~unit volume at any ·definite 
te~perature · 

depleted 'uranium: :·uranium cont~_ining .less than 0.7lH% 235tJ~ 

deposition: process of depositing: br , laying down; generally :refers to 
radioactive materials 1eposited within the body 

, detrimental:::, :harmful; causing injury:, . 

·diaphragm: . a membrane sep~r-~ti ng -two areas ··or ·cav·, ti es: 

. differentialpressUre·(•P}: :pr-essuredifference·betweeri .two-points ·in•· 
, an enclosed flui.d or gaseous system 

diluent: a diluting .agent. 

die t'ube or leg: 'a pipe, or ·combination of pipes ext.errding · into _·a vessel 
as the suc.tion leg.· for solution sampling, for transfer of ~essel .con

. t~nts9 or as ·a sen~ing· line for. instrument functions · 

· disenqag•ing:. ·the separatfon of_ contacted-phases; e.g., organf~ a~d 
· .. aqueous phases · 

-.- .. _:-: . ' 
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· · disintegration: ( rad ibacti ve) - see decay:· 

dismantling: the disassembling, -dismounting, and removal of equipment'. 
qr._ systems 

di~persed phase: see.continuous phase 

dispersion: : in solvent extraction,. the ~ixing of two immi~cible .liquids· 

····disposa·l: -safe disposition ·of:radi.oactive waste, res·idues,·or contami~: 
. · .nated equipment, tools, or .o_ther materials. · 

.dissolve: . to make. a solution of;. tc:> break· up or undo. 
: ' . . 

·distillat,on: the process· of remov:irig impurities fro~ ~ 1fquid :·6y. he~ting·. 
it to· its boiling point-and then·condensing the vapors.•· 

distr.ibuti6n coefficient (E.a .i.Jll: the ra'tio.• of.th~- equ'ifibriu~· to_n~ert-. 
trations of.a given component il'.1 two immiscible ·solutions.; .. · .. . 
,e~g.~ or:-ganit/aqueous. A,similar term-9 l/V, .. simply refers ·to'the·ratio -•·· 
·of, the tota:l 'aqueous flow to 'a coJumn to the·. organic. flow to. that, 

· .co·lumn. 

· ditch:. ·-a 1 inearly· oriented excavation often used :to dive~t waste waters' 
i .--·to ponds 

· · diversion box: . a below-:grade· concrete enclosure· .conta·ining".the remotely· 
maintained jumpers and spare nozzles for div~rs1on~of waste solutions 
_to: storage. tank fa_rms or: disposal sites· · · ·· · 

· Do Not Operate tag: a ,tag placed on any equipment' where -a possibility of; 
·· personnel injury or equipment damage would exist, jn ,the e,itent that the, 

· equipmeht -~ere· to be operated· 

door stop: , a. shielded. transport container for highly' radioactive proce~s 
samples 

. ' 

·. DOP test: a standard test,for determining the efficiency of MEPA filters 
•. and consists of ·introduclhg. a tjuantity -0f'.dioctjl_ phthalate,mist ~P~

,stream of the filters and determining the fractfon_ that passes through 
·._ the filters · · 

'dose': a. general term indicating the amount of- energy absorbed, from inci- .· 
dent radiation by a specified mass·; the unit "Of absorbe,d .dose is a rad 

". 
_dose commitme·nt: the integrated dose which results- from an intake· of . 

radioactive material when,the' dose.ts evaluated from the beginning'of 
.intake to a later time (usually 50 yr); also used for the lo~g-term 
integrated dose to which people are tons,idered ·committed because radio
active material has been released to the environment, 
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dose· rate: . · radiation dose. rec~ived per unit. of time · 

dosimeter: an instrument·formeasuringaccumulated radiation dose; 
common dosimeters are TLD badges and pencils· 

double conttngency:· for-shielded areas,.the requirement that .at least two. 
unlikely, independent; and concurrent changes (conting~ncies) iM pro
cessing a.nd/or operating· conditions rriust happen. before ·a criticality. 
accident is ·possible (referred to as the do~ble contingency principle) 

cfowncomer: · a pipe- or othe;. vertical fla·w .chan.nel · that ~llows · 1 iquid to. : 
.· flow·:dawnward :· · · · · · · · 

drop.;..out: method"of checking flow measuring instruments_ in which the· 
.. volume removed from a tank: (drop-out) over a period ·of time is com ... · 
. · pared to. ttie . measured ·flow · · · 
. ,"-', - . 

·· ... drum: a metal or composition cyllndrical'container used for incoming · 
chemicals and. for the transportation,- storag~, and· disposal of waste or.· 

. : chemical _materials . . . . . . 

... dunnage: ·the structure used to s1,1pport,.:equipment";. the· .. ctating or supports· 
used to stabilize railroad shipment~ · · 

E 

effluent~ .:· a ·stream. leaving a process or facility 
. . . . 

: , emerge'nc¥ pow~r:: ·electr.icaJ po~er ava1 labie from· ifn .. alternate station -and/·· , 
or 1 ncom1 ng line, in the event of ncirma T power 1 ass. Switchgear . 
located at power subst_atibns and. in each.produc:tion facility complete 
:the· transfer. Additional backup 'iSC'.provided from steam turbine· · 
generators located in ~ach pow~rhouse:. · · · · 

. emergency proced~re: ·.-~-·spec i·a 1 pro·c~dure for. pers~~nel to.· fa 11 O\'.<' in the · 
event: of an' aJ:matmal. occ4rrence or .~mer~ency · 

. ,• 

.. emitted: discliatged·, sent:forth, given ·out.· 

· · emu·lsion::: · a dispersion of immiscible .·liquids; e.g.", a suspension of 
ail. in ·water or water-in oil·· . 

encased pip.ing: piping enclosed _in another pipe or confining enclosure 
used to doubly enclose process so·lutian .containing radioactive mat~rial · 

· · -when it ·is pumped or atherwi se transferred· in pipes -

. endothermic reaction:,. a che111ical reaction wh.ich absorbs heat 

en echelon:-' adjecti-ve to· describe _geologic features that ·are in -an -
over 1 app ing or staggered arr~n~ernent . 
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Engineering Flow Diagram(EFD): line_sketc_hes prepared as a·g~ide'for 
. detail design 

· enriched uranium: -uranium containing ·more than· 0."711% 235u · 

- entombment:: 'the act or process of e'ntombing ci; burying equipment or . · 
materi a 1 s -to the extent that their enclosure win rema i.n safe for an 
_indefinite period with minimal required ·suryeil lance ---

. ent:rainment:. the.carrying of.liquid.droplets, g~s: bubbles,or fine so·i;d· 
particles by liquid or gaseous stream~ · 

~ " ' . . ' 

euqeosyncline: 'a .geosyncline ;in which volcanism is associated with ' 
. elastic sedimentation · · 

~xcl~sion area: the fenced:area-enclosing th~ indi~idual p~oduction 
facilities·· 

' . 

·- · excursion: a sudden rapid increase of power ·produced when a reacto~ ·or· 
. -other sy'stem of fisstle ·material ·undergoe_s a sudden i:ncrease in. 

__ react i.v i ty 
' . 

·exothermic reacti~n:·•. chemical reactiorr wh-ic_h gi.ves off heat 

explosive limits: the_ concentration ranRe of .a compound in a defined 
atmosphere within whi_ch an ·explosive reactio11 is _possible . · 

exposure: total radiation dose received .. by a person, chem1cal, or any· 
othe_r material 

expdsure record: reco~ds which date, list, and·evaluate the -0ccupatiorial 
· exposure of persons to ionizing radiation 

.. 
- extraction: the mass transfer ·of an element _or· compound between two - .

im!lli scible phases, usually_ referring to transfer of ,uranium and/or 
_- _ plutonium from the aqueous to the_ organic phase · 

.F 

'Fatility Change Notice (FCN):_ a:n administrativeJormused toobta-in ,_ 
approval for and. recording ~hysica:7 ·changes to plant and equipment~ 

.same as Engineering Order'or Engineer,ng Charge Order· . . . 

fai l"".safe: design .and fnstal lat ion·. of added safety. to processing systems 
and equipment, so that in casa -of failure the system will shut down in 
a safe or stable condition 

fast flux (fast neutron): a stream of .. neutrons having energies .(veloc
ities) near that imparted to them by a.fission event; when appl~ed to 
nuclear reactors refers to those using high veloc·ity .neuJrons to cause 
successive fission events · 
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feed/product .specifications: · 'detailed requirements such as form, purity, 
concentration; and limits of impurities 

·fertile: .capable of being· transformed 'into a fissionable substance by• 
capture .of a· neutron .· ·· 

film badqe· •. thermoluminescent dosimeter (TLD): a badge containing masked 
·photographic film'\; Nuclear radiation darkens .the film and exposure to· 
the•-wearer can be determjned by developing the film and comparing it 
with a standard~--

f i ss i ie: • capable of:being split; fissionabl~, especially by neutron~ of: 
thermai·energies · 

fissile material: one of several, actinides which .under proper conditions 
fission spontaneously, producing -sufficient neutr_ons _'to sustain a chain· 
reaction·· · · 

fission (nuclear): the splitting of a .nucleus- into two. or more .fragments 

fissfoh product (~P): :a·_n~clide'pr-oduced .by the fission· of a heavy ·element 

fissionable: · a: nuclide capable of-1.mdergoing'.fiss_iori by any process 
- . ' '. ,,, ,. ' . 

fissionable material: - .any material 'fissionable by neutro'ns of some ~rier
·gies, such- as certain ·i,sotopes of uranium .and:·pJutanium, that have the 
property of capturing neut_roh_s: and" thereupon splitting i rito two or more· 

·.· .. particles.and releasing·.additional:·neutrons. 
. . . i,, . ' ; >' ••• ' • • ' ' • 

' five fold: a personnel contam;riation:"detedtio,n .instrument for .monitoring.· 
of hands. , and so 1 es of shoes •. ·. 'The counter uses several gamma and a 1 p_ha · · 
monitoring instrument.s in a .fixed position as· detectJng elements;· now 

· ca 11 ed hand and foot counters · . . . . . ... 
. - . . 

•flex jumper:,' nonrigid· connecting pipe used in process cells in place. 
of a rigid jumper · · 

·-•· rloodi~g: a solvent extractibhcolumn·condition in which dispersion of._. 
the pt,ases fails _and counterc_u,rrent flow ceases 

floWsheet: an ·outline or d.iagrani of \uccess'ive'operatfons specifying-
·, -stream_ compositjons, rati,cf of fluid flows:. acidities, and densities .as 
··-optimum for producing product to meet· specifications 

flu vi a 1: : ground -formations of";', fOurid in, or produced by a. r"i ver or 
stream· 

. foldbelt: a linear. region that has been:subjected to- folding and d~for,.. · 
mation during mountaih :building · · 

~ . . . - . . 

fouf·fold~ ~a persdnnel}~lph~_torita~inatibn 1e~ector· jhstr~ment for 
•· mo,ni torfng har;ids 

· A:-18 
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. fractionation: in.ternal reflux within .a. c~·lumn :~esulti,ng ,n a :gradual 
separation between the high·and low boiling fractions - · 

' . ' 

fractionization: separation of c.esium and strontium from waste streams 
the B Plant operation - . 

'french drain: a subsurface,sail:drain·formed PY partly'filling a·drainage' 
hole .in the ground with loose, broken.· tile, hricks, or cr·ushed rock 

. fresh air mask:.· a •tight~fitttn~ -breathing mask. suppl;ied :with fresh air 
· · __ .. f ram an external . source 

.fuel {nuclear, ·reactor):· fissionable'material .used as the source of 
power when placed in :a critica·l arrangement in a n'ucJear reactor .. 

fuel element: a tube,. rod, or· other form into which fiss;ionable niate~ial. 
is fabricated for-use in a reactor. 

' -fuel ·separation· (fuel reprocessing): ·_ processing of' irradiated· (spent) . .. 
nuclear reactor fuel_ to recover usea:ble materials:·as separate·products; 
.usually separation· into plutonium_; uran_ium, and ffssion produc,ts , .. ,,, 

. 'ful l-"face -r~spirator: ' . a respiratory protective device ,_worn to, p_rev_ent 
· ·inhalation of.radioactive patticles 

gamma burst: spontaneous disintegratjon of radioactive substance ·sign- . · 
-ifying the sudden release of, a large quantity of' e_lectromagnetic r.adia-: 
tiori; a-rapid and _substantial-increasei-n fission.product activity··. · 
associated with organic ·product Stream f.rom an extraction_ c,olumn. ·.·It. · 
may· be spec if i c to one co 1 umn, one eye 1 e ~ or genera 1 . to the entire 
solvent extr·action train · · · 

gamma radiation: electromagnetic ~nergl emitted in the_process of a 
nuclear transition 

gamma ray: electromagnetic radiation emitted by the nuc_lei ~of radioactive 
su~stince during ~ecay~ ~imilar ·;n. nature of l-rays · 

aamma scan: process of measuring the·· energy spectrum' of the gamma ,rays 
emitted.by a material-in order to determine its constituent_n·uclides.' 

gang-valve (jet):· piping assembly, ·associated with:jet transfer,s~ 
consisting of four valves perform:ing steam, air, vent,·and block 
service 

·gaseous waste: stack gas effluents discharged frail) the production 
facilities 
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Geiger-Muller Tube: ·. a gas-filled tuoe used, to detect low'.""level .beta and . 
gamma .radiation by the•.ionization pulse produced in the gas;· used on a 
GM counter 

geometrically favorable~. subcritical by.virtue of neutron leakag7; 
under the .worst foresee.able process conditions ·" 

. geometrically safe: geometrically safe equipment is subtritical by 
virtue of neutron. leakage under .all possib~e conditions .• 

,) •' .,. - ( ,. - . 

, geometry: .. dimens.ions: and· shap~,, particularly the effect on criticality; 
·. favorable geometry indicates shapeand·size is, such that neutrons . 

. readily escape system, improving crttieality safety; also defines the 
ef~icie.ncy- of radionuclide counting ·in,struments , · . · 

geosyncnne: a'.mobi,le downwarp'ing of the .crust of the earth, either 
. . e 1 ongate, · or basin-like, ·measured . i.n scores of k i1 ometers, which 1 s . 
· ·· su~siding as sed,imentary .and volcanic rocks. accumulate·to a th.ickness 
· of thousands -0f meters · 

' ' 

Gilmont:. ul·tramicroburrette ~: t.he· .sanipler device for obtaining measured . · 
volumes of samples for anlay~fs>an9 measured drops·· for specific gra-:._ 
vi'ty determinations · · · · 

glaciofluvial: pertaining to the.ineltwateir from.washing glacier ice and, 
to·deposits and landforms producedby•nieltwater 

' ' 

· ·.glo·~ebox:. an enclosure having ,openings fitted with gas-tight' gloves. by 
means ·of ·which certain raqioact'ive or other special m.aterials may be .. · 

.. safely handled. · The enclos.ure is kept .under slight ·negative:pres-.sure~: 
· Ventilation, enters when provided from a: nonradioactive· zone,. and is 

~xtiausted through high-eff i¢ie~cy: fil~ers. · · · 

glove port': an op~ning into a hood or·'glo,vebOx for attaching an arm-length ' 
. rubber glove whicti maintains the .. hood seal· but permits manual hahd 

· . · operat i ans fns i de the. ,hood . : · · · 

·: .GM ··instrument:· :instrumen't ·for·d~tecfing. low:-·l~veJ · beta and gamma_ radia-
. tion -using'aGetger~M~ll~r t~be. ·· 

grab sample: ;'r,epresentati~~ 'sample obtai·ned _by·collecting loose.solids 
'i.n equal quantities ffom each part ·or. p.ackage . 

. ' .· : .. - . 

· . graphic pane·,: · . an operating pa17e l boa~d equipped with · recorders and . 
. controllers and ·laid ·out .by means of l.ines, marks, and characters to 
: gj ve ·a diagram of pr:-ocess. flaw . . . 

· · green fue 1 (green meta.1, short coo i ed fue 1): reactor fue 1 elements that 
. have',not radioactively decayed· the minimum amount of, time required far 
processing 
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.ha lf.:.life: the time required for the .radioactiv-ity. of a substance to 
·. c:lecay to half its original value. · 

·· · hazard:. a condition :with ttie potent i a) of causing .i rijury :fo personne 1, 
damage to equipment or structures, lo.ss of material, or lessening of 
the abilitj to pe~form a prescribed function· 

haza~d review:,· a deta.iled, cr,itical assessmenLof operat-fon, func~fons.,. 
and equipment to determine the hazards· present and the degree of r'isk 
invo·lved · · · · · · · · ·· 

. . ' 

. headend:·.that portion of the.,process.il') whi.ch' reat.tor fuels·are dee.lad· 
_and .diss.olve·d and product feed soluti_ons are pr,epared for extraction · 

·· battery processing • · 

. 'head tank:_ a vessel used:for·dired flow(gravity or pump)j:,f solutions· 
to process · · · · 

.. 

·. header: .. common supply or discharge_:line which leads to or conver,ges 'fr:om 
many . sma l le.r ... 1 i nes 

>Health. Phys•ics: that branch of radiological·physics:dealing with the· 
protection o(personnel fr,om ionizing radiatio~ 

'. heat exchanger:· ariy of the ,varfous:·p_ieces of· pr~cessing equipment· ~~e·d 
·for. the. contra l led heat.-i ng or cooling .of liquids and vapors · 

heel: · the amount :1eft .in a vessel or container after the bulk- of .the· 
contents have been removed 

hitjh eff:ici~ncy particulate air (HEPA). fi'lter: an air filter capable· o·f 
removing at least 99.97% of the·radioactive partictilate material 
greg.ter than 0.3 in·d.iameter in an afr stream. 

high-level alarm: an alarm acNvated_ by ·instruments indicating that an 
. established upper. operating li~it of some physical variable of the· 
.. contents- of a process vessel, sump, or column has been .reached, such as . 
· the weight factor, interface, -differentlal pressure 

" " . . . . ' 

hiqh-level liquid waste: 'liquid materials from Hanford _operations·stored
in-underground tanks; the_ liquid wastes are conta~inated by greater 
than JOO uCi/mL of mix~d fi.ssjon pr?ducts or more than 2 µCi/ml .of 

.137cs, 90sr., or- l ong-1 ived a 1pha em, tters . . . . ·: - -

hiah~level waste: radioactive waste which ~ontains the bulk (99%) of 
_fission products 

hold up: the amount of material in plant equipment at any time 
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hood:,. a··canopy and exhaust duct used ta:. confine hazardous ni.aterials in 
--_order to reduce th~~xposure·of:industrial workers 

11 hot 11
:. a co 1 i oqu i a 1 term 'meaning radioactive 

Hot Shop: a shop or room desi.gned .for ·handling or repair of radioactively 
contaminated equipment; thespaq~.m.ay have·special shielding, venti-
lation, or ma,nipulating equ1pment . . . 

immiscible:. incapable of being mi.xed. to' a.state of homogeneity 

' impact wrench::~ a •'power-driven wrench den,vering torque through successTve ' 
· sudden applications:of radial t:orce,.to the wrench socket 

' .. , 

inaccessible: .. not capable of being accessible, reached, or approached,,· 
· without .. resort._,to deliberate or de'termined action 

incident: · unwanted f.low' of ene_r~Y · · ':' ' 

incredible: 'unbelievable;· not ·reasonab'le· 
·. . ' . . 

industrial (radioactive) waste:. radioactive wastes which would .be·serit to 
·· low,- level radioactive wa~te· buria1' grounds,· e.g., pumps, pipes, erates, 
·. concrete; paper towelsi. etc. · · 

inqestion: ·refers_ to-being taken,;into ,,the stomach·, .especially taking .. · 
radioactive materlals into the d:fgestive·tract · 

' . . 
' ' ' 

inhibitor: a restrainer; a material_'which, sfops or .retar.ds a ~hemical 
or nuclear reaction .. 

in- line instrumentation: · instruments designed to. continuously measure 
• p~ysical or ch~~ical propefties of fl~ids flowing through pi~es 

'Iristrume~t F·fowDiagram (ff•.):'.-.a line.'diagram of the instrumentati.on> 
. .issoci ated wH.h · pro,cess .. equtprnerit and fl.ows - ' --

i ~terad: idn: in nuclear safety,,· .the. e.ffect of neutron absorption between 
two or more ¢~ntainerS or.maises~f ~fssionable m~terial · 

'' ' 

interface:· the common boundary. of:two materials either immiscible or of 
different phases, such a.s organic: and: aqueous phases ·in extraction 
cblumn operation 

·· ·interiock: •·. a device to prevent activation of equipment until desired 
cbndittoni-~~ye been me~ or to,mak~ th~ operatiori of a .piece of eq~ip

: .ment dependent on that of a11other ·to prevent operations. hazardous to 
·.·. persorine l or. equ.i,µmei,t. · 

~, ·. 
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ion exchange: process for selectively:remciving a constituent from a· 
liquid stream by reversibly transferring ions between an insoluble. 
so 1 id and the 1 i quid stream; the exchange medium (usual ly a co.l umn of . 

· resin or ·soil) can then be washed to collect the ·separated constituent 
if so· desired .· · ~ . · _· · . ·· · . . .. 

. .. . . 

ionization chamber: a device consisting of .an.enclosed volume of gas. 
between charged· electrodes, used in measuring ionizing ratdiation in · 

.. terms of electric. charge_ associated with ions produced· in the. volume 
. . 

·;onizing·radiation: any electromagnetic or particulate radiation 
. ·. (contamination) capable of, producing ions; directly or indirectly, _in 

.. :its passage .through matter. · · 

irradiation: .. exposure to radiation by·.be1ng placed. near a radioactive 
source; usually in-the case of fuel materials:being placed in an 
operating nuclear reactor · 

:isotope: nuc·l ides wi.th ·1:he same :atomic number (i.e., the same chemical· 
• · element),' but with different atomic masses. Although chemical pro-
.i perties are the same, radioactive and nuclear properties·may be quite 
'•different for each isotope of an element 

J 

jacket:·: .an. oute~ casing of a t'ank through which water or steaim ·.may be 
· passed to heat or .cool tank contents · · 

. . . . . . 

•jet: :a solution ·transfer device; also called a siphon, exhauster, :or 
•. eductor 

job· hazard breakdown: a written analysis of the job and stepwise pro-' . 
cedure that points.out necessary equipment and methods to perform the 
job safely 

. joint windspeed: . joint frequency of occurrence of wind speed,, direction, 
· and stability 

.JPA: Job ·Performance Aid; detailed ·writte_n instructions for performing 
a task 

jumper: pipe assembly designed for remote installation and removal,• 
used to connect in-cell canyon equipment · 
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keff!: the, ratio of thitotal riumber of ~eutrorii produced during a tim~ 
-- i.nterval (excluding neutrons produced by sources whose strengths are·. 

Mot a function of fission rate) to the total number of neutrons lost 
by absorption and· leakage during the same. interval. W.hen .the quantity 
is evaluated for an infinite medium.or for·an infinite repeating 

· lattice, it is refer·red to as the infinite. muHip)fcation factor (kczj), 
arid when thi quantity is evaluated for a finite medium, it is referred. 
to as the.effective· multiplication factor (keff) . 

, , ' 

kilogram: a weight jn. the metric. systern equal to 1,000 g or .approximately 
·2.2 lb .. . . 

knock~out pot:- a· dee·ntrainment ·vessel used to separ~te liquid droplets 
from vapor 

L 

labyrinth: , as used, in thi_s safety-analysis.'.repdrt, a scheme or figure '. 
depicting the. path through the yartous spatial and physical• boundaries . 
between the process- solutions. in PUREX ,Plant and .the public . 

' ' . . 

lacustrine: .·· anyth_i.ng found or '.formed or havjng todo with, a lake or 
lakes 

•lead glass: g.lass contai11ing lead oxide in amo4nts up to 50%, ~sed 
because of its::increased densHy and consequently ·;ts radioactivity .. 
shielding pr:-o·perties .. . .. . . . . . 

let~down valve: :an air-operated di~~hragm valve. ~hJ~h .is in ~he drain 
· piping of· extraction columns and· is contr'olled by the co-luinri i'nterface 
to mainta'in the desired-_ liquid lever· in the colunm .. 

·1 imi ted area: security ~rea in which guarcfs:.·.or other. i nterna 1 contro.l s 
. can prevent, access bY unauthori.zed persons to.·classi..fied matter 

. . ' . - - - - . - . . . 

··limits (operating):. volume, co·nce·ntratio~, we:tght· limits, :etc~ i_n:process ·· 
. vessels or .area.s designed to ,p·reclude· p,ersorinel hazar-~s, equipment . 

· .. da'rriage, or.' processing upsets.·.: ·.·· . 
. . · ,· . ' . 

Lock a~d Tag Proc~dure: a :procedure Jar fockirig b'lJt arn:l tagging equip-
ment where, the poss·ibility of injury .. exists ir, the event the equipment. 
is. used -or operated · · · · 

· long-liv~d isotope: •a· radioactive nuclide which·decays at. such a slow 
. rate that a quantity of it .will extst for an extended period; usually . 
. radionuclides whose, half-1-ife. rs gre~ter. than 3' yr 

,,·_ 
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··· ... lost time· 1nJury: colloquial· for -disabling fojury, which is defjned as .. 
a work injury which results in ·death, permanent total disability,· 

· permanent partial disabi 1 ity, or temporary total disability· as .defined . · 
under OSHA . . . . .. 

louver plate:. an insert plate fitted with slatted openings designed to . 
pass· air across a barrier while deflecting impinging 1 iquids or sol ids 
to redirect phases in a pulse column to minimize channeling 

. low- level alarm: an instrument device set to ala.rm .at· a predetermined· 
minimum level . . . 

. 'low-·level liquid waste: fluid-mater.ials disposed-of at-_Hanford which are. 
• contaminated by less than 5 x 10-S µCi/ml of mixed.fissi<>n products; 
· wastes containing .. types and concentrations of. radioactivity' such that· 
shielding to reduce personnel exposure is not required · · · 

. lull: a temporary quiet or. still condition 

L/V: .the ratio of aqueous to'.organic flows·;·in extr:-action 
column· operation· 

M 

maqenta: · the ·color, purplish ·shade of red,'.of the symbol on a radiati~n · 
zone sign 

. man-rem:. used. as a unit of :population dose;. often the average dose per 
individiJal·expressed:in rems times the population affected. 

·• mclnip~l a tor: mechanical device for pe.rforming work behind a barrier or· 
· in a cave · 

manometer: one type of instrument for measudng pressure 

· . material {s), nuclear: · a generic term used to refer to those· mater1als · 
. of interest to the nuclear industry, usually synonymous with Special 

· Nuclear .Material I but could also include zirconium, beryllium~ and 
other materials of importance in nuclear reactors . · 

· · material balance: the comparison of input and output material quantities 
for a process. Generally, the comparison over a specific time inter
val of beginning inventory-plus receipts with ending inventory plus 
shipments plus discards. · 
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maximum permissible concentrati~n- (MPC): · the quanti.ty of radi-oactive. · · 
. material in air, water, etc. per-unit volume or weight, from which .a 

hum.an should not (based on. present k·nowledge) • sustain appreciable body 
damage · · · · · · 

maximum permissible limit (MPL}:. the largest dose of radiation or body· . 
burden of radionuc.lides which 9 under any.'combination of circumstances, . 
is not expected· to cause appreciable body injury.to the average · 
indiv,iduarat iJ.ny tim.e: dur.ing his .lifetime 

medical treatme~-t injury: a }'/Ork- injury which ~equ"ires 'medical treatment, 
.qut does not,involve a disabling· concHtion cir lass of time'other. than 
required for medical treatment 

'. 

Megawatt Day (MWd).: usually· used ·as MWd/t, which expressed the exposure 
in a reactor of a fan or uranium in terms of the energy produced 
(megawatt - MW) for a- specified length of time (day),for a specified 
amount of niaterial (tonnes. - t) ____ . 

··metal: generic term referring ti:>. ura,nium•:metal. and uranium.:.bearing 
S!Jlutions 

metal ( 11 spike 11 or spike metal):' a··fuel element.whose outer cylinder is 
enriched to 1.25% 2_35u, whose inner cylinder .is enriched to 0.947% · 

· 255u~ yielding an· :aveY'.'age :preirradiation enrichment of. 1.15% .235u,' 

metal :(urariiuril): . generic term. for any uranium metal processed ~n PUREX 
. Plant 

Meta 1 (72): . see -natura 1 ·uranium ' 

Metal (94 or 95.): ur'anlum enriched in 235U ·to a conc.entrati"on of 0.947% .. · 
. (µsed interchang~ably) ~~ 

. metathesis: ·reaction ·of two compounds involving the displacement 'and 
replacement of' two· ·e1 ements,··. ma lecul es; or radicals,·· and resu ltirig in., 
the formation of faoJo.new campouri_ds· for example; at PUREX UF4(s):· + 

·. KOH(L} · U02~2H2.q(s) +. KF4fl) -(? - sol id; L =. ljquj,d} . 

microturie:·· ane·.:.foillianth of,acurie. -----,-..;.._-• . '. . ' ' ' . 

; . . . . ·. . 

microgram: . one~thausandth of ·a mtl l igram: 

mlcron: ·onec..thausandth of a millimeter; a particle 0."001.millimeter in. 
diameter,',, . 

_ m·i 11 irad (mrad):: l/1,000: of ·a rad 

minor· injury: '· injury:requi'ring no more than fi-rst-aid treatment 
.. •·· . 

. · moderator:. 'a mat~rial us.ed to·slow.ctawn.fast neutrons: 
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modified Mercalli scale: one of the earthquake intensity scales·, having 
·12 divisions ranging from 1 (not ·felt by people) to Xll (damage nearly 
tota 1). :(Wood and Neuman, 1931) . 

· molecular weight: the sum of the atomic weights of ·all the constituent 
atoms in the molecule of an element or.a compound 

monitor:· determh,ation of the amount of radioactivity present; the act 
of determining or the individual doing the "monitoring" 

· MUF: a- term used in accountability of nuclear materials meaning "material.· 
unaccounted for" 

·=r- · MWd: ·• see Megawatt Day 
f',, 
~. 
~'-

-~. a, ·-. ~ '' 
['>,.""'} 
IF.iq\~;; 

ij~ 

.N 

natural uranium: uranium containing approximately 0~72% 235u also 
called. 72 Metal 

neptunium ·(Np): synthetic radioactive element. made by bombardling 235u .. 
with neutrons; atomic number.93; the mass number of its-most stable 

. ,_ i sOtope __ ; s ~37 · -

neutralization: ·chemical .reaction between an acid and a base in such 
proportions that the characteristics of each disappear (NaOH .+ HN03 ~ 

.NaN03 .+ H20) . . . . 

·neutron: ·.a.particle existing in or emitted from the atomic .nucleus; it 
is electrically neutral and has the same mass as .a proton 

neutron interaction: exchange of neutrons between two ormore fissile 
units that results. in an increased reactivity of the .system · 

·nitration:· the introduction of thenitro group, oxides of nitrogen~ into 
an organic compound, usually with nitric acid or with s.ome mixture 
containing nitric acid -

noble gas: rare inert gas, e.g., -helium, neon, argon, .. krypton, xenon 

noncontrolled exposu~e: the exposure to ionizing radiation.under condi
tions which ·ate beyond·those defined as controlled exposure; generally, 
exposures to the public· 

nozzle: a small spout, usually designed to control velocity 

nozzle (as relates to PUREX}: a male fitting.to which a jumper is 
attached; it could be a .liquid, steam, air, or electrical connection 
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nozzle plate: sieve. plates. in a coli.nnn· which have the holes indented to 
· cause them to act· as tiny jetting nozzles .. ·. 

·. ' ,- . . , .-

NPH: normal ·paraffin hydrocarbon· - diluent for fributyl phosphate used_· 
as the. org.anic phase for the. solvent ,extraction columns in' PUREX 

. N 'Reactor: the low,·pressure steam r~a~tor {NPR) built under·: contract for 
·- the former .Atomic: Energy C.ommis~ion for the dual purpose .. of· plutonium,, 
and power, production . ' - · · · · · · · · · 

., nuclear blank:. a means of preventing unc_ontrolled reagent _ad.dttton· througb 
. physical separat.fon of a header fro~ .. a process .vessel by. removal of a· 

.. section. of. the· interconnecting. piping (criticalitY prevention measure)-

. nuclear energy':, energy released in a nucl.ear reaction, .such as fission 

· nuclear,excursion: ·accidenta:l. criticality; an uncontrolled ·reaction· event 

n~clear facility: .. a facility where.nuclear m!lterials:are processed;--~~ 
. ·.stored, and/or otherwise. hand led .· .. · ·. - · · · · . ·. . , . - . ,· ._, .. 

·nuclear· reaction:· result of the bombardment of ·a nucleus. with. atomic . • ·- .. ·. 
or .subatomic particles or very high, energy radiatton; also the decay_ :of 
radioactive materia·l s · · · · · 

·nuclear safetY: the applicat_,on of technica 1 ·knowledge: and admi ni strati ve 
_ c.ontrol to prevent an unplanned, uncontrolled nuclear. chain reaction • 

. A·l so ·refE?rs generally to radiation>s~fetY · 

'nucleus:' __ :the•·positively charged .cente~ of an atom 
' h • • • 

nuclide:.·~ species of,,atom h~vJ11g a··•speci}ic rnass~ atomic'.number, and 
.nuclear energy state 

of fqas heater: .. a heat€!~' in a~ off gas' system wh iche he:ats up the. air' 
fo~ a processing' reason or·for keepihg vap9rs.f~om c6ndensin1 

ooerab{Hty lest·:· trial.'to <;1etermin~: if designated··'equipment wili -
.. perform its intended funct'ion · • . · · · · 

· operating procedures· (SOP, POP):. written procedures describing. a sequence 
, of operating steps, •incJuding safetY instructions 

' ' -, ' . ' ' 

· ooerating r~te·: the amount proc~ssed 'in a· ·stated period of time, 
e.g., tons/day · 
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'Operations Safety Requirements ·(OSR.): definition of the. acceptable . 
conditions, safe boundaries and -bases, and management controls required 

., to assure safe operation of the fac.i 1 ity during operation· · 
. . . . 

organic: . the term generally·refers to the solvent and hydrocarbon.··.··_ 
.diluent used in solvent extraction, e.g., tributyl phosphate and normal 

•. ; paraffin · hydrocarbon · · 

. organic saturation:.·. a measure of the quantity of product(sJ contained 
. in. the: organic 

orifice:·' a clean cut hole in a thin plate which .restricts the charine·l 
· (usually a pipe); used to restrict flow, i.e. ,.·permit ·.a 111easured flow 

.. ·:to pass at.a given pressure. ·· · · - .-. 

. . ~ . '· 

. overbatch: •. •planned or inadvertent exc:eedin.g of a qu.antity operating.· 
Hmit ·• 

overhead crane: .a bridge crane which runs on tracks above head level, 
.such as found in the canyon ·building 

overheads: ·liquids or vapors coming pff the top of a.tower or column, 
the ·di'stil late or co11densation ·of· vapors of disti_llatiori. .. · 

·oxidation (oxidant, oxidizer): ·the chemical combination .of an element 
with oxygen; ,any increase in valence owing. to the· loss of· o·ne or more 
electrons 

••.oxidize: to combine. oxygen with some substance 

p 

• P&O gallery: pipe and operating gallery 

package ·(cell):. a grouping of equipment handled as a unit 
. ' . 

packing: · rings used in columns; asbestos-type material used to prevent 
leaks in valves and pumps; material used for protection.during shipment 

··:panel board: panels_ where recorders, indicators, switches, .·and other 
control devices are located · · 

.• 
11 panic bu,tton": an emergency shutdown switch . ' 

partition (cycle): to separate one element from others; in processing 
operations, the separation, such as plutonium from uranium · 

pencil: pocket dosimeter ionization chambers capable of recording gamma 
radiation received by the wearer 
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penetrating dose: an absorbed dose from ganima or X-rays or neutrons of 
sufficient penetration to affect the critical organs, principally the 
blood-forming organs 

penetrating radiation~ forms of radiant energy which are capable of 
passing through significant thicknesses of solid material; these 
usually include gamma rays, X-rayss and neutrons 

percent of chart: the point on a recording or controller chart at which 
the pen is recording and from which flow, volume, etc. can be deter
mined by referring to a calibration chart 

percolate: pass a liquid through a porous substance for extraction or 
filtering purposes; the movement of moisture _through sediments 

permissible dose: that dose of ionizing radiation whiGh, on the basis 
of present knowledge~ carries negligible probability of causing severe 
somatic injury or genetic effect 

Q!:!: a measure of acidity and alkalinity, neutrality being at pH 7 with 
acidic solutions being less than 7 and basic solutions being higher 
than 7 

phase: a solid, liquid, or gaseous homogeneous substance that exists as 
a distinct and mechanically separate portion in a heterogeneous system 

phase flow ratio (L/V): ratio of the total aqueous flow to a column to 
the organic flow to that column 

pipe trench: the canyon building trench which holds the pipes carrying 
radioactive process solutions from cell to cell 

piping diagram: a line diagram of pipe systems 

Plant Operating Procedures (POP): see Standard Operating Procedures 

plutonium (Pu): artificially produced radioactive element, atomic 
number 94, atomic weight 242, m.p. 640°C, b.p. 3,235°C, d 19.84 g/cm3. 
The isotope 239pu is an alpha emitter with a half-life of 24,000 yr, 
used in nuclear weapons and as nuclear fuel. 

plutonium polymer: a polymer of plutonium as [Pu(OH)x(N03)(4-x)1Y, formed 
in low acid solutions 

pneumatic transmitter: a device or instrument using air to transmit flow, 
temperature, pressure, liquid-level -measurements from process loca
tions to a central control board 
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poison (neutron poison): a nonfissionable material which.absorbs neutrons, 
thus reducing the flux available for fission 

· .pollution: presence of contaminants in the environment 

polymer: a compound.formed by a chemical reaction in which two or more -
molecules of the same substance combine to form a compound. from which, 
the original substance may ·or may not be regenerated, and the new 
molecular weight is a-multiple·of that of the original compound · 

pool cell: a 11 cell 11 filled with water. to provide shielded storage of 
contaminated equipment_ · · ·· 

population dose (population exposure): the summation of -indivjdual 
radiation doses received by all those exposed to the sources or event 
being considered · 

.· __ . porosity: - the ratio of the volume of void space in a rock-or. sediment 
·· to· the tot a 1 volume 

............ 
Ql-..,, power reactor: a nuclear ·reactor designed to produce heat for conversion 

to electrical energy or.mechanical. propulsion 

-_PR (PR room): product removal; referring to the plutonium nitrate product 
removal facility at P~REX 

PR can: a Pu(N03)4 transfer container used in the Hanford 200 Areas. 
. . 

precipitate: solids which separate from a solution and settle at the 
bottom of the vessel containing it; to cause such a separation to 
occur, usually by the addition of a chemical 

prejob safety planning: written analyses of the job and procedure that 
points out necessary safety equipment and methods to-perform the job 
safely 

pressure drop: · the difference in pressure between two points in a_ 
process or piping system 

- pressure vessel: a tank which cari operate under pressure, -such as a hot -
water tank 

preventative maintenance: routine work done to maintain equipment in 
· good operating condition 

procedure: a written set of instructions, approved by appropriate 
management, detailing sequential steps for safe and efficient 
performance of a task , 
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process air: air designated for process use, such as for jet opera_tion 
. , . . . 

process cells: , enC:iosures housing the radioactive process systems and. 
other systems or services directly ~ssociated with the process 
equipment. 

p·rocess equipment:, the functional equipment. itenis or systems associated . 
. directly with the s~paration.of fissile materials from fission products_. 

procesi.specificati~ns: operatin~ limft~·estab~ished for safe producti6~; -
·of·qualityproducts .in>atcordance·.with the Operations Safety Requlre·-

·. ments- (OSR). . . . . . . . .. . .. 

· ·process standards:.· written adm,inistrative contr.pls for operating variables· 
.which are-mor~-stringent thai·thaprocess specifications~ designed 0 to. 
minimize the potential for the violation of the process specifications •. 
Trackab.le to the Operations Safety Requirements (OSR) . · · 

,. ~ ' . . '' . . <· . . . . .· . 
-~~-·.> 

. · ·~ ... process· test: ,· a formal written and· ·approved procedure ·to· test a new ~i:\ ·· method of ~p_eration_ · ·· · · · · 
. ,··,,;;, .... 

,h'.;:, 

' ___ ,_,,: : 

. ~ .... ' .·, ' 

process ·water:· .. the water used in the process, generafly. demineralized 
or 11 softened 11 

product removal and handling (PR) can;:·· a cont!!iner used to transport 
·- plutonium ·.solutions· 

. ; product specifications;:_: det_~iTed .Prdduct requirements, includ.ing such:.,· , 
· things_ as form, purity, concentratiQn, and .limits of. impurities which 
, ,products must meet to· be acc·eptabl e· t,o the customer 

. production reactor: _ •. ~anucl ear. reactor· designed for· tra.ris farming one: 
nuclide ·into another; usually·a·co·nversion· of ·natural uranium into 
plutonium ., · · · · 

· project proposal: ·a document prepared to request approval and funds from .. 
. :the DOE for• the ·_des i grf and/or: constrt,ict ion. of: new:: f aci Hti es . 

proportionaFsampler: ~•sampling: device .desi•gned to continuously sample . 
a process stream·,to ·obtain a representative sample even though the flow . 

. . rate or.' composition might· change 
• r ' • , • '. , 

. protected are.a:: a new ·term :for. an.-e.i<clusion area which is a security area 
· where mere access to.the ~r~a constitutes ~cce~s to classified· i~for

matfon 

protected· process water:· process water· wh,ch has .be'en pumped through 
· _ special .. tanks which make backflow impossible 

.·/ .• .. , ,. ' 
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proton: a positively charged particle of aboutthe same mass as a hydrogen 
atom {which is l on the chemist's scale) 1and about 1,800 times heavier 
than the electron. The electrical charge of the proton ·is equal and 
opposite to the charge of the electron •. Protons and neutrons make up 
the nucleus of the atom. 

pulsating: vibrating or throbbing 

pulse: the up-and-down movement of liquid in a column 

pulse amplitude: the magnitude of the up-and-:-down motion of the·liquid 
contents of a pulse column, usually expressed in inches 

pulse frequency: the time rate of pulsing, expressed in cycles per 
minute · 

pulse leg: the pulse transmission line which transmits the pulse from 
the pulse-generator piston to the bottom of the column; the leg needs 

.to be of sufficient height to balance most of the hydrostatic head of 
. the liquid in the column 

PUREX (acronym for plutonium-uranium extraction): the faci l it:y and process 
which uses solvent extraction and ion exchange for the separation of 
plutonium, neptunium, and uranium from irradiated production fuels; the 
202-A Building in the 200 East Area 

purge: removal of material from a system or pipe by adding another, 
such as blowing with air 

purgerator: .an instrument used to regulate thE~ flow of purge air 

pyrophoric: taking fire spontaneously on exposure to air 

Q 

quick-sort: procedure for checking personnel after a criticality 
accident to determine extent of radiation exposures and contamination 

R 

rad: a special unit of measure for the absorbed dose of r~diation; one 
rad equals 100 ergs absorbed per gram of material 

radiation (ionizing): particles and electromagnetic energy emitted by 
nuclear transformations which are capable of producing ions when 
interact;.ng with matter; gamma rays 'and alpha and beta paLrticles are 
primary examples in Hanford waste 
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radiation (radioactivity)~ . the emission.of atomic particles or.rays by 
.· nuclei '· ,. 

'.:, radiation incident:. a condition· or: situation which resulted in personnel 
· external exposure or internal deposi,tion of rad ionuc l ides exceeding· the 

·• standard or operati9nal controls 

radiation monitoring: a.term ·covering application'of a field of knowledge,. 
including the determination. of dose .rates, surveys of person·nel and 
equipment for' contamination control, ,ajr sampling~ exposur.e ~antral,· 
etc •. 

, : Radiation Monitoring gro~p: a group with designated responsibility for . 
·-.~: -8,;,, ' · •. ·'. adequate radiation ,protection: practices; a group,. providing radiation 
~ .. - .monitoring service · · · · · 

··.,·radiation occurrence (RO):. ·,a con·ctitfon or situation involving radi_ation. 
·.. '· which is an undesir-able event of:·s4fficient·_ importance or widespread 

· · .. interest 'as to 'warra:nt investigafive action· by supervision 
. , . -· ,'· . - ' .. 

- radiation· safety:·· the. state' of :~1,iate-~ess and understanding neces·sary. in. -
·· the safe .handling•of radioactive materials and .safe conduct in areas 
where· ionizing radfatipn is present ·.•,. · 

radiation survey: ev~luation of an area or object' .with. instruments in 
order to detectr•identify~ an<;l quantify radioactive materials and 
radiatiqn fields.pres~nt .. . 

. radlation work permit (RWPf: ' a written procedure_ for worl<. in, radiation 
.zones defining radfologlcal•coilditions', precautions, ·proteclJve 
clothing,·.and.respiratory. protettJon requirements . . 

.,, . .. . . . . . , . ·,, .' . . 

radiatfonzone:. area which'-contains ~adfoactive materi.als, or radiation. 
-fjelds in quantiti~~ si1D~fJcant enou~h t6 require control of per-
sonnel entry to ·the area'. · 

. radi'oacti ve· {decay}: .. _prope~ty of. undergdi ng spontaneous ·nuclear· trans_: . 
. . formation in. which i1lJclear parti_cl~s or e]ectromagnetic energy are 
.emitted · · · · · · · · · · ·· ·· · · 

. · radio~ctiv'e · li'gu id· waste·:~rib.: ~: rock-filled;; ·v"-shaped trench with 
. .. . concrete :(or soil) ,covers .used ··.for disposal of' i nter.med:i ate- leve 1 

·- ... liquid waste, ·• · ... · , .. ·· .. ·.·, ·. •. · .. , 

.radioactive 1;iguid: ~aste'til\~·field: tile .fieHd used for dis'posal of 
low-leyel radJoactiye ·l iqu,id w.aste :(see.tile Feld) 

radioiys':is: . the: breaking u'p':af a com~ound (usually H20), by radioactivity · 
.. 

radionuclide:~ a nuclide .which.· is. radioactive·. 
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· ·· raffinate: in a solvent extraction process, the HquorWhich remains 
after the major portion of .desired, material has. been removed by .. · 
extraction · · · · · 

railroad cut: . that portion of' the.,railroad from the exclusion a~~a'fence·. ', 
to.the process building 

Raschig ring:. column or scrubber packing cons.isting of metal or ·ceramic 
.· cylindrical'rings of same length as diameter; rings function .as- a means· 

· · to ''break up" process streams and provide large surface areas· for:- ·· · 
· · contact · ·, · · 

raw water:(RW):: untreated .and unchlorinated water"us.ed Pl'.'.ir:tcipany •for . 
. \cooling ; . , . 

reactivity: a measure of the capabilitY of a system to ~aintain criti- ·. 
cality; systems with high reactivity are capable of undergoing· rapid 
excursions of- increasing power; systems. with low reactiv·ity _will 

·Undergo slower·excursions; systems with r,egative reactivity~will not· 
become cr:itical . · · · · 

~ . . 

reactor: ·a nuclear reactor 

· recorder-contro 11 er. instrument: an . instrument which ·measures:· ( such as . 
temperature, pressure, volume, flow} and from the:measurement auto-· 

. · mati ca lly adjusts the process measured· to · the preset 1 im·i ts - · · 

'' 'rectiftcati~n:. a disti-'llafion carried out in ·such a-way, that the vapor 
.rising from a still comes in contact with .a condensed portion:·of vapor 
previously evolved from ~he same stilr· · 

-. recycle: process material routinely ·returned to the system for . 
reprocessing · 

. . ' . 

· red oi 1: a product of degradation·· of the ·TBP-organic system "in· some· form 
. of an.nitrated organic-metal complex; the material is a heavy, oily 

substarice. which is·explosive at temperatures above 135°C 
' ' . 

REDOX: a-facility and the process for separating plutonium and uranium·· 
-.-.. -_from irradiated reactor fuels by using successive steps of chemical 

·reduction.and oxidation together with solvent extractiono ··The plant, 
the 202-S Facility in the 200 West Area, was completed in _1952 .and 
d~activated in 1967 • 

. •reduction:-. to change from higher to lower valence, such -as to change· 
· · Pu+6 to Pu+4 in solution· by addi_tion of chemicals such·. as ferrous ion; 

also to change a metallic compound to metal, such as Pu+4 to plutonium 
metal in the button line operation;,also, the gaining of electrons by 
an atom, ion, or element 
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, reflector:, material which reflects neutrons. , "Thick reflector 11 means 
material with a·.neutron· reflecting. capacitYequivalent to more than 
·l .in. of water. 11 Norll'.lal reflectoru means material·with a. neutron-
·reflectfng c:apaci.ty equi-valent to,.not more· than l in~ of water.· . 

, IIMinimum reflector 11 means material with a neutron reflecting capacity 
. equivalent to not· more.than .1/8 in~ of. stainless steel or other co'mmon. 
metals. · · · · · · · 

reflux: the process of returning condensed vapors to,the system; the 
repeated.e.xtraction/and.5tripp.ing.of a·materia.l in a single solvent.·· 
extract fon·.-ca.l umn . . . . 

· regiona·l monitoring: the monitoring ·of· land areas and vegetation outside· 
.. a plant are~ ·. 

regulated area: a radjtion zone~ acc~ss to which is limited and Controlled 

·_ regulated shop:. ~maintenance·:r.epair shop within a. radi.ation zon·e· 

. ·regu·lated tools: tools and .. eq~.ip~ent· use·d only fn radiation 'zones 
' " ' ' ,; . •' -

release limit.(releaseguide):·: a control value.which regulates. the 
· concentration or· amount of radioactive material ·released to' the en

vironment in an_ industrial .s-ituation; usually .dose· to persons in the 
· e'nvironment' derived· from environmental behavior to ttie released 
material so that the dose is kept below a select_ed level 

. rem (acronym. fa~ "roentgen :equivalent manu_): .. : :a unit. of measure- for the 
dose ·of ioniz·ing radiation which gives the_ same .biological effects as 
one roentgen of .x.:..raysf orie rein· approx'.ima.tely equa:ls one _rad for X, 
gamma, .or beta radiation.· · · · 

',' remote mafntena,nce': repa,ir-'work done, at a'.distance so that 'no contact' 
by personnel i ~·made; e .·g. ~ remote :·maintenance in. PI.JREX by use of the: 

. canyon cranes. 

·reprocessi.ng: -chemical pra,ce.ssing:of. Jrradiated nuclear reactor fuels 
to remove desired'.i:ons~ituents,_··· · 

. , . 

.. reservation: as:appJied'-fo·: the·:Hariford }larks, ref~y:-s to :l.and, ,air, and 
. water adini ni stered by, the DOE ' ,• .· 

' .· . ,_ . •• •,. . : I, 

·resin:. : mater la 1 ·used·._ in ,an 5on. exchange opera ti on to, :separate by 
· rever~ibly holding.fixed, certain specific materials in ionic. form 

. . . ', ·. ' . ' ,, ,, ,· '· 

.. respiratory protection: . equ.ipment, such as full-face respirators~ self.:. 
· contained breathing ·apparatus, or· fresh air ma.sks · worn to ·protect 
personnel from.inhaling harmfµlgases or particulate matter 

· :restricting ~rifice: see orifi~~ 
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retention basin: open large-capacity solution storage area for keeping · 
potentially contaminated solution until analysis indicates it meets 
disposal criteria -

reverse strike: alkalinization procesi consisting of transferring 
acidic waste into caustic solution that hals been previously added to a 
waste alkalinization tank 

rework: to process again, 

risk: the mu 1 tip 1 i cat i ve product of the probability of a part i cu 1 ar 
event and its consequences; units of Ci/yr and rem/yr are commonly used 

roentgen: a unit of measure of ionizing electr·omagnetic radiat.ion (X and 
gamma); one roetgen corresponds to the release by ionization of 
83.8 ergs of energy per gram of air · 

Rotameter*: an instrument used to measure the.flow rate of a fluid. The 
fluid, passing up through a vertical tapered tube, moves a "rotor" 
(modified cylinder) within the tube to the height required to let the 
fluid pass between the tube and rotor, and flow is determined by rotor 
position 

s 
safe batch: quantity of mater-ial in which the total plutonium content 

is controlled (concentration and mass) to less than a minimum critical 
mass 

safe geometry: shape of process vessels such that a nuclear reaction 
cannot be sustained with the process materials (changes in reflection, 
moderation, addition of dense plutonium might cause criticality) 

safe·ratio: ratio of plutonium concentration to natural uranium or 
enriched metal b~low which criticality is not possible in an aqueous 
homogeneous system 

safe solution: solution in which the plutonium concentration is 
maintained within subcritical concentrations 

salt cake: damp solids formed by evaporation of waste containing radioac
tive contaminants to concentrations exceeding solubilities in the 
evaporator-crysta 11 i zer (products are Hanford defense res, i dua 1 liquor 
and salt cake} -

*Registered trademark 
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. salting agent: a chemical which, .when added to a two-liquid phase system, 
increases the tran_sfer of materials into the desired phase 

sample: a. smal r·representative portion of the total · 

··sample gallery': specific area in the PUREX l'lant where. process samplers . 
. are 1 ocated 

sanitary waste:. human wastes and other nonradioactive material.for 
. disposal to preserve public health 

'; r' .· . • - . ' ·,, 

,sanitary w~ter: • water which has been treated (filtered.~ purified, ·etc.) 
and is•usable for~rinking. ~ 

saturated solution: a -solution ·whi.ch contains the maximum pos:s ib le · · 
.. amount of di!ssolved material· under given qmditions. · · · 

saturation: point where solution wil 1 not absorb anf·more solute·. 

- scintillation·('couriter): ljght fiashes produc~d.in cry?taJ_line material.· 
by ionizing radiation(device for.measurement of the -level of activity 
of a source_·utilizing a photom,ntiplier.to det,ect scJntillation) 

scintillation monitor: · a radiation· detection or-measurement· instrument. . _ 
based on.the prim:lple -that light pulses are p_roduced· i'n s9rrie materials. 
when they 'are exposed to radi at'ion .- . · - . . ' . · . ·- . - . 

. ·. ' \.. . . '. . . ,. . . .. ~ . . 

. scrubber:. equipl)ient. (tan,k or column)< used "to' ·clean _proc~ss ancf efflu'eht 
. streams · · · · 

seal pot: to' prevent' air ·enter_i11g, }et provides: release of excess:ive 
. pressures·:which may' ·develop· within the· .. system · _ 

·'· . • ' ' ' ;.· •'· • • ,1 , •· . • . ·._ ',I ;'.' • 

. secondary co.ntainrrient: ·the mechanical means which provides·the secon_d 
. 1 i.ne of defen.se. in .. prev~rittng spread of contamination · 

securitYarea: · pliy.sical,ly· de.fined space containi11g classified matfey:- and· 
subject to 'ph,Ysical protectipn and personnel· access controls - . .· .. . t: ' ; . 

SEFOR: \ Southeast. Fast Oxide Reactor,' ·--··· . . . . ' ,_. 

self-ab·s·orption:··the_.absorpt'ian·of radiation by the emitting substance 
itself - · · · · · 

. self-concentration: alJqwfog,radioactive w.a:ste· 'to concentrate as material_, 
through decay ofradioactiv:H;y.,' self-heats to.boiling and drives•off 

·w~ter as Vapor· 

:shield.ing·: the material(interposed between a·sou~ce of radiation·and 
personnel for ·protection against dang~r of radiation.; common sh.iel•ding 

·. ,materials ar.e concrete,,water., .and-. lead·. 

'.'; 
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specially designed container used for ~hipping radioactive 
. . 

short-lived isotope: a radioactive nuclide which decays so rapidly that 
a given quantity is transformed into. its daughter products within a 
short period (usually those with a half-life of days or less)• 

sieve plate: perforated plate in an extraction column used to, break up 
and disperse the liquid phases 

silica gel: a colloidal form of silica used to remove zirconium~niobium · 
from UNH stre!3,ms 

silver reactor: equipment used for removal of the radioactive: iodine 

· simple column: a column having two streams flowing into it and two out 
of it; and designed to perform only one solvent extraction function 
(extraction, scrubbing, or stripping) 

site: the geographic area upon which the facility is located and which 
is subject to controlled access. 

Site: the Hanford Site 

sky shine: gama radiation 11 scatteredu or reflected back by the atmos- · 
phere, similar to scattering or diffusion of light by the air 

slave crane: crane which may be operated directly and indeper1dently or 
operated remotely in conjunction.with the·111aster crane 

slump: a landslide characterized by a shearing and rotary movement of a 
generally independent mass of rock or earth along a curved slip surface 

smear: a means of measuring 1oose surface contamination on an object by 
wiping·it with paper; gauze, etc. and then measuring the radioactivity 
on the wipe 

solenoid: electrically operated device for opE!ning and closing valves; 
the word solenoid is used with or without the word valve 

solid wastes (radioactive): either solid radioactive material or solid 
objects which contain radioactive material or bear radioactive surface 
contamination 

solvent extraction: contacting immiscible liquid phases for the purpose 
of transferring solute, prefefentially from one phase to the other. In 
laboratories, batch and semicontinuous contacts are used in analytical 
procedures. Pulse columns have been devised as a continuous contacting 
system for PUREX 
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solvent recovery: reclamation of" organ_ic~ extractant for reuse in solvent 
extraction ~tocesses -

,solvent treatment:· recovery-process .whereby degradation products-are 
removed from the·solvent extractant to render it acceptable for reuse. 

· __ T~e TBP-NPH is re~enei:ated with· alkaline permanganate washes· 

source: (radiation):·._ calibrated_·:sample.of radioactive material·used to 
check instrument response and-. ability ·to measure; any point or· area 

-from which radlation- originates;. a radiochemical standard with known · 
characteristic~.- · · · · · ·- · · · · · 

. __ - source data: •.r~port of nuclear material status at an_accounting· point 

. ,-source material:. in.atomic 
nuclear material which 
any_ combination ·of-the 

energy law, any mater-ial except special 
iontain~0.05%,or more of uranium, thorium, or two· --·· · · · 

. . . 
source term:._· the quantity of radioactive mater_ial released by an accident 

or operaiion which·subse~uently,·cause~- exposure ~fter some. mechanism-of-
transmi ssion ·9r deposition _' · · -•: · .. 

. ' . 

sparger:_ perforated pipe or ring at the bottom of a -.tank through. which ' 
- air, steam, or gas· is introduced so that the bubbling action of •the 

fl,uid coming fr~m the sparger, ·agitates ·the solution in the· tank -

speci~l nuclear materials '(SNM.):_ - plutonium, _233u~· or_ uranium enriched to -
-- -_ - a higher percenta,ge than normal of _the 23.Jor 235- isotopes, or· any . 
' .. material artificially eriri_died in-ani."of Jhese substances . 

specific gravity: weight of a given: substance -compared to· an equal 
. - -·_ . volume _of pure ~ater _at. 4°Ci ;: . -- _ . _. - : ... · - _ . 

11 spike 11 or spike metal: 'a fuel element ~hbse outer cylinder is enriched . 
to 1.25% ,235_u, whose inner cy.li'nder .fs -em··iched ·to o~947% 235u, 

· yielding: an average e·nri chinent of l ._ l S¾ 235u · . · · . . 
. . . ' . 

stability (atmospheric): --a<descr:iption of:.the atmospheric forces on a 
par.eel of air following:yerttcal:displacement· in an· atmosphere 
otherwise·. in hydrostatic eq1,.1 i'"l i brium; Jf: the forces tend to return the 

·parcel· to its original level;the atmosphere· is _stable; if the .forces 
tend to move the pq.rce T further in the·. d'i rect fon of displacement; the . -
atmosphere is unstab 1 e; if thef a fr pc;rcel tends to. rerria in at its new -
l ~vel, the. atmosphere- has ne!,l-tra 1 stability . 

. · stack gas: gaseous. discharge' -frOm, a 11 'smokei••_ stack, such as from the 
·. PUREX Plant stacks or gas from the powerhouse -- . 
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stage: . 1 n so 1 vent extract ion, a sing 1 e equ·11 i bri um. contact. fo·l lowed by 
separation of phases is· a stage •. In a continuous contactor -(pulse_ 
column), the height of column th~t represents a stage wi"I 1 vary,· 
depending_on process variables; i.e., temperature, pulse frequency, 
efficiency of mixing, etc. · . · 

' ' 

'Standard Operating Procedure (SOP): operat'ing instructions, same as Plant -
Operating Procedures. 

standby:· the condition where.a facili.ty"·orburial ground,etc. is 
_ placed in a nonop·erating condit.ion but is .maintained in readiness_ for 
subsequent operation· · 

steam strip: _r_emoval :of a compound from.,a solution• by introduction of 
· _ steam,· e.g., organic from condensate or aqueous solutions 

· step-off (pad): area between designated zones, passage through which 
• requi_r.es survey_and may require removal of protective clothing such as 
· · shoe covers, coveralls

9 
· gloves · · · · · · 

stoichiometric: · the quantitative relationships between elem.ents -and .·. 
_compounds taking part in a chemical .reaction. The exact amount ·of 
material ·that will react completely with.another is a stoichiometric 
quantity · · · · 

stream: . flow of- a· liqu'1d or.-gas; process stream is the flow of product 
materials, such as plutonium nitrate solution; a :waste stream is the 

-flow of-effluent containing.the.unwanted materials 

· stripping: . · in .. the PUREX solve~t ·extraction _process, the transfer of, 
product from the orgar,ic phaseback into the:aqueous phase· 

: subcritical: less than a crit_ical amount; the status of· a system· in which 
, more neutrons escape than are beingproduc~d 

· sublimation: · the -change of .a substance from a sol id state ·to. a ·vapor 
without passing through a liquid. state, e~g., .iodine crystals vaporize 

· when heated . 

suction: reduction of pressure _in a pipe so that pressure difference 
forces fluid to flow through a pipe (vacuum transfer) 

• • < " • ' • 

. sump:- a pit, tank~ or reservoir serving as a drain or receptacle- for 
1 iquii::I, · usually located at the lowe~t point in the system· 

·supercri ti ca 1 : the condition resu 1 ting from a fission reaction where 
each fission causes more than one new fission · 

· superheat: to heat a liquid above its boiling point without converting 
it into vapor; steam heated so· that it possesses .more than sufficient 

. heat to remain vaporous at the given pressure 
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_surveillance: those activities necessary to assure that the site remains · 
in a safe condition. (including periodic inspection and monitoring of 
the-site, maintenance of barriers to access to radioactive materials 
left on the site, and prevention cit activities on the site which might 
impair these barriers). 

survey: to determine with instruments the amount of contamination or· 
. radiation prese_nt -

· swamp: ground area where uncontaminated or low-level waste water is 
. intentionally~ischarged to seep. into the ground 

r 
tank: a metal container commonly _located underground (at Hanford) for 

storage of liquid wastes-or a process vessel in a.facility 

tank farm: an installation of interconnected underground tanks·for 
storage'of radioactive wastes 

technical manual: manual which describes th~ technical aspects of an 
operation and establishes operating conditioris to maintain process-
product specifications· - · · · 

theoretical stage~ in aqueous-organic systems, th~:~fxing_and settling 
stage in which equilibrium between the two phases is attained 

thermohm: temperature measuring device based on the principle that·. 
electrical resistance in-·a meta1 conductor changes with temperature;
the element is usually nickel or platinum wire coil; temperatures can 

· be read directly by the deflection of a millivolt meter_ in the system 
. . . . 

thermocouple: a device fa~ measuring temperature consistin~ of t~a 
dissimilar metal wires joined at ~ne ~nd (hot junction) with the free 
endi joined to measuring instrument; electrical potential changes due 
to temperature changes at the hot end are masured at _the cold en~ and 
calibrated to read out as temperature 

thief sample: sample takeri by means_of inserting,'a long sampling tube into 
the material (usually liquid) 

thori a: :thorium oxide 

threshold: the point at whic~ an effect is fi~st ·produced, observable, 
or other indicated · 

threshold dose: the minimum absorbed dose that wilJ result in a detectable 
degree of any given effect 
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threshold neutron monitor: a neutron detection and measuring device 
which employs several detectors; each detector will react only with 
neutrons above a certain energy or "threshold," such that neutron · 
spectrum measurements may be made · 

third-party inspection: inspection or audit made by person(s) not 
associated with the user group 

tickler - tickler file: file card reminder; filed by date to be removed 
for doing periodic or routine·jobs 

tile field: area containing earthenware drain pipes from which sanitary 
or uncontaminated waste water drains to percolate into the soi.l; waste 
water drain area 

titration: the volumetric determination of the strength of a solution of 
an acid, oxidizing or reducing agent by delivering from a burette an 
appropriate reagent of known strength using a suitable indicator or 
instrument to determine end point 

-ril\TT\1' 5..,,,_ ton: 2,000 lb 

tonic effect: phenomenon observed in HA column operation associated with 
one of two changes. First, addition of rework of high-level waste or 
other rework material; the second being addition of trace quantities of 
fluoride being added to the feed. In either case, it is observed that 
fission products decontamination 1-s markedlly enhanced and, on occasion, 
for-unidentified reasons, neptunium losses are markedly reduced. 

tonne (t}: 1,000 kg 

trace: an amount of a substance present in negligible concentration; the 
record made by a self-registering instrument; to follow out a line so 
as to determine where it goes and where it starts 

tracer: an element or atom having a peculiarity such as radioactivity 
whereby it can be traced through a chemical reaction or process; an 
auxiliary line, such as tubing, on the outside of a chemical line 
through which a stream may be passed to keep the chemical warm or 
prevent free~ing 

trap: a device used for removing or restraining a material flow; device 
to remove condensed steam from a steam line 

trap pit: a covered pit housing steam traps 

transuranic elements: those elements which have an atomic number higher 
than 92; these elements do not normally occur in nature a(nd have _to be 
produced artificially from uranium, either directly or indirectly by 
successive ste8s of transmutat1·ons. (93Np, 94pu, 95Am, 916cm, 97sk, 
98cf, 99Es, 10 Fm, 101Md, and 02No) 
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transuranic wastes: any waste material measured to contain more than a 
specified GOncentration (preseritly proposed as 10 nCi of alpha emitters 
per gram of w~5.te) of transuranic elemerits 

transuranium: · .. nucl ides having an atomic number greater~ than that of 
ur.anium. (i.e., greater than 92,) · · 

trench:- a ditch used for~ .the disposal.of sol id radioactive ·waste or .. 
_low- leve,1 1 iguid ·wa.ste. 

: Tri:...n~b-utYl phosph,ate {TBP.): . an extractant used in •processing -nuclear.,. 
fuels used in the·PUREX process 

tropH i c J eve ls: . perta i n.s. to .group tr,gs of organisms. according to 
.characteristics of:their intake of nutrition 

trunnio.n: either- of ,two oppos:ite projecting pivots over which a 1 ift i ng·. 
· yoke 'wi 11 ftt to· .enable the equjpment to be picked up and. moved. or · 

turned · , · , 

· tube :bundle:· series b~ tubes mid~~a~·a u~it to.fit iriside a vessel and 
used for. transferring. heat . · 

tunnel: rai 1 road. p'ass~geway into·. the PUREX .. processin~J·building 

-turbomixer: a- mixer ~hkh provides- circulation (mixing) through centd-
. fugal impe]lers ·. · 

.. u 

. unit inas·s: _ a.-'specif~ed·: weight a/ fj ssile mater~a 1 in an easily recognized . 
location.· (such as the, contents of, a single: can, a ·group of containers., 

-.. at. one locatlon or. the mas_s in· a p-iece of equipment) 
. . . ' . . 

uran.i um: . rad i oai::t ive .. element,· atomic: number ·92, atomic weight 238. 07; 
natural. uranium ,consists· of isotopes 238 (99.3%) ,· 235- (O. 7%) ,· and ·234 

' •. :(trace). . . 

uranyl nitrate hexahydrate' (UNH)'-: _ uranium as. a nitrate [(U0z)(N03)2.6H20I. 
recovered an aqueous.solution :in the PUREX Plant .. T~is term is also 
used int~rch~ngeably to mean thi aqueous solution 

V 

vacuum fractionator:. a, nitrJc.acid concentrator whtch operates- under 
reduced pressure._· 
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vacuum transfer: transfer, usually of solutions, by means of a vacuum or· 
suction 

vapor lock: partial or complete interruption of fluid flow ca.used by 
bubbles of air or gas in the piping system :::. 

vault: room with reinforced walls and a steel~oor with a combination 
-safe-type lock or other mechanism which assures physical security 

ventilation balance: control of the building air supply to ma.intain . 
proper airflow-in a direction towards arens of potentially greater 
contamination 

vessel vent system: system under a slight negcltive pressure through which 
a-series of process vessels-are vented and the offgas is treated and 
filtered 

w 

waste m·anagement: the planned storage and disposal of radioac:tive waste 
materials, including processing to recover valuable constituents 

water table: upper boundary of an unconfined uquifer surface below which 
saturated groundwater occurs; defined by the levels at which water 
stands in wells thaf.barely penetrate the aquifer 

weight factor: a measure of the hydrostatic pressure in a dip tube below 
the liquid level in a tank; it is used with the vessel calibration data 
and solution.specific gravity to determine the liquid volume 

wet standby: refers to the plant in a nonoperating condition, but with 
flush solutions circulated through all plcmt vessels on al scheduled 
basis · 

"whites": Hanford jargon for white coveralls worn in radiaticin zones for 
protection against radioactive contaminat'ion 

whole body count: .radiation survey which measures the amount of radio
active material in the body 

wind regime: the regular pattern of wind over a ground surfac:e · 
(i.e., Hanford Site) 

X 

X-rays: penetrating electromagnetic iontzing 1~adiation which results 
from changes which occur in the electron i;hel 1 of the atom 
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zircaloy: the zirconium-tin alloy used for fuel element cladding 

Zirflex: process which employs a boiling aqueous solution of ammonium 
fluoride and ammonium nitrate to dissolve zirconium or zircaloy 
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GLOSSARY OF PUREX FLOWSHEET ACRONYM MEANINGS 

Generally, the flowsheet acronyms are descriptive of the pr.ocess func
tion but there are some incongruities: the flciwsheet has been changed but 
the old acronym has been retained. Equipment numbers are included in the 
glossary forcorrelation with flowsheet acronyms. A pictorial schematic of 
the PUREX process with flowsheet acronyms and equipment numbers is shown on 
Drawing H-2-53497 (not included). Typical acronyms are given below: 

TYPICAL ACRONYMS: 

AAD: Acid absorber distillate. Vapor from the first cycle waste Concen
trator E-F6 is stripped of acid in the acid absorber T-F5. The lean 
vapor leaving the acid absorber is condensed (AAD) in Condenser E-FS. 

AAR: Acid absorber reflux. Part of the condensate from E-F5 is recycled as 
lean feed to the acid absorber. 

AFO: Acid fractionator distillate. This is the condensed lean vapor from 
the acid fractionator T-U6. 

AFR: Acid fractionator refluxo Part of the distillate from the concen-
. tration of nitric acid in the acid fractionator T-U6 will be rein
troduced into the tower of the acid fractionator to strip the vapors 
of acid. 

ASD: Ammonia scrubber distillate. This condensate is produced in the 
decontamination of ammonia scrubber waste by evaporation in the E-Fll 
Concentrator. 

HAS: HA (column) scrub. Scrub solution for the HA column (T-H2·) removes 
some of the fission products extracted ir1 the organic phase. 

lCU: One - 11 C11 (column) uranium. After the initial decontamination of 
uranium and plutonium are separated into two separate streams-an 
aqueous and an organic. The uranium in the organic phase is back
extracted into the aqueous phase in the lC column; the lCU is the 
lC column product. 

lCX: One - 11 C11 (column) extractant. This is cl weak acid stream used to 
back-extract the uranium from the organic into the aqueous phase. 

lUC: First (cycle) uranium concentrate., The lCU is concentra.ted in E-JS 
before the second cycle. 
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lUD: .First (cycle) uranium distillate. This is the process condensate from 
Concentrator. E-J8. 

lWF: First (cycle) waste feed. Tank F7 is feed tank for the· high-level 
waste Concentrator E-F6. 

2AW: Second 11 A11 (column) waste. 
purification of plutonium. 

This column is used for the intermediate 
The column.equipment number is T-L2. 

2DF:. Two - 11 D11 (column) feed .. · Final purification of the uranium is by· 
aqueous-organic contact in.column T-K2. 

2aw:·.Two - 110 11 (column) waste. This stream is the largest flow in the 3WF. 

2EU: · ·Two· ..: 11 E11 (column) uranium~ The uranium-rich organic from the 
. 2D column is back-extracted into the aqueous phase in the 2E column 

(T-K3) •. The aqueous phase is the 2EU. _ . 

· 2EX:. Two - 11 E11 (column) extractant. This is a· weak nitric acid stream used· 
to back-extract the uranium_from the organic phase in column T-K3. 

2UD: . Second (cycle) uranium distillate. · The 2EU is concentrated to product 
specifications in.the 2EU Concentrator E-K4r The 2UD is the process 
condensate from this concentrator. 

3WB: _· Third waste backcycle. - (The three is misleadir,g.) This acronym is 
used in reference to the backcycle. waste evaporator E-H4. -

· 3WD: · Third (backcycle) waste feed. Sort .of misleading; the three is used 
to pertain to the fact.that this was part of a.third cycle opera-tion. 
All the second cycle wastes are concentrated and recycled for 

· ·add it i ona 1 recovery. 

3WW: (Backcycle) waste. The 3W preflx used to be consistent with other 
backcycJe terms. Jhe 3WW" ;, concentrated bottoms from the 
£.,.H4 Concentrator. 
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AEC 
:; AFAN 

ALARA 
AMU 
ANN 
AOV 
AP 
ASG 
ASW 
ASD 

W~':]; AT 
cr·,- ATP 
~· 
~~' 

" BP 
C:"!{-..... BPF -e-~; BWIP ~~ 
E.ilu;~i: 

~·~" CAD IE!•'•, 
CADM 
CAM 
CARM 
CAW 
CCR 
CCTV 
CEO 
CF 
CIZ 

.CMP 
CP 
CPS 
CRM 
CSAR 

DBT 
DF 
DOE 
DOG 
DOP 
DOV 
DP 

ECM 
ECMP 
EFD 
EIS 
EPA 
ERDA 
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NOMENCLATURE LIST 

Atomic Energy Commission 
ammonium floride and ammonium nitrate 
as low as reasonably achievable 
aqueous makeup 
aluminum nitrate nonahydrate 
air operated valve 
analytical procedures 
audible signal generator 
ammonia scrubber waste 
ammonia condensate stream 
alpha total 
acceptance test procedure 

before present 
blue print file 
Basalt Waste Isolation Project 

criticality alarm detectors 
criticality alarm detector modules 
continuous air monitor 
criticality-alarm relay module 
current acid waste 
central control room· 
closed-circuit television system 
change engineering order 

· capacity factor 
controlled injury zone 
crane maintenance platform 
cutie pie 
criticality prevention specification 
count rate meter 
criticality safety analysis report 

Design Basis Tornado 
decontamination factor 
U.S. Department of Energy 
dissolver offgas 
dioctylphthalate 
diaphragm operated valve 
differential pressure 

executive control meeting 
east crane maintenance platform 
engineering flow diagram 
enivronmental impact statement, 
Environmental Protection Agency 
U.S. Energy Research and Development Administration 
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FCN - f aci 1 i ty change notice 
FFTF Fast Flux Test Facility 
FSAR Final Safety.-Analysis Report · 
FP fission product 
FPO functional planning document 

HCR -
HEHF 

-HEPA 
HMS 
HRHE 
HVACR. 

IFO 
IHSO _-

LCO _ ... 
Les· 
LOI 
LOP 

MM 

NCSC· 
NCSS 
NPH 

-- NPR 
NRC 

OSHA 
OSR 
OTP 

- PAPR 
PAW 
PHA 

- PMF 
PNL _ · 
POP 

• -PPC 
P&O . 
PR 
PRV 
Pssc-. 
PST 
PTP 

-_ PUREX. 

headend contra l room- :. . _ _ --
- Hanford En~iionmental Health Foundation 

high efficiency particulate air 
Hanford Met~orological_Station 
~anford Regional Historical Earthquake 
heating, ventihting, and air conditioni_rig control room 

instrument flow diagram 
Industrial Hygiene and Safety Department 

limiting conditions for operation 
limittng control s~tti~g. 
loss on i~nition --
laboratory operating procedures 

Modified Mer.ca 11 i 

Nuclea~ Criticality Safety Committee -
nuclear ctitica-1 iti safety standards 
normal paraffin hydrocarbo~ 
new production reactor (N Reactor) 
Nuclear Regulatorf'~ommissfon 

_- Occupational Safety an_d Health Act 
operational safety requirement~ 
operability test procedures-

powered air purifying respirator -
PUREX acid waste 
Preliminary Hazards Analysis 
probable maximum flood -
Pacifit Nort~west -Laboratory 

· ·- plant opel"'.ating procedures 
PUREX Proces~ Control. 
pipe and- operating 

·_ product handling -and removal 
pressure relief valve_ 
Packaging and Shipping Safety Committee· 
pacific standard time . 
process test procedures 

· plutonium-tiranium extracticin 
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QA Quality Assurance 
QAPP Quality Assurance Program Plan 
QE Quality Engineer 
QC Quality Control 
QE&C Quality Engineering and Control 

Rockwell 
R&E. 

Rockwell Hanford Operations 
Research and Engineering 

RL 
RMA 
RM/PD 
RO 
RW 
RWP. 

SAR 
SEFOR 
SNM 
SOP 
S&QA 
SSE 

· SWP 

TBP 
TLD 
TLV 
TRU 

UBC 
UNC 

·UNH 
USGS 

WBSK 
WF 

. wg . 

Richland Operations Office (of DOE) 
remote mechanica1·aoxide line 
radiation monitoring/personnel decontamination 
radiation occurrence 
raw water 

. Radiation .Work Procedure ~-

Safety Analysis Report 
·.· Southeast Fast Oxide Reactor 
.. · special _nuclear materials 

· .Standard . Operating Procedure 
Safety and Quality Assurance 
Safe Shutdown Earthquake 

· Special Work Permit 

tributilized phosphate 
thermoluminescent dosimeter 

· .. threshold limit value 
· transuranf c 

uniform building code 
United Nuclear Industries. 
uranyl nitrate hexahydrate in acidic solution 
U.S. Geological Survey 

work breakdown structure 
weight factor 
water gauge 
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APPENDIX a· 

HISTORY OF PUREX PLANT 

_ This append.ix presents a thorough discussion of th.e history pf the 
Plutonium-Uranium Requction Extra~tion .(PUREX). Pl ant •. ·. 

·. The· PUREX Plant was· committed to' radioactive: service in 1956 as 'a major 
producer of weapons~grade plutonium:from irradiated uranium metal reactor - . 
elements. When it was shut ·down in, 1972, the ·plant was a ·major facility of 
the then U.S. Atomic ·Energy Commission {AEC) effort to supply spent fuel 
separation capabi 1 i ty to a variety: of programs. · .Eight phases · are . 
discern.ible in .the -history, of·'the faci 1 ity (roughly 1954 to the present).:· -

• A 2'.'"yr building period 

• A 4-mo testing period_· 

• ·startup 

• Refinement 

. - -·--• . Increasing vers.ati,lity.' < 

· •. • _ Standby · 

· . _ •- Upgrading 

• • Startup • 

. r- · Efforts·ta refine and Jniprove ,f.lowsheets- and processes preceded radioac_tiye 
operation and continue to the present. : Multipurpose use of the plant be--

- · came a defined objective by 1960, :and by the time the plant was placed on-
-standby, it was processing ent•irely.different materials from those origi-
nally processed and will· contjnue in t!Hs. manner for future operatior:,s. 

. . . ' . ' ' ,, . 

PLANT MISSION 

·_ •originally, the PUREX· Plant reprocessed.irradiated,_ a 1 umi ~um-clad, 
_ reactor fuel elements,. emp•loying a-wet· chemical- process to separate fission 
· products_ (FP) from the uranium and plutonium. -This process resulted in _ 

_ uranium nitrate and ,plu_tonium ·nitra.te, •with. both chemica 1 s· emerging in a 
highly· purified state. The ura_nium·nitrate was subsequently converted to -
uranium oxide-(U03} and·shipped offsite for enrichment and_reuse as reactor -

- fuel. •.- The plutonium nitrate was furt.her -processed onsfte and was ~ventua l ly 
u.sed· in weapons f abri cat ion-.: 

- 8,.,1 .·. 
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The fuel elements involved in the original process were low-burnup. 
elements in the 250-700 MWd/t range. These elements-could be handled at the 
PUREX Plant following short cooling periods (90 to 120 d} and yielded smal_l 
amounts of plutonium (a few grams per tonne)o With this fuel~ plant 
capacity was far in excess· of the original des!ign basis. 

Table B-1 lists other materials processed by the PUREX Plant with the _--1 · 
respective dates the various feed stocks were introduced. _With minor 
exceptions, all of the processed materials were irradiated in--Hanford Site 
reactors. · · 

TABLE B-1. Fuels Reprocessed at the PUREX Plant. 

Time period 

January 1956 

August 1958 
October to December 1960 
August 1962 

November 1965 

February 1966 
January 1965, May 1966, 
September 1970 
June/July 1967 

-February 1968 

February 1969 

January and June 1972 

May 1982 

Fuel 

11 7211 -metal (natural U) Al-clad, low Pu g/t 
(weapons grade} 
First Np recovery 
Began recovery of FP, 90sr, and l.37cs 
11 72 11 metal .(natural) Al-clad,mocilerate Pu g/t 

· (fuels grade) 
11 72 11 metal (natural) Al-clad,·moderate Pu g/t 
(fuels grade); SEFORa campaign(s) 
1195 11 metal (enriched) eventually both weapons 
Al-clad thoria target elements; c1xide powder 
in 1965 and 1966; compressed wafers in 1970 
Zircaloy-clad 1195 11 (enriched) metal and 11 1.2511 

(spike)--both from N Reactor 
Al-clad natural U from older Hanford Site 
reactors and Zircaloy-clad 210 (2!.1% 23Su) 
11 Coproduct 11 from H Reactor 
PRTRb, Zircaloy-clad Pu02 (initictlly less than 
1% Pu), U02 (1970--0.5, 1.0, 2.0., 4.0) . 
Mixed oxide scrap (PuOz-UOz) in mild-steel· 
cans; Zircaloy-clad mixed oxide 
Pu-Al ·and U-Al alloy (PRTR and Phoenix 
Reactors) 

asoutheast Fast Oxide Reactor. 

bp1utoniu·m recycle test reactor. 

Representative plant performance is shown in Table B-2, giving the 
relative purity of products obtainedo 

B-2 
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TABLE B-2.. Historical PUREX Pl ant Performance. 

Process · 1. . 1956a ·.1 195gb · I· 1967 

Separation ratios 

u fr9m PiJC 107 101· 107 

Pu from:_ud 4 X 104 4 X 104 6 X 105 

Plutonium decontamination 

FP from P4 .. . 107e ,. 108 108 . 
.. 

First-cycle decontamination · 3.5 X 105f. ·2 X 104 5 X 103 
factor 
Second:..cyc 1 e deco·ntami na.:. · 30 2 x. 103 2 X 103 
tion factor .. 

Anion exchange - ' 3 10 
Thi rd-eye 1 e decontamination. · ' - - -
factor 

Uranium decontaminatidn 

FP from U 106. ~·X 106 107 

First-cycle decontamination· ,, :4.5 X lQ5f 2 ,x.".104 3 :,c 103 
factor 
Second-cycle decontamina- 13 5 X 102 1.5x 103 
tion factor ' . 

Silica gel (4 to 10).9 - 2-

Acid recovery · 
' . ' . •i.sso 1 ving ' - .85% -

. ' 
Solvent. extraction 65% 95% -
Sugar denitration - - -
Pu/U ,recovery 98% 99.9% -

So 1 vent .· recovery 99% 99.7% -

1971 

· 107 · 

6 X 10 

108 

2 X 103 

1 X 103 

-
50 

·107 

2· X 103 

5 X 103 

-

85% 

95% 
75% 

-

99.8% 

aHw:..31000.(l) ~ 
hHW-60116. (2) 
CP.u/U in feed divided by Pt.i/U · in product. 
dlJ/Pu in feed d.ivided by U/Pu in product. 
epij reworked, at Z Plant. . . . . 
fsased:on codecontamination and partition cycles. 

. .9Initial decontamination factors ·were not as:good as planned; ZrNb was· 
. ·• the· primary prob 1 em.. , . 

a:...3 
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. Modifications have been made to· the PUREX flowsheet as information 
became available to increase capacity, decrease operating costs, reduce 
waste losses, and improve product purity. Major flowsheet modifications 
fall into six categories: (1) optimization of the original flowsheet with-

·in the objectives of the original plant mission, (2) modifications for 
neptunium recovery, (3) modifications.for thorium processing, (4) modifica

. tions for increased processi~g flexibility (primarily in the headend)i 
(5) modifications for reduced environmental releases, and .(6)modification 
for P.lutoniurn .oxide production. · · 

. The· following discussion is confined to the actual, documented flow- .. 
sheets. A large number of process tests ,ere performed over.the years, but 
not all of.the tests resulted in flowsheet modifications. · · 

. Brief discussions of PUREX-type flowsheets (of. which· there are .innum
erable variants) appear in Chapters IV and VI of the PUREX Technical Manual 
and Chapter IV of the Reactor Handbook, Vol. n.(3,4) The-development of 

. the PUREX process was a major AEC activity involving efforts at Oak Ridge 
·. National· Laboratory (ORNL), Knolls Atomic Power. Laboratory, and. the Hanford 

Site •. The.Hanford Site PUREX Plant .flowsheet was demonstrated on a hot 
pilot plant scale at ORNL and in cold pilot plant work at Hanford in the 
300 Area~· Cold run operability tests in·the plant itself were performed .on 
what was then designated the ·HW 3 flowsheet. An increased capacity · 

·flowsheet (HW 4) was developed prior to hot startup, but was never used. 
The ·HW . .3 flowsheet·was modif.ied,·based on operational experience during cold 
run testing, and reissued as the PUREX Plant ·flowsheet (PPF) I. This 
flowsheet was, in turn, replaced within 6 mo of hot startup by PPF II.· The 
changes were made primarily to improve 95zr-Nb-decontamination. Conversion 
of the solvent extraction system from a three-cycle to a two-cycle scheme, 
with separate concentration and reuse of second-cycle aqueous waste.streams, 
was accomplished and documented. With some modifications,the PUREX Plant · 
two-cycle flowsheet was used throughout the remaining uranium-plutonium . 
production campaigns. Updated versions were issued in 1968 for aluminum
clad fuels and in 1972 for Zircaloy-clad fuels. The current flowsheet, 
including the 11 Zirflex 11 process for decladding and dissolution of·Zircaloy..; 
clad N.Reactor fuel, was updated in 1977. The .latest flowsheet-incorporated 
the processing of 6%, 9%, and 12% 240pu material; .eliminated the recover(!)of. 
neptunium and added the production of plutonium oxide (see Figure 6-1). · 

A thorium process flowsheet was developed in 1965, modified after ... a 
•PUREX Plant process test, .and used for. thorium processing campaigns in 1966 
and 1970. 

FEED PREPARATION PROCESSES 

In the original feed preparation process for aluminum-clad fuel, the 
fuel elements were declad with a sodium hydroxide solution, containing 
sodium nitrate to suppress formation of hydrogen gas. Aft~r rinsing the 
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.bare metal fuel elements, two,or more dissolution cuts were taken with . 
nitric acid, the number depending on.the total metal inventory remaining in 
the dissolver. The individual cuts or batches of the resulting uranyl 
nitrate solution were then transferred to feed storage tanks. The feed was 
clarified ,by batch centrifugation. · After clarificationi the dissolved ·metal 
solution was chemically adjusted to assure reasonably· uniform nitric acid 
and uranyl nitrate.concentrations and then used as feed for the solvent 
extraction system. · 

Feed clarification was discontinued in March 1959. Rinsing between 
coating removal: and nitric acid dissolution, coupled with various jetl~g
length changes arid allowance for .solids settling, eliminated the need for . 
centrifugation. ·In 1963, chemical adjustment of the feed was discontinued 
after demonstrated uniformity of dissolved metal. solution. 

The' Zirflex :process for chemically decl adding and dissolving Zirca lay-
. cl ad uranium metal fuel .elements was.developed to permit reprocessing of 
Zircaloy-clad fuels in the existing Hanford Site production fuel · 
reprocessing.plants. The Hanford reprocessing facilities do not possess 
mechanical means (i.e., chop, shear, or extrude) for breaching the fuel 
cladding. · · · 

The Zirflex process consists of the following steps: 

1. · Dissolution of· the Zircaloy by a· mixture of ammonium fluoride
ammonium nitrate (AFAN) solution 

2. Methathesis .of uranium and plutonium tetrafluorides to uranium and 
plutontum·dioxid~~:with:potasstum hydrox~de 

3. • Centrifugation of cl add'i ng waste sol ut i ans, spent metathesis 
.solutions, arid various rinses for recovery of product prior to 
discharge of the claddi.ng waste to underground storage 

. . . 

4. Dissolution of the uranium.metai with nitric acid in one or more 
'cuts (with. aluminum nitrate· added to comp·lex residual• fluoride)' 

5. Dissolution 6f the c~ke removed from the centrifuge in nitric 
·acid-aluminum nitrate .. for eventua.l :incorporation .in the solvent 
extfaction feed·; · · 

The only significant modification to the original p~ocess was to make 
up an AFAN so·lution of the desired concentration and add the amount to the 

· dissolver prior to charging, rather than adding a· concentrated AFAN solu
tion to boiling dissolver water •. · This modification was necessary to provide. 
sufficient nitrate ion concentration. in solution at the start of the declad
ding reaction to suppress hydrogen evolution. 
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Dissolver offgas treatment for the decladding process consists of . 
ammonia removal in the downdraft condenser and water scrubber, deentrain
ment, offgas heating, iodine removal by passage through a packed tower 
containing silver nitrate-coated Beryl saddles, filtration, and discharge 
via the 200-ft stack. Offgas treatment for thE! uranium dissolution process 
consists of condensate recyle to the dissolver 9 deentrainment, offgas heat
ing, passage through ·a packed tower containing silver nitrate-coated Beryl 
saddles for iodine removal, filtration, and additional nitric acid and 
iodine removal in the backup facility. · 

The backup nitric acid recovery system was originally installed as a 
dual purpose unit:- the first column performing additional nitric acid 
absorption, the second operating as a caustic scrubber for radioiodine . 
removal. The iodine removal in the first tower proved satisfactory. This, 
coupled with no measurable decline in efficienc:y, resulted in elimination of 
the caustic scrub for iodine removal in favor of additional acid recovery. 
As a result of increased cooling time of the fuel {to at least 180 d), 
radioiodine·(131I) levels declined to the point where operation of the 
silver reactors was no longer required. These were last regenerated in 
April 1968. 

The chronology of the feed preparation processes is given in Table B-3. 

SOLVENT EXTRACTION AND PRODUCT HANDLING, 1956-72 

-The basic startup flowsheet was a three-cycle system employing a 
codecontamination cycle; a partition cycle consisting of an e>(traction 
column, partition column, a scrub column ancillary to the partition column, 
and a uranium stripping column; and separate, final decontamination cycles 
consisting of extraction and strip columns for the plutonium and uranium 
streams. The breakdown is shown in Table B-4. 

With the exception of the aqueous plutonium stream from the partition 
column, each aqueous product stream exiting from a cycle was c:oncentrated. 
All extraction column losses were actual; however·, high produc:t content 
waste was generally recycled. 

The basic operating features of this flow$heet were as follows: . 

• Rigid control of uranium saturation in the HA, lA, anct2D Columns 

1 Uranium-plutonium separation by plutonium reduction to the inex
tractable III valence using ferrous ion (as ferrous sulfamate with 
-sulfamic acid as a holding reductant) in -the lBX and 2DF streams, 
and an oxidizing step prior to the second plutonium cycle. 
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Time period 

March 1956 

September 1957 

June 1958 
: · June 1958 

June .1958 .· 
.:: ' : 1W ',. 

,Cll'""t . ·, . March 1960 
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October 1963 · 
. : August 1965. 

. . January 1966 

January 1966 

September 19.66 
· January 1967 
February 1968 

·· .. Oece.mber• 1969 . 

December 1970. 
January · 1971 .... · 

September .. 19 71 
' ' 

December·l971 
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,' so.:.HS-SAR-001 
· REV 3 .·· ' ' . 

', .. l -·•.~). ·.: ' C ' • 

TABLE B-3. FeedPreparafion Headend.Chronology. 

Feed ·preparation 

Switch from batch nitric acid addition to continuous 
acid idditiort during cut to eliminate 1311 surge 
Backup. offgas treatment facility on-1 ine for improved 
acid recovery and_ 131r removal . 
T-XB switched from-caustic to acid scrubber 

· Prototype ·silver reactor installed as t~mporary 
replacement for original 
NH3 scrubber installed 
Discontinued feed centrifugation (free centrifuges and 
E eel 1 · tan·kage. for_FP recovery) 
Discontinued feed adjustment . 

· Thoria process test •. -The A3 annular dissolver installed . 
· .. (testing continued through September) 

B3·_anriular dissolver insta·lled ·· . 
' ' 

···216-A-36-A crib··out of s~rvice, distributor extended 
-(became 36-8),. a consequence of {1) solution carry-over · 
.during dissolution into the NH3 scrubber catch tank and 

. (2) contamination of NH3 scrubber waste with dissolver.· 
solutfoh.via the downdraft condenser and piping. The· 

·,.problem noted with -the A3 dissolver was solved on the 83 
and subsequent dissolver vessels by raising the.eleva
tion of the dissolver vent connection on the dissolver 
and by installing-isolation valves between the dissolver 
and NH3 waste tank. In addition, routine condenser and 
scrubber fl~shing at t~e conclusion of the fuel dissolu
tion step was begun.{9) 

i. Thoria campaign;. C3 .annular disso·lver installed 
First test of Zirflex pro~ess 

~ First use of dissolvef in~ert to reduce annulus (for 
.• nuclear criticality prevent ion) during coproduct 
processing · 

Eliminated continuous AFAN solution 
·Thoria•campaign 

Leaks were found in all three dissolver ~ells. O~era
tion was resumed witl:i a. new 83 dissolver and the 

.Al dissolv~r coil discharge routed to a backup conc~n-
. ·trator. · 

·New C3 .dissolver -installed 
-Plate coil on an old 83 d1ssolver--refuibished:assembly 
, f nsta 11 ed ... on A3. dis solver 
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· TABLE 8~4. · System Breakdown. 

Flowsheet Canyon Cycleb Pr'oduct F~nction designation positiona 

HA {H2) 1 co _Extraction/scrub 
HC {H3) 1 . co Strip 

lA (J2 2 . co Extraction/scrub 
· lBX (J6) 2- co Partition . 
JBS (J4) ·2 Pu Scrub 

. ·lC . (J7) . z . ' . IJ Strip 
. '·' 

2A (Ll) 3 Pu· Extraction/scrub 
2B . (L2) 3 Pu . Strip 

20 (K2) 3 IJ -Extraction/scrub_ 
2E -· . {K3) 3 u Strip 

aFor example, the H2 position is the second equipment position 
in H cell. · · 

· -bcarbon _dioxide means uranium and .plutonium as a coproduct. --

· · The following modifications were made during the first year of hot 
operation for improved 95zr-Nb decontamination performance: · .. · 

. • C-type columns were changed from organic continuous to aqueous 
. continuous operation (this-minimized carryover of interfacial 
materials containing high FP activity) 

• Uranium feed concentration to the HA column was increased and 
-control of the uranium saturation of the organic phase was 

. _ tightened 

• Feed acidities to the HA, lA, 20, and 2A columns were decreased 

• HA column temperature was reduced 

• lBX stream acidity was decreased 

• Treatment. of uranium product w.ith silica gel for· additional Zr-Nb 
•decontamination factor was initiated .. 

Final three-cycle operation improvements consisted of: .. 

• Conversion of 20 column to organic continuous operation and 
installation of a scrub section cartridge of improved design 
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• Treatment of plutonium product in a new, semicontinu.ouss anion
exchange system (installed in a portion of the regulated. shop and 
designated a~ N cell) 

i- Improvements to the.solvent treatment flowsheet~ 
' . . ' 

-·· Two:..:cycle operation was ·tested in the plant ·;n March 1958 and the 
following equipment. modifications were made in June: · 

• Bottom-interface. HA _column installed 

• The HC column became a scrub column· associated with the HA column 

-• · · The 1 A co 1 umn was remov~d 

• · The backcytle waste system was· establ.ished using the HCP co~cen
trator (E-H4) to evaporate aqueous waste streams from the 2D and 

· 2A columns and N cell for recycle to the .HA column. 

• TK-Fl0 was used to combine· waste streams. 

The installation of backcycle capability, in turn, permitted tighter 
~ (higher): :saturation in the 2A and 20 columns with concomitant improvements 
in product quality~-

Sub'sequent major· fl owsheet- changes through the ·1972 p 1 ant shutdown 
were: 

• -· Neptunium recovery on· a· campaign. b_asis· using existing columns 
(this capability resulted because neptunium accumulates in the 

- backcycl e waste system) . · . 

• Installati.on of. neptunium re.covery equipment (another solvent 
extractionsystem plus ion exchange product treatment) · 

• · Insta 1 lation of -improved _scrub section cartridges and larger 
diameter columns · · · 

. ' ·' ' .' . 

~• - )nstallation of.a third pl~tonium solvent extraction cycle tci 
replace the anion exchange system to provide increased reli
ability, capacity, and safety~. 

Two continuing programs that merit more detailed attention are:· 
(1) improvements in solvent* and so1vent trea,tment and (2) alternate 
r~ductants for partitioning. 

*The term-solvent~ as used in this discussion, refers to the mixture of 
. tributyl phosphate (TBP), the actual process solvent,. and inert hydrocarbon 
diluent.~ · · · 
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Most of the problems associated with FP decontamination in the PUREX 
solvent extraction·process were attributable to solvent deterioration 
resulting from radiation exposure. This was one reason for placing column 

.. interfaces at the-opposite end of the columns from the product stream exit. 
Gross quantities of FP tended to accumulate at the interface in an interface 
layer consisting of degraded solvent. Consequently, any entrainment or 
column upset could result in contamination of the.stream exiting the 
disengaging section containing the interface. 

The:solvent diluent used had a profound effect on solvent.quality. The 
original diluent was a kerosene-type mixture of saturated and unsaturated 

· • hydrocarbons ·which was~ in essence,· a specific, distil lat ion cut (Shell Spray 
Base E 2342). In September 1961, this was changed to Soltrol-170, a.mixture 
of highly.branched aliphatic-hydrocarbons with properties similar to Shell 

: _Spray Base •. Some initial improvement was noted, but this dissipated-after a 
: relatively short time. In February 1966, a switch was made to a normal 
.- paraffin hydrocarbon (NPH) mixture (containing m-decane t~tradecane). . 
Evaluation of contrasting run periods proved straight chain hydrocarbon· 
superiority in terms of process performance • 

• Improved solvent treatment processes evolved as well. :Initially, 
. aqueous_ sodium .carbonate washing was perfomed in· the 10 and 20 pulse .· 

· . columns, ·fol lowed by centrifugation. to remove entrained aqueous _carbonate 
and solids. Shortly after startup, carbonate washing on a batch.basis was 
started in the_ l0F pump tank (TK-Gl). . However, activity· in solvent treat
_ment system 1 continued to be a problem. A nitric acid scrub was then used 

. in the _10.·column · (in place of carbonate) with rnarked ·improvement. in· both 
·. 10 co 1 umn stab i 1 i ty and sol vent qua 1 i ty. In late 1957, KMn04 was· added to 

the aqueous wash in TK-Gl, a turbo-mixer was installed in receiver TK-67, . 
and centrifugation of the 10 column product was discontinued •. A caustic 
wash was used with the turbo-mixer. Later, the same changes were made to 
solvent· treatment system 2, the only exception being no turbo-m_ixer · 
installatibn in R cell. · 

Due to declining FP activityin the plant feed (longer cooled.reactor 
fuel), improved FP decontamination in the first cycle as a result .of 
fluoride complexing of 95zr~Nb during processing of N Reactor fuel (Zirflex . 
.Tonic effect), and the stability of the NPH, it was found prior to shutdown 

· that the turbo-mixer operation was not needed. The usage of KMn04 was 
reduced by 60% by lowering the concentration in the wash solution by 33% and 

- eliminating the.use of a more concentrated KMn04 add stream to the system 1 
wash solution. Further reductions in the Na2C03- KMn04 usage were_ made by 
reusing_ more of the system 2 wash solution in system 1.. · 
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The search for an alternate to-ferrous sulfamate as a plutonium reduc
. tant was motivated primarily by the waste management program. The iron and.· 
sulfates contribut~ to the total bulk of nonvolatile salt in the waste and. 
adverselyaffected the waste fractionization effort in B Plant. 

- . Plant tests ha.ve been_ performed with the following: 

• Ferrous nitrate stabilized with .hydrazine 

·. • Uranium IV stabilized with hydrazine 

. ·• · Hydroxylamine nitrate (HN)~-stabilized· with- hydrazine 
' ' 

• · HNin c·onjunction with lesser amounts of ferrous ion • 

The HN stabilized wfth·hydrazine is used in the 2D column feed and 
·2s column-strip.· The neptunium recovery system requires·some ferrous ion· 
and holding reductant due to _the high ni~ric acid.concentration and.the 
radiolytical ly produced nitrite, in the backcycle. The uranium IV, while 
demonstrated in the. lBX stream on a test basis, is·not readily available for 

·use. The tests with HN in the lBX.stream were successful, but proved too 
costly. The FeSA-SA system is preferred for nuciear criticality prevention. 

• All other reducing systems require more administrative and engineered 
safeguards. · · 

Solvent. extraction chronology is shown· in Table 8-5. 

- - ' 

. . . ' . . . 

WASTE-TREATMENT 

The waste treatment system at hot startup consisted of two cycles. 
··•·A primary, ·high- l eve 1, waste concentrator ( E-Fll) evaporated the waste 

stream from the. first extraction column •.. A second concentrator (E-F6) 
received aqueous waste streams from subsequent cycle extraction columns and 
the condensate from the E-Fll-2 and vessel vent sjstem condensers. The 

•Overheads from·E-F6.were routed through an acid -abscirber-fractionator 
· . (T-F5). · Two functions were performed by. this system: nitric acid removal 

and recovery for recycle and'.wa:ste volumereduction. Minimizingradio--
-·• activity in the concentrator overheads and recovering nitric acid were the 

primary jus,tifications for double disti.llation of the HAW (HW column waste). 

. It was recognized during th~ final plant construction phase that an 
atmospheric acidabsorber-fractionator would limit plant operating rates and 

··.have a .short service. life. - An_ ancillary vacuum fractionator package was, 
therefore, procured and-placed in operation in 1957 .. 
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TABLE 8-5. Solvent Extraction Chronology. (Sheet 1 of 2) 

Time period 

April to May 1955 

April 1956 

During 1956 

November 1956 

May 1957 

December 1957 

March 1958 

June 1958· 

February 1960 

September 1961 

October 1962 
January 1965 

February 1966 
May 1966 
July 1967 

September 1969 
October 1969 
January 1970 

· Solv1:!nt extraction 

Extended scrub portions of HA and lA columns based 
on hot semiworks test experience. This required 

·chipping 5 ft of concrete out of the cell floor at 
the H2 and J2 positions 
Batch washing in TK-Gl of system 1 solvent 
initiated 
C-type columns converted to aqueous-continuous 
(top interface) operation 

· 2D column converted to organic-continuous (bottom 
interface) operation 
Semicontinuous.anion exchange treatment of Pu 
product stream (2BP) initiated. Sulfuric acid 
added to 2BX to permit reduced 2BX flow 
HA column converted to organic-continuous (bottom 
interface) operation. Began continuous KMn04 

· solvent washing 
First test of two-cycle flowsheet, bypassing HC . 
and IA columns. Converted 10 column to dilute 
acid scrub 
First attempt to recover Np (campaign basis from 
lWW). Imp 1 emented b,o-cycl e system 
Solvent quality deteriorated to the point where it 
had to be discarded and replaced with fresh 
solvent · 
Switched from Shell Spray Base diluent to 
Soltrol-170 
Began Np recovery on a continuous ha.sis 
Process test of modified Thorex solvent extraction 
flowsheet successful 
Switched from Soltrol-170 to NPH diluent 
Performed Th campaign 
First N Reactor fuels processing campaign,. 11 tonic 11 

effect (enhanced 95zr-Nb decontaminattion factor) 
noted; (attributed to F- in November 1969). 
Ferrous nitratejhydrazine tested in lBX 
Replaced sulfamic acid with hydrazir1e (lBX) 
lUD recycle (to lCX) 
Deliberate butting of HAF with fluoride for de
contamination factor enhancement 

B-12 
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Sol vent Extraction Chronology. · ( Sheet 2 of 2) 

Solvent extraction 

Tested U(IV) ·as alternate lBX reductant . 
. Tested HN in 201S·' 

Performed second Th campaign. 
Third Pu cycle·installedc' 
HAO stream.eliminated for improved Np recovery. 
Use of TK-J2 eliminated. Second- and third-cycle 
organic waste. streams rout_ed directly to lBXF tank 
(TK-J3) 

The most significant change .. in the waste treatment system consisted of · 
conversion to a single cycle. This change became.feasible after converting. 
to the two~cycle solvent extraction system•with backcycle waste concen- · 
tration, reducing :the volume to be concentrated in the waste treatment· 

· system. · In addition, sodium nitrite was added to,suppress ruthenium 
vol at i 1 i Zilt ion into the overheads of concentrato.r E-F6 and a prototype 
demister was installed.in the E-F6. offgas, markedly reducing activity in the 
overheads. · 

Another concern was volume reduction of high-level waste due to the 
high. cost of underground storage tanks. Efforts toward this end involved 
reduction of nonvol atne· components: (previously' discussed in the flowsheet · 

·section), increased concentration of high-level waste (eventual· four-fold 
concentr~tor bottoms. flow reduction), and denitration of the high-level 
waste. The process required ·alkalinization of the waste with sodium hydrox
ide prior to storage in the underground, carbon steel waste tanks.· After 
extensive laboratory study, equipment for a process ·utilizing formaldehyde 
to destroy. nitric acid in the waste .stream (lWW) without adding nonvolatile 

• ·consti'tuents to reduce ·sodium hydroxide a·dditioris was· installed~ and briefly · 
. used in the· plant~ The reaction proved quite. violent, causing excessive 

entrainment of lWW in' the gaseous products, resulting in high- activity in 
the recovered. acid. Sugar (sucrose) was tested as an alternative, proving 
eminently_s~itable~ and was_use~ ~fter Octobe~ 1963. 

Two other topics ·merit discussion:. iritermedi ate- level waste di sposa 1 
~nd plant rework pf high-le~el-wa~te-containing product.·. Sump wastes and 
drainage from. miscellaneous contaminated areas (i.e., sampler _cave drains) 
are collected in TK-Fl8. · This material may generally be disposed of to 
either nonboiling or:- boiling waste storage. If reworked due ta high prod-
uct c_onte_nt; it is processed through TK-FB .. · · 

. 8-13 
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The TK-FB proved very beneficial to the PUREX process. It is a stan
dard tank equipped with a large steam coil and a condenser with capability 
to reflux by condensate return to FS or concentrate by condensate disposal 
to TK-F7. Most material to be reworked contains some solvent. During 
prolonged refluxing, the solvent is degraded to nonvolatile phosphates, with 
the majority of the organic destroyed. Small batches of this rework 
material may then be blended with feed going to the first extraction column. 
The Fl8 and FB operations .have remained essentially unchanged throughout the 
history of the plant. · 

High-level waste without associated solvent may be reworked directly 
without FB reflux. It has been found that F6 bottoms may be reworked with 
only occasional process upset, that partially sugar denitrated lWW cannot be 
reworked without serious process upset, and that post-sugar/pbst-high
temperature digestion lWW can be reworked with some beneficial effects on 

· first-cycle decontamination. 

High-level waste treatment and acid recovery chronology are shown in 
Table B-6. 

TABLE B-6. High-Level Waste Treatment and Acid Recovery Chronology. 

Time period 

February 1957 
September 1958 

September. 1962 

August 1963 
September 1963 
November 1966 
November 1967 

March 1971 

High-level waste treatment and acid recovery 

Vacuum fractionatc,r on-1 ine 
Tested anion exchange for product recovery from 
concentrated first~cycle waste 
E-Fll (evaporator) shut down; single evapora
tion cycle waste treatment initiated 
Test denitration of lWW using formaldehyde 
Successful sugar denitration of PUREX lWW 
First S04-free lWW campaign 
First condensate recycle system, F5 condensate 
used as reflux (acid absorber distillate) 

. E-Fll used to concentrate sump material and 
coil condensate and cooling water 

MAJOR EQUIPMENT CHANGES, 1954 to 1972 

A chronology of equipment changes is, given in Table B-7. Equipment 
changes preceded plant constructiono One of the earliest, significant 
decisions concerning plant equipment involved redesign of the first
generation concentrator to provide removable steam tube bundles. Based on 
laboratory information and offsite experience, the tube bundle failure rate 
due to corrosion was expected (and subsequently found) to be considerably 
more frequent than originally believed. 
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TABLE B-7. Chronology of Major Equipment Changess 
1956 to 1972~ {Sheet 1 of' 2) 

Time period 

. Mid;,;,1954 . 

· Apri 1 ·-to. May 1955 · , 

·November 1955 

May _1956. 

November 1956 

. Apri 1 1957' . 

November 1957 · ·· 

January 1958 

· February 1958 · 

· March 1958 · · 

June 1958 

Decl;!mber··1958 

. June 1960 

·February 1961 

August. 1961 

August to Octo6er 1962-. 

-·August· 1965 · 

January 1966 

Apri 1 · 1966 

: . September 1966 
' ;_.' . 

Major equipment. changes 

. Removable tube bundles on all concentrators 

·. Went to 1 anger sGrub sect i ans on HA and . 
IA columns •. Required deepening cells 

Pumps placed in. E6·to Hl, ES to E6 (jet dilu-
• tion too gr~at) · 

· ·.Unidiameter lA column ins~alled, replacing 
L cell package_{went ~o single stripper and a 
concentrator) · · 

T-K2 {20) bottom interface column with 11 Zebra 11 

{both stainle~fs··steel and plastic plates) scrub· 
cartridge installed 

Ti tube bundle installed in the Pu product 
co.ncentratdr 

Bottom interface. Zebra scrub cartridge HA .. 
installed. · 

·_ N Cell Pu an-ion exchange system i nsta 11 ed 

Replaced silver reactor 
' . . . . . . ~ . 

G7 t'urbo-mixer· insta·l led' 
• • '• • • • • •, • • -,,L ••• 

HC--and lA columns removed; HS column and TK-J2 
installed 

. . . . . 

Secorid· 40-ton,crane installed 
. ·~ .· ' . 

· Installed new HS, lC, and 2E column 

Replaced 2A .·column (which was a packed column) 
with one _wtth a cartridge 

Replaced· Concentrator. tu.be bundle st'eam· trap.s on 
· trap pits south of 202-A.with in~cell, · 
··.diaphragm-operated valves 

Installed Np. recovery ·and purification equipment 

. Installed first annula~ dissolver(3). · Floor in .· 
cell rebuilt~ New silver reactor (two beds) 
installed in A ·cell · 

Second annular dissolver installed with modified 
vent in B cel-1; some concrete along one '"'all. 
removed 

· - Insta 11 ed new N6 and N7 vessels_ (Ta-1 i ned and 
. all Ti, res~ectively) 

! C3 annular d-issolver installed 

-s-15 • 
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TABLE B-7. Chronology of Major Equipment Changes, 
1956 to 1972 •. {Sheet 2 of 2) 

Time period 

February 1967 

March 1967 

May 1967 

June 1967 

April 1968 

June 1968 

July 1968. 

June 1969 

July 1969 

November 1969 
July 1970 · 

December 1970 to 
January 1971 
January 1971 
March 1971 
September 1971 
December 1971 

Major equipment changes 

UNH'rework concentration and reflux system 
installed in 203 area {TK-P6) · 
Installed: geometrically favorable 2Af tank 
{TK-J5), improved N6 demister, greater capacity J4 
cartridge (in hot spare column) 
Two-bed silver reacto1· in C cell; Zirflex 
decladding waste treatment system in E cell 
Unidiameter HA column installed. Also, new 
specially designed tanks installed in F7 posftion 
first use of Cd as neutron poison during rework Pu 
transfers {Lll to E6) (in solvent extraction)' 
Bypassed HS column, codecontamination cycle de
contamination factor dropped by factor of two to 
three, but was acceptable 
Replaced N cell resin 11 pusher 11 with 10 pul ler 11 and 
was unsuccessful 
E-F6 leaked and was replaced. first sectionalized 
concentrator installation 
Replaced barometric condenser for thE! acid 
fractionator with shell-and-tube unit 
Installed lUD recycle system 
Installed sectionalized concentrators in Fll and H4 
positions for Th campaign 

· Replaced L cell package with thir,d Pu cycle 

All three dissolver coils leaked 
Replaced B3 dissolver 
Installed new C3 dissolver 
Installed dissolver with plate coil in A3 position 
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This basic concentrator was succeeded in the 196Os by the section-· 
alized concentrator which provided a common reboiler compatible with two 
differing towers: one tower designed for simple evaporation and acid 
boiloff service, the other for organic stripping (uranium) service. The 
first sectionalized concentrator to be installed replaced an acid 
concentrator. · 

The chronology cited covers most of the major equipment changes at 
PUREX. In general, the reasons fpr the changes were: 

1 Equipment failure with attendant·modifications intended to pre-
clude future failures · 

• Inadequate equipment performance and, generally, increased 
capacity desired 

• Desired improvements in process performance. 

SIGNIFICANT EVENTS, 1956 to 1972 

The chronology shown in Table 8-8 is a record of significant events 
occurring from 1956 to 1972. 

PUREX PLANT PROJECTS 

Table 8-9 shows all past projects at PUREX fesulting in actual equip-
ment and facility changes. · 

The nature of the projects changed with time. Initially, most pro
jects were directed toward process.refinement. Gradually, emphasis shifted 
toward increased production. The third phase was directed toward increased 
plant versatility and safety. A fourth phase was directed toward upgrading 
the facility to meet more restrictive requirements for environmental dis
charges and conduct of operations. 

FIRE PROTECTION SPRINKLER PROJECTS 

Fire protection facilities were originally provided only in the pro
cess cells and the laboratory area. The process cells were provided with a 
manually operated, water-fog, fire protection system and Fireye photo
electric detectors, and the laboratory area was provided with a fire de
tection system. In 1967, an automatic s~rinkler system was installed in the 
1 aboratory area a.nd p_rov i ded a _laboratory storage area equipped with an 
automatic sprinkler system (Project IAP-6O5). In 1968, supervised automatic 
sprinkler systems were installed in the followirig areas (Project IAP-615): 
west end of first floor service area up to and including the main entrance 
lobby and airlock on the east; west transformer substation, dock storage 
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area; regulated and hot shops, including airlock; N cell airlock; and the 
east end of the storage gallery. This project also provided fire detectors 
in the west switchgear ~nd cable rooms, and the existing paint storage area 
fire detectors in the 2714-A building were connected to the PUREX alarm 
circuit. In 1974, the light-water, aqueous, film-forming-foam sprinkler 
system was installed in process cells G, H, J, K, and R and TK--RlA under 
Projects HCP-678 and B-115. The dissolver drown tanks were seismically 
upgraded to assure structural survival in the event of an earthquake under 
Project B-336. 

TABLE B-8. Chronology of Significant Events. (Sheet 1 of 3) 

Time period 

February 20, 1956 

Apri 1 7, 1956 
June 2, 1956 
February 13, 1958 

February .23, 1958 

March 24, 1959 

January_lO, 1960 

February 25, 1960 
April 3, 1961 

April 20, 1961 

January 1962 

March 3, 1962 

June 3, 1963 

August 1963 

Event 

Blowback of contamination from L package
pressuriz~d stripper to·force overflow with a 
manometerl7) 
Partition failure due to N02 recycle 
First U product met specifications 
Silver reactor explosionC8) (returned to service 
August 28, 1958) 
Fi re 1 n hot shop· (oil or acid soaked rags); mi nor 
loss of contamination control in the hot shop 
area 
Seepage from A sump in F cell into storage 
gallery roped off and covered with blocks for 
shielding; rebuilt cell floor 
PR can pressurization (lacked vent hole in 
gasket). One small loss of contamination control 
in the PR area 
Fire in N cell (welding) 
30,000 gal of 57% HN03 drained to chemical sewer 
due to error in valving 
1,335 lb of dep 1 etecl U drained to c:ri b due to 
valve leak 
Fll tube bundle; chnngeout resulted! in major loss 
of contamination control in the car1yon area 
13,600 gal of water on floor in K cell. Loss of 
contamination control in the PR room 
Caustic added 'to uncovered Al-clad fuel produced 
Hz explosion. · No significant equipment damage 
Charge of insufficit!ntly aged fuel· to C3. 
Dissolver idled for 2 mo 
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TABLE B-8. Chronology of Significant Events. (Sheet 2 of 3) 

Time period 

Apri 1 9 to 19, 1964· 

June 14, 1964 

February 1966 

September 23, 1966 

May 10, 1968 

May 15, 1968 

December 1969 

May 1970 

August to December 1970 

January 3. 1971 
March 197.1 

April 8 to 22, 1971 

October 1971 

December 4, 1971 

January 1972 

Event 

Main exhaust filt~r differential pressure 
increased rapidly to 14 in. WG due to pluggage 
by ammonium nitrate. New exhaust filter 
installed 
TK-Fl5 coil leaked; approximately 10,000 Ci 
discharged to pond. Routings changed so that 
discharges of most coils exposed to high
activity solutions are to steam condensate crib 

A-36-A crib overloaded w1th radionuclides (new 
dissolver); switched to 216-A-36-B 

PR can tipped over on PR elevator; minor loss 
of contamination control to the PR elevator 
area 
LINH truck leaked from PUREX to U03; minor U 
contamination 

Overflowed cask in 212-A; no loss of contamina
tion control in the-212-A facility 

Dumped a bucket of Zircaloy-clad N Reactor fuel 
on floor; fuel elements retrieved 

Approximately 14,000 Ci discharged to 
216-A-36-B crib due to leaking valve in 
scrubber drain to catch tank 
Stack emission during Th processing(9) 
primarily due to Ru·vdlatilization 

First dissolver coil leak (C3) discovered 
All three dissolver coils subsequently found to 
leak 

Pu polymer found in third Pu cycle due to 
a~ission of HN03 to 3BP during startup 
operability testing 

Spilled a canister of N Reactor fuel on B cell 
floor; picked same up, covered rest with water 
(water leaked out expansion joint and 
contaminated the storage gallery) 

KOH inadvertently added to C3 dissolver. As a 
result, Pu ~as precipitated as a Pu polymer. 
U feed solution reacidified with HN03, digested 
at an elevated temperature for an extended 
time, and processed as normal feed 

High PR stack Pu emissions (L9 sampler pres~ 
suri zed tank)· 
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TABLE B-8. Chronology of Significant Events. (Sheet 3 of 3) 

Time period 

February 23, 1972 
April 3, 1972 

Apri 1 11, 1972 

June 26 to July 17, 1972 

Event 

Greater than 500 g Pu accumulated in F11(lO) 
Transferred excessive Pu to TK-04(11) (exceeded 
total Pu limit specifications) 
Sugar denitrated a waste batch with greater 
than 811 g of Pu(12) 
14 of 19 charges exceeded criticality 
prevention limits for spike fuel due to change 
in canister load !iize. 0nE: d~libierate 
excessive charge also made{l3J 
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TABLE B-9o PUREX Projects. (Sheet l of 5) 

Project. 

PUREX. f aci 1 i ty 

Description 

Design. and construction of PUREX sep
arations plant with appurtenant tank 
farm and required outside facilities 
to process production metal fuel 

Three-column prototype· 
with-concentrator· · 

Built in 300.Area to test large-size 
pulse columns and concentration-step· 
in the PUREX process 

PUREX .Plant modifica
tions 
Vacuum fractionator 

Backup {radio1odine) 
remova 1 - - -· 

Reroute PUREX cooling 
. water to ne,w pond . 
In~line monitoring 
instruments: --REDOX -. 

. ·' . . ' 

-and PUREX 

-· HA co 1 umn rep 1 ace
ment--PUREX 

Additional. ventil_ation 
for PUREX P&O, ga l1 ery · 

PUREX ventilation 
f i 1 ter rep 1 acemerit ·_-

PUREX analytical 
laboratory additions 
Reliability_· 1mprove
ments J.6 capacity 

· factor, · PUREX 

Addition of ~a spare 40-ton crane, 
and conversion to 2-cycle process. · 

.. _. Auxi 1 i ary structure to PUREX, en
closing vacuum acid fractionator and 
associated ··equipment _ 

.. 293,,.A. facility 

216~A~271 diversion box to. pond 
216,,.A-25 retention basin 
Provide·equipmeht for in-lin~ moMi~ 
taring. PURE~ installation and modi
fictions of gamma·and alpha monitors 
and an automatic air cutoff. Iodine-~ 

·.- -_ A, B, C, a,nd 'F 293-A. - Gamma-..:.Gs, H3, 
· · J5A, and· KJ~ -.- Al ph_a--Ll, l8, and 28P · 

'i 

Provide an HA column of new design to 
replace tht existing column. The new 

· column to be designed for a 4.0 capa-
_• city. ·The project includes burial of 

the old column and additional instru
. mentation ·and _piping 

Provide additional ventilation facili~ 
ties, including a new blower, new· 
ductwork, associated contra 1 s, and _ 
other minor equipment 
Provide replacement for PUREX venti
lation exhaust filter· 

. Provide alteration and an ~ddition to 
existing facitities 
D3tD4, demineralizer anion column, 

. formaldehyde (TK-40) 
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TABLE B-9. PUREX Projects. (Sheet 2 of 5) 

Project 

New burial tunnel 

Increased processing 
flexibility--provide 
facilities for pro
cessing of natural, 
E metal, D metal~ 
N Reactor fuel ele
mentsg and PRTR fuel 
elements 
Pu concentration and 
storage facilities-
L cell--PUREX 
Interim·waste crib-
PUREX 

Project birch--PUREX 
Np 

Conversion of PUREX 
anion exchange proto
type to a manufactur
ing unit--N cell 

FP loadout facility-
PUREX 

PUREX 216-A-6 replace
ment (process conden
sate) 
NPR fuels processing 
annular dissolvers 

Secondary containment 
of dissolver offgases 

Description 

Construction-of new tunnel for retriev
able storage of failed equipment 
New JS, F7/F26, .sump modifications for 
nuclear safety 

Provide modifications tothe existing 
L cell package. New Lll, safe for 233u 

Provide· a new crib with a.ssociated 
piping and equipment for 200 East Area 
for disposing of condensa.te from PUREX 
boiling wustes 
Provide in-canyon and gallery facili
ties in the PUREX Plant for recovery 
and decontamination of Np as a nitrate 
salt in aqueous solution from the PUREX 

·waste streams 
Provision of a control rc,om enclosure, 
access air lock and concrete radiation 
shielding wall, new improved feed pump 
system, and associated wc,rk to convert 
the facility to a manufacturing unit 
Provide an FP loadout facility on the 
south side of the PUREX building for 
transferring material from existing in-

. canyon vessels to suitable shipping 
containers (212-A Building) 
216-A-10 crib 

Provide separation facilities for 
processing fuels from the new 
prod_uct i 011 reactor 
Provide backup filters for each dis
solver system in PUREX and REDOX 
facilities 
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TABLE B-9. PUREX Projects. · (Sheet 3 of 5) 

Project Description 

IAP-600 PUREX 203-A UNH rework TK-P6 installation in 203-A' 

JAP-601 

IAP:..606 

· IAP-608 

I.~P-610. 

IAP-615 

.ICE-628 

HCP-677 

.HCP-678 

HCP-685 

B-107 
.. 
B-112 . 

. 8-11~ 

B-128 

8-129 

· -storage faci 1 ity · 
Coproduct demonstra~: 
tion processing facil:.. 

-ities, 200 Area 
PUREX process conden--· 
sate crib, 216-A-38, . . . 

. PUREi O cell in-line 
sample station 
PUREX ·steam condensate 
crib,· 216..:A:-37-1 
Fire·protection faci-. 
lities, PUREX 

Coproduct insert 

Replace A-10 

05 cave: and canyon recirculation system 

A-30 replacement 

Hot shop, regulated shop, service, and 
sto·rage ga 11 ery . 

· Third plutonium ·sol- Replace existi_ng stripper concentra-
vent extraction cycle,. -. ··tor with ·a third SX cycle, stripper'-
PUREX concentrator, and associated tanks. · 

· PUREX condensate by
pass and pump system, 

·. 200 East Area · 
. Improved fire ·protec.:.. · 
tion, PUREX . 

PUREX. NH3 scrubber,. 
Waste toncentration-
Facilities,' · 

PUREX condensate 
recycle 

• w·aste management . . 
effluent control -• · 

· Additional fire pra
tectioni PUREX Plant 

PUREX waste routing to 
214-A-102 and -103 
tanks 
Piping from PUREX 

· · 241-AX-15.l Encasement 
ta 241..:A~valve ptti. 

--A pump tank and new ·run of piping 
(including a section over the rail:.. 
road tunne 1) · 

· Upgraded· in-plant protection system' 

. Flt.receives NH3 scrubber wastes 

Recycle AAO and AF• with excess to 
. TK~FlO, 3WO combination with lUD 

Second-stage filtration--PR stack; 
fil±~ation of R cell an~ U cell 
exhaust; upgrade sampling capability, 
retenti-0n basin far cooling water. 
Install third PUREX filter 
J, K, L, and R cells on fire-foa~ 
system. New sprinkler system in 
ventilation tunnel 
New waste routing 

Route-alkalinized and dilute wastes 
to· -242-A system 
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B-151 

B-153 

B-172 
B-172A 

B-175 

B-175A 

B-188 

B-189 

B-190 

B-191 

B-196 

B-.201 

B-203 

B-205 

B-220 
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TABLE B-9. PUREX Projects. (Sheet 4 of 5) 

Project Description 

PUREX NH3 offgas 
system 

·PUREX safeguards 

PUREX Plant fire 
protection 
Hanford plant security 
inspections, 200 Areas 

Plutonium oxide con
version fa•cility 
Pu02 rework 

NH3 scrubber waste 
sampling system 

Primary stack systems 

Chemical sewer systems 

PR room stack systems 

Pollution abatement 

PUREX safeguards 
improvements 
Process condensate 
systems 

PUREX P&O gallery 
services upgrade 
Waste transfer facili
ties, 200 Areas 

Ties E cell scrubber offgas to Fll 

Guardhouse and vehicle inspection 
equipment 
Upgrades portions of facility to 
national fire safety codes 
Tie-in PUREX alarm systems with central 
computer, improve communications net
work. New perimeter fence 
Provides facility in N cell to convert 
Pu nitrate to Pu02 product 
Provides batch equipment to dissolve 
off-specification Pu02 and other 
recoverable material for rework in the 
PUREX process 
Adds sampling system to NH3 scrubber 
waste discharge for.environmental moni
toring 
Adds sampler monitor and flow totalizing 
systems to the primary PUREX stack 
(216-A-1) 
Adds monitor and flow diversion systems 
for effluent contra 1 

Adds sampling, monitoring, and flow 
totalizing systems for effluent 
monitoring 
Adds H202 injection system to reduce 
NOx emissions from the primary ventila
tion stack (291-A-1) 
Building perimeter fencing, lighting, 
intrusion detection 
Adds improved sampling, mo,nitoring, 
and flow tc,talizing capability to the 
process condensate waste discharge 
New cable trays and cable separation 
in P&O gallery 
Additional PUREX acid waste and neutral
ized high-level waste lines routed to 

, PUREX 
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TABLE B-9 •. PUREX Projects. {Sheet 5 of 5) 

Project· . Description 

UNH storage area 
ef fl uent;i. 

Pond 216-B-3 expansion 
, , , 

Additional ~aste lines·.· 
202-A to 244-AR · · 
Additional waste ·lines 
202-A to·241-AW 
HVAC centralized· 

· control · 

Adds collection, sampling, and selective · 
disposal routing for environmental 

. ·control 

Expands pond 216-8-3.to receive in- . 
· creased flow·of cooling water from PUREX.· 
Install .PUREX. high- level waste 1 ines 

Install PUREX high-leve·l waste lines 

. ' 

Adds control room instruments for 
centralized cont~ol of ventilation, 
systems. 1 ·and 2 .. . . 

PUREX perimeter intru- · Provides a second intrusion detection 
sion detection system and alarm system for PUREX 

· addition · 
: 8-336 . PUREX seismic upgrade .. iReinforces dfssol'ver drown tanks to 

. ,.assure structura 1 survi va 1 · in ·the event 
of ari earthquake. Adds backup J ight 
water foam fire protection system for 
Cells Hand J· 

· ··. ·s-346 . . HVAC pressure zone 

B-379 White r6om filtratiort 
· system 

. , . 

-B-382 ··. PUREX ba~~up. 
' generators . 

B-410 . . .Lag storage tank 

. . . ., 

• Provides airlocks to segregate 202.:..A· 
facility into four distinct pressure 

·. zones.and provides the differential 
pressure sensors"/alar:ms to monitor those. 
pY"essure zones· 
Adds HEPA .fi-lte.rs and control instru-

• ments to divert airflow in the event of 
a ·1eak .in the P&O gallery 
Adds motor-gene~ator sets.and electrical· 
switchgear to provide backup power 

·· Adds additional tank for Pu nitrate 
storage· 
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APPENorx·c 

. PUREX OPERATIONAL FLOW DIAGRAM 

·. The objectives of a preliminary hazards analysis (PHA) are to identify · 
potential hazardous cond.itions inherent within the system and to determine . ·· 
the.significance of potential ~ccidents that might arise • 

. . The first step iif a PHA is.to identify 'potentially hazardous elements 
or components within the system. · This process is facilitated by an 

··organized approach to examining.system components, engineering experience 
.. and the exercise of engineering judgment. · 

This first step was initiated by the development of a system model 
which allowed organized system/component evaluatton, eog., a process . 
description, drawn as~ a Plutonium Uranium E~traction Plant. (PUREX) opera
tional flow diagram.· The purpose of this flow diagram was to allow
methodical analysis of the accident potential o.f ·the PUREX process steps. 
This flow-diagram is presented in'F.i,gures .C-1 through C-19. Figure C-1 is 
the flow diagram for the overall process. Figures C-2 through c~l9 are each 
amplifications of the blocks in FigureC-1. ·The: notation is such that the 

· leading digit refers to the major process category: and subsequent .digits 
·further identify the specific operations. Chemicals associated with the 
process steps are iridicited above the stepi in Figures C-2 through C-19. 

. . 

.. The second ·step ·fr, .the preparation of the PHA ·was. the identification of 
those events that could transform specific hazardous conditions into 
potenti a·l . accidents •. · Then the seriousness· _of the· potent i a 1 accident was 

· · . assessed to determine·--the adequacy of ·plant: control features. This was 
accomplished in ·the PUREX PHA in a series of round table discussions 
involving several senibr Rotkwell Hanford Operations personnel. Each 
section of.the flow diagram was evaluated by the group for·potential 
accidents by examining for energy sources such as flammable solvents, steam, 
hydrogen, radiation, etc.; the· presence of adequate .safety systems such as 
High Efficiency Particulate Air filters, engineered and adminis-trative. 
barriers; and potential consequences. · · · 

The format of this.PHA followed closely that used in previous analyses, 
including _a PHA :done by Pacific Northwest Labarataries(9-1J and an unissued 
probabilistic risk assessment perfo·rmed by Sci erice App 1 i cat i ans, Inc. . Both · 
of these studies,were. reviewed by Rockwell ·and incorporated in the fi~al PHA 
as appropriate.-· ·. · · 

. Each block in the operational- flow diagram with accident potential was· 
selected for more careful consideration i~ the PHA presented in Chapter 9.0. 
The number in the extreme left column of the PHA identifies the process 

. block in this appendix from which the potential hazard was identified. 
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Appendix D 

PUREX FAULT TREE ANALYSIS 

Fault tree analysis is an analytical technique, whereby an undesired 
state of the system is specified (usually a state that is critical from a 
safety standpoint) and the system is then analyzed in the context of its 
environment and operation to find all credible ways in which the undesired 
event can occur. The fault tree itself is a graphic representation of the 
various pirallel and sequential combinations of faults that will result in 
the occurrence of the undesired event. The faults can be events that are 
associated with component hardware failures, human errors, or any other 
pertinent events which can lead to the undesired event. A fault tree thus 
depicts th~ logical interrelationships of basic events that lead to the 
undesired event which is the top event of the fault tree. 

It is important to note that a fault tree is not a model of all pos
sible system failures or all possible causes for system failure. A fault 
tree is tailored to its top event which corresponds to some particular 
system failure mode, and the fault tree thus includes only those faults 
that contribute to this top event. Moreover, these faults are not 
exhaustive--they cover only the most credible faults as assessed by the 
analyst. 

It is also important to point out that a fault tree is .not in itself 
a quantitative model-. It is a qualitative model that can be evaluated 
quantitatively and often is. 

A fault tree utilizes symbols known as gates which serve to permit or 
inhibit the passage of fault logic up the tree. The gates show the rela
tionships of.events needed for the occurrence. of a highe~ event. The 
higher event is the output of the gate; the lower events are the inputs to 
the gate. The gate symbol denotes the type of a relationship of the input 
events required for the output event. Thus, gates are somewhat analogous 
to switches in an electrical circuit or to valves in a piping layout. 

SYMBOLOGY 

.A typical fault tree is composed of a number of symbols which are 
described in detail below; and depicted and summarized in Figure 0-l. 
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AND-Gate Symbol 

Coexistence of all inputs required to produce output. 

OR-Gate.Symbol (Nonexclusive) 

Output will exist if at least one input is present. 

RECTANGLE 

An event resulting from the combination of more basic 
events acting through logic gates. 

CIRCLE 

An event described by a basic component or part 
failure. The event is independent of other events. 

DIAMOND 

An event not developed to its cause. Sequence is 
terminated for lack of information or lack of 
consequences. 

-TRIANGLE 

A connecting or transfer S)fflbol. All trt!e 
construction below the 11 out 11 triangle is transferred 
in at 11 in 11 triangle location(s). 

FIGURE D-1. Fault Tree Symbology. 
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Graphic symbols used in fault tree construction are of two general 
categories: logic symbols and event symbols. 

Two basic logic symbols (logic gates) are used to interconnect the 
events that contribute to the specified main event (the TOP event). The 
AND-gate provides an output event only if all input events occur simul
taneously. The OR-gate provides an output event if one or more of the 
input events are present. When quantifying a fault tree, the probability 

· of the output of an AND-gate is the product of the probabilities of the 
inputs to the gate. The probability of the output of an OR-gate is 
approximated by the sum of the inputs to the gate. · 

The three event symbols used are the RECTANGLE, CIRCLE, and DIAMOND. 

The RECTANGLE represents a fault event resulting from the combination 
of contributory fault events acting through a logic gate. The CIRCLE 
designates a basic system component failure or input fault event indepen
dent of all other events~ The DIAMOND symbol is used to depict an input 
fault event that is considered basic to the specific fault tree being 
constructed, however, the event described is not basic in the sense th~t 
laboratory or field failure rate data are available. Rather, the fault 
tree is simply not developed further either because: (l) the event is of 
insufficient consequence or (2) the necessary information to extend the 
development is not available to the analyst. Events that appear on.the 
tree as circles or diamonds are treated as primary events. 

The TRIANGLE is not a true event symbol, strictly speaking. Two tri
angles are used to accomplish a transfer of one part of the fault tree 
from another location. A line to the side of the triangle denotes all the 
tree construction below and including the event transfers out (in addition 
to its progression up the.tree). A line from the triangle apex denotes an 
event is transferred into the section of the tree as· input to the associ
ated logic gate. The transfer-in and transfer-out triangles are uniquely 
identified to prevent possible confusion between transferred segments. 
The technique is used to reduce tree construction time and space. 

QUANTITATIVE EVALUATION OF FAULT TREES 

Quantitative evaluation of fault trees is performed in sequential 
manner, first determining the compon~nt fail~re probabilities, and finally 
the system, or top event probability, The term "component" is used to 
refer to any basic pr,mary event shown on the fault tree (circle, diamond, 
etc.). For each component, a failure probability model with a constant 
failure rate per unit time is established. Any time dependent effects 
such as component wear-in or wear-out are ignored. Where precision better 
than a factor of 10 is required or time dependent effects are important, 
then more elaborate models are required. 
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Consider a component whose failure rate is modeled as a cC>nstant 
failure rate per unit time. This failure rate per hour is denoted by L 
When A is used, the assumption is made that failure probabilities are 
directly related to component exposure timeo The longer the e,cposure 
time, the higher the probability of failure. 

For the). model, the resulting first failure probability distribu
tions are exponential distributions. The probability that a component 
suffers its first failure in a given time p~riod, t, given it is initially 
working, is 

F(t)=l-e-~T . 

Estimates of values for X are given for a variety of components in various 
data sources. The analyst needs to obtain a value of). for each component 
failure on the fault tree for which the constant failure rate mopel is 
applied. To more accurately reflect .the cyclic nature of PUREX operations 
A is evaluated for primary components as· a failure rate or frequency per 
day (d-1). 

Because extrsne precision is not required in a fault tree evaluation, 
the exponential distribution can be approximated by its first order term 
to simplify the calculations. The cumulative exponential distribution is 

_ thus approximated as 

F(t)=).t 

This approximation is accurate to within 5% for failure probabilities 
[F(t)J less than O. 1, and the error is conservative. Furthermore, the 
approximation error is small compared to uncertainties in A. Thus, if X 
is an operating failure rate, the tis the actual operating time period 
and f (t) is the probabilty that failure will occur in operation. 

PRIMARY FAILURE RATES 

The failure rates and demand probabilities used for the quantifi
cation of the PUREX fault trees were derived firom reference hcmdbooks, 
reports, operating experience, and experience from simiiar fuels repro
cessing facilities. A major source of_failure data, particularly human 
performance data, was the Reactor Safety Study WASH-1400, Appendix III, 
Failure Data.(D-1) . " · _ 

Table D-1 presents the summary of the system, component and human 
failure rates used in the following analyses, along with ippropriate 
references. 
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TABLE 0-1. Primary Failure Rates for PUREX 
Fault Tree AnalJsis. (Page 1 of 4) 

Component 

Pressure gauges 

Temperature measurement 
systems 

· Temperature sensor/detector 

Thermocouples 

Level measurement 
( using differential 
pressure, in contact 
with dirty fluids) 

Controllers, general 
purpose, pneumatic 
electric and temperature 

So 1 id state devices f ai 1 
to function, for applica
tions l amp and/or 
28 V for instrumentation, 
includes transmitter, amp
lifier and output device· 

Geiger Mueller aetector 

Ion chamber 

Pipes, rupture or plug 
of a section 
3 in. in diameter 
3 in~ in diameter 

General piping 
failure- rate 

Gasket failure 

Tubing Leaks 

Failure rate or probability 

1.91/yr or 2 x 10-4/h for 
systems in contact with 
dirty fluids 

1 X 10-5/h 

0.35/yr or 4 x 10-5/h 

3.3 X 10-6/h. 

1.0 X 10-5/h 

2 X 10-4 /h 

1.55/yr 

-5 3.3 X 10 /h 

0.29/yr· 

3 X 10-6/h 

l.4 x 10-5 /h 

3.0 X 10-6 /h 

l x 10 _g 6h 
1 X 10-l /h 

2 x l(i/h 
2 X 10 /h 

l X 10-4 /h , 

-6 ( 5 x 10 /h based upon high-
est frequency reported in 
Ref. 4 for failure rate of 
piping <3 in. in diam) 

D-5 

Reference 

2, 3 

4 

2, 3 

3 

4 

3 

2 

3 

2 

3 

2 

1 
4 
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TABLE D-1. Primary Failure Rates for PUREX 
Fault Tree Analysis.· (Page 2 of 4) 

Component 

Welds, flanges, 
expansion joints and 
gaskets 

Tubing Leaks 

.Manual valve, failure 
to remain open (plug) 

Relief valves, fail· 
to open 

Sprinkler head 

Sprinkler systems, 
failure to perform 

· Heat exchangers,, vertical 
shell and tube type 

Heaters, general electrical 

HEPAa filters 

Active components: 
In general, acti.ve compo
nents moaify the system, 
such as valves which open 
and close to roodify a 
system's fluid flow or a 
switch which has a simi
lar effect in an electri
cal circuit. Also relays 
pumps, etc. 

Failure rate or probability 

. -6 . 
5 x 10 /h (based upon 
highest frequency reported 
in Ref. 4 for failure rate 
bf piping 3 in. in dia.) 

l x 10-4 /demand 

6 X 10-7 /h 

· 5 x 10-2 /demand 

. -5 
2.5 X 10 /h · 

-6 2.3 X 10 . /h 

-4 ·. l x 10 /demand 

. l x 10-4 /demand 
3 X 10-7 /h . 

D-6 

Re!ference 

l 

l 

; l 

l 

3 

5 

3 

3 

6 

7 
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TABLE D-1. Primary Failure Rates for PUREX 
Fault Tree Analysis. (Page 3 of 4) 

Component 

Passive components: 

In general~ passive com
ponents contribute in a 
static way to the 
functioning of a system, 
such as pipes, journals, 
welds, wiring. They have 
a general failure rate 2 
to 3 orders of magnitude 
below active componnents 

Primary failures of con
taining equipment releas
ing flammable material 
capable of explosion and/ 
or fire on ignition. In 
general, welded and flanged 
process systems in areas 

- of light vibration fiom 
m~chanical equipment 

Primary ignition of 
liquid mass with a fl ash 
point of ll0°F to 200°F 
with no obvious source 
of ignition and without 
explosion proof electrical 
installations. 
Ignition of massive 
release of gas or similar 
release in a process area 
with no obvious source of 
ignition 

External events: 

9 DBT ~trike on Hanford 
Site . 

• HRHEc 
• SSEd 

Human Performance: 
• Nuclear power plant 

personnel in high 
stress situation-
extreme accident 

Failure rate or probability 

l x 10-6 to l x 10-7/demand 

-7 6 X 10_7/yr 
l x 10 /yr 

l 
-3 . 3.2 X O /yr 

. -4 
1.2 X 10 /yr 

0.2/demand 

D-7 

Reference 

7 

8 

8 

8 

9 
10 

11 

11 

1 . 
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TABLE 0-1. · : Primary ,Failure· Rates,.fcir ,PUREX 
. Fault Tree Analysis.·. (Page 4 of 4) 

. Component Faflure rate or probabil;ty 

•·Passive inspection 0.5/demand 
error rate; value used 
for passive redundancy 

• General human error of .1 x 10~3/demand 
.omission where items 
· omitted are contained 
in procedures or admin- . 
istrative controls · 

• General h~man error of. 
·. omission~ where no 

feedback is provided 

1 x lo,;.2/demand 

• Human actions where . 1 x 10-5 /demand 
.. active redundancy is 

practiced, i.e., inde
pendent checks, dupli
cation of effort, etc • 

. aHigh efficiency particulate air. 
boesign basis tornado • 
. cHan·ford regional historical earthquake. 
dsafe shutdown earthquake. 
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Reference . 
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1 

. 1 
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Representative fault trees are developed for each path, although only 
those found to result in significant releases in the PUREX PHA are further 
developed. 

For those accidents involving significant releases, the fault tree is 
quantified to develop an estimated frequency of occurrence of the 
accident. Release paths not felt to be significant are not quantified, 
however, the fault trees are presented for consistency. 

In the quantitative probability estimates made in this analysis, 
component behavior data in the form of failure rates are required as 
inputs to the fault trees. Since the goal of this safety analysis is risk 
assessment, as opposed to reliability analysis, relatively larger errors 
(order of magnitude type accuracy) can be tolerated in the quantified 
results. Inherent in these results are uncertainties evolving from 
variations and uncertainties in the failure rate data used, due to dif
ferent reporting sources used, variations in application, fluctuation in 
daily operations and environmental conditions, and variations that can 
exist from component to component. 

The following PUREX Fault Trees (Fig. 0-2 through 0-9), graphically 
represent the system or component failures required to cause the top event 

. in Fault Tree l, an 11 above normal release of radioactivity from PUREX 
~ operations. 11 Fault Tree l is the top tier of the PUREX Fault Trees, and 
· organizes the analysis for the selection of significant accidents. Fault 

tree- analysis of a complex ·facility can easily become unwieldy, therefore. 
develqprrent of the analysis .must be concentrated in the areas felt to 
present the most significant hazard. 

The approach taken fa~ the fault tree analysis of the PUREX Plant· 
operations has qge_n to select the specific top event, and to so organize 
the top tiers,' that a format is developed that selects failures or 
accidents with significant consequences. 

For the PUREX Plant the configuration presenting the greatest source 
term and most signi.ficant potential for driving force is that of normal 
operations, therefore this is the configuration selected for further devel
opment on tier "a" of Fault Tree 1 (see Fig. D-2). Within the context of 
an operating plant, events lacking sufficient source term or driving force 
to present significant potenti~l hazard are excluded from analysis. This 
exclusion is shown on tier "b" of Fault Tree 1. 

Further resolution is accomplished by confining the accidents to be 
analyzed to those resulting in significant airborne releases. Airborne 
release is specified as it is felt to result in the most widespread distri
bution of radionuclides, resulting in immersion, inhalation, and ingestion 
doses. The most logical analysis therefore, centers on examination of 
aerosol release paths. This results in a focus on accidents that result 
in releases into the exhaust systems, or releases directly to the environ
ment •. An additional category investigated· is that of releases due to 
external phenomena, which provide their own energy for dispersion, and may 
create additional release paths via openings in the buildings. 

0-9 
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Tier "c" of Fault Tree 1 specifies these release paths of interest. 
Lower tiers, 11 d11 through 11 g11 specify potential accidents which could 
result in radionuclide releases via these release paths. Fault Tree 1 
stops at the level of identifying potential accidents of significance. 
Development of each accident is carried out in subsequent lower tier fault 
trees, indicated by "transfer in" symbolso For example, block dl, 11 URR 
due to N cell Fire" shows a "transfer in" symbol, a.trianglefrom Fault 
Tree· 3, indicating that a detailed fault tree analysis was performed in 
Fault Tree 3. 

D-10 
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URA FROM 
RJU CELL 
STACKS 

URA FROM 

LAB ROOMS 
ANO HOODS 

URA FROM NHJ 
SCRUBBER 

STACK 

UAR FROM 
SAMPLE GALL:RY 

ROOMS 

CRITICALITY. 

FISSION PRODUCTS 
TO CELL ATMOSPHERE 

DEClAODING 
SOLUTION RELEASED 

IN A THAU E CELL 

g1 

METATHESIS 
RINSE RELEASED IN 

A THAU E CELL 

I 

DISSOLVED FUEL 
RELEASED IN 

A THAU E OR H CELL 

fl 

UAR DUE TO EXTERNAL 
PHENOMENON 

fi,e. EARTHQUAKE! 

cs 

ABOVE NORMAL RELEASE 
OF RADIOACTIVITY 

FROM PUREX OPERATION 

UAR DURING NORMAL UAR DURING SHUTDOWN 
OPER.lliTION DUE TO EVENTS MAINTENANCE DUE TO EVENT 

UAR DUE TO EVENT IN 
SEPARATIONS BUILDING ,SUPPORT 

FACILITY OR INTERFACE IN SEPARATION BUH.DING IN SEPARATIONS BUILDING 

a1 a2 

UAR FROM 
PR ROOM STACK 

01 

,. ' .- .. •'. 

URA VIA 
FINAL 

FILTER SYSTEM 

... ;._, .. ~·- '• 

al 

,..,., 

f.!!AI~ -· 
ST.4,CK-.', ;: 

URA VIA 

l)ISSOLVER 
OFF GAS SYSTEM 

UAR DUE TO .CANYON 

ANO/OR BACKUP FILTER 
LEAK OR BYPASS I 

--------------------------------

URA VIA 
COOLING 

PONO 

LRR FROM 
P&O 

~lALLERY 

LEGEND 

URA FROM 
SUDDEN HEPA 

FILTER CLOSURE 

17 

UAR: UNCONTROLLED RADIATION RELEASE 
UPR: UNCONTROLLED PLUTONIUM RELEASE 
UIR: UNCONTROLLED 1WW !HIGH-LEVEL WASTE! RELEASE 
UOSR: UNCONTROLLED DISSOLVER SOLUTION RELEASE 
UP/m, UNCONTROLLED PLUTONIUM FISSION PRODUCT RELcASc 
UOW~R: UNCONTROLLED ORGANIC WASH WASTE RELEASE TO POND 
UDR, UNCONTROLLED BACKCYCLE WASTE RELEASE 

UPR 
GROUND LEVEL 

OUTSIDE RELEASE 

c11 
18 

RCPSOOS-1098 

J:IGURE 0-2. FAULT TREE 1: Top of_ 
PUREX Fault Trees. 
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EXTERNAL 
EVENT 

OCCURS 

SEISMIC-INDUCED 
URANIUM METAL 

FIRE 

., 

CONOITIO!'<AL PROBABILITY 
OF URANIUM METAL FIRE 
GIVEN OCCURRENCE OF 

EXTERNAL EVENT 

PLANT CONFIGURATION 
PROVIDES 

SOURCE TERMS 

bJ 

LEGEND 

EXTERNAL 
EVENT 

OCCURS 

URA-UNCONTROLLED RADIATION RELEASE 

SEISMIC-INDUCED 
H2·EXPLOSION 

•2 

CONDITIONAL PROBABILITY 
OF HzEXPLOSION 

GIVEN OCCURRENCE OF 
EXTERNAL EVENT 

! .-.'~ •;.,. '. 

PLANT CONFIGURATION 
PROVIDES 

SOURCE TERMS 

b6 
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EXTERNAL 
EVENT 

OCCURS 

!cs 

URR DUE TO 
EXTERNAL PHENOMENllN 

1c5 

SEISMIC INDUCED· 
SOLVENT FIRE 

a3 

CONDITIONAL PROBABILITY 
OF SOLVENT FIRE 

GIVEN OCCURRENCE OF 
EXTERNAL EVENT 

PLANT CONFIGURATION 
PROVIDES 

SOURCE TERMS 

b9 

EXTERNAL 
EVENT 

OCCURS 

l 

SEISMIC INDUCED 
N CELL FIRE 

•4 

CONDITIONAL PROBABILITY 
OF N CELL FIRE GIVEN 

OCCURRENCE OF EXTERNAL 
EVENT 

PLANT CONFIGURATION 
PROVIDES 

SOURCE TERMS 

b12 

EXTERNAL 
EVENT 

OCCURS 

EXTERNAL 
EVENT 

OCCURS 
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SEISMIC INDUCED 
P&O GALLERY 

BLOWBACK 

a5 

CONDITIONAL 
PROBABILITIES OF P&O 

GALLERY BLOWBACK 
GIVEN EXTERNAL EVENT 

a6 

UAR DUE TO 
TORNADO 

CONDITIONAL 
PROBASILITY OF URR 
GIVEN OCCURRENCE 

OF TORNADO 

PLANT CONFIGURATION 
PROVIDES 

SOURCE TERMS 

b15 

PLANT 
CONFIGURATION 

PROVIDES SOURCE 
TERMS 

b18 

FIGURE D-3. 
to External 

FAULT TREE 2;,,. 
Phenomenon. 
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Event 

. bl - .External · 
event occurs 
(yr-1) 

b2 ;_ .Conditional 
· probability of 
. uranium metal 
· fire 

b3 - Plant con
figuration pro
vides· source 
terms 

·b4 - Externa 1 
event occurs 

b5 - Conditional 
· probability of 
. H2 exp las ion 

b6 - Plant con
figuration pro

.· vi des source 
terms 

SD~HS-SAR-001 
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Quantification of lcS 

URR Due to External Phenomenon 

Remarks Conditional probability 

DBT 

. HRHE (0. l g lateral 
acceleration 

SSE (0.25 g lateral 
·acceleration 

Judgmental evaluation ·.of the 
.seismic resistance of the drown 
.tanks and their associated 
piping indicated a significant 
conditional probability of fail-· 
ure under HRHE. and SSE condi
tions. Loss of drown tank capa
bility could potentially have 
resulted in the inability to keep · 

. the dissolver fuel covered, 
possibly resulting in a uranfom 
metal fire.: 

Engineering upgrades have been 
· · provided to seismically harden 

these components and thus pre
clude the possibility of loss of 
drown· tank capab i 1 i ty. · 

The probability of a seismic
induced uranium.metal fire is 
judged to be insignificant. 

Based on a TOE of 70% 

See bl 

Evaluated in Ref. 12 

See b3 

0~15 

· 3.2 l< 10-3 

. 1.2 ,c ·10-4 

.7 

HRHE - 1.1 x l0-2 

SSE - 3.7 x 10~2 

. :_ .. ,· ~ 
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Event 

b7 - External 
event occurs 

b8 - Conditional 
probability of 
solvent fire in 
H-J cells 

b9 - Pl ant con
figuration pro
vides source 
terms 

bl0 - External 
event occurs 

bll - Conditional 
probability of 
N cell fire 

b 12 - Pl ant con
figuration pro
vides source 
terms 

bl3 - External 
event occurs 

bl4 - Conditional 
probability of 
pipe and operating 
(P&0) gallery 
bl owback 

bl5 - Plant con-
figuration pro-
vides source terms 

bl6 - External 
event occurs 

See bl 
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Remarks 

Judgmental evaluation of the 
seismic resistance of the H-J 
cell fire suppression system 
indicated a significant condi
tional probability of failure 
under HRHE and SSE conditions. 
Engineering upgrades have been 
provided to include a seismi
cally hardened fire suppression 
system to reduce the probability 
of a seismic induced solvent · 
fire by a factor of 5 x 10-2-

See b3 

See bl 

Evaluated in Ref. 12 

See b3 

See bl 

.Evaluated in Ref. 12 

See b3 

DBT 

D-16 

Conditional Probability 

HRHE - l x 10-3 
SSE - 1.8 x l0-3 

HRHE - 1.0 

SSE - l.0 

HRHE - 5.2 x 10-3 

SSE - 3.3 x 10-2 

6 X lo-7 
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bl7 - Conditional 
probability of 
release given 
occurrence of DBT 

b-18 Plant con-~ 
figuration provides 
source terms 

P(lcS) =al+ a2 + a3 + a4 +as+ a6 

P(al) = (bl)(b2)(b3) 

. P(al) for HRHE = (3.2 x l0-3)(E)(.7) 

= E 

P(al) for SSE = (1.2 x l0-4)(E)(.7) 

= £ 

P(a2) = (b4)(b5)(b6) 

P{a2) for HRHE = (3.2 x 10-3)(1.l x 10-2)(.7) 

= 2.5 x l0-5/yr 

P(a2) for SSE = (1.2 x 10-4)(3.7 x ·10-2)(.7) 

= 3.1 x l0-6/yr 

P(a3) - (b7)(b8)(b9) 

P(a3) for HRHE = (3.2 x 10-3)(1 x 10-3)(.7) 

= 2.2 X lQ-6/yr 

P(a3) for SSE = (l.2 x 10-4)(1.8 x 10-3)(.7) 

= 1.5 X l0-7 /yr 

P(a4) = (blO)(bll){bl2) 

P(a4) for HRHE = (3.2 x l0-3)(1.0)(.7) 

= 2.2 X lQ-3/yr 

P(a4) for SSE = (1.2 x lQ-4)(1.0)(.7) 

= 8.4 x lQ-5/yr 

P(aS) = (bl3)(bl4)(bl5) 

D-17 
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P(a5) for HRHE = (3.2 x 10-3)(5.2 x 10-3)(.7) 

= 1.2 x l0-5/yr 

P( a5) for SSE = (1.2 X 10-4)(3.3 X 10-2)(.7) 

= 2.8 X 10-6/yr 

P(a6) for DBT = (6 x l0-7) (l.O) (1.0) 

= 6 X l0-7/yr 

P(lc5) for HRHE = ( ) + (2.5 x 10-5) + 2.2 x 10-6) + 2.2 x 10-3) 

+ _l.2 x lQ-5) + 6 x lo-7) 

= 2.2 X lQ-3/yr 

P(lc5) for SSE = ( ) + (3.1 x 10-6 + 1.5 x 10-7) + (8.4 x lo-5) 

+ (2.8 X l0-6) + (6 .~ lo-7) 

= 9.0 x ,o-5;yr 

0-18 
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IGNITION SOURCE 
PRESENT 

al 

PRESENCE OF SUFFICIENT 
COMBUSTIBLE MATERIAL TO 

COMPROMISE N CELL EXHAUST 
SYSTEM 

a2 

SUFFICIENT COMBUSTIBLE 
MATERIAL TO SMOKE PLUG 

N CELL EXHAUST HEPA 

SUFFICIENT COMBUSTIBLE 
MATERIAL PRESENT TO 

HEAT DAMAGE EXHAUST 
HEPA 

bl 

SUFFICIENT SOLVENT 
PRESENT IN 

N CELL 

cl c2 

b2 

SUFFICIENT SOLID 
WASTE PRESENT 

INN CELL 

URR DUE TO 
N CELL FIRE 

ldl 

N CELL FIRE SUPPRESSION 
SYSTEM FAILS, GIVEN START 

OF FIRE 

a3 

FAILURE OF AUTOMATIC 
FIRE SUPPRESSION 

SYSTEM 

b3 b4 

FAILURE TO 
MANUALLY SUPPRESS 

FIRE 

r -·-·----·~----- -----·· ·-·-------- ------------------ ..---· 
FIGURE D-4. FAULT TREE 3: URR Due to N Cell Fi're,' 

FAILURE TO LIMIT 
OXYGEN SUPPLY 

TO FIRE 

a4 

RCP8204-296. 

V) 
Cl 
I 
:c ;ov, 

ITI I 
<tn. 

w~ 
I 

0 
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Event 

al - Ignition 
source present 

cl - Presence of 
-sufficient sol
vent in N cell 

c2 - Presence of 
sufficient solid 
waste in N eel l 

b2 - Sufficient 
combus ti b 1 e mat
er i a 1 present to 
heat damage 
exhaust HEPA 

b3 - Failure of 
automatic fire 
suppress.ion system · 

b4 - Fa i 1 u re to 
manually suppress 

a4 - Failure to 
1 imit oxygen to 
fire 

SD-HS ... SAR-001 
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Quantification of ldl 

UPR Due to N Cell Fire 

Remarks 

No obvious source of ignition; 
probability of 1 x 10-z 

Equated with probability of pipe 
rupture at 1 x l0-9/h; 
(l x 10-9/h)(24 h/d) 

Procedural error (1 x lQ-3/demand) 
over two shifts, passive redundancy 
failure rate of 0.5 applies; 
(1 X 10-3)(.5)=5 x lo-4 

Quantified as bl 

Probability of failure 5 x 10-2 

0.2 general error rate under very 
high stress levels with dangerous 
activities 

1.0/demand 

P(ldl) = (al)(a2)(a3)(a4) 

= [al ][bl + b2J[(b3)(b4) ][a4] 

= [al][(cl + c2) +(cl+ c2)][(b3)(b4)][a4] 

Failure friquency 
(d-l) 

1 X 10-2 

2.4 X lQ-8 

5 X lQ-4 

5 X 10-2 

0.2 

1.0 

= [l X 10-2][(2.4 X 10-8 + 5 X lo-4) + (2.4 X 10-8 + 5 x lo-4)] 

[(5 X 10-2)(.2)][1.0] 

= [l X l0-2][1 x l0-3][1.0 x l0-2][1.0] 

P(ldl) = l x l0-7/d x 365 d = 3.7 x 10-5/yr 

D-20 
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ACCUMULATION OF 
>24.25 lb 1>11 kgl 

.. Pu OXALATE IN 
· NONFAVORABLE . 

GEOMETRY 

FAILURE OF SURVEILLANCE 
TO DETECT ACCUMULATION. 

DOCTOR BLADE 
MISALIGNED 

CRmCAUTYIN 
OXIDE CONVERSION· 
FACILITY GLOVEBOX 

1d2 

. FAILURE OF PROCESS 
·EQUIPMENT ALLOWS 

a2 

. ACCUMULATION IN 
NONFAVORABLE GEOMETRY 

b2 

SCREW 
CALCINER 
STOPPED. 

. PRESENCE OF 
MODERATION/ 

REFLECTION 

:BRIDGED 
CHUTE TO 
CALCINER 

c1 c2 : ·c3 

• I 

RCP82D4-298 . 

FIGURE D-5. FAULT TREE 4: Criticality in Oxide Conversion 
· Facilit~ Glovebox. 
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Quantification of ld2 

Criticality in Oxide Conversion Facility Glovebox 

Event Remarks 

bl - Fa i lure of 
survei 11 ance to 
detect accumula
tion 

Active redundancy over a period of 
time greater than 11 h {l x l0-5) 

cl - Doctor blade 
misaligned 

c2 - Calciner 
screw stopped 

c3 - Bridged 
chute to calciner 

1/shift or 3/d 

1/shift or 3/d 

. . . 

1/shift or 3/d 

a2 -_Presence of 
__ moderation/ 

reflection 

Procedural violation 1 x io-3; 
demand; 3 demands/d 

P(ld2)·= (al){a2) 

= [ (bl )( b2) ][ a2] 

= [bl][cl + c2 + c3] [ a2 J 

= [l X 10-5][9][3 X l0-3] 

= [l X l0-4][3 X 10-3] 

P ( l d2) = 3 x l0-7/d x 250/d = 7.5 X 10-5/yr 

0-22 

Failure Fr~quency 
(d-1) 

1 x 1 o-5 

3 

3 

3 

3 x 10-3 
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CRITICAL MASS 
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DISSOLUTION CYCLE 
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SUBCRITIC.:.L 
MASS SMAPE 

KOH AooEo TO 
TK-03 OR -04 FROM 

DISSOLVER 

bl .. 

FAILURE TO FAILURE TO 
• DETECT Pu CORRECTLY 

ACCUMULATION RESPOND TO 
IN·1BX COLUMN INDICATION 

" 

FAIi.URE OF 
FAILURE OF SAMPLING TO 
NEUTRON DETECT REDUCED 

MONITOR TO 1BXP STREAM PU 
DETECT Pu LEVEL PROVIDED 

ACCUMULATION 1BXP FLOW CONTINUES 

SPECIFIC GRAVITY 
INSTRUMENTATION 

FAILS ALLOWING TOO 
MUCH DISSOLUTION 

'5 

•• 

PROCEDURAL 

PRIMARY FAILURE 
OF PROGRAMMER 
ALLOWS KOH TO 

COMMAND 
FAILURE OF 

PROGRAMMER 
AUOWSKOHTO 

BE ADDED TO 
ERROR 

BE ADDED TO 
TK-DJ OR -04 

TK•Dl OR-04 

PRIMARY 
FAILURE OF 

PROGRAMMER 
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., 

.. 

OPERATOR 

USES 
IMPROPER 

JET 

FAIi.URE OF BYPASS OF 
ADMINISTRATIVE LOCK ANO KEY 

CONTROL INTERLOCK 

1:S, 

CAmCALITY FISSION PRODUCTS 
, ,.RELEASED TO VOG/OOG SYSTEMS 

ld5 

,:. i.,.._., 
cr1171c.:.C ·.1ASs, ' 
·oi: ?u PR "SENT 
IN TK-03 • IA -0-4 

SOLUTON 

TK-Fl8 NOT 
GEOMETRICALLY 

FAVORA8lE 

CRITICALITY IN 
TK-F18 WASTE TANK 

.. 

SUFFICIENT Pu 
LEAKAGE TO 
CELL SUMP 

·-------·- ····· -·--····-·· -- --------·- -·· -· ---•·· . ·-. ··-----····· . -----------····--·- ---------------- ·------------·--·-----. -------

. .. 

INSUFFICIENT 
ADMINISTRATIVE 
FAILURE TO KEEP 

CRITICALITY IN 
TK-El!i SOLUTION 

1"K,E6 8ACIC.U? I>6q,LJ Pu TK•E6 NOT 

SD-HS-SAR-::,,001 
REV 3·· 

CRITICALITY IN DISSOLVER 
DUE TO OVERCHARGE OF 

"SPIKED" FUEL 

. . 

CHARGING IN 
EXCESS OF 13J'!'::. 

NITRIC IN TK-F18 
SUFFICIENT 

TK 0 E5 AGITATOR 
AGITATOR 

STOPPED 
WITH INSUFFICIENT GEOMETRICALLY OF DISSOLVER 

NONUNIFORM 
DISTRIBUTION CF 
ELEMENTS ABOUT 

DISSOLVER ANNULUS 
PRIOR TO TRANSFER UNH/NITR!C STOPPED' 

FROM SUMP 
SOLUTION IN TK-E6 

ADMINISTRATIVE NEUTRON LABORATORY LABO!l.:.TORY 
FAILURE TO MONITOR FAILURE FAILURE 
PERFORM FAILS TO TO DETECT TO NOTE WEAK 

LABORATORY' 

CdlN031z FAVORA8LE ~ASS LIMITS 

FAILURE OF 
FAILURE Of 

OPERATOR FAILURE ADMINISTRATIVE OPERATOR OECAPPING 
FAILURE TO ERROR RESULTING 

ADMINISTRATIVE 
MACHINE TO TO NOTE 

USE Cd WHEN IN OVERCHARGE 
CONTROLS TO 

qANDOMI.Y NONUNIFORM 

NECESSARY OF DISSOI.VER 
CORRECTLY 

DUMP FUEL DISTRIBUTION OF 
LIMIT FUEi. 

FIGURE 0-6. FAULT TREE 5: Criticality 
Fission Products in VOG/DOG System.· 
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Quantification of ld5 · · 

Criticality Fission Products to V0G/D0G Systems 

Event Remarks 

bl - lBX column· Assumed 
not geometrically 
favorable 

. dl ._ FeSA 
· makeup error 

el - Failure of 
redundant lab 
analysis 

e2 - Failure to .. · 
. stop use of·out 
· of specification 

makeup · · 

Pass, ve redundancy failure rate of 
5 x 10-3/demand; (5 x l0-3/demand) 

·2 demand/d) 

Active redundancy failure rate of · .
. l x 10-5/demand; (1 x 10-5/demand) · 
· (2 demand/d) · 

Failure to follow procedu~e; failure 
. · rate of l x 10~3/demand; 

(l x 1,0-3/demand)(l demand/60 d) 

d3 - lBXP stopped Passive redundancy failure rate-of· 
5 x lQ-3/demand;- (5 x 10-3/demand) 
(3 demands/d) . · · 

d4 - .Makeup error Error rate of l x 10-2/demand; 
results in excess. · approximate l demand/d · 

. N02 in lBX_ :feea 

d5 -·Failure of 
· neutron monitor 

to detect Pu 
accumulation 

d6 - Sampling · · 
_failure to detect 

· reduced Pu in 
lBXP stream 

c4 - Failure to 
properly respond 
to indication 

b4 - KOH added to. 
dissolver during 
dissolution cycle 

cs - Specific 
gravity instrument 
fails 

Failure rate.for solid state devices 
including ion chambers 3 x 10-6/h; 
(3 x -1Q-6/h)(24 h/d) 

Failure rate of l x 10-2/demand; 
(l x 1Q-2/demind)(3 demands/d) 

Passive redundancy failure rate of 
5 x lQ-3/demand; (5 x 10-3/demand} 
(3. demands/d} 

Quantified for b6 

Failure rate for pressure measure
ment instrument in contact with 
dirty fluids is.2 x 10-4/h; 

. (2 x 1Q-4/h)(24 h/d) . · 

- D-25 

Failure frQquency. 
. ( d-1) . 

'l .O 

l x 10-2 _·. 

2 X lQ-5 

· 7 .2 x· lo-5 

3 X -10-2 

1.5 X lQ-2 

6 X lQ-3 

4.8 X lQ-3 
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Event 

c6 - Procedural 
error 

d7 - Primary 
failure of 
programmer 

dB - Operator uses 
improper jet 

d9 - Failure of 
administrative 
control 

dlO - Bypass of 
lock and key 
interlock 

c9 - Procedural 
error 

c 10 - Operator 
error 

b8 - TK-Fl8 not 
geometric a 1 ly 
favorable 

ell - Gasket 
failure 

cl2 - Valve seal 
leakage 

cl3 - Vessel 
leakage 

cl4 - Lab analysis 
error 

c15 - Failure to 
perform lab 
analysis 

SD-HS-SAR-001 
. REV 3 

Remarks 

Active redundancy failure rate of 
1 x lQ-5/ctemand; (l x 10-S/ctemand) 
(3 demands/d) 

Failure rate for general purpose 
controllers of 3.3 x 10-S;h; 
(3.3 x 1Q-5/h)(24 h/d) 

Failure rate of l x 10-2/ctemand; 
(1 x l0-2/demand)(3 demands/ct) 

Procedural failure rate of 
l x 10-3/demand; (l x l0-3/demand) 
(3 deman.d/d) 

See d9 

Active redundancy failure rate of 
l x 10-S;ctemand; (1 x 10-5/ctemand) 
(3 demand/ct) 

Active red~ndancy failure rate of 
l x l0-5/ctemand; (l x l0-5/demand) 
(3 demand/ct) 

Assumed probability of 1.0 

Gasket failure rate of l x l0-4/h; 
(l x l0-4/h)(24 h/d) 

General piping failure rate of 
l x 10-9/h; (l x 10-9/demand) 
(24 h/d) 

See cl2 

Passive redundancy failure rate of 
5 x 10-3/ctemand; (5 x l0-3/demand) 
l demand/ct) 

Procedural error rate of 
l x l0-3~ctemand· , 
(l x 10- /demand)(l demand/ct) 

0-26 

Failure frequency 
( d- r) 

3 X ,0-5 

8 X l0-4 

3 X ,o-2 

3 X lo-3 

3 X l0-3 

3 x 10-S 

3 X lQ-5 

1.0 

2.4 X lQ-3 

2.4 X l0-8 

2.4 X ,0-8 

5 X 10-3 

1 x 1 o-3 
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Event 

SD.;.HS-SAR-001 
_·REV 3 

· Remarks 
1·,.· ....... 

bll - Admi ni stra- · · Procedural error rate of 
tive failure l x ·lQ-3/demand· 

( l x lQ-3/demand)( 1 demand/d) 

bl2 - TK-E6 :agita- ·. Human error rate·of .- · · 
tor stopped . l x 10-2/demand; ( 1. · x 10;_~/demand) 

(3 demand/d) · -

bl3 - TK-E6 backup Proceaural error rate of . . _ 
. agitator sto'pped . l x -l0-3/demand; ( l x lQ-3/demand) 

cl6 - Neutron 
man itor fails · 

(3 demand/d) 

.-See dS 

cl7 - Lab failure ·Human error rate of 
.· to detect Pu · l x ·l0-2/demand; ( 1 x 10-2/demand) 

· (3 demand/d) 

cl8 ~ Lab failure 
to detect weak· -

' Cd.(N03)2 

Human error.rate of . 
1 x· 10-2/demand; · ( 1 · x,- 10-2/demand) . 
( 1 demand/30/d} 

cl9 - 'Admi nistra- · · Procedural error rate -of . · -· 
tive failure · 1 x JQ-3/de~and; (1 x 10-3/dem~nd) .· 

bl5 - TK-E6 not 
geometric ally 
favorable 

· c20 - Operator 
error results in 
overcharge of 
dissolver ·-. 

c21 - Failure of 
administrative 
contra ls to limit 
fuel to dissolver · 

c22 - Failure of 
· decapping-.machine 

to randomly dump 

c23 - Operator 
failure to note 
nonuniform dis
tribution of fuel 

(3 demani:i/dJ · · ·_ 

· Assumed· probability of 1.0 

Active reaundancy failure rate of 
l x 10-5/demand; ( l x l0-5/deman.d) 
(3 demand/d) 

Active redundancy. failure rate of 
l x 10-5/demand; (1 x 10-5/demand) 
(3 demand/d) 

Sufficient nonrandomness is consi-
. dered -highly .unlikely to be achiev
able 

Human error failure rate of 
1 x lQ-2/demand; {l x 10-2/demand} 
(3 demand/d) 

0-27 

Fai iur.e frequency 
{d-1) 

- l x lQ-3 

3 ·X :lQ-2. 

. 3 X lo-3. 

1.2 x .. 10-s · 

3 X 10-2 

3 X · 10-4 . 

3 X lQ-3 

1.0 

3 X lQ-5 

3 X lQ-5 

3 X lQ-2 
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P ( 1 d5) ·= a 1 + a2 + a3 + a4 + a5 + a6 

P(al) = (bl)(b2)(b3) 

= [(bl)][(cl)(c2)][(c3) + (c4)] 

= {blH[(dl )(d2)][d3 + d4]} {[(d5)(d6)] + c4} 

= {blH[(dl)(el + e2)][d3 + d4]} {[(d5)(d6)] + c4} 

= {1.0H[(l x 10-2)(2 x 10-5 + 2 x 10-5)][1.5 x 10-2 + 1 x 10-2]} 

{[(7.2 X l0-5)(3 X l0-2)] + 1.5 X l0-2} 

= {1 .0} {[4 X lQ-7][2.5 X l0-2]} {2.2 X lQ-7 + 1.5 X lQ-2} 

= [1.0][1 X l0-8][1.5 X l0-2] 

- ~~- = 1.5 x 10-10/d 
a,tn.~: 

~- P(al} = 1.5 x 10-10/d x 250 d = 3.8 x 10-8/yr 

P(a2) = [b4][b5] 

= [b4][c5 + c6] 

; [6 X l0-3][4.8 X 10-3 + 3 ~ 1•-5] 

= [6 X 10-3][4.8 X l0-3] 

P(a2) = 3 x 10-5 x 250 d = 7.5 x 10-3/yr. 

P(a3) = [b6][b7] 

= [c7 + c8][c9 + clO] 

= {[(d7){d8)] + (d9 + dl0)}{c9 + cl0} 

= {[(8 X lQ-4)(3 X l0-2)] + (3 X lQ-3 + 3 X l0-3)} {3 X 10-5 + J X lo-5} 

= {2.4 X l0-5 + 6 X l0-3}{6 X l0-5} 

= {6 X l0-3}{6 x lo-5} 

P(a3) = 3.6 x 10-7 x 250 d = 9.0 x l•-5/yr 

0-28 
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· P(a4) = (b8)(b9)(bl0) 

SD-HS-SAR-001 
··REV 3 . , 

= [b8][c11 + cl2 + cl3][cl4 + cl5] 

= [1][2.4 X l0-3 + 2j4 x 10-8 + 2.4 X l0-8][5 X l0-3 + l X ·10-3] 
. . 

· = [1][2.4 X l0-3][6 X 1Q-3J 

P(a4) ~ 1.4 x io-5/d x 250 d = 3.6 x l0-3/yr 

P(a5) = (bll)(bl2)(bl3)(bl4){bl5) 

· = (bll)(bl2)(bl3}[(cl6 + c17 + clB + cl9}](bl5) 

·= ·(l X 10~3)(3 x lo-2)(3 x 10-3)[(7.2 X 10-5 + 3 X ·lQ-2 + 

3 X l0-4 + 3 X lo-3}](1) 

= (l x 10-3)(3,x 10-2)(3.x 10-3){3 ·X 10-2)(1) 

· ·- P(a5) ~ ~ x 1d-9/d x 250 d = 7.5 x· 10~7/yr 

P(a6) = (bl6}.+_.(bl7) 

= c20.+ c21 + [(c22}(c23)] 

= 3 X 10-5 + 3 X lQ-5 + [( }(3 X .lQ-2)] 

~ 3 x l0-5 + 3 x 10-5 + 

P{a6) = 6 x 10-5 x.250 d = 1.5 x 10-2/yr 

· D-29 
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NEUTRON 
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TO PREVENT 
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MASSIVE SPILL OF 
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. TO CELL ATMOSPHERE 

112 
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IN J CELL 

SUMP 

b4 
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PRIOR TO SPILL OF 
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GIVEN CELL FLOODED 
WITH WATER 

MAJOR 
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FAILURE 

MAJOR 
PIPE 

BREAK 

LEVEL, •. 
DETECT•JR·. 

FAILUFE' 

PROCEDURAL 
FAILURE 
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c9 

b5 

ACCUMULATION OF 
CRITICAL MASS OF 
FISSILE MATERIAL 
IN SUMP OF L CELL 

FITTING 
LEAKAGE. 

PIPE 
LEAKAGE 

-aJ 

CRITICALITY 
IN L CELL 

SUMP 

SUMP. 

FLUSH 

b6 

WATER FLOODING OF 
L CELL GIVEN 

PRESENCE OF CRITICAL 
MASS IN SUMP 

SD-·HS-SAR-001 
REV 3 

FIRE FOG 
INITIATED 

COOLING
COIL 

·LEAK 

CONDENSER 
L6 OR L7 

· .,LEAK 

RCP8204-299 

FIGURE D-7. FAULT .TREE 6: Critica1ity 
Fission Products to Cell Atmosphere. 
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bl 

EXCESSIVE 
ORGANIC 
IN VESSEL 

cl 

ORGANIC 
CARRYOVER 

FROM 38 COLUMN 

dl 

PROCEDURAL FAILURE 
TO MAINTAIN ADEQUATE 

STEAM STRIPPING 

RED OIL EXPLOSION IN 
Pu CONCENTRATOR (L71 

GENERATES Pu AEROSOL 

al 

RED OIL 
EXPOSION 

IN L7 

EXPLOSION SUFFICIENT 
TO BLOW BLANKS 

CREATING AEROSOL 

b2 

EXCESSIVE TEMPERATURE 
IN VESSEL GIVEN THE 

PRESENCE OF ORGANIC 

c2 

b3 

FAILURE OF 
TEMPERATURE 

CONTROLS OF VESSEL 

FAILURE OF 
STEAM PRESSURE 
CONTROL VALVE 

d3 d4 

[ 

UPR TO 
L CELL 

ATMOSPHERE 

---.-----' 
113 

RED OIL EXPLOSION 
IN Pu STRIPPER ll61 

GENERATES Pu AEROSOL 

a2 

RED OIL, 

EXPLOSION· 
IN LS 

EXPLOSION· SUFFICIENT 
TO,BLCW BLANKS 

CREATHIG AEROSOL 

b4 ( 

LEAKAGE OF 
LOADED ORGANIC 

TO CELL FLOOR 

el 

PIPE 
CORROSION 

FAILURE 

c3 

LEAKAGE FROM 
2AP STREAM 

TO L CELL FLOOR 

d5 

s~·R ,SS CORROSION 
CRACKING OF 

WELD 

a2 e3 

' LEAKAGE FROM 
3AP STREAM 

TO L CELL FLOOR 

d& 

PIPE 
FITTING 
FAILURE 

e4 

-------·-·'"-----------•··" 

SIGNIFICANT AMOUNT 
OF LOADED ORGANIC 

IN SUMP 

b5 

-, 

GASKE, 
FAILURE 

d7 

LIQUID LEVEL 
DETECTOR 

FAILURE 

b6 

S0-HS-SAR-001 
REV 3 

ORGANIC SOLVENT FIRE 
IN L-CELL SUMP 

GENERATES Pu AEROSOL 

a3 

IGNITION SOURCE 
IGNITES ORGANIC 

IN SUMP 

> 
EXCESSIVE ORGANIC 

PERMITTED TO 
RE~1AIN IN SUMP 

c4 

d8, 

ALARM 
CUT OUT 

b7 

FAILURE TO LIMIT 
OXYGEN SUPPLY 

TO FIRE 

FAILURE TO 
PROPERLY 

RESPOND TO ALARM 

d9 

LEGEND 

bS 

FIRE SUPPRESSION 
SYSTEM FAILURE 

UPR • UNCONTROLLED PLUTONIUM RELEASE 

RCP8005-118A 

FIGURE 0-8. FAULT TREE 7: 
M Cel1 Atmosphere. 
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Event 

dl - Organic 
carryover from 
38 column 

d2 - Proceaural 
f ai1u re to main
tain adequate 
steam stripping 

d3 - Failure of 
temperature 
controls 

d4 - Failure of 
steam pressure 
control valve 

b2 - Explosion 
sufficient to 
blow blanks 

b3 - Red oil 
explosion in L6 

b4 - Explosion 
sufficient to 
blow blanks 

el - Pipe corro
s ion fa i l u re 

e2 - Stress cor
rosion cracking 
of weld 

e3 - Pipe fitting 
failure 

e4 - Gasket 
failure 

d6 - Leakage from 
3AP stream to 
L eel 1 floor 

SD-HS-SAR-001 
REV 3 

Quantification of lf3 

UPR to l or M Cell Atmosphere 

Remarks 

Assumed probability of 1.0 

Human error rate, failure to follow 
procedure; ( l x 10-3/demand) 
(3 demand/d) 

General controller failure rate of 
3.3 X lQ-5/h; (3.3 x lo-5/h) 
(24 h/d) 

Relief valve fails to open; failure 
rate of 1 x l0-5/demand; 
(1 x 10-5;demand)(3 demand/d) 

Assumed probabil1ty of 1.0 

Quantified for bl 

Assumed probability of l.O 

General piping failure rate of 
l x· 10..:9/h· (l x 10-9/h) 
(24 h/d) ' 

See el 

See el 

Gasket failure rate of l x l0-4/h; 
(l x 1Q-4/h)(24 h/d) 

Quantified for d5 

0-35 

Failure fr~quency 
(d-T) 

1.0 

3 X l0-3 . 

8.0 X 10-4 

J X 10-5 

1.0 

l.O 

2.4 X lQ-8 

2.4 X 10-8 

2.4 X lQ-8 

2.4 X lQ-3 

2.4 X l0-3 
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Event · 

d7 - Liquid level 
detector failure 

dB - Alarm cut 
out 

d9 - Failure to 
properly respond 
to alarm · 

b6 - Ignition 
source ignites 
organic in sump 

bl - Failure to 
· limit oxygen 
supply to sump 

SD-HS-SAR-001 
REV 3 

Remarks 

Liquid level detector failure rate 
of 2 x 10-4/h for instruments in 
contact with dirty fluids; 
(2 x l0-4/h)(24 h/d) 

Alarm cutout human error of 
1 x l0-2/de~and; (l x 10-2/demand) 
(3 demana/dJ 

See dB 

No obvipus source of ignition; 
probability isl x l0-2 

Assumed to have a probability of 1.0 

b8 - Fire suppres- Fire suppression system failure rate 
sion system of 5 x 10-2/demand _ 
failure 

P(lf3) =al+ a2 + a3 

P ( al) = ( b 1 ) ( b2) 

= (cl ) ( c2 )( b2) 

= ( d 1 )( d2 )( d3 )( d4 )( b2 ) 

= (l.0)(3 x l0-3)(8.0 X l•- 4)(3 X 10-5)(1.0) 

P(al) = 7.2 x 10-ll;ct x 250 d ~ 1.8 x 10-8/yr 

P(a2) = P(al) = 5.4 x 10-9/yr 

P(a3) = (b5)(b6)(b7)(b8) 

= (c3)(c4)(b6)(b7)(b8) 

= [(d5 + d6)(d7 + d8 + d9)](b6)(b7)(b8) 

Failure frequency 
(d-1) 

4.8 X lQ-3 

3 X lQ-2 

3 X l0-2 

l x 10-2 

l.O 

5 X lQ-2 

= (el + e2 + e3 + e4 + d6)(d7 + d8 ! d9)(b6)(b7)(b8) 

= 2(el ~ e2 + e3 + e4)(d7 +dB+ d9)(b6)(b7)(b8) 
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= 2(2.4 X 10-8 + 2.4 X 10-8 + 2.4 X lQ-8 + 2.4 X 10-3) 

(4.8 X l0-3 + 3 X lo-2 + 3 X lo-2) (l X 10-2)(1.0)(5 X lo-2) 

= (5 X 10-3)(6.5 X 10-2)(1 X 10-2)(5 X 10-2) 

P(a3) = 1.6 x 10-l;ct x 365 = 5.9 x 10-5/yr 

P(lf3) = l.8 x 10-8 + l.8 x 10-8 + 5.9 x 10-5 = 5.9 x 10-5/yr 
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LIQUIO LEVEL 
DETECTOR FAILURE" 

dl 
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d2 

:~ }.,.."'- .. 

CONTROL FAILURE 
PERMITTING ACCUMULATION 

OF SOLVENT 

cl 

ALARM 
CUT OUT 

d3 

FAILURE OF 
ADMINISTRATIVE 

CONTROLS 

/r~ 

FAILURE TO 
PROPERLY RESPONO 

TO ALARM 

d4 

r 

bl 

VHSEL FAILURE 

d5 

(_ 

ORGANIC FIRE 
IGNITED IN 

HOR J CELL 

c2 

PIPE FITTING 
FAILURE 

LEGEND 

al 

ORGANIC LEAKAGE 
TO SUMP 

b2 

FROM VESSEL AND PIPE 

PUMP SEAL 
FAILURE 

ORGANIC SOLVENT 
FIRE IN 

H OR J CELL SUMP 

FIRE SUPRESSION 
SYSTEM FAILURE 

VALVE SEAL 
FAILURE 

114 

UP :'ll TO 
HOR J CC:LL 

ATMOSPHERE 

SD-HS-SAR-001 
REV 3 

MAJOR CONTRIBUTORS 
TO CONSEQUENCES 

a2 

FAILURE TO 
LIMIT OXYGEN SUPPLY 

TO FIRE 

b3 

IGNITION SOURCE 
IN SUMP 

c3 

PIPE OR WELD 
FAILURE 

UP/FR-UNCONTROLLED PLUTONIUM/FISSION PRODUCT RELEASE 

RCP8005-119A 

FIGURE 0-9. FAULT TREE 8: 
Hor J Cell Atmosphere. 
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Event 

dl - Liquid level 
detector failure 

d2 - Alarm cut 
out 

d3 - Failure of 
administrative 
controls 

d4 - Fail u re to 
respond properly 
to alarm 

d5 - Gasket 
failure 

d6 - Pipe fitting 
failure 

d7 - Pump seal 
failure 

d8 - Valve seal 
failure 

d9 - Pipe or weld 
failure 

c3 - Ignition 
source in sump 

b2 - Fire suppres
sion system 

b3 - Failure to 
limit oxygen 
supply to fire 

SD-HS-SAR-001 
REV 3 

Quantification of lf4 

UP/FR to Hor J Cell Atmosphere 

Remarks 

Failure rate for liquid level detec
tor in contact with dirty fluids is 
2 x 10-4/h; (2 x lQ-4/h) 
(24 h/d) 

Alarm cut out; human error rate of 
l x l0-2/demand; {l x 10-2/demand) 
(3 demand/d) 

Human error rate for failure to 
follow proceaures is 1 x 10-3/demand; 
(l x lO-j/demand)(3 demand/d) 

See. d3 

Gasket failure rate of 1 x 10-4/h; 
(l x lQ-4/h)(24 h/d)(lO gaskets) 

Pipe failure rate of 1 x 10-9/h; 
(l x 1Q-9/h)(24 h/d) 

See d6 

See d6 

See d6 

No obvious source of ignition; 
probability of l x l0-2 

Requires simultaneous failure of 
two systems; (5 x l0-2)(5 x 10-2) 

Assumed to have a probability to 1.0 

a2 - Major·contri- Assumed to be present 
butor to conse-
quences 

D-41 

Failure fr~quency 
(d-1) 

4.8 X lQ-3 

3 X lQ-2 

3 -x 10-3 

3 X lQ-3 

2.4 X ,o-2 

2.4 X 10-8 

2.4 X ,o-8 

2.4 X 10-8 

2.4 X 10-8 

l X 10-2 

2.5 X ,o-3 

1.0 

1.0 



C"...J; 
a-.... 
C-·J, 

~ 

~~"' ----· ~· 
~"""!, 

'14hir,!:;.:_: 

~~~ 

P(f)lf4 = (al){a2) 

= (bl )( b2 )( b3 )( a2) 

SD-HS-SAR-001 
REV 3 

= [{cl)(c2)(c3)](b2)(b3)(a2) 

, = [dl + d2 + d3 + d4J[d5 + d6 + d7 +dB+ d9][c3][b2][b3][a2] 

= [4.8 X lQ-3 + 3 X lo-2 + 3 X lo-3 + 3 X lo-3][2.4 X lo-2 + 

2.4 X l0-8 + 2.4 X 10~8 + 2.4 X 10-8 + 2.4 X 10-8][1 X 10-2] 

[2.5 x 10-3][1.0][l.O] 

= [4 x l0-2][2.4 x lo-2][1 X l0-2][2.5 X lo-3][1.0][1.0] 

P(f)lf4 = 2.4 X l0-8 x 365 d = 8.6 x l0-6/yr 
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cl 

EXCESSIVE 
ORGANIC SOLUTION 

IN E-F6-1 

bl 

ORGANIC 
ENTRAINED 
FROM HA 

DECANTING OF 
ORGANIC FAILS TO 

REDUCE CONCENTRATION 

c2 

REC OIL EXPLOSION 
IN E-F6-1 

CONCENTRATOR
SPREAD 1WW 

TO F CELL 

., 

cl 

,-.. :-·'I_ 

·-·~ I' •• : 

TEMPERATURE 
EXCEEDS SET POINT 

b2 

FAILURE OF 
VESSEL TEMPERATURE 

CONTROL 

. c4 

PCV OR POP OFF 
VALVE FAILURE 

•, ·. 
· .. ; 

!', 

' ~ : -., 

c5 

UIRTO 
CELL 

ATOMSPHERE 

115 

a2 

H2 EXPLOSION 
IN DISSOLVER 

HIGH H2 
-CONCENTRATION 

IGNITION SOURCE 
PRESENT 

b3 

FUEL CHARGED 
INTO DISSOLVER 

CONTAINING WATER 
WITHOUT AFAN 

d1 

C 

b4 

AFAN ADDED 
TO CHARGED 

DISSOLVER >30°C 

OPERATOR 
EAAOA 

TEMPERATURE 
DETECTOR 
FAILURE 

..;,---· 

, H2 
EXPLOSION 

IN 7ANK F15 OR F16 

a.i 

JETTING OF 1WW I 
SOLUTION INTO AN 

OPEN NOZZLE 
OR LINE IN F CELL 

a4 

S0-HS-SAR-001 
REV 3 

CELLBLOCK IMPACT 

ON F CELL VESSEL 
RUPTURES LINE 

as 

LOSS OF TArJK VENTI
LATION FLQW RESULTING 

IN BUILDUP OF H2 

IGNITION 
SOURCE PRESENT 

IN F15 

FAILURE TO RESTORE 
VENTILATION WITHIN 

SIX HOURS 

b5 

VENTILATION 
INTAKE BLOCKED 
(VALVE CLOSEDI 

LEGEND 

b6 

VENTILATION 
EXHAUST BLOCKED 

(VALVE CLOSED) 

c9 

b7 

FAILURE 
OF AJA 

COMPRESSOR 

UIR • UNCONTROLLED 1WW (HIGH-LEVEL WASTE) RELEASE 

RCPBOOS-1208 

FIGURE 0-10. FAULT TREE 9: UIR 
to Cell Atmosphere. 
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Event 

c 1 - Organic 
entrained from 
HA column 

c2 - Decanting of 
o rg an i c f a i l s to 
reduce concentra
tion 

c:3 - Failure of 
vessel temperature 
contra l 

c4 - PCV or pop
off valve failure 

c5 - Fuel charged 
into dissolver 
containing water 
without AFAN 

d l - Operator 
error 

d2 - Temperature 
detector failure 

D4 - Ignition 
source 

c7 - Vent intake 
b 1 o ck ed ( v al v e 
shut) 

c8 - Vent exhaust 
blocked (valve 
shut) 

c9 - Failure of 
air compressor 

b6 - Ignition 
source 

SD-HS-SAR-001 
REV 3 

Quantification of lf5 

UIR to Cell Atmosphere 

Remarks 

Assumed to occur 

Human error in controlling decant 
tank (TK-F7) level; probability of 
l x 10-2 

General failure rate for controllers 
of 3.3 X l0-5/h; (3.3 x 10-5/h) 
(24 h/d) 

Relief valve failure to open 
l x l0-5/demand; (1 x 10-5; 
demand)(lO demands/d) 

. Failure to follow procedure; human 
failure rate of l x l0-3/demand; 
(l x lo-3;demand(3 demand/d) 

Passive redundancy human error 
of 5 x l0-3/demand; (5 x 10-3/demand) 
(3 demand/d) 

Temperature measurement failure rate 
of 4 X l0-5/h. (4 x 10-5/h) 
(24 h/d) 

No obvious source of ignition, 
relative probability of l x 10-l 

Failure rate of manual valve to 
remain open. (l x lQ-4/demand) 
(3 demand/d) 

See c7 

Failure rate for active components. 
(3 x lQ-7/h)(24 h/d) 

See b4 

D-45 

Failure f;e uency 
(d-) 

1.0 

l x l -2 

Bx r 
1 x o-4 

3 X 0-J 

1. s x 10-2 

l x 10-3 

10-1 

10-4 

10-4 

7 .2 X lQ-6 

l x 10-l 
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Event 

SO-H5-SAR-00l 
REV 3 . 

Remarks 

b 7 - Fa i 1 u re to 
restore vent 
within 6 h (Time) 
required to build
up explosive 

Failure to note loss of tank 
ventilation; passive redundancy; 
human error failure rate of 

a cc umu lat ion ) 

5 x 10-3/demand; 
(5 x l0-3/demand)(l demand/d) 

p(lfS) = al + a2 + a3 + a4 + as 

P(al) = (bl)(b2) 

= [(cl)(c2)J[(c3)(c4)] 

= [(l.O)(l x l0-2)][8 x lo-4)(1 x lo-4)] 

= [l X 10~2][8 x lo-8] 

p(al) = 8 x l0-10/d x 250 d/yt ~-2 x 10-7/yr 

p(a2) = (b3)(b4) 

= ( cS )( c6 )( b4) 

= (cS)(dl + d2)(b4) 

= (3 X l0-3)(1.5 x l0-2 + 1 X lo-3)(1 x lo-1) 

- P(a2) = 4.8 x l0-6/d x 250 d/yr = 1.2 x l0-3/yr 

p(a3) = (b5)(b6)(b7) 

= (c7 + c8 + c9)(b6)(b7) 

5 X lo-3 

= (3 X l0-4 + 3 X l0-4 + 7.2 X l0-6)(1 X lo-1)(5 X l•- 3) 

= (6 X l0-4)(1 X lQ-1)(5 X lo-3) 

p(a3) = 3.0 x l0-7/d x 365 d/yr = l. l x l0-4/yr 
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dl 

WEIGHT FACTOR 
INSTRUMENTATION 

FAILS 

d2 

c1 

ND OR INSUFFICIENT 
SOLUTION JETTED TO 

DISSOLVER DUE TO 
EQUIPMENT FAILURE 

CLOGGING OF 
DISTRIBUTION 

PIPING 

bl 

al 

U NOT COVERI:~ 
IN DISSOLVER 

PIPING 
FAILS 

U FIRE 
PRIOR TO 

DECLADDING 

MISREAD 
WEIGHT 
FACTOR 

;•,~,; 

U FIRE 
FOLLOWING 

DECLADDING 

PERSONNEL FAILURE 
TO JET SUFFICIENT 

SOLUTION TO DISSOLVER 
TO COVER U 

c2 

DID NOT 
INSPECT 

VALVE 
FAILS 

CLOSED INSTRUMENT 
DISSOLVER 

----.... ·---·----------------

116 

U METAL 
FlflE IN A 

DISSOLVER 

L 
U FIRE 

FOLLOWING 
McrHATHESIS 

U FIRE 
FOLLOWING 

METHATHESIS Rl:'<SE 

a4 

·,,{/ ·,_.~- (" 
:,:<"i:•. i;, 

cJ 

SOLUTION 
TEMPERATURE 

INDICATION FAILS 
TO INDICATE 

d7 

INSTRUMENTATION 
FAILS TO INDICATE 

ABNORMAL CONDITION 

ANNULUS 
TEMPERATURE 

DETECTOR FAILS 
TO INDICATE 

a5 

DISSOLVER 
LIQUID LEVEL 

FAILS.TO 
INDICATE 

---------------------- . - -···-----·---·-·----·-. 

U FIRE 
FOLLOWING 
FIRST CUT 

b2 

UNCOVERED CONDIT,ON 
NOT CORRECTED 

UNABL:: ro FILL 
01S.SO~VErl 

d10 

PERSONNEL FAIL TO 
RESPOND PROPERLY 

TO ALARM 

FIGURE 0-ll. 
Uranium Metal 

S0-HS-SAR-CJOl 
REV 3 

CONDITION NOT 
Dl:TECTED BY 

SURVEILLANCE 

RC P8204-301 

FAULT TREE 10: URR from 
Fire in A, B or C Cell. 
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· Event 

dl - Weight factor 
instrument fails 

d2 - Clogging 
of distribution 
piping 

d3 - Valve fails 
c 1 osed 

d4 - Piping fails 

d5 - Misread 
weight factor 

d6 - Did not 
inspect dissolver 

d7 - Solution 

temperature 

detector fails to 
indicate 

d8 - Annulus 
temperature 
detector fails 
to -indicate 

d9 - Liquia level 
fails to indicate 

dlO - Leak in 
dissolver 

dll - Solution 
unavailable 

c5 - Personne 1 
fail to respond 
properly to alarm 

SD-HS-SAR-001 
REV 3 

Quantification of lf6 · 

URR from U Metal Fire in A, B, or C Cell 

Remarks 

Instrument failure rate of 1.9/yr 
(1.9/yr) l yr 

200 charges 

l0-9/h; (e:) 

l x 10-4/demand; (1 demand/charge) 

10-9/h; (e:) 

Passive redundancy 5 x l0-3/demand; 
(1 demand/charge) 

Passive redundancy 5 .x l0-3/demand; 
(l demand/charge) 

Instrument failure rate of 0.35/yr 
1 yr 

(o. 35/yr)200 charges 

See d7 

Instrument failure rate of 1.55/yr 
(l.55/yr) 1 yr 

200 charges 

e: 

E 

~uman error rate failure to 
follow procedures (l0-3/demand) 

D-49 

Failure freq~ency 
(charge-) 
1 X lo-2 

1 X lQ-4 

5 X ,o-3 

5 X lQ-3 

1.8 X lQ-3 

1.8 X l0-3 

7.8 X lQ-3 -

10-3 
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Event 

dl2 - Indication 
mi sunders·tood 

dl3 - Indication 
ignored 

al - U Fire prior 
to dee 1 adding 

a3 - U Fire 
following 

. met hat hes is 

·a4 - U Fire 
following 
methathesis rinse 

aS - U Fire 
fa 11 owing first 
cut 

SD-HS-SAR-001 
REV 3 

Remarks 

Active redundancy 1 x 10-5/demand; 
(1 demand/charge) 

Active redundancy 1 x lQ-5/demand; 
(1 demand/charge) 

E 

E 

E 

E 

P(lf6) =al+ a2 + a3 + a4 + as 

= a2 

= (bl )(b2) 

= (cl + c2)(c3 + c4 + cS + c6) 

Failure freq¥ency 
(charge- ) 
1 X 1 Q-5 

1 X ,a-S 

E 

E 

E 

E 

= [(dl + d2 + d3 + d4) + (d5)(d6)] j[(d7)(d8)(d9)] + (dlO + dll) + 

cS + (dl2 + dl3)]} 

= {(l X 10-2 + E: + l X ,a-4 + E:) +[(5 X ,o-3)(5 X 10-3)]} [2.5 X 10-8 + 

(E: + E:) + l x 10-3 + (1 x 10-5 + 1 x 10-S)J 

= [(1 X l0-2) + 2.5 X lo-5][1 X lo-3 + (2 X l0-5)] 

= [l X l0-2][1 x 10-3] 

= 1 X 1 o-5 

P(lf6) = 1 x 10-S/charge x 200 charges/yr= 2 x 10-3/yr 
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cl 

FAILURE 
OF CRANE 

CLUTCH 

c2 

bl 

CABLE 
FAILS 

CRANE_ 
FAILURE 

cl 

CELL BLOCK FALLS INTO 
CELL DURING CRANE 

REMOVAL OPERATIONS 

al 

b2 

IMPROPER 
ATTACHMENT 

CELL 
BLOCK· 

REMOVAL 

c4 

. ! 
::. ~... •• 1 

,: ;,-'. .. 

CELL BLOCK WILL FALL 
THROUGH THE OPEN 

CELL EQUIPMENT HATCH 

b3 

OPERATOR 
ERROR 

·y 

,n'--------~ 

,,.,-:: 
:• ~J--. 

HEAVY EQUIPMENT BEING 
MOVED BY CRANE OVER 

CELL HATCH OPENl,~G 

b4 

,n 

RUPTURE OF TANKS OR 
PIPING DUE TO IMPACT 
OF HEAVY EQUIPMENT 

HEAVY EQUIPMENT DROPPED 
INTO CELL DURING 

CRANE OPERATIONS 

b5 

HEAVY EQUIPMENT 
FALLS THROUGH 

OPEN HATCH 

--------- ---· ------ -- ----------------- -----··--·•·•~.---------·----•··-··--···· 

CRANE 
FAILURE 

b7 

FAILURE TO 
MAINTAIN 

EXCLUSION ,"REA 

> 

a3 

b8 

HEAVY EQUIPMENT 
FALLS INTO OPEN CELL 

EQUIPMENT HATCH 

HEAVY EQUIPMENT 
PRESENT NEAR OPEN 
EQUIPMENT HATCH 

SD-HS-SAP.-001 
REV 3 

IMPROPER HANDLING OR 
EQUIPMENT FAILURE 
CAUSES DROPPING 

b9 

RCP8005-126A 

FIGURE 0-12. FAULT TREE 11: URR to 
Due to Rupture of H Cell Atmosphere 

Tanks or Piping. 
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c1 

DISSOLVER AEROSOL 
IN CELL DUE TO 

CELL BLOCK IMPACT 

a1 

HA FEED AEROSOL IN 
H CELL FROM CELL 

BLOCK IMPACT 

b1 

CELL BLOCK 
RUPTURES H CELL 

LINE/VESSEL 

c2 

CELL BLOCK 
FALLS THAU 

H CELL TOP 

c3 

FEED SOLUTION AEROSOL 
,IN D CELL FROM CELL 

BLOCK IMPACT 

b2 

CELL BLOCK RUPTURES 
D CELL 

LINE/VESSEL 

c4 

CELL BLOCK 
FALLS THAU 
D CELL TOP 

cs 

1g3 

DISSOLVED FUEL 
RELEASED IN 

A THRU E OR H CELL. 

· ..• CE~ffRIF..UG~ GENERATEll 
. ·,MISSILE PENETRATES 

CELL VESSEL IN E,eE'i:i. 

7 
CENTRIFUGE GENERATED 

MISSILE RUPTURES 
VESSEL/LINE IN E CELL 

CEN''RIFUGE 
FAILS THROWING. 

M•!?3ILE 

b3 

MISSILE STRIKES 
VESSEL/LINE 

IN E CELL 

c6 

b4 

MISSILE ENERGY 
SUFFICIENT TO 

RUPTURE VESSEL/LINE 

·_: :: ~:,- . 

b5 

t 

HYDROGEN EXPLOSION 
IN TK-ES RESULTS IN 
AEROSOL IN E CELL 

a3 

DISSOLVER 
AEROSOL DUE TO 

HYDROGEN EXPLOSION 

HYDROGEN EXPLOSION 
IN TK-D3, 04 OR D5 RESULTS 

IN D CELL AEROSOL 

b6 

HYOROGEN cXPLOSION 
IN TK-H1 TA~;?{ SPREAOS 
HA-AEROSOL IN H CELL 

b7 bB 

SD-HS-SAR-001 
P.EV 3 

JETTING OF DISSOLVER 
SOLUTION TO OPEN NOZZLE 
OR LINE IN CELLS A THAU E 

a4 

CRANE 
OPERATOR 

FAILURE 

b9 

ADMINISTRATIVE 
ERROR 

' 

+-,~· 
FIGURE D-13. FAULT TREE 12: Disso1ved 
Fuel Released in A ThroJgh E Ce11 
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bl 

N REACTOR GREEN 
CANISTER POOL 

ERROR 

al 

GREEN FUEL ELEMENTS 
PREMATURELY LOADED 

INTO CANISTER 

cl 

MONITOR FAILS TO 
INDICATE HIGH 
TEMPERATURE 

,IN CASK 

b2 

FUEL CANISTER 
PREMATURELY 

CAPPED 

dl 

118 

DISSOLUTION 
OF GREEN 

FUEL 

,------"':-,,..-~---,·: _. ... _ 

CASK TEMP·,J·...:·.:ufiE; : ., ., 

bJ 

~, '.,I,·, ~ -~ •• ~ ·.:: lo'.~.~ 

MONITOR FAILS TO 
PREVENT CHARGING 
OF GREEN CANISTER 

MONITOR INDICATION OF 
HIGH CASK TEMPERATURI: 

DOES NOT PREVENT 
CHARGE OF GREEN FUEL 

c2 

INDICATION 
IGNORED 

d2 

a2 

INDICATION 
MISUNDERSTOOD 

GREEN CANISTER 
NOT DETECTED PRIOR 

TO DISSOLUTION 

d3 

cJ 

GREEN FUEL RADIATION 
DETECTOR FAILS TO 

PREVENT CHARGE OF 
GREEN FUEL 

b4 

FAILURE TO 
INDICATE ABNORMAL 

RADIATION 

i. 

MONITOR''· JICATION OF 
HIGH RA,,iATION DOES 
NOT PRE'/Ei\JT CHARGE 

OF G.RE':N FUEL 

c4 

··1iETECTOR 

FAILS 

DETECTOR 
BYPASSED 
BY CRANE 

d4 

RCPS005-122A 

SD-HS-SAR-001 
REV 3 

FIGURE 0-14. FAULT TREE 13: 
Dissolution of Green Fuel. · 
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Event 

bl - Green fuel 
elements prema
turely loaded 
into canister 

b 2 - Fuel can i S

ter prematurely 
cappea 

cl - Monitor fails 
to indicate high 
temperature in 
cask 

dl - Indicator 
ignored 

d2 - Indication 
mi sunders toad 

d3 - Green fuel 
detector fails 

SD-HS-SAR-001 
REV 3 

Quantification of lf8 

Dissolution of Green Fuel 

Remarks 

Active redundancy failure rate of 
l x lQ-5/demand; (l x 10-5/ctemand) 
(9 demands/rail car) 

See bl 

Failure rate for temperature 
measurement is 0.35/yr; 

(.35/yr/732 demand/yr 

Human error failure rate of 
l x 10-2/demand; (l x 10-2/demand) 
(1 demand/rail car) . 

See dl 

· Failure rate for general solid state 
devices including ion chambers is 
3 x 10-6/h; (3 x lQ-6/h) 
(2 h/rail car) 

d4 - Detector by- Design precludes possibility; 
passed by crane 

c4 - Monitor 
indication does 
not prevent 
charge of green 
fuel 

Green fuel monitor alarms in thr-ee 
locations: the head end control 
room, dispatcher's office, and 
crane cab; each location is manned 
while fuel is being charged; active 
redundancy failure rate of 
1 x lQ-5/demand is used; 
(1 x 1Q-5/ctemand)(9 demands/rail car) 

0-57 

Fai1ur€ frequ1ncy 
( rail car- ) 

9 X lQ-5 

9 X lQ-5 .. 

l x 10-2 

1 X lQ-2 

6 X lQ-6 

9 X lQ-5 
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P(lf8) = (al)(a2) 

=[bl+ b2][b3][b4] 

SD-HS-SAR-001 
REV 3 

=[bl+ b2J[(cl + c2)(c3 + c4)] 

=[bl+ b2][(cl + dl + d2)(d3 + d4 +c4)] 

= (9 X lQ-5 + 9 X l0-5)(5 X l0-4 + 1 X 102 + 1 X lQ-2) 

( 6 X 10-6 + e: + 9 X ,o-5) 

P(lf8) = 3.5 x lQ-10/rail car x 732 rail car/yr= 2.5 x lQ-7/yr 

0-58 
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URR FROM 
SILVER REACTOR 

EXPLOSION 

1f9 

UNSTABLE AMMONIA-SILVER 
REACTION PRODUCTS FORM AND 

ACCUMULATE IN SILVER 
REACTOR DURING DECLADDING. 

OPERATION 

a1 a2 

HIGH TEMPERATURE IN . 
.SILVER REACTOR AFTER .. 

FORMATION OF UNSTABLE 
' REACTION PRODUCTS . 

LARGE QUANTITIES 
OF AMMONIA GAS PASS 

. TH.ROUGH SiLVER 
SILVER REACTOR 

TEMPERATURE LOW 

REACTOR 

bl b2 

, DISSOLVER 
TEMPERATURE 

AMMONIA 
AMMONIA MONITOR/ .HEATERS 

SCRUBBER OFFGAS 
CONTROL TURNED SCRUBBER 

HEATERS . TURNED 
FAILS SYSTEM OFF 

OFF FAIL 
FAILS 

c2 c3 c4 c5 

LEGEND: 

URR - UNCONTROLLED 
RADIATION RELEASE_ 

d1 

STEAM. 
HEATER 

FAILS 

ELECTRIC 
HEATER 

FAILS 

d2 

· STEAM· 
HEATER 
TURNED 

OFF 

· ELECTRIC. 

HEATER 
TURNED 

OFF 

RCP8005-123A 

FIGURE D-15. FAULT TREE- 14: . URR from Si_ l ver Reactor Explosion~ 
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Event 

cl - Ammonia 
scrubber turned 
off 

c2 - Ammonia 
scrubber fa.i ls 

SD-HS-SAR-001. 
REV 3 

Quantification of lf9 

URR From Silver Reactor Explosion 

Remarks 

Passive redundancy human error fail
ure rate of 5 x l0-3/demand; 
(5 x 10-3/demand)(l demand/declad 
cycle) 

Similar to heat exchanger failure 
rate of 2.5 x 10-5/h; 
(2.5 x l0-5/h)(6 h/declad cycle) 

dl - Steam heater See c2 
fails· 

d2 - Electric 
heater fails 

c4 - Temperature 
monitor control 
system fails 

General electrical heater failure 
rate of 2.3 x lQ-6/h; 
(2.3 x 1Q-6/h)(6 h/declad cycle) 

General failure rate for controllers 
failure rate of 3.3 x lQ-5/h; 
(3.3 x lQ-5/h)(6 h/declad cycle) 

d3 - Steam heater Passive redundancy human error fail-
turned off ure rate of 5 x 10-3/demand; 

(5 x lQ-3/demand)(l demand/ 
· dee lad eye le) · 

d4 - Electric See d3 
heater turned off 

a2 - High temp- _ Human error rate of 0.2/demand for 
erature in Silver stressful situations 
Reactor after 
formation of 
unstable reaction 
products 

P ( l f9) = (al )( a2) 

= [(b1)(b2)][a2] 

=[(cl+ c2)(c3 +.c4 + c5)][a2J 

[(cl+ c2)][(dl)(d2) + c4 + (d3)(d4)][a2] 

Failure frequen1y 
(declad cycle- ) 

5 X lQ-3 

l. 5 x l Q-4 

1.5 X lQ-4 

1.4 x 10-5 

2 X lQ-4 

5 X 10-3 

5 X lQ-3 

0.2 

= [(5 X lQ-3 + 1.5 X l0-4)[(1.5 X l0-4)(1.4 X l0-5) + 2.0 X l0-4 + 

. (5 X JQ-3)(5 x lo-3)][.2] 

0-60 
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= [5.l X lQ-3][2.0 X 10~4][.2] 

= 2.0 x 10-7/declad cycle 

{2_0 x 10-7 failures } {2 x 102 
declad cycle 

· = 4 x 10-S failures/yr 

D-61 
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FAILURE OF. 
INPLACE RADIATION 

MONITORING EQUIPMENT 
TO DETECT/DIVERT 

RADIOACTIVITY 

LEGEND 

UNDETECTED . 
COIL LEAK 

· · al 

b2 · 

FAILURE Of 
COOLING WATER 

H~ADER AN.AL YSIS 
TO DETECT LEAK 

URR - UNCONTROLLED RADIATION RELEASE 

URR TO POND 
FROM COIL LEAK 

PROCESS PARAMETER 
CHANGES FAIL TO 

DETECT LEAK 

b3 

·-~ 1, 

LOSS OF COIL 
COOLING WATER 

PRESSu'RE 

COOLING WATER COOLING WATER 
SHUT OFF . · PUMP FAILS 

PIPE 
PLUGGED 

cl 

VALVE 
SHUT 

RCP8204-296 

fl~URE D-1~: fAULT TREE 15: ~RR to Pond from Coil Leak. 
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• Event 

SD-HS-SAR-00.J . 
REV 3 ·. 

· Quantification of ld8 

URR to -Pond From Coil Leak 

Remarks 
- . ' ." . .. . - . 

. b l - I n p l ace 
radiation aetec- · 

· Fail~re r,t~ for solid state . 
devices; -l3 x I0-b/h)(24 _h) · 

tor fails to· 
·detect/divert · · 

b2 •- Failure of 
· cooling water· 
header analysis 
to-prevent 

· · release of 
rad i oa ct iv ity. 

. . . Cooling water·is analyzed on_ce 
each 7 d, hence, f ai.lure o_f the 
an~lysis-is not requ~red to allo~ 
a release of less than 7 d 
duration · 

· b3- - ·Process··para-; For any but th~e _largest ·leaks·, pro-·.· 
meter changes. . bability of, detect.ion by changes in•· 
fail to· prevent . process· parameters is very l_ow 

.·release of · 
· -- radioactivity 

. -~l ~:Pip~~.Jugged :. Pip~ plug faflur~-rate·of; 
_(lx:1Q-9/h)(24h) · 

.· c2 Valve s~ut . Valve·has 1L4·l/min bypass 
which preclude~·tot~l shutoff 

b5·- Cooling 
water pump fails· 

. Electrical pump is backed Up by a 
steam driven pump~· Failure rate . 
is assessed as that for ·general 
active component~, (3 x 10-7/h) · 

· (24 h) . . 

P(ld8) = ( al)( a2) 

= [(bl)-(b2)(b3)][b4 + b5] 

= [(bl)(b2)(bJ)][(cl + c2) + b5] 

= [(7.2 X ]Q-5)(1)(1)][3 ~ 10'.""8 + 0 +. 7. 2 .x -10-6] · .. 

P(ld8) = 5.2 X ·10-10/d X 250_ = ·l.3 X lQ-7/yr 

D-63. 

Failure_f!:1quency 
. . . . ( d ) . . 

· ·1· 2. :.,o-5 . . ·• X . 

·. l.O 

. T.O. -.-·· 
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2.'4 X ]Q-8· 

. ·O.O .-

. 7 .2 X. 10-6 
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TUBE 

LEAK 

cl 

VALVE 

SEAL 
LEAKAGE 

FITTING 

LEAK 

bl 

c2 

BLOWBACK FROM 

AIRPULSEFr 

FAILURE TO 

MONITOR PRESSURE 
ON SYSTEM. 

FAILURE OF 

PRESSURE SENSING 

SYSTEM 

HUMAN ERROR 

IN FAILURE 

TO MONITOR 

SUCKBACK OF 
SOLUTION 'BEHIND 

- AIRPULSE~ PISTON 

cJ 

SOLUTION 

PRESENT 

PROCEDURE 

FAILURE 

/ 

PIPE 

PLUGGED 

c4 

VESSEL 
OUTLET 

VALVE 

CLOSURE 

b2 

1 

PIPE 
CRIMPED 

PRESSURIZATION OF 

BLOCKED VESSEL 

SPRAYS P&O GALLERY 

c5 

FAILURE TO 

REDUCE PRESSURE 

IN VESSEL 

al 

1d12 

URRINTO 
P&O GALLERY 

ATMOSPHERE 

b6 

PIPING 
LEAK IN 

P&O GALLERY 

c6 

c8 

PRESSURE 
BUILDUP 

FAILURE TO VENT 

SUFFICIENTLY TO REDUCE 

PRESSURE BUILDUP 

CORROSION 

OF TUBING ;~·u 

URR 
VIA P&O 

GALLERY 

a2 

HEPA FILTER 
FAILURE 

P&O GALLERY 

EXHAUSTED W/0 

FILTRATION 

b7 

UNFILTERED WALL 

EXHAUSTERS 

CONTINUE TO RUN 

RC:''/ 3 

SUCKBACK OF°SOLUTION 

BLOWBACK FROM 

AIRPULSER TD 

COLUMN A 

SUCK BACK OF SOLUTION 

VIA TUBE BUNDLE 

FROM STRIPPER LS 

b3 

,J 

c7 

STRESS CORROSION 

CRACKING 

AT WELD 

b4 

ca 

b5 

bl 

LEAKAGE IN 

CONCENTRATOR TUBING 

-- IN P&O GALLERY 

c9 

WATER HAMMER 

CAUSES MECHANICAL 
FAILURE 

TUBE 

LEAK 

VALVE 

SEAL 
LEAKAGE 

d15 u 
LEGEND 

UAR - UNCONTROLLED RADIATION RELEASE 

bJ 

FAILURE OF 

JET GANG 

VALVE 

FITTING 

LEAK 

RCP8005-113B 

FIGURE 0-17. FAULT TREE 16: 
from P&O Gallery. 
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Event 

al - Tube leak 

d2 - Valve leak 

d3 - Fitting leak 

d4 - Failure of 
pressure sensing 
system 

d5 - Human error 
in failure to 
monitor 

d 6 - Pu so l u t i on 
present in 3B 
column 

d7 - Procedure 
failure 

d8 - Pipe plugged 

d9 - Valve closed 

dlO - Pipe crimped 

dll - Pressure 
buildup 

SD-HS-SAR-00 l 
REV 3 

Quantification of lc9 

URR via P&O Ga1lery 

Remarks Failure fr~quency 
. ( d- T) 

Failure rate of 5 x lQ-4/h; 
(5 x 'l0-4/h)(24 h/d) 

See dl 

See dl 

Failure rate for pressure detector 
systems in contact with dirty 
fluids 2,x lQ-4/h; (2 x 10-4/h) 
( 24 h/d) 

Passive redundancy; human error 
failure rate of 5 x lQ-3/demand; 
(5 x l0-3/demand)(3 demand/d) 

Assumed 

Failu~e to follow procedure 
failure rate of l x 10-3/demand; 
(l x 1Q-3/demand)(3 aemands/d) 

Failure rate of l x 10-9/h; 
(l x 1Q-9Jh)(i4 h/d) 

Failure rate of l x lQ-4/demand; 
(1 x 1Q-4/demand)(3 demands/ct) 

See d8 

Minor transient pressure increases 
may occur with some frequency. A 
significant pressure excursion 
would most likely only occur as a 
result of a major uncontrolled chem
ical reaction, such as a solvent 
fire, Hz or rea oil explosion. 
An additional source of pressure may 
come from maintenance activities 
involving efforts to clear blocked 
lines with steam or air pressure. A 
pressurization of this magnitude is 
estimated to occur at a rate of 1/yr or 
2. 7 X lQ-3 /d 

D-67 

1. 2 x 10-2 

1. 2 X lQ-2 

1.2 X lQ-2 

4.8 X lQ-3 

1.5 X lQ-2 

1.0 

3 X lQ-3 

2.4 X 10-B 

. 3 X 10-4 

2.4 X lQ-8 

2.7 X lQ-3 
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Event 

d 12 - Fail u re to 
vent sufficiently 

c6 - Piping leak 
in P&0 gallery 

dl3 - Tubing 
corrosion 

SD-HS-SAR-001 
REV 3 

Remarks 

It is estimated that of the signi
ficant pressure excursions, the 
vessel vent systems will be unable 
to provide sufficient vent capacity 
at a rate of l x 10-l;demand· 
(l x 10-l/demand) (2.7 x 10-3; 
demand/yr 

Quantified for c8 

See dl 

d14-- Weld stress See dl 
corrosion 

dl5 - Water ham
mer ca uses mech
an i c al fa i l u re 

dl6 - Tube leak 

dl7 - Valve seal 
leakage 

dl8 - Fitting 
leakage 

c9 - Failure of 
jet gang valve 

b4 - Blowback 
from airpulser 
to column 3A 

See dl 

See dl 

See dl 

See dl 

Genera 1 active component failure 
rate of l x 10-4/demand 
(l x l0-4/demand)(3 demands/d) 

Quantified for bl 

b5 - Suckback of Quantified for b3 
solution via tube 
bundle from strip-
per L6 

Event 

b6 ..; Failure of 
white room HEPA 
filter 

Remarks 

HEPA filter faflure rate of 
1.1 x 10-4/yr. For a 12 HEPA 
filter bank, the failure rate is 
(12)(1 x l0-4/yr) = l x 10-3/yr 

0-68 

Failure friquency 
(d-r) 

2.7 X 10-4 .· 

3.6 X lQ-2 

1.2 X 10-2 

1.2 X l0-2 

1.2 x l0-2 

1.2 X 10-2 

1.2 X 10-2 

1.2 X 10-2 

3 X 10-4 

Failure fr~quency 
(yr- ) 

l x 10-3 
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Event 

b7 - Unfiltered 
wall exhausters 
continue to run 

P ( l d 12) = (al ) ( a2) 

SD~HS-SAR-001 
; REI/ 3 

Remarks 

Based upon the redundancy of CAM 1 s 
automatic alarm upon CAM failure 
or power loss, and probable visual 
observation of URR into P&0 gallery, 
it is highly unlikely that the wall 
exhausters will continue to run 
indefinitely 

P(al) = (bl + b2 + b3 + b4 + b5) 

Failure f~Tquency 
(yr ) 

e: 

= [(cl)(c2)(c3) + (c4)(c5)(c6) + (c7)(c8)(c9) + b4 + b5] 

= ![dl + d2 + d3][d4 + d5][(d6)(d7)]} + {[d8 + d9 + dl0][(dll)(dl2)] 

[c6]} + {[dl3 + dl4 + dl5][dl6 + dl7 + dl8][c9]} + b4 + b5 

= {[l.2 X l0-2 + 1.2 X l0-2 + 1.2 X l0-2][4.8 X l0-3 '. 1.5 X l0-2] 

[(1.0)(3 X l0-3)]} + ![(2.4 X lQ-8 + 3 X l0-4 + 2.4 X l0-8] 

[(2.7 X l0-3)(2.7 X l0-4)(3.6 X l0-2)]1 + {[1.2 X l0-2 + 

l .2 X l0-2 + 1.2 X lo-2][1.2 X l0-2 + 1.2 X lo-2 1.2 X l0-2] 

[3 x l0-4]f + b4 + b5 

= {[3.6 X l0-2][2 X l0-2][3 X l0-3]} + {[3 X lQ-4][2.6 X lQ-B]f + 

{[3.6 x lo-2][3.6 X 10-2][3 X l0-4]} + b4 + b5 

= {[2. l x 10-6] + [7.8 x 10~12] + [3.9 x 10-7]} + b4 + b5 

= (2.l X lQ-6) + (7.8 X lo-12) + (3.9 X 10-7) + (2.1 X lQ-6) 

+ ( 3. 9 x lo- 7) 

P(al) = 5.0 x 10-6/ct x 365 d/yr = 1.8 x 10-3/yr ~ 

P(a2) = b6 + b7 

= (l x 10-3/yr) + (e:) = l x 10-3/yr 

P ( l d l 2) = ( al ) ( a2 ) 

= (1.8 x 10-3/yr)(l x 10-3/yr) 

= l • 8 x l o- 6 / yr 
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cl 

HEPA WATER 
SEAL CLOSED 

PREVENTING EXHAUST 

dl 

HEPA WATER SEAL 
CLOSED DUE TO 

ADMINISTRATIVE ERROR 

el oz 

HEPA 
WATER SEAL 
FAILS CLOSED 

bl 

BLOCKAGE 
OCCURS 

aJ 

BLOCKAGE OF 
EXHAUST 

THROUGH HEPA 

c2 

dZ 

SOLID CRUD 
BURST BLOCKS 
EXHAUST DUCT 

~; f, 
•,:.·( ~--~ 

3RD FILTER 
IHEPAI ON LINE 

BLOCKAGE 
OF HEPA 

EXHAUST 

., 

LOSS OF DIFFERENTIAL 
PRESSURE BETWEEN 

CANYON AND 
IRRADIATION ZONE 

c3 

MAINTENANCE ERROR 
CAUSES COLLAPSE OR 

BLOCKAGE OF EXHAUST DUCT 

"";; P' :; '""' F~l~U,ljE !)f. 
"''i ::,, l ,::\ •:C.::.VENTI_L!1-T)ON 

:,-_r_;,: t.ri I:/··.~. ExHA·ust FANS 

COMMON MODE 
FAILUqE 

OF FA'IS 

<> c4 

--·--·-----·--··-·- .. ··-·---·- -·-·•-···· _-------~----~---- - -·--------------- -

UAR DUE TD VENTIL
ATION FAIL OR FILTER 

EXHAUST CLOSURE 

1c10 

LOSS OF 
POWER TO 

EXHAUST FANS 

a2 

LEGEND 

~O-HS-SAR-001 
REV 3 

LEAK IN CANYON 
PENETRATION 

SEAL 

URR • UNCONTROLLED RADIATION RELEASE 

RCP8005-110A 

FIGURE D-18. FAULT TREE 17: URR 
Filter Closure from Sudden HEPA 

or Failure. 
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d1 

c1 

IMPROPER HANDLING 
UNDER STRESSFUL 

SITUATION 

bl 

TIPPING OR 

UPSET OF 
PR CAN 

PROCEDURAL 
FAILURE 

PR CAN 
TRANSFER 

EMERGE~ICY 
COINCIDENT 

WITH TRANSFER 

d2 

al 

HANDLING 

1 
EQUIPMENT 

L_'.'AILU~E -cJO 

SPILL OF 
PR CAN 

HUMAN 
ERROR 

b2 

LOOSE 
PR CAN 

· BOTTLE LID 

LID INSTALLATION 
PROCEDURAL 

ERROR 

~-------· .. 

MATERIAL 

FAIL.URE 
OF LID 

UPR C0 ROUNO 
LEVEL OUTSIDE 

REI.EASE 

1c11 

L 

EQUIPMENT 
DROPPED 

ON PR CAN 

b3 

PR CAN 
CRUSHED 

ELEVATOR 
CRUSHES 

CAN 
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VEHICLE 
ACCIDENT 

CRUSHES CAN 

IMPROPER HANDLING 
UNDER STRESSFUL 

SITUATION 

clO 

a2 

PR CAN 
INTEGRITY 
BREACHED 

PR CAN 
DROPPED 

DURING TRANSFER 

b4 

c11 

HANDLING 
EQUIPMENT 

FAILURE 

PR CAN 
TRANSFER 

EMERGENCY 
COINCIDENT 

WITH TRANSFER 

cs d4 

HUMAN 
ERROR 

SD-HS-SAR-001 

b5 

DEFECTIVE 
PR CAN 

DELIVERED 

LEGEND 

PR CAN 
INTEGRITY 

POOR 

FAILURE TO 
INSPECT 

UPR-UNCONTROLLED PLUTONIUM RELEASE 

FIGURE D-19. 
Ground Level 
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FAULT TREE 18: 
Outside Release. 
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