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Appendix C 

4. Recent experience at the DOE Savannah River site suggests frequencies of dissolver seal failure as much as 1,000 
times higher. 

5. Recent experience at the DOE Savannah River Site suggests frequencies of fire in low level waste and fuel assembly 
drop as much as 100 times higher. 

6. The iodine-129 part of Table e.81 is suspect. 1-129 has a half-life of 17 million years and, correspondingly, specific 
activity of 1.8E-4 Ci/g. 1-129 emits a 150 kev beta and, 9% of the time, a 40 kev gamma, both Significantly lower 
energies than the corresponding values for 1-131. The biological half-life of 1-129 in the thyroid is 120 days. The 
dose conversion factor for 1-129 would be approximately 0 .5 rern/micro-Ci administered to the thyroid. The values 
given in the table for 1-129 releases and the corresponding thyroid doses seem inconsistent with each other and with 
the properties of 1-129 given above. The thyroid is relatively radio-resistant and thyroid cancer relatively treatable; 
the mortality risk factor for the thyroid is 5.0E-6/person-rem (Le., one fatality per 2.0E+5 person-rem exposure to 
the thyroid). 
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Figure C.2 Cleanup cost as a function of licensed radionuclide quantity for non-reactor nuclear material 
licensees (Ostmeyer and Skinner 1987, Flgure 4.3) 

Figure C.3 

"'r------------------, 

~ 
.! 

,.,. 

~ 10" 
o • o 
... 10·' 
~ • • u 
~ 10 1 

~ 
... la' 

~ • o 10" • • • 
:' 10" 

..... .-

IIll'O$ITOftYCOf<InNT$: 10> GW"~I HLW 

IIIYEII FLOW RAn: 

'AC1I:GROtJNO 

.­
eTMYIIOIO ..... 
e,",,~LI 

.-
eTIIYIIO'O ..... 

CONSERVATIVE 
. O • 

EXTRlME 

'IST-EST IMATE { ..... ..... 
'" ' '---;;;;;;;:-::::7:---;--::::::::::--::::--;f;;-:::'.;:----' GI~""O< 'ULl. I -"~1'~Y Itlll TAlC co ....... 

GII'''WOIlO 
MlllltlOO~O'" 

Nonnalized peak individual doses for reviewed studies of geologic waste disposal postclosure 
period (TASC 1979) 

C.3? NUREGfBR-0184 



Appendix C 

1:.,: 

- - -- 2J1l06 I'fT bhtlns TaUlnB' pu.. I 
_____ 7dO~ I'fT blltlns TatUn,s PUc I 

_____ 21:0:106 HT E:o:hU .. , TaU1" •• Plh 

, --JO. _e.4J1l06 HT II ... TdliJi •• PIt-

-• " ! 
:i 

• 

- . ;! -o 

• • = ' 
" • 
3 
! 4 
o 

! 
" ! 

) 

, 

" , • 

------ " 

----
" " • 

tftectiun.,. Ind." 

I 

" • 

• 
• 

) 
t 
i 

" C5 D) 

" 
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Appendix C 

'Thble C.I Frequency or contamination incidents ror non-reactor nuclear material licensees (Ostmeyer and 
Skinner 1987, Thble 3 .1) 

Number of Number of Frequency (incidents 
Application/use class IncidentsW Licenses licensed-activity-yr) 

Q Research/teaching & 7 5100 0.00023 
Diagnostic/therapeut ic 

II) Measurement/calibration 6 5715 0.00018 
& irradiation 

UI) Manufacrure/distribution 8 510 0.0026 

IV) Service organizations/ 0 4' 
waste processing/storage 

V) Source and Special Nuclear 6 72 0 .014 
Material Fuel cycle 

(a) For a six year reponing period. 

Thble C.2 Incident cleanup cost by material quantity class ror non-reactor nuclear material licensees 
(Ostmeyer and Skinner 1987, Thble 4.1) 

Licensed Incident Cleanup Cost ($) 
Material Quantity LQR Case Average 

10 mCi - 0. 1 Ci 70,000 15,000 

0.1 Ci - l.OCi 200,000 75,000 

l.OCi -lOCi 450,000 2~0,000 

10 Ci - t OO Ci 800,000 500,000 

t OO Ci - 1000 Ci 1,500,000 900,000 

C.4 1 NUREGIBR-O l84 
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Thble C.3 Economic risk as a function of material application/use and licensed curie quantity for non-reactor 
nuclear material licensees (Ostmeyer and Skinner 1987, 1ltble 5.1) 

ApplicationlUse Class 

I) Research/Teaching/ 
Experimentation and 
Diagnostic/Therapeutic 

II) Measuremem/Calibration 
Irradiation 

III) Manllfactllre/Distribution 

Economic Risk ($/licensed activity/yr) by Licensed Ollantity(o} 
0.01 Ci- 0.1 Ci- 1.0 Ci- 10 Ci- 100 Ci-
0.1 Ci 1.0 Ci 10 Ci 100 Ci 1000 Ci 

4 29 50 120 200 

3 20 40 90 160 

40 230 520 1,300 2,300 

(a) Risk is given by me product of incident frequency and average inciden! cost 

NUREG/BR-OI84 C.42 
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Appendix C 

Thble C.4 Summary of economic risk at a reference uranium mill (Philbin et al. 1990, Table 4.1) 

F ~.qu.n"7 Ecano.ic Rhlt 
Con .. q"'''''' Cle.""p co.e p.r yur (p.t yur) 

Io,ldlo, ~'so.(lg 1l11"lg'hlO !IID,C[~.lo'X] 1110"".100] [\lO""IIDO] 
IHnor hclltt)' H"nd~.d. of , to t.n. $HOO 0.0017 ,. 
ul ...... of Its U nluud. [$900-$1.400] [0.0048-0.014 1 [$' - $151 

Confln.d to ••• 11 
.re •• In phnc. 

Sol".nt ["cuctlon Up co •• ".rel kS , $370.000 0.0031 $1100 
Flc. ul .... d. Cl .. n,,1' [$300,000 · $460,000 I [0.0014-0.0082] 1$460-$19001 

II.ited to proc ••• 
• n •. 

Flr./Exploslon In Up to s.".r.l I, U UOO,OOO O.oOll $UOO 
t.Uocake Oc),.r r.h.ud. Clunup [$400,000.$610,000] [0.00110-0.0082 1 [$620 · $3900] 

1Il11t.d '0 proceu 
eU'. 

K.Jor Facility Fire Cl.anup of • .atn $t. 51t 0.00020 $100 
procu. an •• nd [$l.2H-$l.9K] [0.0001].0.00040] [$UO-$S50] 
dOlmwlnd hclll~ .". (22.5' netor). -

R.t.ndon Panel 8 " 10' lb •• ollda $l.SH 0 .023 $58,000 
F.tlure with Sl"r~ ral .... d. Scabiliu [$2K-$1.lH[ 10.On-0.033] [$39,000'$86,000) 
Ral .... pond .nd spill ata •• 

anel clean up '1'111. 

Sl"r~ R.I •••• f r om 2.2 " 10' lb. lolldl $69,000 0.0062 $430 
Olaerib"tlon '11'. t.l •••• d on ,Ita. 1$55.000-$'6.0001 [0.0017 . 0.012 J [$230.$8001 

Sc.blliz. 11'111 .r ••• 
Cl •• n "I' Ipill .r ••. 

Torn.do Tho" .. "d, of k, U '" 0.0000'0 $240 
r.l •••• d • Cle." "p [$2.411-$3.8K ] [0.000015·0. OOOlS I [$70·$780[ 
bulldln, •• nd dOlmvlnd 
.lte '0;.' (4" .. ctor). 

'Ir.n.port.tlon Enrir. laid af or. 
apUhd or 1/3 $300,000 O.OOll $930 
y.llowcake dru._ [$225,OOO-$315,000J 10.0014.0.00821 [$370-$1300) 

'1'111. Ara. cla_nup 

TOTAL FACILITY $63,000 
ECOHOKIC RISK {$43,000-$91,ooOI 

CA3 NUREG/BR-Ol84 



Appendix C 

Thble C.S Summary of economic risk at a reference uranium hexafluoride conversion plant 
(Philbin et a l. 1990, 'Thble 4.2) 

Frequ.ncy £Co no.l c Rhlr. 
Coo .. qu.nc• Cla . ..... p co.t pu )'alr (pH ,. .. r ) 

10S ld. o t 5,. n.r lo Ducrl pt l oo [ynsarulnty l [ync uul nty! [yrn;trhlnuJ 

I1 l no e f.elllt)' R. I •• , . of hundrld. U. I DO 0. 1l $140 
ul .... of lre'll to te". of ( $900 · $1 ,400 1 (0 .081-0 . 221 1$80-$2501 

ka U. Clunup 
li li l ted to 1m,udh t ' 
• re. of ", rdu •• • 

Uren)' 1 /ll trn. Rd .... of .. v~rd $7)0, 000 0 .000 32 $230 
t V'POT.tOr [.plo. l on ka of U. Chanup o f [$5&0.000·$910,000 I (0.00010-0.00 101 1$ 70·$1~0 1 

proc ... build- I na· 

!i),dTOI'O .Mplo. l on R. I •••• of . , ver.l $730 .000 0.0070 $S,IOO 
d urina reduction ka o f U. Chloup o f ( $5&0.000· $910 ,000 I 10 .0010_ 0 .050 1 1$710 . $]7 ,000 1 

ptoeu ...... 

Solvlnt I.trec t l o n S. verel hund r . d ka U , $81.000 0 .00040 '" fl u u 1eu.d Clun u p I $6~ ,000: $100, 000 I 10.0001) ·0.0013] [$10 · $100 ] 
.olvent •• tra ct l on 
bu ll dlna · 

Re i ., . .. Croll "', R.h. s. of up to $1. 2K 0 . 021 $25,000 
cyllnd. r 2500 Jr.a of , . Gl e l n 1$' 9611· $1.511 1 [O.Oll ·O. Oat ] [$9,100 ' $10,0001 

". I .... .,dlau .. u . 

Ol ull htl oo V~l v. R.tea .. of t.o o 0< " $130,000 0.050 $6,500 
Ruptun of U. Cl u n up ($ IOO,OOO - SU.O,OOOI 

" 
0u.·0 . " I [$2,000 , $ 21 ,000 ) 

I_.dhte . [ e • . 

1I" t. Pond R.I .... 7 • 10' ", .<>l ld. UlO , OOO 0 .0 56 $1].000 
r ei,ul d . sublLh. ( $180,000- $290,000 1 [0 . 029-0,22 1 ($4, 600. $1' ,0001 
pond Ind . p111 •••• 
• od d u o up .p IU . 

Trln 'portltlon S .. 11 t"Up t Ute of Uf o $400,000 0.001l $1 , 200 
cyllod •• . Hurwlu d ($l20 , OOO-$500 ,000 [ [0 . 0014.0 . ooUJ ($ SOO-$3 , IOOJ 
II f k , o C U {.I .... d . 
Cluoup o f .... . 

10 r ... do Thou u nd. of ka U $1. 911 0 .0023 $4 . 400 
dhp . . .. d . Cle . nup ($1.511 . $2 . 4I1 J [0 . 00014-0.0014 J [$1.400·$14 , 000] 
o f 4~ ' •• c to~ II C 
do ...... l nd . I t. . [ u . 

TOtAL r AC I LITY $56,000 
[ COl«ltl l C RlSl( 1$20,000 . $109 ,OOOJ 

NUREG/BR-Ol84 C.44 
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Appendix C 

Thble C.6 Summary of economic risk at a reference uranium fuel fabrication facility (Philbin et al. 1990, 
Thble 4.3) 

Frequency !eon.llle Rhk 
Con.equence Cleanup Cost per year (per year) 

lD,ldlDt 5'IDI(ig IlU!a:l.l!tl.!!O [1I0lOUtll.Otxl hID'.ItllDtxl [lIoGlnlioliXI 
Kinor he1ll ty Release of hundreds of $3,500 0.21 $740 
Release gms to tens of kg U. [$2,800 - $4,400) [0.15 - 0.32) [$470-$1,100) 

Confined to small 
areas in plant. 

Large Spills due 800m' waste solution, $l.OK 0.024 $24,000 
to ace! dents or 24 Ci solids, 40000 m2 ($0.80H-$1.3K) (0.015 - 0.044) ($13,000-$43,000) 
natural phenomena surface contaminated. 

Transportation Trailer overturns; $10,000 0.0028 $28 
accident No contamination ($7,500 - 13,000) (0.0026 - 0.0030) ($22-$35) 

outside trailer. 

Explosion Rotary Kiln. Batch of $3.9K 0.01 $39,000 
100 kg U, 1kg released ($3.1K - $4.9K) (0.002 - 0.05) [$7,700-$200,000) 
to environment 
(outside) , 1/3 of main 
building contaminated. 

Hajor Fire Decontamination of 11K 0.00021 $2,300 
entire main building ($8.8H - $14H) (0.00012 - 0.00051) ($1,100-$4,900) 
is required. 

Criticality 1011 Uss ion.; .8 hr $3.9K 0.0033 $13,000 
duration. 1/3 of main [$2.9H - $4.9H) [0.00050 - 0.011) [$2,700-$61,000) 
building contaminated. 

Kajor UF. Releaae Rupture of one or two $1.2H 0.021 $25,000 
cyl1ndeu. Thousands ($0.96K - $1.5K) (0.011 - 0.081) ($9,100-$70,000) 
of kg of U released. 
Hajor site 
contamination, 6 
acres. Offsite 
cleanup is not 
expected. 

TOTAL FACILITY $104,000 
ECONOHIC RISK ($43,000·$250,000) 

C.45 NUREG/BR-0184 
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Thble C.7 Summary of economic risk at a reference byproduct material manura"clure/distribution facility 
(Philbin et al. 1990, Thble 4.4) 

r~oq ... f\C' lco.-lc lhk 
Conuq"anc. ctunup Coot per ,0.1' (~I' ,Ul') 

IncLd.nt Scrhulg D" ulRtiRn [uo" ,hlotyl IYDcutdntx ) iyDCU"lpcxl 

tHn"r r.dllty s .. a ll decont. ll ination $6500 0.0022 ." Roo I •• sel Inddent 1I. lted t o the [$5.200 - $8,1001 [0 . 001~ - O.OOlll 1$9 - $22] 
I _ed lan .rao of the 
.. t .... . 

lodl o. ·125 Spill ""Heut h aplll o f $30.000 0.0022 , .. 
Ou • • ld •• rllterod nat·l25 . " uofllt .... d [$24 . 000 _ $38,0001 [0 . 0015 - 0.00]3[ ($42 - $1001 
[nclosure .1' • • o f I . bor.tory. 

.... bora t ory 
<Ieconta .. loatlon 
r equLred . No offaLte 
cle. nup requl ... d . 

i"Lu '" • ,_ . S",. ll fL ... InvolYln, • $44,000 0.00059 ." Hood .. 0 I ybde n"",·99 ,ener'- [$35,000- $~~,OOOI 10 . 00034 - O.OOlll 1$13 - $53[ 
ton In C .... e hood. 
.... bor.tofy deconte.ln.· 
tloo U quLr ed . No off_ 
a l t o c l eanup required. 

H"Jor fI,·. '" FIre In l odln. ·125 $290,000 0 .00059 $110 
•• I odine procu.· ... boutory . [$2 30. 000 · $360.000 1 10 . 000)4 • O.OOll) [$14 - $350) 
.... borotol'y f ou r curio. ,"ohtllhed 

a nd dllper l ed loto .. -
h boreCod el. , .. 
curl .. .. h ,ud ,-
." ... \r ........ ot. 

I",a" lI.nho .... Sln,le .... ta dr ... flr.. $100,000 0.0081 $2.400 

rtre (aln,le Se ... ero1 o llllc .. r l e. [$240,000. $180.000 1 [0 .0074 - o . oonl IU,900 - $3.1001 

d .... ) volet11bed. EnUn 
.. n.ho .... decont ... lne· 
tlon r.q .. lred. 

lIut.lI.uho .... 10, of .... te Inventory S1.ltl 0.0011 $8,900 

Flu (.u ltlp1o r .1oe .. d In fir •• [SO.9" - $1.4"1 10.00'4 - O. OOU[ 1$1 ,000 • $11.000) 

drw .. ) OChltl dleonc .. ln.clon 
required . 

Tornodo B .. U d l ns 200 o ~ 150 ." 0 .000010 ." ...... r.ly d ••• ,od of [$l.~" - ". '" 10 . 000009 ·0 . OOOO~ I [$19 $190] 

BidS· 32 d .. t ~oYld. ,. _. 
In·proc . .... torlel 

ro1u,. l d . 'S, oC ".It. 
Inventory r ahued. 

Eerthque k. Se ... lr.l bulldlnS' $1.]" 0.0040 $S,200 
• a~or.ly dam".d. " ISI. OM • $1.6"1 [0 . 0010 - 0.0201 1$1 . 100 S24.000 1 _. In · p r o.,. ..... c.rlel 
nluud . 

t OTAL fACILITY $11 ,000 
ECONOIIIC RlSK 1$8,600 $31,000 1 
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Thble C.S Summary of economic risk at a reference waste warehouse (Philbin et al. 1990, Thble 4.5) 

Frequency Economic Rlsk 
Consequence Cleanup Cost per year (per year) 

ID~ld~D' ~~~DI[12 l!el~[h!'12D (YDSOu:tIIDtX) (Yoso!!ndotx) (YD~n:tllotx) 

Hlnor Facility Failure of one BLSV $4000 0.0041 $16 
Releases waste drwa. Local ($3,200 - $5,000) (0.0022-0.016) ($6 - $45] 

decontamination. 

\.laste Compactor Fire Involving one $62,000 0.0081 $500 
Fire drum of DAW waste. ($50,000-$78,000) (0.0074-0.0088] [$400 - $640) 

Local area 
decontamination. 

Waste DrW1l Fire Fire consumes one BLSV $410,000 0.0081 $3,300 
(single drum) waste drum. Entire ($330,000-$510,000) (0.0074-0.0088) ($2,600 - $4,200) 

warehouse 
de~ontamlnatlon 
required. No offs ite 
cleanup required. 

Transportation Highway accident $40,000 0.0011 $44 
Accident (without fire -- 0.2 ($32,000 -- $50,000) (0.00035-0.0035) [$14 - $140J 

curies released, with 
fire -- 1 curle 
released) Into two $53,000 0.00024 $13 
laboratories. 0.4 ($42,000 - $66,000] (0.000076-0.00076] ($4 - $41] 
curies released to 
environment. 

FacUity Fire Fire consumes ten per- $1.2H 0.0081 $9,700 
cent of redlo1osica1 [$0.9 H - $1.5H) (0.0074 - 0.0088) ($7,700-$12,000) 
inventory. Ofhite 
deeontalDlhatlon 
required. 

Tornado Bui1dins destroyed. $1. 5H 0.00020 $300 
Seventy-five percent ($1.2H - $1.9H) (0.00006 - 0.0006) ($93 - $970] 
of waste inventory 
released. 

TOTAL FACILITY $14,000 
ECONOHIC RISK ($11,000-$16,000) 

BLSV = bulk liquids and scintillation vials DAW = dry radioactive waste 

Thble C.9 Estimated 70-year population and worker exposures for repository construction 
(Daling et al. 1990, Thble 4.2) 

Maximum 80-km 
Worker Individual Population 

Geolog1c Exposures Exposures Exposures 
....I!WliwD.... I I!lt~IID -tim l Itlml II!~J:~lIn-J:lml 

Salt 1.8E-l 2.8E-8 6,8E-3 
Granite 5.0E+3 4.1E-4 1. OE+2 
Basalt 6.2E+3 5.9E-5 1. 5E+l 
Shale 1.9E+3 1.5E-4 3.8E+l 
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Thble C.lO Radiation exposure from normal construction and operation for repository preclosure period 
(Dating et al. 1990, Thble 4.13) 

Expos u~e Category 

Construction 
Muilllally Exposed 
-Annual 
-SO-yr 

80-100 Population 
-SO-yr 

Operation 

[stlJlated SO-yr 
Do$!! COl!'!!!itment 

Indlvidual 
0.044 Jl re lll 
0.42 mrem 

2.0[ .. 4 person-lIIreli 

Maxillilly Exposed Indlvldual 
-Annuil 0.17 mrem 
·50·yr 5.6 mrem 

80-kla Popuhtion 
-SO-yr 3.9E+5 lIan-mren 

Thble C.lt Total radiological worker fatalities from construction and emplacement periods of three alternative 
Repository Sites (Daling et al. 1990, lable 4.20) 

I!ili:llltlggiul Fltill alu(a) 
lIute 

Geol09ic Underground Underground Handling 
!ldlulIl !:ItOU(Yt1!ItD IIU(ltlltDS Oll:lIUtlltlli -IWL 

Salt 1. 4E -2 4.4(-2 1.5[00 1.6EOO 

Tuff 7.lE-1 4.0EOO 1.0Eoo 5.8EOO 

bait 1.6[00 5.4(00 1.9[00 8.9[00 

(a) 8ued on S-yur construction and 26-yur Hlp1aclIMnt 
operations period. 

Table C-12 Occupational dose during normal operation and from a shaft drop accident for repository 
preclosure period (Daling et al. 1990, Thble 4.5) 

Number of 
Persons Average Annul Total Don 

SCllnl(\p Inyolved lIose (rem/vrl (person-am/tr) 

Reference case 
· Nonul Operation 1,000 D.' ." 
· Accident 300 l.S '" 

ClSe I 
· NO nlal Operation 1,068 1.2 1,295 

Acc ident 352 I.' ". 
elSe 2 

· Nonnal Opention 1.045 1.1 1,188 
· Accident l32 1.6 532 

elSe 3 
Nann I Operat ion 1,985 1.2 2,301 

· Accident 603 I.' '" 
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Table C.13 Public dose during normal operation and from a shaft drop accident for repository preclosure 
period (Daling et al. 1990, Table 4.6) 

Whole-body Dose 
Scenario 

Reference Case 
- Normal Operation 
- Accident 

Case 1 
- Normal Operation 
- Accident 

Case 2 
- Normal Operation 
- Accident 

Case 3 
- Normal Operation 
- Accident 

Public Dose 
(person-remlyr) 

1.5E-5 
6.5E-2 

5.0E·6 
5.6E·2 

7.7E-6 
5.6E-2 

1.1E-5 
5.6E·2 

• Case 1. Simple encapsulation and disposal of spent fuel after 
storage at an away-from reactor storage facility (AFR) for 9 years. 

• Case 2. En~apsulation of fuel, end fittings, and secondary wastes 
after choppIng the fuel bundle and removal of volatile materials. 

• Case 3. En~apsulation of fuel, end fittings, and secondary wastes 
after choppIng, removal of volatile materials calcination and 
vitrification. " 
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Table C.14 Summary of repository accident releases, frequencies, consequences, and risk values for repository 
preclosure period, operations phase (Daling et al. 1990, Thoble 4.11) 

Accident Relene Frequency Consequences{i} Risk Vllue 
l1~m:jlltjllll glllllm~ leil Illlr ~rl IlIlulIll-rlmj (tter)on-rm(xr ) 

Fuel truck H·l; 3 2.0E-6 2.0E+3 4.0£-3 
cnsh into Cs·134; 300 
HlW irU Cs·137; 70 

Fuel truck FP(b) ; 400 2.0E-6 2.0[00 4.0[·6 
crun into Actinidu: 0.1 
chd4ing 
waste uea 

fuel truck Actinidu: 100 2.0£·6 4.0£+1 8.0E-5 
cnsh into 
NHLW I ru 

Ai rcruh into 11·3; 3 1.0£-7 4.0£+3 '.OE·4 
"ceiving Cs-134 ; 300 
ilrea Cs-13 7; 70 

FP; 400 
Actinides; "G 

[levator drop H-3; 4[-3 4.0E ·8 5.0£-2 2.0E-9 
fP ; 1£-2 
Actinides : 4£ -3 

Non -HUI Actinides: 0.02 5.0[-2 8.0E-1 4.0[·4 
pi llet drop 

Fi ni' filter Actinides; G.' 3.0E-3 2.0[00 6.0£-3 
h ilure 

lot.l Preclosure Risk 1.0[·2 

"J Popuhtlon doses Ire SO-yu r whole-body don c_ltaents . 
(bJ FP • Vlrlous fi ss ion products . 

Table C.IS Radiation exposure from accidents for repository predosure period, operations phase 
(Daling et al. 1990, Thoble 4.14) 

NUREG/BR-OI84 

Accidlnt 

Spent fuel Drop 

c.onneTt ; al HLIi Drop 

Spent fue l HiindJing 

lIeraote lRU Drop 

( ontilct TRU Puncture 

TRU = transuranic 

Hu ilully Exoosed 
Jochvi!juill I",rrmj 

4.68£.' 

2.74EOO 

3.98[-2 

3.10E ·3 

2.07£ -9 

HLW = high level waste 

C.50 

Populat Ion 50-yr 
Dose toarni t illtnt 

Iptrson-mrlm) 

2.99£+3 

1.75£.2 

1.29£.;3 

1.98[ - ] 

6. 70£-5 

NHLW = non-HLW 

( 

( 

( 
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Table C.16 Occupational dose during repository operation (Dallng et al. 1990, 'Thble 4.15) 

/timber of tollectlve Don 
e,J.h:lh Wilt~~n !eln!ln-rl .. /~tl 

Recllvillg 35 44.8 

lIancll1n9 Ind Packagln9 16 ••• 
Surface Storage to 

~hceJl\tnt ttorlzon " '.0 
[~laCt!lI\fnt 

Vel'tical 18 U.4 

Kol'lZontll , e. , 

Thble C.17 Summary of annual occupational exposures for spent fuel and IU..W operation at a tuft' repository 
(DaUng et at 1990, Thble 4.16) 

Qm.t1!ln 

Receiving 

Hlndl i ng Ind Packaging 

Transfer to Underground 
facilities 

Shift Accns 

Rillp Accea 

E"placement In Boreholes 

vertiCil 

HOl'izontal 

Retrieval fr~ Boreholes 

VertiCil 

tIor i zontil 

Return to Surface (R.~p) 

Hindling, Packaging, Shipping 
10tl1s(al 

Shaft Access/Vert. Empl. 

Shaft Accea/tIoriz. fapl. 

Rimp Access/Vert. Empl. 

Ramp Access/Horiz. [llpl. 

Totll Nu.ber 
pf HPtkcrs 

35 

" 
• , 

18 

" • , 
11 

lobl AIInull Dose 
(p!!rspn- Clm/~r I 

44.6 

12.3 

3.35 
2.68 

12.4 

9.59 

12.6 

8.86 

2.6B 

1M> 

12.68 

69.84 

71.98 
69.17 

tal lotah do not incll/ele I'etrieval .nel lo",dout operitions. 
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Thble C.lS Estimated SO-year whole-body dose commitment to the public, maximally exposed Individual 
workers from accidents for repository preclosure period, operations phase (Daling et al. 1990, 
Table 4.17) 

NUREGIBR·OI84 

"' .. IIII11y 
E:JIpond 80 kill Popu-

indlvidull lItlon Don lIork,r 
6"ldIDt ~'I~lrIQ IlsIll 'rlml {!!tuIID-tll!!l III!:UIID-r:!:mj 

Hatun' Phenolllena 

Flood 2:8E -11 1. 2E -9 5.0(· 10 

Eartllquake 2.4[-4 3.IE-3 0.31 

Tornldo 2.4£-4 l.lE -) 0.37 
Hin-liide Events 

Alrcrlft illPlct 6.8[-2 110 5.5 

Huclur Test 2.4(-4 3.1E-3 0.37 

Operltlonll Accidents 

Fuel Assembly Drop 5.3[-6 8.0[ -S S.IE-3 

LOld l ng Oock Fin 

Spent Fue' 2.1[-2 6.8E-3 8.9E-3 - 3.5(1) 

to_rcla1 HLII 3.U·) 9.2E-4 1.5[·3 - 0.6(1) 

lIaste Hlndlin!! Rlmp 
64 (b) fire 1.8[ · 7 3 .6[-7 3.8E-8 • 

Ellpl ace~nt Orl ft 
lSo(b) Fire 1.8E-7 3 .6[-7 3.8E-8 -

(I) Tile first vilue repreunts tile estillllt,d dose to wo r kers It the site 
surflce and subsurface facil i ties; the second value Is for the worker 
exposures at tile lOldi ng dock . 

(b) The first Vl l ue Is fo r the doses to worbrs In the surface facilitiu; 
the second value is for underground waste 'mphcpent If(Irkers . 

C.S2 

( 

c 



Appendix C 

Thble C.19 Preliminary risk estimates for postulated accidents at a repository in tuff for operations phase 
(Daling et al. 1990, Thble 4.18) 

htillolte<i 50-yr Dose 
frequenc)' C_it_nt Popuhtlon Risk 

S"llIt!ll S,!;t!llrlll In~1I1$txrl 11I~Z:$IID'wl II'l~UI!II-z:tm£~rl 
Nitural PhenOllen. 

flood 1.0£·2 1.2E-9 1.2E·1I 
ElrthqUlke <1.3[-3 3.IE-3 <4.0{·6 

Tornado <9.1£-11 3.1£-3 <2.8£ · 13 

M.n-!!Ilde (vents 

AircrAft illlPlCt <2.0[-10 1.lhZ <Z.2£-8 

Nuclur Tnt <1.0E-3 3.1[-3 <3.1[-6 

Operatlon.' .ccidents 

fuel Asse~bl)' Drop 1.0[·1 8.0E-5 8.0[·6 

Loading Dock Fire 

Spent Fuel <1.0[·' 6.8£-3 <6.8£-10 

COIII'Derclll HLII <1.0[·' 9.2£·4 <9.ZE-li 

Waste Handling Ramp 
Fire <1.0[·' 4.8[·7 <4.8[-14 

Emplacement Drift 
Fire <1.0[·' 4.BE-7 <4 .8E·]4 

Tot.l 1.5[-S 
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Table C.20 Frequencies and consequences of accident scenarios projected to result in off site doses greater than 
0.05 rem for repository preclosure period, operations phase (Daling et aI. 1990, Table 4.23) 

Frequency, Consequence 
Accident Scenario Descrjption per year mrem 

Internally Initiated Eyents 
Crane drops shipping cask, cask breached 5E-6 340 

Crane drops fuel assembly in hot cell, lE-8 170 
HVAC fails 

Crane drops open consolidated fuel container, lE-9 1100 
HVAC fails 

Container dropped in storage vault, filtration 3E-8 230 
system fails to activate 

Externally Initiated Events (all caysed by earthqyake) 

Crane fails, falls on or drops cask in 5E-8 340 
receiving area 

Train falls on cask 5E-8 290 

Structural object falls on fuel in cask 5E-7 110 
unloading cell 

Crane fails, falls on or drops fuel in lE-6 110 
cask unloading cell 

Structural object falls on fuel in 5E-7 110 
consolidation cell 

Crane fails, falls on or drops fuel in lE-6 110 
consolidation cell 

Structural object falls on fuel in 5E-7 330 
packagi ng cell 

Crane fails, falls on or drops fuel in 1E-6 1100 
packaging cell, HVAC fails 

Structural object falls on fuel in 5E-7 200 
transfer tunnel 

HVAC = heating, ventilation, air conditioning 

NUREG/BR -0184 C.S4 
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Thble C.21 Occupational dose during Donnal operation and from accidents during decommissioning and retrieval 
phases ofa repository (Daling et al. 1990, Thble 4.7) 

60DIII1 Ilg~~ !UUIID-[IIII!n) 
Sccnl[ip Otc!!IIIDluiPDiD9 R~trjenJ\ij 

Reference Cue 
- Nonnl Opention • "3 - Accident • .. 

tue I 
NOnllal Opention 2l .88 - Accident " '" 

tue 2 
- Hormal OJ)eration " '" - Accident 15 US 

Cast 3 
Nonnl Opention " 1,116 
Accident 28 ... 

(I) 8epreunts s .. of dosts fro. .ute rftIOYJ', offgu rlco'llry 
and "luse, fond !!lini ng fond dr1111ng "tl.,ltlls. 

tlse 1. Simple enClpsulltlon Ind disposal of spent fuel .fter 
storage It an aWly- froll! relctor storage flcility (AfR ) for g y • • rs. 

CIS' 2_ £ncapsulitton of fuel, end fittings, and s.condny wlStes 
after cbopp lng the fuel bundle Ind remoya' of Yohtile literl ah . 

Cne 3. Encapsuhtion of fuel, end fittings, and secondary ,,;utes 
ilfter chopping, removill of Yohtile . Herhls , ca l cination, and 
Yltri f tclt ton. 

Table C.22 Comparison of nonnalized public accident risk values from various studies for repository 
preclosure period (Daling et al. 1990, Thble 4.27) 

Risk. 
OoClI!'cnt (M:nor-rem/KTUl Cpmneot 

G[lS 8.U-9 0" Icctdent 

8ecMe 1 (1979) I.IE-IO 0" Icctdent 

WaHe et ill. (1986) I.YE-8 fhe iCcidents 

Jackson et ,1. ( 1984 ) 5.H-9 Teo aCCidents 

trdmann It , 1 (1919) I.B[-6 Scven accidents 

Pepping et ,1. (19Bl) 6.3[-10 One aCCident 
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Thble C.23 1985 Revised EPA estimates of 10,OOO-year health effects for 100,OOO-MTHM repositories in basalt, 
bedded salt, tuff, and granite (Daling et a!. 1990, Thble 4.29) 

,5;'~QI[h! ..IwlL 1!~!iI!il11I ~iH (a) lIIlf iLIn11< 
Unel l sturbtd " 0 0 IS' 
Drilling (misses 2.30 3. J6 0 0.92 

c .. nister) 

Drilling (hits 1.73 
canister) 

3.41 0.44 0.44 

Faulting l!..L '--- ..., ---'..!.! 
Toul Health Effects 125 6.57 3.H 194 

(" Palo Duro Basin 

Thble C.24 70-year cumulative maximally exposed individual and regional population doses for the 
two peak dose periods for a tuff repository (Daling et al. 1990, Thble 4.35) 

NUREG/BR-0184 

Orun 

Total Body 

Sone 

Thyro i d 

Gastro· i ntest ina1 

Qrs~n 

lotal Body 

Bone 

Thyroid 

Gastro· i ntest inal 

Accumulated 
Dose at the 

27.POO·Y@ar Peak 

0.1 

0.' 
1.0 
•. 0 

AecumuHted 
Oose at 

2Z. QQQ Yean 

1.0 

' .0 
600 

1DO 

C.S6 

Acelllllllhted 
Dose at the 

lSD.OOO·Year Peak 

0.1 

3.0 

1.0 

1.0 

Accu,.uhted 
Dose .t 

Z~Q .QQQ Yr:lr~ 

1DO 

4 ,000 

600 

.DO 

/1'." <.'. ( , 
\ 

( 

( 
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Thble C.2S Peak conditional cancer risks due to ingestion for the l00,OOO-year postclosure period for a 
90,OOO-MTU spent fuel repository in bedded salt (Daling et al. 1990, Thble 4.38) 

SUnlrio (Huaber) 
And Ducrlotioo 

(I) aorellole(s) with 
lower Aqul ftr 
lIells 

(l) U-Tube wltll Upper 
Aquifer lrells 

(3) Dluolut 100 
Clvlty wl tll lIe!!s 

(4) Borehole(s) 

(5) U-Tube 

(6) Borellole(!) Inter­
secting I 
C,oister 

Zone I: Aru fro. 
Repository to RlYer 
40 kill AwIY, Phu 6 kM 

Along RiVer 

a.O£·2 

2.0[-1 

3.0E-1 

1.0[-6 

2.0£-6 

3.0[-6 

Zone l: Aru 
aoundlid by I 40-b 
Stretch of River Ind 
2 km Alona aotb Sides 

8.0[-1 

4.0£-6 

7.0£·6 

1.0£ ·6 

1.0[-6 

2.0[-6 

Thble C.26 Radiation exposures from routine operations at the MRS facility (Dating et al. 1990, 'Thble 4.42) 

frill ,!,lIlllli] B~]uu 
P",thwlY lod location "ulIll11)' Exposed Populitlon 

10 I.bt BIId~ lOdlxldYiIi] l(~!ll l RCnQQ- u:ml 
Totll Body , .. • 10-4 , . ,,' 
aoo. 3.0 x 10-6 , • 10-1 

l,,"gs 2.4 x 10- 4 , . ", 
Tllyrold 1.3 x 10-3 , • ", 
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Thble C.Z7 Radiological impacts of potential MRS facility accidents for sealed storage cask at the Clinch River Site 
for operations pbase (Daling et al. 1990, 'Thble 4.43) 

Accident 

Futl Auellbly Drop 

Shipping Cuk Drop 

Storlge Clsk Drop 

location 
In tbt blHlw 

Total Body 
Bone 
lungs 
Thyroid 

Totll Body .... 
lungs 
111yrold 

lotal Body 
Bont 
Lungs 
Thyroid 

SO·Yur Oou C_ltMDt 
tp the Pub) Ie 

"nlNlly Exposed PopulitiOfl 
Indlyldu.l 11'111 'pmon-nml 

·3 4.4 x 10_
4 1.4 x 10.3 4.6 x 10. 2 2.9 x 10 ., 

!U x 10_ 5 
3.0 x 10.4 
1l.6 x 10_] 
6.0 x 10 . ., 

.9 x 10 5 
2.9 x 1(4 
g.] • 10 ] 
5.' x 10-

3 x to:~ 
1 x 10_Z 
3 • 10_ 1 Z x 10 

Thble C.Z8 Occupational dose from MRS facility operations (Daling et al. 1990, 'I8ble 4.44) 

Operatlpn 

Receipt aDd III'Iloadlng 

Conso) Idlt Ion 

loading Consolidated 
Fuel RodS 

M, Inttnlnce/Mon I tori ng 

EllpllCllMlnl ilnd 
Retrieval 

lotal 

Unit Occupdlonal 
10mon-nllll.ppQ IUU) 

58 , 
• , 

III 

" 

Thble C.Z9 Summary of occupational doses from MRS facility operations (Daling et al. 1990, 'Thble 4.49) 

Operttlon Iptrson-rcm/yrl 

R'Cllpt, Inspectlon, Unloading 14B.0 

Trlnsfel' to 5torilgl Casks 6.Z 
("I'lac_nt In 5to1'ilge Area 1.Z 

Survelllancc In Stonge Arn 5.] 

Retrieval from Ston91 Arta 1.1 

Trlnsfer to Process CI11, 4.0 

SlI1paent to Repository J.!Q...2 

Tolll 31B.7 

NUREGIBR-{)184 C.S8 
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Thble C.30 Occupational dose estimates for selected MRS operations (Daling et a!. 1990. Thble 4.50) 

Oo"ltiOO 

Consolidate and pach'll flltl 
Consolldlte and packagl 
non-fuel coeponents 
Receiving and unloading Truck 

Rill 

Occupational Dose 
Ipmpn-mrem/l ,OOOnlU} 

3.' 
1.1 

Il5 
2S 

Thble C.31 Summary of MRS drywell risk analysis for operations phase (Dallng et a!. 1990, Thbles 4.45 and 4.46) 

l.to.1 
f" o."'1 ~.I . ... h o, .. 
b..c...lur.... w..w..u f..W.I..l1.J.u -.J.UL 

T ... ,p.,to, c.nlolo. d.,Iog 
... pl.co ..... t 

- •• fI .. 

· fI,. 

TrI.'po't .. ,.111 , 1 •• d.,I"'l 
' "tr ll,,1 

- "" pl. fo Ll.,t: .0 fI .. 

- pin fo tl., .; "" fI,. 
- "" pl. fon ... ; fI .. 
· plo f,Il.,,; fl" 

t "o,P" to, .. II • • • tth 
"ohl., p .. l ll n, In phco 

_ I,,_nl 

I . l (·a 

1.1(·/ 

'.9[-1 
t.lE-! 
1. 4E _! 

U(·! 

',6.(· l 

'" " 

" '" 
" " 

· "I" '." ; no pin fo ll.,o '.U·l II 
· 'ot,I ••• ,; pIn fo ll." 

C.nl .... d ... - •• pl . ...... l 

C, .lsto, d' lI!I ... 1,1 . .. 1 

'10'0 ct .. h, n. fl .. 

' 10 .. ""h' flro 
[ .. Ih .... ~" n. pl. fill." 

h,th""oh; pl. fill." 

'0101 

~.I.... ~.I.". l1POO w..w..u I ~I .I[I< [,rail 

).1[·1 

I.1E·. 
I.I[·! 
'.0(·10 
1.1[., 

' .IE·' 
' . IE· ' 

• 
" " " 

AU_" 0"'9' 'or 
c •• " ... 1"010"" 

I. E .. " 
fn,."" "p •• 1 .. ,. 
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( 
Thble C.32 Summary of results of MRS operations phase (Daling et aI. 1990, Thble 4.48) 

fr...,-cy llurtler of .. I ••• 
_. 

'ilk 

!S;lilsBnI lliachl ImIlUllr:t~ ~1I1i!1111 """'" M;fl llliatl 

F~I bunDly Orap During ~...:llne IE-I "·5 4f-6 

Drap of Tr-.port CUk During ~o-1l,.,. 

'"' "·5 " "., 2f-6 
Drywtl >E.' " "., ]f-S 

Ventlne of t .. k Durlt$ lr.,.port 

'"' 
,,., 

" 
, If-' 2f-4 

O,..,...tl 3E-2 , , "., If-4 

toUlllon Durlrv In,..part , .. , "., " 
, lE-I 2f-5 

Orywlt ,,·5 , , 4E-] "., 
totlilion with fir. Ourl,.,. Tr.,.port 

'"' "., " 5 5E-l If-6 
Or,wl t "., , 5 "., 4E-9 

CIonllttr Drop Ourlre Errpllu.rlt 
Drywll n-6 , 4E-] 4E-9 

CIonliter Shur During ~lec:lftlent 
0...,....11 "., , 'E-] "., 

CIolk Drop Dur1rv Eq)llc_nt .,." IE-5 " 
, IE-I 1£-6 

10/'Ndo )!illn. "-tr.tlon 
Cull'. "., " 

, "., 2f-7 
Or.,..,.11 IE" " , "., 4(-6 , 

PI_ Cruh TOR>I., CIo l k with Fir. ( 
Cisk "., " 5 Sf-' ]£-9 \. 

PI_ Cruh Plus fir. 
Cull'. "., " 5 5E-' 4£-9 
Orywell "., , 5 "., 4£-9 "., " 5 "., 4£-9 

Elrtlq.illr.. 

.,." "., " 
, lE·l 4E-7 , .... ,,,. , lE+l 4E-7 

Orywetl "., , , 4f-3 ]£-8 "., " 
, "., , .... "., "'. , ,., SE·8 

Totll tilt; '"' 2.3E-4 
0,..,..11 1.4£ -' 

LCF = latenl cancer fatality 

( 
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Thble C.33 Projected maximum individual exposures rrom nonnal spent fuel transport by 
truck cask(.o) (Daling et al. 1990, Thble 4.61) 

-,~ 
o Ittarw:. 10 '-' DIII. alte 

'ServIce or Actlylty) ccmsc of cult li_ m 10111 Do" 

"""'" P""'"iIcrs In vtlhh:t" tr_llng ". 30 .. In 40,lr ...... ln 
In ..:iJKent 1_ In the __ ,~. 

direction .. Ullt whitt. 

Iuftj, 2ti!!r!.!5;~IBI 

' .... ru.n In Slopped vehicles In ,. 30 .. In 100 IIr"'8\11\ 
1_ wtj.,ent to 1M CMIt .... hltt. ,~. 

wtllch Illve It~ eta to InlHc 
obltru.:tlon 

Ba'!&!m I!II elS!au!!!!i 

StOll tr_lt (eta 10 Irsfflt ,. 6 .. ln 70 IIr ..... llll n 
conlrol dwlc .. tllr~ srel III III 0 .4 Weill 
,*,"tr \_) 

Truck Itop for driver's rHI. b· " . ._. 6 IIr""'lIIln 
pIIIurfi 10 r .. 'dents IIld pllanr l ·by. (.NUIIN _mlghO 'wn 

SIOil tr_1t IlIr~h .rc. IIlth .. , 6 .ln 20 .. rtlll/m;n 
r .. ldenll (hCIIIH, t...;lnH"'. 'IC.) 0.1 ... ID 

1MIt ht'Vtdoq 

Refuellru (100 e-tton c~Ity) 7. 60 "rtlll/lllin 
(It In) 

. I nonll fnn I ~ 40 .lIn 2~. 

. 2 nonl" frc. I purp 20 IIIln I r. 
lOld iNpectlan/enforc_nl " 12 IIln 160 jlr-.fmln 

(nelr person-el 2w. 
t>.rrler ) 

Tin cftq! or r!pl;r 10 u sk , . 50 IIln 100,lr811/",;n 
tretter Ci",lde tire ' r~ 

nurest Clsk) 

SUtl welSflt se.l .. ,. 2 IIIln 110 IIr""'lII;n 
0.2 _OlIn 

tl) Thll. uposur .. should not be IUltlplied by the .. tted I'ilIIUr of .hlllftS\U 10 I 
repo. ' Iory In ... IU...,I 10 celCOlllu toul .xpowr .. to In Indl ... tpl; the,Me 
per.cro """,Id probably not be Iapo&ed for .... ry dl t ,..-ol. nor """,td thll' _1_ 
upo&Urtl clr~Ienc:H rwtllJlrlLy Irln during l'\Iery 5hi~t. 
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Appendix: C 

Table C34 Projected maximum individual exposures from Donnal spent fuel transport by 
rail cask(lll (Dating et al. 1990, Thble 4.62) 

(S'rvl" or mlxitxl 

'uMf'Cil!l'"' In r,1I ~I"I or hI\lh­
WIY wIIlcl .. tr ..... llroe In ._ 
direction Ind Ylclnl1., II cut 
"""Iclll 

luffic Ot.tryctiS!! 

E.q)OSUI'es to pIIIrsQN 11'1 ylclnh., 
01 1t~.lowed nst vothlch 
cUI to r,1I tr,Hlc obstru;:tlon 

I!nlOmu and Pedntrl .... 

Slow tr_It Cthroullh union or 
cIve to tr.fflc cOl'ltrol deyices) 
through .rtl with pec!estrl_ 

Slow tr_1t thrqh Irtl with 
r .. ldents Ch_s, buslnessn. 
etc. , 

tr.ln Uap for crw" ~SOOIl 
nIIds (food, crw charG •• first 
• Id. Itc.) 

Jr,ln Strv!c!fJiI 

(ngloe r.fuellng. c.t CI\ar1;JH. 
train .... intlll'W'lC • • • tc. 

c .. t I~tlcl'/enforcement by 
train. IUt! or feder.l offlci.1t 

c .. t e.r cCIO.fII.r Inspeo;ticn/ 
_'ntlll'W'lC' 

.... d •• wh .. l 0( btu. I~t'onj 
L\.t)rl~tlcn/lMinten6nC<! on ~sk 

'" 

Diu....:. to 
CtnW 9f Cuk 

". 

'm 

a . 

zo. 

50. 

". ,--
3. 

,. 
,. 

25 "'1'1 

10 lIin 

10 .1" 

, ...... 

, ...... 
10 .11'1 

20 .11'1 

]0 .11'1 

... ,­
DOl! .. t. 

a 1ml pm 

70 .rCIII/ .. in 
0.1 ..... 

30 .. rCIII/llln 
0.] r_ 

5 .. r .... ln 
0.6 .... 

50 .. r ..... ' n 

zoo __ 

,-~ 

70 .[Clll/ilin ,--
90 ,,[Clll/ilin 
3_~ 

CI) Thes. UPOi-UI'II shClUld not be IUltIplhod by the lllpectecf I'IUIWr of Ih lpnenll to. 
~,1t0ty In., IU"",! to calcul.t. t01l1 lIIPO,utH to an Irodlvl6Jt" the sa. 
pIIII""ton IOCIUtd prllblbl., I'IIt t.. I!xpliIed for .... ry shl~t, nor would thll. _t_ 
upo.,.... clr...-tltlCu nec_sarIL., .rlM carl"" .... ,.,. sht~t. 

Table C3S Summary of results from the NRC for spent fuel shipments (Daling et al. 1990, Thble 4.54) 

HOnll.l 
Popuhtlon Accld,nt Risk. 

Shl pllfnU DoS'. latant C.ncer 
lW: -""- fn hi![ 'RltJRII ' u:ml ul 'hUl11 1 ul~(1 

1915 Trutk '" 93 .80 o.on 
hll " 7. 78 0.021 

1985 Truct 1,530 565 .0 0.29 

Rill '" 298 .0 0 .' 
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Appendix C 

Thble C.36 Maximum individual radiation dose estimates for rail cask accidents during spent fuel 
transportation (Dating et at 1990, Thble 4.63) 

bu illlum)hl 
Plul!Ie Ground 

.!!J;J;ldclI~ '1m IllbllUllID ..... """-
ltaplct '" 10 .1 12.3 

illlplCl and Burst &.130 71.1 90 .9 

IIIPlct, Burst .. , 
Oxldltion B,950 '" 101 

(.) The ulxi •• lly exposed individual dose occurs lbout 
70 ~eter5 downwind of the release point and 
IS$U"S that the Individual rl~llns It this locat\on 
for the duration of the pnUge of the plUM of 
nuclides that Irt released. 

Table C.37 SO-year population dose estimates for spent fuel rail cask accidents with no cleanup of 
deposited nuclides(a) (Daling et al. 1990, Thble 4.64) 

.It£i~N lanE Imll.SiS!!! -'-- -"""- IIIIIl IriI.IIHm -"""- -"""- ....lW.L ,-, 
Dose (person- r_l 3.09 0.33 '" '" 0.005 0.0005 1.45 1.45 
l.lent 1£,1 th 0.19 0.00029 
tfftcU 

loopact .rd Burst 

Dose (person- recll) '''' 2.23 13,400 13,500 0.16 D.ODl' 2D.S " l.tent ~£,I th 2 .7 0.0042 
EfftcU 

lllpllet, B .... st .rd 
Oaidlltion 

OO!;f \person'r_) '" 17.2 11~,OOO 112,000 0.24 D.27 '" '" '" b 22 

(I) Tht around a_ don is whIot would bit rtclhed if lIeh -mr of thl populilion sllyed It Ih s_ 
location for 50 yeers. The im.htion dose II • 50'yelr dose ccrrmhmellt from inhllnion 01 Ihe 
pIIssir\i "IUIIe. DOln Itl for the populilion within 80 kUaneters of the rtlnse point. I I is ISS.....ed thlt 
the~e i5 no t:leaRIP of Cleposilrd ruclidts and thll no olher rnUSt.lrK Ite used 10 rrdo..ce rltd'ition 
e.posufu. .4 

(b) Bued on , person·r_· 2.DE lHEs . "' LKf is define<! here IS In urI'll ,..-cer cIrlth bo,o In e.posed person 
or I .. rl .... II_Ik hfllth preble. In the h.o 1I ........ Ilons Ifter tl\c1;e expos ed. Aix>u1 "'If 01 lilt Lllh Ire 
upeet"" to be cancers .nd the rell II"nnlc hlllih probl_. 

LHE = latent health effect 
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Appendix: C 

'Thble C.38 Population radiation exposure from water ingestion for severe but credible spent fuel rail 
cask accidents (Daling et al. 1990, 'Thble 4.65) 

A"ldent'lm 

l..plc.t 

Implct Ind Bunt 

I IIIII,ct, Burst 

Tohl Reluse \') 
from !!ill (uk ICL 

8.07 

J5) 

1379 

Popuhtlon Dose 
Effects frOl Water Ingestion 

182 person-retll 
0.036 lHE(b) 

6870 persoll-rllll 
I . • lHE(b) 

63 ,000 person-rem 

12.6 LHd b) 

(I) The nobl e glS Kr-85 15 omitted bec,uu of Its negl1g1bJt uplike by I 
surf.ce w,ter body . 

(b) THE e5tl.lte$ Ir, based upon I p.rson·r~ - 2.0E-4 lHE. 

'Thble C.39 Summary of spent fuel truck and rail transportation risks (Dallng et al. 1990, 'Thble 4.58) 

AnnUli AV'rIge 
Qu.ntlty Shipping ProbAbility of 
Shipped, Dtshnce, HUlllber of One or HGre 

tlgdtWlltl &U: lII!I!Lul IIsII l~bIR!llIlJ.lilnl ILHELYrl 

Truck 

lSO-dilY 38' ." 88. 2.2E-5 

. ·yr )" ." 88. 3.6E-6 

Rill 

IBO ·day I,H4 912 '" 5. 5£ -5 

4-yr I,H4 912 '" B.3E· 7 
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'Thble C.40 

Appendix C 

Summary of the routine transportation risks for tbe waste management system without 
an MRS facility (DaUng et at 1990. 'Thble 4.59) 

8Igg~11g[~ ~g'.tIAB 
Duf 

~I lo11ll h".1I1, """'" 100S Truck fro- origin 
Sf to Repository 

Ridlologl cal (I) '.2 '.2 10 
Nonnd1010glul (b) " " 'I 

HLW to Repository 

Rldlologlul 1.7 2.1 2.1 
NonrJCItologlul '.2 7.' 1.' 

100S Rail fro.. origin 
Sf to Repository 

Radiological 0.18 0. 24 0 . 25 
Nonndlologlul 1.0 I., I.. 

IIll/ to Repository 

Ridlologtul 0.063 0.079 1i.074 
Nonradlo log lui 0. 64 0.84 0.79 

lQJAU 

Truck froll! origin 

Rldlologlul 1.9 II 12 
Nonridlo logle. l " " " 

Rilil fro_ orl91n 

Rldlologleil 0.24 0.32 0.32 
Nonradlologieal I.. 2.' 2.' 

II.) Rldtoioglcal hulth efhcts Include lethal encer flu- lllin and 
genetic effects In all gentrillions. 

Ib) Itonridlol091CII fatalities. 

SF = spent fuel 
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Thble C.41 Summary of the routine transportation risks for the waste management system with an 
MRS facility (Daling et al. 1990, Thble 4.60) 

Duf 
BIRQlitR[l LR,.tiRB 

tklde lIi11lI ~II"I tit, IIiIllW 
10~ Truck frolll origin 

SF to MIlS 

Rldlologlnl(l) ••• ••• • •• Nonrldlologlcal (b) '.1 '.1 9.1 

HLW to Repository by Truck 

Radiological 1.7 2.1 '.1 
Nonndlologlcal .. , 1.' I.' 

100S Rail froa origin 
Sf to MIlS 

Radiological 0.14 0.14 0.14 
Nonradlologlcal 0.92 0.92 0.92 

Htv to RepoSitory by Rail 

Radiological 0.063 0.079 0 .014 
Honradlologlcil 0.64 0.84 0.79 

ISOT Rill froll MRS 

Radiological 0.015 0.054 0.042 
Nonradlologlcal ••• 1.0 '.1 

Ill1lli 

Truck (rolll origin, 150T Rail frOll MRS 

Ridlolo9tcal 5.' .. 5.1 
Nonradlologlul " 18tc) " Ran (roil origin, ISOT Rail (rolll I1RS 

RadiologIcal 0.24 0.27 0.26 
Honradlologlcal 5.' " 1.' 

'" bdlologlcal h .. 1th effects Include lethal cancer fatalities Ind 

I" <I 

glnetlc effects In ,11 9tn.ratlons. 
Monradiologicil htalltlu 
An error 111$ found In the source doculllllnt. The value In this 
tabh Is believed to be correct. 
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Thble C.42 Aggregated public risks for the preclosure phases of the waste management system without 
an MRS Facility(o) (Daling et al. 1990, Thble 5.11) 

System EleHllt 
Operating Phase 

Repository Preclosure 
Construction 
Opent Ions 
OecOlm'lhs lonlog 

Transportat ion System(d) 

Rldiologiul Rhks(b) 
ILHEIyr! 

Routine 
Accld~ots Operltlons 

'IA 
6[-9 

Infonliition 

'" AVillhble 

H-5 
9[-4 
2£-11 

Operations ][·3 9[·2 
9E· 2 Totll Aggregated Rhks IE·3 

(For Flcl11ty Operating Philses Only) 

Nonndiologlu1 Risks 
Accidents ROutine 

(IIn1tll 
Ihtlljt!I!$Ixr\ effects/vel 

«) 
«) 
«) 

](·1 
3[. ] 

Negligible 
Negligible 
Negligible 

1£·2 
IE·Z 

II) Risks for the f.cllity operltlons phlse Ire annual risks for iI fully 
funct ioning wilste mlnlge~ent syste~ operltlng It I 3,000 HTU/yr 
throughput rate. Risks for other filClllty phlses are leveliled Innual 
risks pronted over tht number of yein requi red for the specific phue. 

(b) Health effects Include latent Cincer hullttes plus first Ind second 
generation genetic effects. 

(c) There Ire not expected to be site·related public nonradiological 
hhl1tlu. Tnfflc-rehted public hldltiu Ite Included with 
trlfflc·related worker falallties In Table 5.12. 

(d) Shipping lIodes Itt IS fo llows: spent fuel, 30% truck Ind 70~ nil; 
HtW, 100\ rail . 
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'DIble C.4J Aggregated occupational risks for the preclosure phases of the waste management system without 
an MRS facJlity(~ (DaIing et al. 1990, Thble 5.12) 

NUREG/BR-O I84 

51st, .. [lllHnt 
Op.atlno Pbu, 

Reposi t ory Preelo5ure 
Construction 

Operations 

Otco ..... hslonlng 

Tr.nsportltlon Systl~(c) 
Operatlonl 

hdlologtul RiSksl b) 
(lHE l yc) 

Rout Ine 
ACCidents Ooer lttgn$ 

N/A 

6E· 5 

Inf or'lIItion 

'" Ayalhblt 

Incl uded 
With Public 

Risks 

1[. ) 

2£ -2 

][-1 

Tot&1 AggregAt.d Risks 6[-5 
(for fiCIlU! ClD. r itlng 
PhnlS Only) er 

Honradlologlu) Rish 
h.ctdents Ooltltlons 

(hulth 
(fatllttles/ycl ,(fects/ yrl 

2£+0 " Slgnlflclnt 
I .. pu t 

3(.0 ,. 
Signif lunt 
I~I't 

8[ · 1 ,. 
Stgniflunt 

Ilplct 

8[ -1 Inforll.t ion 

'" Av,lhble 

3{.O Infol'1ll.t Ion 

'" AVllhbl. 

I') 

Ib) 

I') 

Risks for the hcillty op.r. tions phIS' Ire ,nnu.l r i sks for I fully 
functioning w.ste •• n.g • .,nt syste. operating It , 3,000 "lUl ye 
throughput Cit •. Risks ror oth.r hcllHy phIS" Ire l.v.IIUd Innu.l 
r i sks pror .ted over t he number of yelTs required for the specif ic ph,s •. 
Hulth eff.cts Include htent c.neer fatAlitl.s plus first .nd second 
generltlon genetiC ,fftcts. 
ShlppingllOdu In is follows : spent fuel, 3a.r. t r uct Inc! 10::: rill ; 
IItll, )00% r .il. 
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Thble C.44 Aggregated public risks [or the preclosure phases of the waste management system with 
an MRS facility(o) (Daling et al. 1990, Thble 5.13) 

Systell Element 
DouU Ino Pbue 

Repository Pretlosure 
Construction 

Operiltlons 

Oecoftlahstoniog 

hdlol(HJlt~1 RIsks(bl 
fLUE / yrl 

Routine 
"ccldents OpUltiQQi 

H" IE·S 

6E-9 8[-1 

loforulit Ion lE'll 
H,t 

AVillhble 

Nonradlologlul Risks 
Accidents Rqytjne 

(llultll 
Ihtllltju/yr) effttts(yr) 

1<) Negligible 

1<) Negligible 

1<) Negligible 

HRS F~clllty 
Construction No Rldloilctlve Haterlills Dnslte 1<) " SlgnifiCiint 
Operations 

Oecoll1lllnioning 

8£-7 S[ · ] 

2[-11 

I"pacts 

TriosportiltlQn Systell 
operiltlonsl<ll 

2£-3 ][-2 4[-1 8E-3 

Totd Aggregilted Risks 
(For filC!lIt! Operat ing 
PII~sts Only) C) 

2[.] 4£ -2 4(.1 8£-3 

I.) 

Ib) 

1<) 

Id) 

Risks for the hC\lIty operations pluse Ire InnuII rlsh for i fully 
functioning wilste minige"ent system operilt lng It I 3,000 HTU/yr 
throughput rilte, Risks for other hcillty plliSes Ire \evelized ilnpu.l 
ri sks prorilted oyer the number of yelrs required for the spec ific phise. 
Keilltll effects InclUde l.ten1 Cilncer fitillities plus f i rst ind second 
geoentioo genetic effects. 
There ire oat e~pected to be stte·rehted public nonrildlologicill 
hhlltles. Trilffic-reh1ed public htillties ire intJuded with 
traffic-rehted worker hh l ities In Table S. H . 
Shipping IIlOdes ue ilS follo .. s : spent fuel frOlll rtleton t o lUIS, 30% 
truck Ind 7~ rill; HlW, 100X r ill; .11 wlstes fro~ HRS fltility to 
repos Itory , 10~ riI 11 . 
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Appendix C 

'Thble C.45 Aggregated occupational risks for the preclosure pbases of the waste management system with 
an MRS facility(~ (Daling et al. 1990, 'Thble 5.14) 

Syste. [lement 
Oomtjoo Pllm 

Repository Preciosure 
Construction 

Operations 

Oecolmlinloning 

MRS flcll1ty 

ROidiologicOil Rhks/ b) 
IlH[fyrj 

Rout ine 
Accidents Ooeratigns 

HIA H-I 

SE· S If-2 

Infonlll t Ion 3[-2 
Hot 

Avalhble 

Construction H. RId\olctlve "b.teril\S OnsHe 

Operl.tlons 1£-4 6E-2 

Oecolllllhs\oning 3[-3 5[-3 

Transportation Syuem(c) Included 8[-3 
WHh Public 

Risks 

Total Aggregated Risks 2[-4 9[-2 
(for Flelllt{ yperltlng 
Phuts Only) c 

Honrldlologlcll Risks 
Accidents Routine 

(health 
Ifata l ltles/yr) effects/yr) 

2E.0 •• Sign! flclDt 
Impacts 

2£tO H. 
Significant 

Impacts 

7£-1 H. 
S!gnlflcllnt 

IlIIp"ts 

2[tO •• Significant 
Impacts 

2E.0 •• Significant 
lmpact5 

IE -I •• Sign ificant 
Impacts 

4£-2 lnfo ... tt Ion 
Hot 

Available 

UtO Inforlllition .ot 
AVillhble 

II ) Risks for the hcillty operations phue are annUlI risks for I fully 
functioning waste managel ent system operating at a 3,000 HlU/yr 
throughput rate . Risks for other hcility phuu are 1evellzed annual 
riskS prorated over the n~ber of years required for the specific phise. 

(b) Hetllh effects include latent cancer fita'ities plus first and second 
generation genet ie effects. 

Ie) SMpping IIIOdts are IS follows: spenl fuel from ructors to KRS, 30% 
truck and 70% rail; HlW, 100% rail; all Ifutes from the KRS to the 
repository, lO(n; nil. 

Thble C.46 lbtal preclosure life-cycle risk(~ estimates for the waste management system(b) 
(Daling et al. 1990, 'Thble 5.15) 

NUREG/BR-0184 

RadlologitOll Rish (tHE) 
PppuhtloO Group Accidents ""'"" 

Honrlldlologlc,l 
fa talit jes c 

Public Risks 0.04 , 10 

Occupational Risks 0.004 l 100 

(-) 

(') 

«) 

Su~ of risks during construction, oper.tlon, Ind deCon1lss ioni ng 
phases of the waste ~anJgement syste~. 
A~erage life-cycle risks with r espect to syste~ configurations with 
and wi thout in MRS hc i 11 ty . 
Su. of nonradlolcg lcil iccident l nd rou t ine r1sks. 

C.70 
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Table C.47 Summary of annual and total life-cycle risk estimates for the waste management system(a) 
(Daling et al. 1990, Thble S.2) 

Operating Phase(b,c) Total llfe-(c,d) 
Risk Category Annual Risks Cycle Risks 

Public Risks 
- Radiological Accidents(e) 0.001 0.04 
- Radiological Routine(e) 0.06 2 
- Nonradiological(f) 0.4 10 
- Postclosure Radiological(g) 0.001 --Not calculated--

Occupational Risks 
- Radiological Accidents(e) 0.0001 0.004 
- Radiological Routine(e) 0.06 3 
- Nonradiological(f) 0.4 100 

Risk Perspective 
- Natural Background Radiation(h) 60 2000 

(a) Average for waste management system configurations with and without an 
MRS facil Ity. 

(b) Annual risks from facility operating phases only. Does not include 
construction, decommissioning, and repository retrieval risks. 

(c) Based on 30% truck/70% rail shipments from reactors, 100% rail from the 
MRS facility (where applicable), and 100% rail shipments from high-level 
waste (HlW) generators. 

(d) Risks associated with spent fuel storage at reactor and other commercial 
sites are not included on the total life-cycle risk estimates. 

(e) Annual radiological risks are given in units of latent health effects 
per year (lHE/yr); total life-cycle risks are given in units of lHEs. 

(f) Annual nonradiological risks are given in units of fatalities/yr; total 
life-cycle nonradiological risks are given in units of fatalities. 

(g) Peak annual radiological health effects from routine releases and 
selected disruptive events. 

(h) Based on the estimated latent health effects from the population dose 
from natural background radiation within 80 km of the repository and MRS 
Sites and within 0.5 km of a highway or railroad. 
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Thble C.48 Accident frequencies and population doses for milling in the nuclear fuel cycle (Cohen and Dance 1975) 

frequency 
Accident {per plant yurl 

Fire ill lolvent extrlCtion clrcutt 4£-4 to 3E_3 

Re1eue of t.11In95 slurry f,olD 
ul l ln9s pond 

Re l nSi 0' ullln9s Ilurry f,OIII 
t.llln95 dlnrlbutlon pille line 

1£-2 

'OJIulatlon Dun 
for Refe rence Pl.nt 

(person_re .. tot, 1 body ) 

1.0E_I 

1.9E-I 

8.3£-3 

A tty ISlulllption h tl>tt \1. of till: sohent utr.ctlon inyentorj' Is <lh _ 
perUd Ourln9 a fi re . Study lh.IUtlonl include tht I .. ull nulDller of .ccldent 

Thble C.49 Accident frequencies and population doses for conversion in the nuclear fuel cycle 
(Cohen and Dance 1975) 

Accident 

U,,"yl nitrite nlllorHor 
explosion 

Hydrogen ell'los ton In rtOuctton 

Fire In lol'li!nt utr'ctto" 
operltlolt 

Relelll 'rDlil a hot lIF, cylln6tr 

Yah" rupture In distillation sUP 

Relnl" of rafflnlU frOll .. ute 
retention pond 

Frequency 
(pet plant lur l 

IE _4 to If-3 

lE _3 to 5[-2 

4(_1 

3E-2 

5£-2 

2E_2 

Population Don 
for Rtference Pl.nt 

(person_rem tot.l body) 

'.0 

'.0 
3.9E _I 

4.3£-1 

1.6£-1 

3.IE . 1 

Thble C.50 Accident frequencies and population doses for enrichment in the nuclear fuel cycle 
(Cohen and Dance 1975) 
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Accl dint 

Catastrophic f ire 

Relene from. hot UF6 cylinder 

leaks or failure of .. \Yu .nd 
pi ping 

Critica li ty 

frequency 
(per plant yur l 

.[_4 to 3E-2 

4E_l 

I.' 
8£_5 

c.n 

Popu l.tion Dosl 
for Reference Plant 

(person_rem toUI body) .. , 
1.5E-1 

7.1{_3 

1.2E-2 

c 

( 
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'Thble C,St "Accident frequencies and population doses for fuel fabrication in the nuclear fuel cycle 
(Cohen and Dance 1975) 

po""IUIOll Dose 
Frequency for Reference , 1,nt 

Accident ieer I!lant lurl il!erlOll.rn. taUI bo<l.ll 

Hydrogen explosion In reclllctiGII 2[.3 to 5[·2 7.4(.5 to 7.4£.2 
furnace 

M.tJor flcl1tty fire 2E·4 7.'[_~ to 7.4£1 

Fire In a rOUihlni filter 1(·2 1.8£.5 to t .8£·2 

Reluse frOll I hot UF6 cyl1ndfor 3£·2 7.8(.3 to 7.' 
Failure of valves and plP1n9 '[.3 2.2£. 3 to 2.2 

Criticality 8[.4 1.1 

Waste Retention Pond Failure 2E-3 to 2£-2 3.5£-2 

'Thble C.S2 MOX fuel refabrication radiological accident risk 

Study 

Expected PQ9ulttlon 
no" 

(p!rson.nm/GW,.yur ) 

OO!nlnant 
Risk 

Contributor 

COhen Ind Dlnce (1975) 1.2f·2 to 1.9£·2 (toUI body) Disoher fire In scnp 
recovery cCMlblned .. ith 
HEPA fll1\'l"e. 

£rdlllln et al. (1979) 4.0[ . 2 (total body) 

Fulh.ood and JactsOll 4.0£·7 {toul body } 
( 1980) 

C.73 

Gruter thin design 
bu" urth<!uake . 

Crtticality in .. et scrap. 
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Thble C.S3 Accident frequencies and population doses for MOX fuel refabrication in the nuclear fuel cycle 
(Cohen and Dance 1975){J) 

Acctdtnt 

EJqlloslon In oxl,utlOfl_rtductton 
Strip furnlce 

No"..,,1 HE,A (tler.tlon 
IIE,A fl1ter fltluf't 

~jor 'Iclltty flrt 
HOI'llllI IIEP" flltr.tlon 
HE'" 'titer fatlur. 

Ftre 'n wut. cDIIIPletlon glove bo. 
!forme 1 HE'" ftltntton 
IIE,A fnter htlurl 

lon -tlcllinge rutn fire 
ko,...1 HE'" 'lltrltton 
HEp" 'titer htlurt 

Oluoher fIre In scrip rtcoy.ry 
k01'1lll1 HE'" filtration 
HE'''' ft Iter hi lure 

Glove hi lure 
kOMIIIII HE'" ftltrHton 
IIEpA filter hOure 

Suere gloye box dlll'9t 
1(0I'I1II1 HEP" flltritlOll 
HE'" 'I It .. flllure 

Crttlc.l1ty 
konnal liE'. ftltrltton 
HE'. filter fltlurt 

Frequency 
Iper pllnt year) 

2E_3 to 5[-2 
2£.6 to SE-5 

2£-' 
2£·1 

IE_2 
lE-5 

IE-4 to 1[.1 
lE·7 to 1£_' 

IE_2 . 
1£-5 

1 
lE_3 

1E-2 
1E_5 

3E_5 to 8[.3 
3E·8 t.o sr_6 

POI\IIhtton Dose 
for lleferenct PlInt 

(person-r", tout body) 

3.1£·2 
3.1£3 

... 
1.4ES 

3.U-3 
3.IE2 

9.2E-3 
9.2£2 

1.&£-1 
1.6f' 

1.3£_5 

I.' 
6.1E_2 
6.1E3 

3.8E-I 
4.2E2 

HEPA = high efficiency particuiale air 

Thble C.54 Accident frequencies and population doses for MOX fuel refabricatJon in the nuclear fuel 
cycle (Erdmann et al. 1979) 
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Accident 

'ruter tilin dtslgn basis 
tlrthqu.~e 

.Ircr.ft crull 

Hydrogen uploslon In ROR r .. (tor 

Hydrogen tlplos10n In !Interlng 
fltmlce 

lOtI exchlnge ruin fire 

Olssolver explosion wet StriP 
recovery 

lo.ded flnll filter "I\ltr, 

Crltlc.lIty 

Frequency 
Iper phnt ll1r) 

5E-6 

3£_7 

IE_3 

IE.3 

5E.4 

5E_3 

2£-' 

u.s 

C.74 

POfjvltt10n Dose 
for Rtfe~nce Pl.nt 
(p,rsOtl.~e," total bOdy) 

'" 
'" 
5£-9 

U-7 

2E_9 

2E · 6 

3(·1 

5 

( 

( , 
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Thble C.SS Accident rrequencies and population doses Cor MOX ruel rdabricatlon in tbe nuclear ruel 
cycle (Fullwood and Jackson 1980) 

ACCident 

Aircraft cru~ 

Myclro9tn IIIP10l101'1 hi ROil 

HJdro9t" up10l101'1 In ,\nterlng 

H1e1rO~1'I explosion In wet SCriP 

Critlc.lIt)' In wet SUIP 

POWder shippIng contl!n'r $pl 11 

hoth,,..,.1c ruetlons 'n pawdtr 
nor.gt 

'OPulttlon \)(1st 
Frequency for R,f,r,nce 'l,nt 

(p,r Flint Yllr ) (person-' .. taU 1 body ) 

1.5E·' sn 
5E.' 1.1[.11 

5(.3 "·10 

lEo' 1.1£ -11 

U .5 2 

3[.5 ).t[ . ll 

1.5£-6 lE·10 

Thble C.S6 Fuel reprocessing radiologkal accident risk 

Study 

E:lpecttd Popuhtlon 
0". 

(p,rson-rm/GW._lur ) 

Cah," .nd Diner ( 1915) l.8E_3 to 6.3E.3 (toU' body ) 

[rchln tt i l . (1919 ) 2.0[.4 (toUI body ) 

Fl/lI_d Ind Jlek!;011 1.0[.5 (toUI body) 
(1980) 

OoIIll'Ill'It 
Rl1k 

Contributor 

Fu, l ullftbly rupture 
,_I !ltd with HE'" 
hllur,. 

Krypton t)'lInder hllun; 
IIplollon 1ft K\.II 'Ileln, r . 

itryptOlO cyHnder 1I11\1r •• 

ROR = reduction-oxidation reactor 
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'Thble C,S7 Accident frequencies and population doses for reprocessing in the nuclear fuel cycle 
(Cohen and Dance 1975)(') 

NUREGI8R-0184 

Attjdl!~t 

Eloloilon tn KAW COIIcenUUion 
~ar ... 1 HEPA 
Flllld HEPA 

holollon In LAW COnCtntrUion 
HorlDll HEPA 
FlllId HEPA 

E~olallon in HAW fud tank 
1I0ml l HEPA 
F.fltd HEPA 

hploslon In waste calclntr 
HarlN I HEPA 
hlled H[H 

ElplOlilon In Iodine ablor~er 

So l ~nt tire In cocleton cycle 
lie .... ' HEPA 
hlleel HEPA 

Solvent nrt 'n PII UV'ttlon CJ'cle 
liar ... I HEPA 
Fi lled H(PA 

Ion uctlln\ll! ruin fire 
Mo .... 1 HEPA 
hll.d H(PA 

Fuel uu .. bl), rupture in fuel 
fecrlwlng .nd 1t0ri\ll! 

1I0rtllli HEPA 
F.I led HEPA 

Dlnolver n.1 flilure 
1I01"N 1 HEPA 
F. I led HEPA 

Releur rrOlll hat UF, c),lInder 

Critl"l1t)' 
1I0rmlt 1 HEP_. 
hi led HEPA 

HAW = high activity waste 

Frequenc)' 
(per pl.nt )'ur) 

lE.5 
IE·II 

1£ ., 
1E·7 

1[.5 
lE.7 

1£ .6 
1E·9 

2E.' 

IE.5 to IE.' 
IE·9 to lE-7 

lE.6 to IE_4 
1£-11 to IE·9 

lE·' to IE·I 
lE· 9 to IE_6 

1£. 2 to 1£.1 
1£-5 te H.4 

!l.S 
IE.8 

5(.2 

3E. 5 to 8E.3 
3E . 8 to 8(.6 

Papulnlon !)oli, 
for Rtftrtnce Phnt 

(per,on .relll toU I bOdJ) 

'.3(2 
9.5E3 

~.8n 
4.aEl 

1.6E3 
1.7E3 

4.3EJ 
1.3E4 

<.8 

2.JEt 
S. HI 

3 . IE.4 
5.2£2 

3.6£·1 
1.8£! 

1.3£·2 
1.30 

2.3E.~ 

2.3£3 

, ., 
3.0£-2 
3.5E·2 

LAW = low activity waste 

C.76 
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'Dlble C.S8 Accident frequencies and population doses for reprocessing in the nuclear fuel cycle 
(El'dmann d. al. 1979)(5) 

'op.ulltion Don 
F.-.q_ty for R.f.rence Plint 

Actllllnt (p!r pllnt yurl (p!rlon·retl\ toUl bOdy ) 

Lou of fuel storlge pool ,,.ter 3[.6 50 

Ion .. CIlIIl9' bid fir. Illd eJq)lo$lon S[.4 2[.' 

CritluHty U·S • 
HydrO,,11 explosion in KAf' tillt lE·S J(.2 

Fin 111 low , ..... 1 Mute lE· 2 1£·1 

Fu.l 1I1""y drop 2l.) 1[·1 

hplO$lon 111 hlg11.1 ..... ' Mute 5[.10 '" ultll1lt t/lllll)ln.d .. Ith HEPA filter 
filly,.. 

krypton cyltndllr ruptUI'e 1[·4 50 

HAF = high aqueous feed 
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Thble C.S9 Accident frequencies and population doses for reprocessing in the nuclear fuel cycle 
(Fullwood and Jackson 1980) 

'opulatlon Don 
Frequency for bfuence Pl,nt 

Actldtnt {p.r plant yurl (plrIOn ...... total tIod.Y I 

112 1Ire In uplollon In IfM tank 3E-6 9E-' 
co .. blnld with onl HEpA filter 
failed 

SolY.nt fire In thl HZ concln _ 2E·6 7[-' 
tTition cOInbtn,d with one HEPA 
filter flild 

IIld 011 expl osllHl In IILW cORcen_ 
tr.t'lon co-bind with onl IIE,A 

U_8 8E_3 

fllur failed 

hploslon In the HLW ealtlnlr 2E-7 2E-1 
cOIIIblned with onl HEpA filter 
fal'ld 

lied 011 uploslon In th' fuel '[:8 6E-' 
product toncentTition COIIIblnld 
wtth on. IIE,A fal I,d 

El$I losi on In fUll product 4£-9 1.2E-2 
dltt rltor cOIIIbtnld with onl 
HEPA filled 

Criticality In I prOC:IU cell 2E_5 2 

Fall~n of Krypton storage 1.3£-' m 
cyllndtr 

Mydrogen uploslon In uranf ulII 
reduc tion cOIIIblnld with OM: HEPA 

9E -6 1.4[-' 

filter filled 

Fuel nsmbly droo 1 . 2E.3 5E_2 

Hydrogen upl oslon In fu,l 3E-6 1.2[.2 
product denltrttor fuue1 tank 
cOIIIbt ned .. lith on. IfE!'.' filter 
hll.d 

Thble C.60 Accident fnquencies and population doses for reprocessing in the nuclear fuel cycle 
(Cooperstein et al.) 

NUREG/BR-0184 

Ac" dent 

HAW concentration nploslon 

Codecontal!llnatlon solvent fire 

LAW tone.ntrnor uploslon 

HAF tank up los lon 

IInte tlltlner uploslon 

Fue l rltelvlng Ind sto"ge 
accident 

Frtqulflty 
(per phnt y.ar) 

1[.S 

IE·6 

IE_' 

IE-5 

IE.6 

1[.2 

C.78 

PcpuhtiOIl Dose 
for R.f.r.nct Pllnt 

(person_relll total bOdy) 

" 2.' 
3.2 

4.9E2 

5.1[2 

2.0[·3 

( 

( 

( 
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Table C.61 Accident frequencies and population doses for spent fuel storage in the nuclear fuel cycle 
(Karn-Bransle-Sakerhat 1977) 

Acci dent 

Fuel transfer basket 
is dropped 

PWR 
BWR 

Fuel assemblies 
dropped 

PWR 
BWR 

Frequency 
(per plant year) 

1E-4 
2.5E-4 

9E-4 
6E-3 

Population Dose for 
Reference Plant 

(person-rem total body) 

2 
1.8 

7E-1 
3E-1 

Table C.62 Accident frequencies and popUlation doses for solidified HLW storage in the nuclear fuel cycle 
(Smith and Kastenberg 1976) 

Frequency 
Accident (per plant year) 

Major rupture of a waste canister 1.0E-4 
dropped during handling. Vent 
system effecti¥! 

Major rupture of a waste canister 1.OE-6 
with an independent failure of 
one HEPA fi 1 ter 

0.1-1 ton meteor impact in storage 4.1E-9 
area 

10-100 ton meteor impact in 2.0E-10 
storage area 

0.1-1 ton meteor impact in 4.8E-10 
recei ving area 

1-10 ton meteor impact in 1.25E-11 
recei ving area 

Population Dose 
for Reference Plant 

(person-rem total body) 

7.2 

7.2E3 

1.OE5 

5.1E6 

3.1E5 

2.6E7 

Table C.63 Preclosure geologic waste disposal radiological accident risk 

Study 

USDOE (1979) 

Erdman et a1. (1979) 

Expected Population 
Dose 

(person-rem/GWe-vear) 

Spent Fuel 
2.1E-9 (whole body) 

Glass HLSW 
9.6E-12 (whole body) 

Glass HLSW 
4.0E-5 (whole body) 

C.79 

Dominant 
RiSk 

Cont r i butor 

Waste Package dropped 
down shaft 

Final Filter Failure 
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Table C.64 Transportation radiological accident risk'&) 

Study Spent Fue I 

Cohen .nd Dance 
(1975) 

1.2[.3 to 1.7E·2 3.5E·3 to 1.6 
( toUI bOdy ) (toul body ) 

Erchan et a l. (1979) 1.0E.3 
(total body.) 

Fullwood and J .ckSOll 
(1980) 

USOO[ (1979)· 

USNIIC (1977) -

BerNn et .1. (1918)-

USA£C (1972); USNRCO 
(l97S): USNRC (1976) 

Hodge and J arrett ­
(;974) 

USHRC (1976) -

3.0£·5 
(total body ) 

3.0[·S 
( toUI body) 

5 . 0(·5 
(toUI body) 

1.4E·\ 
(toUI body) 

8 .3E-3 
(toUI bOdy} 

1.2E·2 
(toU I body) 

2.3£-6 
(toUI body ) 

High Level !lnte 

3.0[.3 (toUI body ) 

1.IlE·S (tot., body ) 

1.1E·7 (toU l bOdy ) 

9.4[·3 (toUI body) 

5.1[.' (toUI body) 

5.'[. 7 (toUI body) 

(a) Measured in person-rem/GWe-year 

Thble C.65 Accident frequencies and population doses for transportation of spent fuel by rail and PUO} by truck in 
the nuclear fuel cycle (Cohen and Dance 1975) 

NUREGIBR-0184 

Act I dent 

Spent Fuel 

Lnk.~ of coohnt froP!! s~nt 
fuel (uk 

Reline from I colliSion 
Invohlng spent fuel 

Relnse frOM I collision Involv­
ing spen t fue l followed by 
rlluu of futl frW! the CUk 

Plutonl .. IlKI6e 

, .. prOllIr ly cloucl plutolll""" 
ulde conUinir 

Relnn frOllO. collision 
Involving plUtOlllll1ll o.lde 

Crltlul1ty of plutonlulII 
ulde 

Frilluency 
Iper shlpvnt) 

3E_' 

2[.8 to 9£_6 

2[.11l to 9£-8 

4[ •• to )E.) 

2£-9 to 3E-6 

ZE-li to 3[.8 

C.80 

'opulltlon Dose 
for Generic Shipment 

(person-rllll tou! body) 

5.8[.' 

1.9[' 

2.7E' 

1.1 

1.'E3 

2.5£1 

( 

( , 
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Thble C.66 Accident frfquendes and population doses for transportation in the nuclear fuel cycle 
(Erdmann et al. 1979) 

Accident 

Sp!nt ~u.1 by R,t I 

Lou of ,nel fra. IMer [nit), 
ffOll r,ll ,ccl!Mnt 

Lon of confln_nt 'lid SOl 
h,l d, .. ,. 

Lou of ,onfln_nt. SOl fu,l 
d, .. ve. extenlh, fin 

Sp!nt fuel by Truck 

lou of gn fro- I liner cnl ty 
fra. truck ICcidtnt 

loss of conflne.ellt ,nd 501 
fUll d'''ge 

lou at ,ontln_nt, 501 fUll 
d,_ge, ertensh .. fir. 

,lutonll. Olldt by Truck 

Truck ICctdent 1(.6 ,.,I,nl 
frICtion 

Tru,k IC,t!Mllt IE •• n lelS' 
frICtion 

T,.",ck ICCh_IIt 1(·2 reluu 
fnctlon 

Htph4nel lIute b.r Rail 

Relnu to ,t.,spll'rt: Ind one 
,,"Ister bruhge fra. rill 
Icclcltnt 

'ellu. to ItlllOlpll.fe .nd 
slgnlflClllt o ... rh.Hln~ 

C.Sl 

9E·6 

4(.1 

2£·' 

2£·5 

2[.1 

2[.' 

&E·ll 

lE.5 

6£·8 

'OiIUlition 0011 
for !Otn.rlc 5hl,..nt 

(PIfIOll·fn totll b~) 

1£·1 

5E.9 

'" 
lEt 

, 

'" 
on 
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Thble C67 Accident frequencies and population doses for rail transportation in the nuclear fuel cycle 
(Fullwood and Jackson 1980) 

Accl dent 

S~nt Fuel 

loss of ne~tron sMeldlng f.OM 
• • • 11 ,(cldent 

hpos~.e of tilt Inner spent fvel 
cont,lnlng clVlty 

hpo$ure of tile Inner 'pent fll.l 
contetnlng uvlty ,nd SOl fv.l 
d,III'1II! 

Exposur. of spent fvel with 
senre d.NIII! . nd fl.e 

111911 level WUh 

loU of uut.on shielding f'DIII 
, r.l1 ICcldent 

blene ,nd nUnlhe c.nlsh. 
d .... 9t 

Relust. ntenshe c.nlster 
d .... 9t .nd fl re 

Frequency 
(pe. slllP"!lIt) 

2E_5 

9£·6 

lE·' 

U·8 

3[.10 

3E-1Z 

Popul.UolI Dost 
for &tnerlc SIII~nt 

(person.r .. toul lIody) 

8[·1 

1.1E-& 

0.' 

1.7E3 

U_5 

30 

'" 

Thble C.68 Accident frequencies and population doses for rail transportation in the nuclear fuel cycle (pSE 1981) 

25-40 II hll 
9_25 . fill 

Acclcltnt 

50.80 klllllr coll i sion 
81)..100 t./h. coli "1011 
Collh l on alld fin lood'e >1 II. 
Colltslon 'nd ftr, 801i'C ) 211r 
Fire loooOC )1 h. 
Fire aooOc )2 hr 
Collhlo11 'nd closun errors 

Fn!qurncy 
(per lur) 

2E·6 
2E.5 
2£·5 
3E·' 
8£·5 
2E.5 
IE·' 
U·5 
lE-4 

Popu1lthn Dolt 
for Gellrrlc ShlJI'!'Int 
(person-'" tot,l body) 

2.8£-1 
2.8(-1 
2.8(·1 
2.8[.1 
l.n2 
l.n2 
2.0£-1 
2.0£ · 1 
1.1 

Thble C.69 Accident frequencies and population doses for rail transportation in the nuclear fuel cycle (Elder 1981) 

NUREG/BR-0184 

Rail accldrnt .nd IlIIp.et hils 
cnt suI, (lUllS Ion of coo hilt 
.nd fuel hils 

Sldr IlIIJIlCt hils preUure .el1ef 
v.he (.IUlln9 loss of cool.nt .nd 
fuel hils 

Elld Ilipact hili pressur, nllrf 
v.he c.usl1l9 Ion of cool.nt .nd 
futl hi Is 

Side IlIIp,ct hi Is cuk suI 
eluslng lOll of coo1.nt ,nd fuel 
f,l Is 

1rtqurncy 
Iprr 1hlentj 

6.U.6 

1.2[·& 

6.4£.6 

1.2£_6 

C.82 

'cpul.tio" Dost 
'or GIIn .. lc $IIIP1Mnt 

(per1l111 _rtll totll bOdy) 

&.!U 

1.9[3 

1.9[3 

6.8[2 

( 

I' 

\. 

( 
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Table C.70 Nonnalized risk results for nuclear fuel cycle 

Expected Popu .. tioa 
Dose (Total Body 
DenOD-rr:mJ~t:!ud 

Fuel Cycle Element Qrioiaal Norm.IIir.ed Re(ert:Dc.e 

Millin, 1.0£-3 2.7E-4 (Cohen &lid Dan~ (975) 

ConVCtlion 5.6£-3 1.2E-2 (Cohen and DUlce 1975) 

Enrichment 3.7E-3 1.2E-2 (Cohetllllld Dance 1975) 

Fucl Fabrication 1.0E-2 5.0E-3 (Cohen and DlIlIce 1975) 

MOX Fuel Rellibricuion l.9E-l 1.2S-1 (Cohea and Dance 1975) 
4.0E-2 3.6&2 (Erdmann et aI . 1979) 
" .OE-7 ].3E-S (Full~ and JacklOn 1980) 

Fuel Rqiroceaaina 3. 1£:.2 (Wood and &cat 1979) 
6 .3E-3 3 .2£-3 (Cohen and Dance 1975) 

5.6£-4 (PSE 1981) 
2.0&4 2.2£-4 (Erdmann et aI . 1979) 

I.SB-4 (Coopcutcin ct aI. 1979) 
7 .0£-5 5 .4£-5 (Ful1\OoOod and Jackson 1980) 

Spent Fuel Storlse 1.8£-1 (PSE 1981) 
3.1&2 (Wood and &oc.r (979) 

1.7&6 3 .7£-5 (USOOE 1979) 
2.0£-5 2.1£-5 (ErdmMn ct 11. 1979) 
a.9E-S 5.7&6 (KBS 1917) 

Solidified High Lovd Wute 2.3E-4 2.3£-4 (Smith and Kaaenbcrg 1976) 

Geologic: Wutc 4.0£-5 4.0E-5 (Erdmann ct aI . 1979) 
Dilpow (prcclol ure) 2. 1E-9 2. 1E-9 (USOOE 1979) 

TranipOrtation 
Plutonium Oltide 1.7E-2 6 .6£-2 (Cohen and Dance 1975) 

1.0E-3 1.3E-3 (Erdmann ct aI . 1979) 
Spcnl Fuel 1.6£-1 (Elder 1981) 

1.4£-1 1.6£-1 (USNRC 1977) I.. 7 .8E-2 (Cohen and Dance 1975) 
1.2E-2 1.3E-2 (Hodge and Jarrett 1974) 
8.3E-3 9.3&-3 (USAEC 1972) 

7. 1£-4 (PSE 1981) 
5.0&-5 S.6E-5 (USOOE 1979) 
3.0E-5 8.4E-6 (Erdnu.nn ct aI . 1979) 
3.0E-S 8.4&-6 (Fullwood and Jacklon 1980) 
2.3E-6 2.6&-6 (USNRC 1976) 

High Level Wutc 9.4&-3 4.2£-2 (Berman ct aI . 1978) 
5. I&-4 2.3E-3 (Hodge and Jarrett 1974) 
3.0E-3 8.4E-4 (Erdmann ct III . 1979) 
I.OE-S 2.8£-6 (Fullwood and Jaclclon 1980) 
S.4£-7 2.4E-6 (USNRC 1976) 
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Thble C. 71 Capital equipment costs for fuel pellet fabrication (MIshlma et aI. 1983, Thble 1) 

~" Ipment IProced"re oucript ion 

2 li l ov~ DO.es [nslde rloor dhllensians: 5' 3- • 
4' II ' 

16 ylo~O! ports 
Bo ..... 11: 0,2S" 100dd sand ... lched 

be t ... een stain Ius stee l ShUts 
sheets 0 . 12S· 

Wlnda ... s: Leaded glus 
Glovts: Lead- loaded neoprene, 

0 . 040" thick 

2 s"lancO!S Cat. JlllO-04 
L(lad ce ll with remote contrah and 

rudouts. Oual range : To 3 k!J, 
0.1 9 sensltlv lty; to lOll !J, 
0 . 01 9 sensiti~ity 

Dry (lranulHor ERWEKA GranulHor 
Dr he All 400 
Granulator TG 2/S 

BI~ndef ' Turbuh:" Type 12C 

Pre~s 

'~I ave bO. 
instlll H ion 

E'lulpillent 
inHa lhtion 

T01~L 

30 Ton 
Hydraulic, double acting 
Rese rvoi r and pumps fellOte 

(ou ts ide glove bo.j 
All con trols outside g love ba. 

SID,ODO/boA 
Engineering and Crafts: 425 h 
n $41/11 

PrO!ss: 200 h .t $46/11 
Other: 120 n dt 546/11 

Manufacturer Cost 

Hollur S 52,000 
EngleWOOd, Colorado 

Sctentecl\ $ 4,100 
801,l1der. ColoradO 

Chemica l and Phannaceutlcal $ 3,600 
Co., Inc, 

115 Broadway , !lew York 

CheJDlcal and Ph. naaceutical $ ) ,000 
Co., Inc, 

225 BrOadw.y, Hew lork 

Western Sinteri ng 
lUchlan". Washi ngton 

SlIO,OOO 

S 20.000 

S 14.7Z0 

,m;m 

.. R ~'JI >ter~d trau,,"~r~ of loIill, A. Bacllohr . I'I.i nu fact urer. Bull, Switzerland 

NUREG/BR'{)l84 C.84 
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Table c.n Capital equipment costs for powder reconstitution during fuel fabrication 
(Mishima et al. 1983, Thble 2) 

EqUl plIIl!nt/Proctdure Oncrlptlon 

2 Glowa bo~n Inside floor dlllM!nslons: 
5' 3' I 4' 11" 

16 Glowe ports 
ao~ 11&11: 0.25- le.d Slnd,.tclled 
beh~n stainless steel s lleets 
O.llS" 

IIlndows: leaded glus 
Glovn: lead_lo~ded ne09r ene. 

0.040' thlck 

B. hnce cn. '3330-04 

Dry Granulator 

Furn.r.ce 

lOfd cell ,.lth rellOte controls and 
and readouts. Dual range: To 
3 kg. 0 .1 9 sensi t ivity; to 300 g. 
O.Ot 9 ul'Isttlv lty 

ERIIEkA Granu lator 
Dr ive All 400 
Grn.u lator TG 2/5 

Hodel 151442 
Control IIIOdel '593~~ (rellOte) 
4Boo ,.Ith 
E~terior dtooenslons: ZO' II ~ ZO" H 

I 24.S" l 

"Ill rick and IIIl1ls R.d Model 1764AV: 30 1/4' x 

Gloye box 
Installation 

(qui praent 
Instill at ion 

TOTAL 

12 3{4' x 15 3{4' H 
3 "Ills: ~ubber_l1ned steel she I 
Shlnless steel bills, 0.5". 100 Ibs 

$lo,OOO/box 
Engi neering I nd Crafts: 425 h 

It $41 { hr 

160 IIr It $46/h 

Mlnuhcturer 

Holltar 
Engl!1olQod. Colorado 

$Clentech 
Boulder. Colorado 

Ch""le,1 Pha nMteutlc.1 
Co., Inc. 

225 Broad,..y, Hell Yor~ 

Lindberg 
lIatertown, Wisconsin 

Eo T. Horn 
La "'r.d •• C.llfornla 

Cost 

$52,000 

S 2.100 

$ 3.600 

, 1.950 

S 2. 310 

$20,000 

S 1.J60 

Appendix C 
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Thble C.73 Start~up operation costs for fuel rabrication (Mishima et al. 1983, Thble 3) 

?rocess 

Pelld iJorlCltiOn 

Penonnel 

Engineer 

Oper J tor 

Engine~r 

OperHor 

JOb oescri ptton 

120 h oll S6~/h 

Prepare deta i led oper3ting procedures 
in conjunction with ~n operator. 
Supervise equipment Shakedown. 

120 n 4t HO/h 

OperHe l!<Juipillent SUrt_up ~nd 
shake(lOWfl 

Pre~4ra t lon of critIcality specIfication: 
~O h al S 6~/h 

Radinion lOOnitonng: Included in labor 
contr~ct 

120 h Jt $65/hr 

?repare detailed operating procedures In 
conjunction with an oper~tor. Supervise 
equipment shakedown. 

120 h 4t S50/h 

~~tr~te equipment start_up and 
shUedown 

Thble C.74 Process operation costs for fuel fabrication (Mishima et al. 1983, Thble 4) 

Procl!SS 

Pellet Fabrication Estimate assumes 3 snifts/day processing a 100-kg minim"", lot 
of pu02 pOW1le r . 

Two operators/shl ft at SSO/h/operator 

Ma. lmum 20 kg poW1ler processed/day 

labor cost/kg S120.00 

Radlatloo monitoring: Included In labor overhead. 

Suppl ies/kg: Does not Include Items required for shipping is 
powder. Inctudes such Items as stalnl eH Heel cylinders. 
neoprene lead_loaded gloves for replacement. organics. 

only utilities: Electricity/kg 

Total pellet fabrication prjc ~/k9 

Powd~r Reconstitution one operator/shift for 4 h at SSO/hr 

10 ~g pellets processed to powder In 4 shl fts 

labor cost/~g 

Ridhtlon ~nrtorln9' Included In labor Overhead. 
Supplies/kg 

Only util ities: Electricity/kg 

lota l powder reconstitution price/kg 

l.SO 

0.80 kWh 

S1.U.OO 

16 h labor 

S 80:00 

0.75 

12 . 0 klih 

S 81.00 

NUREG/BR-0184 C.86 
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Appendix C 

'lltble C. 7S Summary of dose equivalent estimates for fabricating Pu02 powder to unfired pellets 
during fuel Fabrication (Misbima et al. 1983, Table 9) 

CGtlt.et or hand tll'0,ur~ 
(g ..... on ly) 

Whole body dose equivalent 
Inc ludIng room background 

Ra nge bned on 
vartat tlms In r OMl 
background 

Toul Do5~ Equivalent for Three_Person 
Crew ProCeul n 100 k of PuO 1I!an:!:.!~L 

nrage 0 9 I er uctor ow· llposure 
Pl utonl uIII Produced In 1985 PiutontulII 

'7.0 18.0 

0. 95 0 .14 

(0 . 81 to 1.1 ) (O .lI to 0. 15) 

Table C.76 Summary of dose equivalent estimates for reconstituting unfired Pu~ pellets back to 
powder during fuel fabrication (Mis.bima et al. 1983, 18ble 10) 

Contact or ~and uposure 
(gaooM only) 

Who l e_b~dy dose ~u i ¥alent 
1"~1"~ln1 rn .... b.!ek9rOllnd 

Rang'! bas~d on 
va r iations 1~ rOM 
bactground 

Total Dose ~quhalent for Two.Penon 
Crew Processi ng 100 ko of Pu07. (IIIa n.r~ ) 

Aver'19~ oi LIght '.I'ater Reactor [o.,·hl'osure 
PlutonluIII Produced In 1985 Plu t on l uIII 

64.0 11 . 0 

11.19 11.0)!! 

('). 14 to .25) (.03 to .06) 
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Thble C.77 Accident source terms and doses from uranium mill accidents (McGuire 1988, Thble 3) 

ClIS 

....... 
11,400 '0 II 10UI 
, 1t,400 '0 II 
, .. pl,Ob" 

S ..... he' H~O 't U hhl 
0(\ . H~'OIi 

, •• pl.""I, 

.... 
,1.1.10",_ 
to 11IfIQ' II ~. 

• 1.1.10",_ 
It 400C1a 
( .... . ","ul 

'111." 00, • 

1400 toft, ,.11, s..11. CI ....... 
14,000,000;.1. 110_ 
11",11, 

s_ .. cus 

fh. III Sel .... , 
lunnl ... (1",,1I1t 

.. I .... 

IS 10 II 
o.n 10 t ... rI ... • 

0 ... 

10-' ,. 
t ...... 
at eooo • 
IN.,ut 
, .. 1""",") 

0.01 to 
O. I ,. lOf 

,.., ..... • r..,.. 'I~ 
CI .... I~ $,.t. j,o,.lno IIw 

hll..:.h Ory1no .... 

•• 1 .... 

It " 11110 • ..,1, 
II u''''n ... ,. _n 
It " ;1I •• t.ot • 
II .. I ...... , . ...... .. 

.... 

10-' ... 
to I ..... at -. ( ....... U 
..... 1_.) 

G.fIS : -fi ... 1 c..toe"e 1ft. 1'_MO' I .. oct Uot_"t '" u •• "I ... llllIlno,' MI''''O'06, Vol_ L, PI' ,.j to "1'0. s..,._" IMa . 
S.,." lOCI Of!. : 'Oroll ( ... I'_ .. UI Sllt_"t •• latH to .... Cpo.".o" 01 SO"" loch 11111 '"'J.c; •• ' .... ,.0II't, ".. 5- \ •• 
~·tl ... ""~ . 111.2 . 

'I ... ..., •• "01",, I,. lOllS ; , ,ft or .... ' , ..... 1 ..... u""tloll ....... .-ct to c· ..... I .. U .. _II 111'1)0 I. "raft'_'Y _lgII" I' •• ,1 ......... 1' 
/W.O _ft !o11!l ,,",,11, 11Ii> ...... , u ..... 1110 .......... ve .... U ..... ct., 0 f.uo. of _" ~.OOO u .. . 

Thble C.78 Oft'site doses calculated for fuel fabrication plants (McGuire 1988, Thble 9) 

HLHt[G-l140 

CoCiustlon 
[~iM-erfno 

hxon 

NFS. ENtn 

'" AU~tlons 
BUlldlnq sin: 150 r 
Wind: F. 1 alsec 
Rele.se hctght: ground 

Bulldloo size: 0 
Wind: F. 1 alsec: 
Re leue he i gM. H.lIck 

Building size ; 0 
Wind; F, blsK. 
Relelse height: ground 

8utldlno slu: 0 
Wind: C, 0.5 -'sec 
Releu. height: 5_ 
leyel IS residence 

Ufectln D[ 

0.5 to 
2. 6 r_s It 
100 • 

0.17 rN 
It 800 • 

Thyroid DE 

1. 1 to 
6.2 reelS 

It 100 • 
(chtld's 
thyrotd) 

1. 7 r_s 
It 800 • 

, ~, 
It 1000 • 

Uf,-lOllf fllrfch . 

[ffecttve LE 80ne DE 

0.05 ... 
.t 800 • 

0.82 ra 
It 800 • 

1. 7 ~ 
It 1000 • 

DE = dose equivalent EDE = effective DE 

NUREG/BR·OI84 C.88 
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Effecttve DE 

0.1 to 
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Thble C.79 Dose commitments from plutonium fuel fabrication facility accidents (McGuire 1988) 

l)'pt of Icchlent 

CrHICI1Hy 
fire 
hploslan 

Oose r._it..nt (r,. ) 

0.36 (thyroid) 
0 . 02 (bGnt) 
0.02 (bont) 

Thble C.80 Maximum offsite individual dose commitments (Rem) from spent fuel reprocessing 
facility accidents (McGuire 1988) 

~MllIi ... Othlu indhidull 00" [_Itarnt Ir .. ) 

~ 

Crilicility 
IIUti COMtntrltGr Explollon 
Pu EVlpGrltGr ExplOllo" 
fin 

M ItJr fUll 

0.056 (thyrGld) 
0.0069 (bont) 
0.019 (bgnl) 
0.0135 (bOnl) 

Table e.81 Calculated releases and doses from spent fuel storage accidents (M:cGuire 1988, 'Thble 10)(6) 

Ilr85 Skin Effect"'. Dose Thyroid 
Reference Accident hlelSe Dolt Equinhnt 1-129 RelellS!! .... 
Storlge in pools: T ornldo drl ven 19 , 000 CI 0.06 f'nI Not ulcuhted 0. 00006 Ci 0.03 ". 
Generic Envinl~llt.A1 • issile followed It 215 • It Z1S • 
II111PKt Su~nt, by ul. 
NJREG-0515 

Stor~ in pools: Drop of • '~l 6,000 Ci Not 0.016 re- 0.00008 Cl 0.0004 ,... 
Cf-Morrh SEA, stonge blSket. cllcuhted It ISO • It ISO • 
NJRfG-0109 

Dry clsk. drywell. R_vII of cask 8,000 CI Not 0.003 re- 0.004 Cl 0.005 to 
or dry Vlult lid with III '~l cllcuilt.ed It 100 • 0.04 rftl 
slDrolge: HUREG-1140 ele-ents ruptured within 

100 • 
(child) 
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Table C.82 Maximum possession limits, release fractions, and doses due to a major facility Ore 
for radiopharmaceutical manufacturing (McGuire 1988, Table 14) 

Mu'_ 
Unnnd 

hdio'cllv. poll.uion 1.1 .... Erlltlh. dIn. 
.. brhl Hill (tl) linnu. futtlon .quiw.l.nt , rtttU 

,-, HO,OOO 11(11" .., 0. 11010. 
C-14 '" IIEII-toHon 0. 01-" a to 0. 01 
'-32 ". 'EM .. , 0.04 to 4. 
s·n 1,000 '" •. , 0. 01 to I . 
C,-45 " 'EM 0.01 a \0 0.003 
Cr-51 100 '" 0.01 • fe-55 200 '" 0.01 o to 0.005 
lIi-U 1,000 'EM 0. 01 0. 001 to O. 06 
$1 ' 75 100 'EM 0. 01 o to 0. 001 
lr-IS 10,OiIO 'EM I.' a lo O.OOZ 
Ib-" " 'EM 0.01 a to 0. 00) 
5,....'0 , .. 'EM 0.01 0.05 to 5. 
Ma-n 2,000 "(IUSqulbb 0. 01 0.001 to 0.01 
III" 103 25 'EM 0. 01 a to O. OOZ 
5n-lll 100 'EM 0.01 a to 0. 01 
1-125 lOa IIEII/Nllinckrodt a" 0. 3 to 30. (cntld ' i tllyrotd) 
i - Ul , .. Mal 11I\C.krodt .. , S to 500. (tlltld ' s \hyrcld) 
h'll3 1.000 'EM I.' a to 0.001 
C,-U4 25 'EM 0. 01 a to 0.01 
CI - Ul , .. II~M 0.01 O. OOZ to 0. 2 
C.-HI " ME' 0. 01 o to 0. 004 
Vb- , ~, 50 'EM 0. 01 o to O . O~ 
1.- 170 " 'EM 0. 01 o to 0. 00& 
AI,I·19. 20. 'EM 0. 01 a to 0. 001 

"IIU • II ... (nghlld Hucln" Norlh ""torlu , Ittll . 

uuro In t'" dolt col~n tndluttl I don of h .. lh.n on •• tllt r ... 

"'"/ton'urllon dtoJtd. ,,11111 rrlctlon. 
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Appendix. C 

Table C.83 Maximum possession Iimi~ release rractlons, and doses due to a major facility fire for 
a radlophannacy (McGuire 1988, 'Dable IS) 

~, .. I_ lIctllUd DOli 
R",lucth . POunllon ChMICl' h'uu tqll l" ' tnt , 
.. tt~l.l 1I.1t (( I) for.1 '~.cllon ". 
H· J D . O~ CI 'n vlt~e tut kIll , .. , 
C·1' O .O ~ In vItro till kltl 0.01" , 
Cr·~l 0 . 1~ llb,l'd ur.-, 0 . 01 , 

10dila (hr •• lt 

Co·~8 0. 15 (y.notohl •• In 0 . 001 , 
(vlt .. ln IU) 

fe-59 0 . 15 (Morlet., t l trH. , 0 . 01 , 
1IIIIIlt 

St· 75 '.1 lib' ltd COIIOOlinci 0.01 , 
5r·90 , .. IIltutt, (ModO. 0. 01 , to 0 . 006 
~0·9911(-99 .. ... Mo·n/Tc·9~ 0. 01 , to O. O~ 

o,ntr.lOrl (llqllld ) 

1·125 D. H II. I , flbl"Ogln, , .. 0 . 001 to 
dlagnoltlc' kit! 0 . 1 ( c"l l d'l 

thyro Id . 
I-Ul 0. 15 II. I, lIb,ltd , .. 0. 001 to 

org.nlc (~Olllldl 0. 1 ( ch i ld ' i 
lhY'\l lct ) 

1t- 1)) I . Gil or I.lln. l.O , 
1I0te : n.l.d IOllren In not Includtd. 
Athr.nc,: Sutttr r.port . 

"1IolI"(l t bon dl ulde relent frictIon . 
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'Thble C.84 Maximum possession limits, release fractions, and doses due to a major facility fire for sealed 
source manufacturing (McGuire 1988, Thble 16) 

Kul ..... ElfeC"t i • • 
licenu" 60 .. 

hd IUttl • • po .. "lo" hi .... ' Q~;' I I I n 
"h~h l ""It (ei, ,.- llun,u 'rltt l OIl ro., 

,., 100,000 (I .o l.tl re S.fnt lt9flt ••• 0 . 0' to , 

C-I ( .. "-trl/I" 0.01 ' • to 0. 00 

to-60 lO ,000 75S .flill t t ~~tOOOltlol\ 0 . 0001 0 , 004 " pell.l. ,~. • •• lSI lul.d 
.oure .. 

Kr-es I,SOO ""bIt 011 " 1.0 • 
S ... 90 ],000 1000 (I '" " 0.01 .., to lJ 

solutioll III 
0.1 lit .. ot 
0.1 II N( l 
.lso, .. 11.6 
.oure .. 

Sb-ll( .. """lInto 0 . 01 o to 0,01 
1-125 ". 5 Ci '" "'" " ... 0.ltol0 

It"utd tChlld' • 
5 ei 0/\ 
bud. 

r.s ift thyroid ) 

C.-)]l 10,000 hch/Ofl I 0 . 01 0. 01 to t . 
..... 147 , ."" tOO Ci '" ,. 0. 01 0 . 008 " .olutloll III • 0.1 Ht ... ., 

0 . 1 II Hel 
.lso, .ultd 
.oure .. 

\'b-I" ". 5 (I 1t""Id .. ... 0.000' to 
Tb cMln, ••• 

T ... 110 '.'" toefl/OIl. 0. 01 0 . 01 to l. 
h'lal '" .. hllle " Ttch/OP' 0 . 01 • u 0 . 001 

earbld<! 

la'lll 2,000 .. tlilic " \ech/Op. 0.01 • to 0 , 00] 
carbld. 

Ir-\92 SO,OOO lolld ... tll Tech/Op. 0.0001 ~ . OOI " Or luled .. , 
lallret 

TI-ZGl .. ""nIlMO 0.01 o to 0.001 

II·nO '" ... tI] .lug1 " 0. 001 a to 0. 0) 
'0-210 .,000 ~" 1500 CI " 0. 01 l- to 100. 

1/\ '0 IIhr. (Pt. 
ot 1II HIIO,; 1500 (I) 
UP to noo CI 0 .001 O.l t o ro . 
III .... It (Pt· prl.arllt II l51X1 CI) 
.te.01l,ht ... 

IIp'Zlf '.1 IIollllnto 0.001 o to 0.001 
',,-UI, ln, 

lU '" 250 Ci II ""n"nto 0.001 0 , 15 to ". zn , Z'O. 1I1I1I.I.d (w 1H , 142 """"tr Ollele ZSO CI ) 
"" '1'1 '.'" 150 C\ •• "IoMllltO 0 . 001 1.1 to 1l0. 

IInU.ltd ( ~, 
p""""or oli""; l50 etl 
r,,"llIu II 
... Itd 
'Ollr~u 

t.-lU ... ""'nll"to 0.001 0 . 1 to 10. 
C.-l41 10 """lIlIto 0 . 001 O. Ol to l. O 
C,...ZU ... 1Io1I1I~tO 0. 001 I.S to I~O . 
("Zst "" .oltd Pillet """"nto 0.001 0 .... t. 

0.' 
·No~ -c"11<>n dlo_lok .t1t1 .. 'rlct;on. 

NUREG/BR·0184 C.92 

( 

I" 
\. 

( 



Appendix C 

Table C.8S Maximum possession limits, release fractions, and doses due to a major facility fire for 
university research laboratories (McGuire 1988, Table 17) 

Radioacti"e 
aabrlal 

H-3 
C-14 
P-3Z 
S-3S 
NI-63 
S.-90 
Mo-99/Tc-99t1 
1-1ZS 
1-131 
Xe-133 
Po-Z10 
Alt-Z41 
C.-Z« 
Cf-ZSZ 

Maxi.~ licensed 
possession li.lt (CI) 

3000 
10 

S 
S 
1 
O.S 

10 
8 
1 

10 
10 
O.S 
1 
0.1 

"Non-carbon dioxide release fraction. 

Release 
fraction 

O.S 
0.01" 
O.S 
O.S 
0.01 
0.01 
0.01 
O.S 
O.S 
1. 
0.01 
0.001 
0.001 
0.001 

Effective dose 
equivalent, re.s 

O.OOZ to O.Z 
o 
o to O.OC 
o to 0.01 
o 
o to 0.005 
o 
0.06 to S.5 (child's thyroid) 
0.01 to 1. (chi ld' s thyroid) 
o 
0.009 to 0.9 
0.003 to 0.3 
0.003 to 0.3 
o to 0.01 

Table C.86 Waste warehousing airborne releases and doses due to a major facility fire (McGuire 1988, Table 18) 

Rldlo,ctlve QUlntlty 
.. tulll pruent (CI) 

H-3 6200 
C-14 160 
P-3l 160 
S-3S 120 
C.-Sl 60 
1-12S 280 
1-131 20 

ReI .... 
friction 

0.5 
0.01" 
O.S 
O.S 
0.01 
O.S 
O.S 

"Non-clrbon dioxide r.l •• s. fraction. 

Efftctlvt dou 
tqulv.ltnt, ••• 

0.004 to 0.4 
o til O.OOC 
0.01 to 1. 
0.002 to O.Z 
o 
4 to 400. (child's thyroid) 
0.4 to 40. (chi ld' s thyroid) 

Table C.87 Alternative disposal standards for uranium mill tailings (EPA 1983, Table S.l) 

Longevity 
Requirement 

No Controls 

Ac t i ve con trol 
for 1 UU yea rs 

Passive control 
for 1000 years 

Passive control for 
lUUO years, with 
improved radon control 
during operations 
for new piles 

Radon Control after Disposal (pCi/m
2
s) 

No Radon Requirement bU 2U b 2 

Bl B2 B3 

Cl CJ t4 £;5 

IJl D3 IJ4 us 
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Table C.88 Alternative standards and control methods for existing uranium mill tailings plies 
(EPA 1983, 1llble 4.2) 

AlcHn~tive 

St~"darJ 

, 

" " " 
" " " " " 
"' " " " 

Conteol Method 
Ouign acio" 

Bl - E 
B2-E 
3l-E 

CI-E 
C2-E 
C)-E 
C'- E 
C5 -E 

Same 
S~",e 

S~ .. e 
Same 

" 
" 
" 
" 

larth Cover 
Thick"c •• (!O) 

O. , 

'-' 
l. ~ 

0.' ,. , 
'-' ,., 
~. l 

" " " " 

Con ,<ol Mullo.! 

Rock 0" 
Slop" S]op~. 

3: I 
3: I 
1: I 

5: I , 
S: I , 
~: I , 
~: I , 
S: I , 

.,. 
Pebbl y 

So; I 
on Ta~ Ma intenance 

'" yeau 

'" Y .. ln 

'" yeors 

, , , , , 

, , , 

1llble C.89 Alternative standards and control methods for new uranium mill tailings piles (EPA 1983, 18ble 4.3) 

Alternative 
Standlrd 

, 
" " " 
" " " " " 
" " " OS 

NUREGiSR-0184 

Control Hethod torth Cove r 
ouisnuion Th icknu. (II) Slope 

,-, Conl tr" "t;on . , 
11-11 . , 

" I 12- 11 .. , J: I 
&3- 11 '-' " I 

Ct-II .S 3: I 
C2-11 .. S S, I 
C3-11 '-, 3: I 
C4-11 ,., S;I 
C5-11 ,., 5: I 

02-11 .., 
OJ-II '-, 
04-11 ,., 
OS-If ,. , 

Control Huhod 

Rock on 
S lo~u 

initi.l 

, , , , , 

.,. 
Pebbly 
Soit 

on To~ 

_ bonment • 

, , , , , 

C.94 

only 

100 y ...... 
100 yel ... 
100 yelro 

'"' lelow Gude 

, , , , 

LiI,er 

, , , 
, , , , , 
, , , , 

, , , 

, , , , 

, 
( , 

( 
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'Dable C.90 Summary of values for alternative disposal standards for uranium mlll tailings (EPA 1983, Thble S.2) 

Stablllutlon hdQI1 Cootrol IhI.r"t ProtecUoo 
.u •• rn .. tlvc Chaoee of 1.&111l1g' J1.aUII\ID Rhk(J) o.ath. AvOlded(bj t.>",.YHy 
St."d,Hd. ~i.u .. trollio" AYolded of u. ... CaDe •• Fiut 

(Y''' '') c: .. duct!on) "0 1 ,000 Tot.l (yun) 
y • • • a y •• n 

, V~n l1kdy , ,. 102(ul , 
° 

, , 
" Likely h .. ndted , .- 11.l2(50 ) 3UO 1200 12()0 100 

" \..e u Likely H .. ndud. , 
" 103(80) '" 11100 1800 >0. 

" k u Likely 11,").d."d. ,. IOJ(95) '" 2100 2100 '" 

" Ukely U""d re. d , I" 102(511) "0 3aaU 1ho .... "'u ,GO 

" \..en Lik e ly Thousand , , ,. 103(80) '" 48UO Il.IIlI.Y 1000', 100' 1 

" ~" I hd y n,o" •• ndl , ., 103(9) '" 5700 Te na of 1000' . laOO 

" Vtry ~nl1kel y :1«n1 .!>o .. ~."d~ 1 " 104(<)1I.~) '" 59110 Tenli 
_. 

1000' . > 1000 

" Very Unlike ly .~ny [h""undli " 10~(9'1..S) ;'00 .," Te ... 
_. 

1000', > 1000 

" ~nl1kdy Tho" •• nd s •• 103(80) '" 41100 ~DY 1000'. 1000 

" ~'nl1kely )1aoy [ho" .. "d~ 1 ,. 103{':I5) '" 5700 t"nl ot 1000 ', 1000 

" ~ery .. nl1 .... 1' ~.ny tho" u lI" s l 1_ l u4(':I8. 5 ) 5~O 3901) Tu, ol 1000' . ~ Ilioa 

" ~·HY .. "lIke ly »\any tho"u."da 1. IU'(99.5) .CO bOllU Te". 
_. 

100U ':I > lUOO 

( d )Lll~ttll" tl ~~ o t i a l~1 c~ncer to a D l"dlvl~ ... 1 .. ~ ... m .. d [0 be living DOO w .. t~r. l r em tho! c e ".er ot a mod.l 
tall1tog~ pll~. lh.~ u u_u a of b~n.i1 tt . U "". toO .:. redtt [" .. t .n,I"o!~rln!l t . ctor. req .. Ired t o provide 
- r e uon3d .. ~~~ .. t"n~e- o r J~6180 eo .. pli.ln~e fer tne ~pecltled radon ccottol hvel .. "d pe~lod ot loollevity. 

(b )ll",u ~~tl .. ~t~~ pertain to tt,,, control of 2/0 c ~1attn !l p1l •• and 9 projected ne" pit. .qulvahnt, . ot th • 
• ppro1Ime[c ly hUO d.ath~ ,,!>Ich a re .stl •• • • d to OCCU t 111 th~ flr.t 100 year ... nder no cOD.rol condit iOn ' , 
~bout )UO . te 'h~ r. l ult of che ~Kl .tlog ca l l1ng. and lOU a r .. ~ ... to f .. ture 'a ll1",I. 
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Thble C.9 . Cost--effecliveness of control methods for uranium mill tailings (EPA 1983, Thble 4.8) 

Control EffKti~eIlU' To,"1 COH 

~ Jlldu (\0 In) $) 

, .illioll ~ bhdll! Pile 

• 0 0 

" 1. 0 ,. , 
" 1.' .. , 
" J.1 , ., 
" ,. J J. , 

" , .. ,. , 
" '"' '.J 

" .. , 10.9 

" ,. , IJ.) 

.'lIion ~ hiltin! Pile 

• 0 0 

" 1.0 .. , 
" 1.' 10.4 

" '.1 14.0 

" ,. , ,., 
" .. , 10.~ 

" '"' \4.3 

" .. , u.s 

" 
.., n.2 

22 .111;011 ~ £"'"tilll Pih 

• 0 0 

" 1.0 10.8 

" 1.' 11.) 

" J.1 n.o 

" '.J Il ... 

" .. , 10." 

" '"' 26.a 

" .. , 3).a 

" ,., 40.0 

8.4 .. illi oll " ~@" pilc 

• '.0 .., .. 1.0 \ t.~ 

" I. , 15.0 

" '. 1 19.0 

" '"' 11. 1. 

" .. , I ~.O 

" 
,. , ,~. 1 

" '" ' ~I) .1) 

" .. , l ~ . S 

". ••• :' •. J 

" '"' n. S 

" 9 . ~ ~S.~ 

" '.' 1.1. I 

NUREG/BR-O l84 C.96 

A~" •• t IlIcr_tllt.1 

~ 

tli.i notd h~ 
Eli"'uted ,'~ 
U''''utod h~ . , ., 

1.1 
1. ' 
I.' 

r.li.inocod h~ 
tli"inled ,,-
tI •• 1ft _td h_ 

1.' 
1. , 
1.' ,., ,., 

10.8 
tli.inotld h_ 
tli.inl td f ... 

J.' 
'.0 , .. 
J.' '.J 

£\ "oln8t~d 
Eli..in.1ted 
[1;",in8t~d 

:. 1 
L) 

r.li .. 'n~t~rl .., 
f.1 i.in.H~" 

'"' r.li .in8t~~ 

'. 1 
U 

,,~ 

f,~ 

,'~ 

f, _ 

f, _ 

,,-

"''' 

eOlllidultioll 
eOlllidu l tioll 
conliderltion . , 

1. 0 ,., 
J.7 
'.0 

conliderotion 
conddtrltl .... 
con.idu.tion I., 

1.' , .. 
' . 0 
U 

10.8 
cOllliolu . ti .... 
cOlllloleruioll 

0.' 
'.7 ,., 

10. 0 
10.l 

con.iderlcion 
con.id"utioll 
cOII.idc rltion 

1. , 
1.' 

r" n $ id~ r.r ion , .. 
c., n~i<Jcrui nn 

'.1 
con. i d~t ." i nn ,., 

)~.~ 

( 

( , 
'" 

( 
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Thble C.92 Summary of costs in millions of 1983 dollars for alternative disposal standards for uranium 
mill tailings (EPA 1983, Thble S.3) 

Alt.rn.tive A .... oed Cover (ndUntl COUl l Undi.count~d Prt.~"r Worth Co • • • 
' •• ndud Connol Thickn . .. hl.dnl Futun Tot.L ( IO% di.co unt u ul 

Hethod h,e'.n) Tai I inl' T.ilinr;t 

• ," control 0 , , 

" Abovte-IUd. , 0.' '" 84-414 239-629 14L-li 9 

" 'd .Iope, ,. , '" 91-549 151-802 219-424 

" hri,.tioo '"' 
,., m 114-632 4~2-910 288-524 

... int.n.ou '"< 100 yUrt 

" Above-IUd ... , 0.' '" 124-414 276-6 26 l H -] 16 

" 5>1 . lope. ,., '" 145-510 39B-823 240-4 13 

" rock Cover ~ ,., m 165-653 ~OB-996 1L4-~]7 

" Ito"" •• 0 . 5 II ,., '" 186-744 629- 1187 · ] ~1 -6 5 1 

" "' ""bbly .oll .., 
'" 215-829 141-\J61 4 14- 755 

". top o f pite 

" Sa ..... C '"< ,., '" 184-831 4)1-1090 249-~46 

" ."i.tin, pi.te. ,., m 201-906 Y,4- 1249 )23-61.4 

" .. , ot'led ,., 
'" 221-989 664-1431 406-7 SS 

" di ' pout ,., '" 2S2-t065 784- B 9 7 4113-855 
bel ....... ,Ud. 

'"' n_ pUu 

Thble C.93 Estimated risks from spent fuel poollires (Jo et al. 1989, Table 3.1) 

Evrn t 

Structural f a tlure of Pool Resulting 
f rom St'i~m lc E¥!) n t ~ 

Probabili ty of a Cas~ Dr OD Caused 
by Huma n Erro r 

Red uction i n Fail ure Rat e for CJ ~ ~ 
Drop I mplem~ntin~ Genl'de [Bue A- 36 

Condit jon ~ l P r ob ~bility of Pool 
Struc t ural F ~ i1urr Given a C a ~k Drop 

Condition '! l Probability of ~ Chd 
Fj re Gi ven a Pool St ructural rallur!) " 

freouency of $op.n t Fuel Pool nre 
f rom Seis",ic [n!thtor 

Frequency cf Soent Fuel Pool Fire 

PWR 
Probabil ill 

Ph nt WI! plan t 

I. flE -6/P'y ' 6. 7E -6/Ry 

3. L E -~ /Ry 3.I E- HRy 

1.0E·) 1.0E-3 

L' .. , 
.. , 0.25 

1. 8E-6/Ry 1. 6H _~/Ry 

f ro", ~ Cas k Oroo InltiHor J . 1E - I/P.y 7.7SE-!3fRy L-. _______________ . ___ ____ _ 

. ~~ • Reoc tor year . 
.. ,II! I![~/C~_ 49A'. p. ~S. 
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Appendix C 

Thble C.94 Off site consequence calculations for spent fuel pool fires (Jo et al. 1989, Thble 3.2) 

Offsite 
Publ ic Property 

Health Dose Damage 
Source Term* Population (person-rem) ( $1983) Case Characterization 

Average Case Last fuel discharged 340 persons/ 7.97xl0 6 3.41xl0 9 

90 days after dis- mi Ie 2 

charge 

Ent ire pool inventory Zion popu lat i on 2.56xl0 7 2.62':10 10 

30 days after dis- (rough I y 860 
charge persons/mil e 2) 

2 Worst Case 

*From NUREG/CR-4982. 

Thble C.95 Onsite property damage costs in dollars per spent fuel pool accident (Jo et al. 1989, Thble 3.3) 

Item Best Est imate Worst Case 

Cl eanup and 
Decontamination 1.r.~E8 1. 65E8 

Repair 7.2E7 7.2E7 

Repl acement Power 8.67E8 1.66E9 

Total Number of 
Ope rat i ng Yea rs 
Remaining 29.8 years 29.8 years 

Numbe r of Yea rs 
Plant is Out of 
Service 5 yaars 7 years 

Expected Dollar 
Loss B.24E9 1.29EI0 

NUREG/BR-0184 C.98 
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'Thble C.96 Incremental storage costs in 1983 dollars associated with limited low-density racking in the 
primary spent fuel pool (Jo et a!. 1989, 'Thble 3 .6) 

STORAGE PER UNIT All />LAIflS 
oPTl:"! 0" !, Iu' ~. ,. ,,' 
'001. 2.11+7 I. 67+7 1.28+1 2.34+9 1.80+9 1.38+9 

DRY'II[LL 9.13+6 8.24+6 6.85+6 9.86+8 8.90+8 1.40+8 

VAULT 2. 07+1 1.67+7 1.28.1 2.2~+9 1.80+9 1.3B+9 

CAS)'; 1.20+7 1.22+7 I. OS_1 1.30+9 1. 32+9 1. 13+9 

SILO l. 56+ 7 1.22+] 9.35+6 1.68+9 1.32+9 1.01+9 

+Z~ro 1 dIscount rite corr~sponds to the Clst wher~ Iddltlon.l s torlg~ 
CIPICity Is butlt now. 

Notes: I. These costs inclUde the cOlt of In-pool rerlcklng I nd the 
Incremental cosu nsochted with tile ch.nge In .ddlt lon.' 
storl gt r~Qulrements resulting f r~ t~ dtcr"se In primlry 
pool cl p'cHy. 

2. Assu~lng the extra storage cab.clty II built wilen requlrtd . 
t wo discount r. tes I re applied . 

C.99 NUREG/BR·0184 
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Thble C.97 Summary or Parameters affecting attributes for the spent fuel pool inventory 
reduction option (Jo et al . 1989, Thble 3.8) 

f.ctorl Aftectl~9 
Attributes Attributes oescrlptlon j),/intHICItlon Rehrences 

Publ Ie Hulth ,. Pool F.llure Prob.b liity Sets .. l c St ructur.1 flilure T,ble 3.1 
Don Reduction Kigh _ P\IfI 1.8 ~ 10-' IRy Ref. 2 

- 61111. 1.68. 10" 
I .. • • 

failure due to tast Drop 
HlglI _ PIIR 3.1 • 10" Illy Ref. 2 

- BIIR 1.15. 10-' 
I .. • • 

Others • • 
•• I;\Imber of Pooh Inyolved ". " DDE/ll l-8l-lt ... " 
C. Aye",e Reonalnlng llte- "'. 29.8 ODE/Rl-8l· tl 

l ln.e Of PIint ... 21.9 

•• RadiOictiu Innntory Worst tlSe Toul Inyentory 3D days /lUIlEG./CR.4982 
Reluu - Afur 01 scharge 

6nt Estl .. ,te LISt fuel Olsch,r"e 
91) !)ays Arter Oliclla'lIe 

,. Met.orology lion 

F. Populltlon lIorst Cue ZIon (860 peop le/sq ... I.) 
U.S. Average )40 pt'ople/sq ... I. 

,. Rlst Reduction B01. St<:Iuence frequency ." MUREG/CR-4gB2 
Reduct lOll 

Reduction of Considered to be Inslg. 
OcCUplt 1011.1 nHlc.nt C(''''Plre<! to 
E.posure PublIc Health I .. plct 
_·Accldental 

Reduction of Ho sl9nltlc.nt cllanye 
()(eupat Ion. I e.peeted 
E_posurt 
-.ilout!nt 

F.ctors Affecting 
Attributes Attributes Oucriptlon quint I '1 c.t I 011 Aef".nc., 

CHitta Property A. 8, C. 0, E. F. , S .... IS tllose of Public Health 
0.1IIIge 

EcolllOn1 Zion 
Discount Rite '01 

Cns lte Property Decont,,,,1 nat Ion. Refur. 5 yI.rs HUJlEG/CR-lSIiB 
D .... ge bl$tunent Ind Replace- EPRJ HP-JJaD 

ement Power Tim@. 
Discount Rate '" 

Reg. Efficiency Un.fftcttd 

IlIIProvement '" Un.ffected 
Knowledge 

Industry Iqlh· Additional Storage High (Pool Option) OOE/Rl-87-11 
mentltlon and ~tlon .nd Reflctlng Low (Drywel1 Option) EPRJ HP-JJ65 
Dp~rltlon Cost. 

Discount Rate lOS 

NRC Deyelopment Un.Hected 
I Imp I ement It lon/ 
Cperltton 

C. lOO 

( 
\. 



Thble C98 Summary of industrywwide value·impact analysis of the spent fuel pool Inventory 
reduction option(a) (Jo et al. 1989, 'Thble 3.9) 

Attributes EstiNte 

4.00 ~ 

1,<",p""O~~l {Kposure 
IAccidental 
IRoutlne 

Pr operty 

Property 

I""""'''' Efficiency 
In knowledge 

(S)ICott (S) Rltlo 

L~l elnt' ntat Ion per 
Person-rell 

_ , 
_ , 

1.28 x 

-, -, -, -, -, _ , 
1.42 x 10' 

5.54 x 10' 

2.21 x 

4.25 x 

Unaffected 

Unaffected 

-1.38 X 10' -1.13 x 

Unaffected 

-1.J3 x 10,(cl w9•S1 x 

0.03S{c) 0.15 

29.0(C) lll.0 

pool pOpuhtlon of 108. 

li: :~: .::~:\~;~l::,~(.',:,,::s:ed on the 'Worst Case' source teT'll relene and Zion 
\; labh 3.2). 

(e the Best Estimate Net Benefit, Benefit/Cost RltlO, 
Dose Mi llion Dol .. rs Cost and Cost per A,erted Person-

rem would be Dolhrs, 0.032. 26.4 Person-rlN Ind 3.1!1dO' Dollarl 
Person-relll , rnpecthely. Cost uuhtlon elurlng 198J-nas 'oilS usumed to 
be 9.B' (Reference 11). 

Appendix C 
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Thble C.99 Failure frequency ror generic spent fuel pool cooling and makeup systems (Jo et al. 1989, fible 4.1) 

Systftl Type 

•• 

•• 

c. 

o. 

"Reference I. 

Dncrjptlon 

MinlAl'" SRP 
Requirement 

Hinl .... 11 SRP 
Require.nent 
With Credit tor 
Fire System 

Old Ell$tlng 
plant with Both 
Cooling "'~s 
Required 301 of 
Ti lle tt 

Old r.htlng 
Plint With 
Credit for Fire 
Systna 

" Units of fill1ure per SyU M yur. 

NUREG/BR-i)\84 

0 . 1 

0.1 

0.1 

0.1 

0.05 0.015 

0.05 0.015 

0.3 0.015 

0. 3 ·0.015 

SRP = Standard Review Plan 

C.102 

0.05 

0.05 0.05 

0.05 

0.05 0.05 

Tot.1 F.llure 
f"qu,ncy 
',r System '.,r 

l.8 I 10-' 

1.9 I 10- 7 

2.2 ~ 10' s 

( 

( 

( 
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Table C.1OO Value~impact for generic improvements to the spent fuel pool cooling system. 
(Jo et al. 1989, Thble 4,2) 

JlI\9ron..ent 
5ystelll Description Il!Ipro~_nt Cost (I98lS) 

A. I'Ilnllllu" SRI' I . Mdltlon.1 pump 50,000 

,. Additional tra! n 1.0E6 

•• I'Ilnl ll\IIQ Sltp I. Additional pump 50,1)1)1) 
Rtquirellllnt 
With Credit ,. Additiona l tratn I. OE6 
lor fire 
Syste .. 

c. I)ld E~htlng I. Additional pump 51),000 
Plant With 
80th Cooling ,. Additiona l trGln 1,0(6 
PUIIIP' ReQuired 
30' of TIllie 

o. Old blstlng I. Additional I/ump 51),1)1)0 
Phnt With 
Credit lor FIr. ,. Addltlonll tfl ln 1,I)E6 
SY$ttlll 

"Q!,olntlflcltlon reflleu • ,111911 sp,nt fUll pool. 

5ystelll A • Hlnhrum cool1n9 and IIIIIkeup syltelll reQuired by tile SR' : 1J Ont full 
caplclty tooling tra in ... Ith redundlnt "the COII(InnenU (I . e . , re­
dundant vilves Ind pump s ). One Clte90ry I IIIIkeup system I nd one 
backup pump or system (not reQuired to be Cltegory I) ... hlch Cln be 
aligned to I Cltegory I .... ter supply. 

SyHe .. 8 - HlnllTNm coolln9 .nd IIIIkeup syHem with credit for makeup fr olll fire 
,ystem (Noa that some plants m.y Identify the fire systelll IS the 
bac~up In System A) . 

System C - Typical older 'ystem com~n'b1e to current SRP reQuirements: Onf 
coo I I n9 tra I n wltll blckup act he co~onenu (but backup cOqlonents 
.re required to ,upplement coolIng Ibout JOt of time II ); One safety 
grade make up trlln and one non -s afety grade makeup system. 

SyHem 0 - Typical nl der system (System C) wltl! ttltrd ... keup tra i n .nllable 
(e.g., fire syst~). 

bl/ltled .... erhd 8enelltt 
COst ( 1983S ) COH Rulo 

"'" 0 .0 

'" t o 6641) «0.1)1 

"' .. 0.0 

" to 330 0.0 

251)0 to 31),41)0 .1)5 to 1).61 

3160 to 38.551) ,1)1)3 to 1) .04 

I " " I~I)O .1)1)25 to 1).1)3 

'" " 1940 <.Ol)l 

Table C.10t Offsite property damage and health costs per spent fuel pool accident. (Jo et al. 1989, Thble 5,1) 

Uu of hdlol091cal Property 0l PIIlge 
Cue Ch.r.cterlut Ion Snurce Ttnn Populati on Spny System Onse (per,on -rem) Costs S 

Averlge Cue LISt fuel discharged 340 persons/ N. 7.91E6 3.41E9 
gO days I fter discharge sq. mile 

, Average Cue l ist fuel dlscharged 34D persons I Yo. 1.25E6 6.16£1 
90 days after discharge sq. mILe 

3 lIorst Cue Entire pool densIty ZIon Popuhtlon '" 2.56E1 2.620 1) 
30 days after dhchar .. e (rollghly 860 

pe"nns/s!!. mil e) 

• Worst Case Entire pool dens i ty Zion Population y" 6. 18E6 4.48E8 
30 dlYs afte r d ischarge (rOll9h I y 860 

persnns/'q .... 1 Ie ) 

*AACCS Cl lcu lU loIIS. 
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Thble c'102 Summary of industry-wide value-Impact analysis or the spent fuel pool post-accident 
spray systemitt (Jo et al. 1989, 'IIlble 5.2) 

NUREG/BR-0184 

Tot. l Dose Reduct ion Tot .l l'Iontt . ry Rh~ 
{Per son -r"! Reduction {l1 gSl1 

lien ) High ( 1 jut (I HI9h ( 1 
Attrlbutu Estll114U(b E!th'Ue b [sti ll'te b [stlmate b 

Pub l ic Hellth 4.20E4 1. 18E5 4.20(1 I.ISES 

Occupation' I Exposur e - 0 - 0 - 0 - 0 

OH s Itt p,.""erty 6.17£6 5.200 

Onsft e Prope rty - 0 - 0 

Indust ry 1~ l emenution -! . O&S - 1.08ES 
Ind Operat Ion 

'" hnefl t U) _S . '12El(c) 6 . 2E7 

Benefit (SJlCost ( S) Rat i o 0 . 4S(C) 1. 57 

Rltio of Public Dose P-educ-
tlon per Million Dolhn 

J.S9E2(c) 
-

Cost (Per,on-reIlIlIO~) 1.090 

COlt of 1 .. lemenUtion 
per Ayerted Person-rell 

2.51£1(cl (SiPerson.rrll) 9.15[2 

(I)POllulH lon of 108 Silent fuel pool~. 
(b)S~e hble J.2 for soyree terw10 and deMQranhlC aHuretions. 
(e)Bned on 19S11 dol l,rs . bst £Stl00ate' r~t BenefIt , 8enefit/CoH Ril la , 

Puh ll c DoS! Rl'dll'.;tin .. per Million Dol lar Cos t .nd Cost Der hertr1 Person­
rlela ... ould be .6.92[1 dol lars. 0.42, )54 Person_relll .nd 2.SZE) dolhr' l 
person-rell, resDecthely. (oH esulallon durln9 19S3-19S8 wU &H~d to 
~ 9.S1 (Reference 11). 
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Thble C.I03 Facility descriptors for accident analysis (Ayer et al. 1988, Thble 2.1) 

Accident Comp~rtment 

Wall ~terf~1 
Ceiling m~terl a f 
Floor m~terfaf 
TIl I ckness of weI I 
Thickness of ceI l ing 
Thickness of flool'" 
length of I"'oan 
Width of r oan 
HeIght of I"'oan 
Vo I UI'Ie of I"'OCI'II 

Descriptor 

Vessels In Accident Co'npar1ment 

Type of vessel {pressurlzed, unpressurlzedl 
Construction material 
Height of vessel 
Exposed width 
elevation of vessel 
Welght.of empty vessel (or wal I thickness and density) 
F~llure pressure 

Venti latlon Systtllll 

Schematic 
e l evation of Infet duct to canpartment 
Flltlll'" type 
Filter efficIency 
Blower performance curve 
Ouct height 
Duct equivalent diameter 
Duct heat transfer area 
Duct t I oor arlllla 
Duct length 
Duct X-sectional flow arM 
Duct Wa I r propert I es 

OutsIde ... Iss Ivlty 
OutsIde absorptIvity 
Density 
Thermal conductivity 
Specific heat 
III Ickness 

VO/Ulne of roo'llS, cells, plentJlls 

Al ternate Flow ,Paths 

Time of generation 
Elevation of path 
Siu of opening (equlvelent area circular dlOl'later) 
Pressure on other side 
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'Thble C.I04 Fuel manufacturing process descriptors (Ayer et al. 1988. 'Thble 3.6) 

NUREG/BR-0184 

Oescri ptor 
Radioactive Material Inventories 

Form 
Contai nment 
Location 
Quantity 
Properties 
Radioactivity 

Radioactive Material in Containers 
Vo l ume of Powder 
Moisture Content of Powder 
Volume of Air in Closed Containers 
Mass of Liquid 
Volume of Liquid 

Hazardous Material Inventories 
locati on 
Quantity 
Su rface Area 
Material Type 
Energy 

Process Parameters 
Initial Temperatures Compartment 

Radioactive 'Powders in Closed Containers 
Radi o'act ive Li qui ds in Closed Conta i ners 
Radioactive liquids in Open Containers 
Outside of Vesse l s 
Duct Wall 

Initial Pressures in 
Inlet Duct 
Compartment 
Exit Duct 
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Thble C.105 Fuel reprocessing process descriptors (Ayer et al. 1988, Thble 3.8) 

Oescr; ptor 

Radioactive Material Inventories 
h;rm 
Location 
Cant a i nment 
Quant i ty 
Properties 
Radioactivity 

Radioactivity 
Containment 

Radioactive Material in Containers 
Volume of Powder 
Moisture Content of Powder 
Volume of Air in Closed Containers 
Mass of Liquid 
Volume of Liquid 

Hazardous Material Inventories 
Energy 
Location 
Quantity 
Surface Area 
Material Type 

Process Parameters 
Initial Temperatures Compartment 

Radioactive Powders in Closed Containers 
Radioactive Liquids in Closed Containers 
Radioactive Liquids in Open Contai~ers 
Outside of Vessels 
Duct Wall 
Solvent Stream 

Initial Pressures in 
Inlet Duct 
Compartment 
Exit Duct 
Solvent Stream 

C.107 
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Thble C.l06 Waste storage/solidification process descriptors (Ayer et al. 1988 , Table 3.10) 

NUREG/BR-0184 

Descriptor 
Radi oacti ve Material Inventories 

Form 
Containment 
Locati on 
Quant; ty 
Properties 
Radioactivity 
Radionuclide Volatility 

Radioactive Materia l in Containers 
Volume of Powder 
Moisture Content of Powder 
Volume of Air in Closed 
Mass of Liqu;d 
Volume of Liquid Containers 

Hazardous Material In vent ori es 
Location 
Quantity 
Surface Area 
Mater; . l Type 
Energy 

Process Parameters 
Initial Temperatures Compartment 

Radioactive Powders in Closed Containers 
Radioactive Liqu i ds in Closed Containers 
Radioactive Liquids in Open Containers 
Outside of Vessels 
Glass Surface 
Duct Wall 

Initial Pressures in 
Inlet Duct 
Compartment 
Exit Duct 
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Thble C.l07 Spent fuel storage process descriptors (Ayer et al. 1988, Thble 3 .11) 

Oescri ptor 
Radioactive Material Inventories 

Form 
Containment 
Location 
Quantity 
Properties 
Rad;oacti vity 

Radi oact i ve Materi ali n Conta i ners 
Volume of Air in Closed Containers 
Mass of Li qui d 
Volume of Liquid 

Hazardous Material Inventories 
Location 
Quantity 
Surface Area 
Material Type 
Energy 

Process Parameters 
Initial Temperatures 

Compartment 
Radioactive Powders in Closed Containers 
Radioactive Liquids in Closed Containers 
Radioactive Liquids in Open Containers 
Outside of Vessels 
Ouct Wall 

Initial Pressures in 
Inlet Duct 
Compartment 
Exit Duct 

C.109 
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Thble C.I08 Behavior mechanisms ror airborne particles (.\fer et al. 1988, Th.ble 4.1) 

Mechanism 
Diffusion 

Settling 

Coagulation 

Condensation 

Agglomeration 

. Scavengi ng 

Description 
Movement of particles due to random gas 
molecular collisions and microscopic 
eddies in air 

Effect of gravity upon airborne particles 

The adherence of a particle 'to another 
upon collision to produce a particle of 
larger size and, for solids, le'ss dense 

Particle' Generation (condensation of 
vapors upon condensate nuclei), or 
particle growth (condensation of vapors 
on existing particles) 

Same as coagulation (for colloids) and 
coalescence (for liquids) 

The removal of airborne particies by 
materials falling through a fluid volume 

Oiffusiophoresis Movement of particles caused by concen­
tration gradients in the gas phase 

Thermophoresi s 

NUREG/BR-OI84 

Movement of particles down a tempera­
ture gradient 

C, IIO 

Infl uenci n9 
Elements 

Particle size 
Temperature 

Particle size 
Turbulence 
Induced gas flow 

Number of 
particles 
Eddy velocity 
P,article size 

Type of vapor 
Local 
temperature 
Particle size 

Number of 
particles 
Eddy velocity 
Particle size 

Particle size 

Vapor condensa­
ti on rate 

Temperature 
gradient 

(' 

( 



Appendix C 

Thble C.I09 Unscaled and scaled total accident risks to the public for non-reactor fuel cycle facilities 

Fuel Cycle Element 

Uranium Milling 

UF6 Conversion 

Enrichment 

Fuel Fabrication 

MOX Fuel Refabrication 

Fuel Reprocessing 

Spent Fuel Storage 

Cask Storage 

Drywell Storage 

Operations Phase 

HLW Storage 

Geologic Waste Disposal 
Total Preclosure 
Operations Phase 

Without MRS 
With MRS 

Total Postclosure 

Transportation 
Without MRS 
With MRS 

Total Accident Risk (person-rem/yr) 

Scaled 
Unscaled (l /GWe)(I) Thble 

2.7E-4 C.70 

0 .012 C.70 

0.012 C.70 

O.OOSO C.70 

0.12 C.70 
0 .036 C.70 
3.3E-S C.70 

0 .031 C.70 
0 .0032 C.70 
S.6E-4 C.70 
2.2E-4 C.70 
1.5E-4 C.70 
S.4E-S C.70 

0.18 C.70 
0.03 1 C.70 
3.7E-S C.70 
2.7E-S C.70 
S.7E-6 C.70 

1.2('0) C.32 

8.5('0) C.31 

0.7('0) C.32 

0.004('0) C.44 

2.3E-4 C.70 

4.0E-S C.70 
0.010 C.14 
l.SE-S C. 19 
3E-5('o) C.42 
3E-5('o) C.44 

5.0E-11(c) 

S" C.42 
100' C.44 
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NUREG/BR-0 184 

Thble C.I09 (Continued) 

Total Accident Risk (person·rem/yr) 

Scaled 
FUel Cycle Element Unscaled (l /GWe)<&I Thble 

Plutonium Oxide 
Truck 
Rail 

Spent Fuel 
Truck 

in 1975 
in 1985 

Rail 

in 1975 

in 1985 

HLW 

Rail 

(a) 

(b) 

(c) 

0.0013 C.70 
0 .066 C.70 

240lb) C.35 
1500lb) C.35 

0 . 16 C.70 

0.16 C.70 

0.Q78 C.70 

0 .0 13 C.70 

0 .0093 C.70 

7.1E4 C.70 

5.6E-5 C.70 

8.4E-6 C.70 

8.4E-6 C.70 

2.6E-6 C.70 
llOlb) C.35 

4000lb) C.35 

0.042 C.70 

0.0023 C.70 

8.4E-4 C.70 

2.8E-6 C.70 

2.4E-6 C.70 

Measured in tenns of the annual requiremems of a 1,000· 
MW, (I-GWe) LWR 
Convened to person·remlyr using 5,000 person­
remlhea1th effect . 
From Erdmann et al. (1979), see Section C.6. 
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Table C.UO Preliminary occupational risk estimates for postulated accidents at a repository in tuff for preclosure 
operations phase of geologic waste disposal (see Tables C.1S and C.19) (Daling et al. 1990) 

Frequency Worker Dose Worker Risk 
Accident Scenario (lIyr) (person-rem) (person-rem/yr) 

Natural Phenomena 
Flood 0.010 5.0E-1O 5.0E-12 
Earthquake < 0.0013 0.37 < 4.8E-4 
Tornado < 9.lE-ll 0.37 < 3.4E-ll 

Man-made Events 
Aircraft Impact < 2.0E-1O 5.5 < 1.1E-9 
Nuclear Test < 0.0010 0.37 < 3.7E-4 

Operational Accidents 
Fuel Assembly 

Drop 0.10 0.0081 8.1E-4 
Loading Dock 

Fire 
Spent Fuel < 1.0E-7 3.5 < 3.5E-7 
HLW < 1.0E-7 0.6 < 6.0E-8 

Waste Handling 
Ramp Fire < 1.0E-7 64 < 6.4E-6 

Emplacement Drift 
Fire < 1.0E-7 180 < 1.8E-5 

Total .0017 

C.l13 NUREG/BR-0184 
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Appendix D 

Safety Goal Policy Statement and Back6t Rule 

D.1 Safety Goals for the Operations of Nuclear Power Plants (51 FR 30028; 
Augnst 21, 1986) 

SUMMARY: This policy statement focuses on the risks to the public from nuclear power plant operation. Its objective is 
to establish goals that broadly define an acceptable level of radiological risk. In developing the policy statement, the NRC 
sponsored two public workshops during 1981 , obtained public comments and held four public meetings during 1982, con­
ducted a 2-year evaluation during 1983 to 1985, and received the views of its Advisory Committee on Reactor Safeguards. 

The Commission has established two qualitative safety goals which are supported by two quantitative objectives. These 
two supporting objectives are based on the principle that nuclear risks should not be a significant addition to other societa1 
risks. The Committee wants to make clear that no death attributable to nuclear power plant operation will ever be 
~ acceptable" in the sense that the Committee would regard it as a routine or permissible event. The Committee is discus­
sing acceptable risks, not acceptable deaths. 

• The qualitative safety goals are as follows: 

Individual members of the public should be provided a level of protection from the consequences of 
nuclear power plant operation such that individuals bear no significant additional risk to life and health. 
Societal risks to life and health from nuclear power plant operation should be comparable to or less than the 
risks of generating electricity by viable competing technologies and should not be a significant addition to 
other societal risks. 

• The following quantitative objectives are to be used in determining achievement of the above safety goals: 

The risk to an average individual in the vicinity of a nuclear power plant of prompt facilities that might result 
from reactor accidents should not exceed one-tenth of one percent (0.1 percent) of the sum of prompt fatality 
risks resulting from other accidents to which members of the U.S. population are generally exposed. 
The risk to the popUlation in the area near a nuclear power plant of cancer fatalities that might result from 
nuclear power plant operation should not exceed one-tenth of one percent (0. 1 percent) of the sum of cancer 
fatality risks resulting from all other causes. 

EFFECI1VE DATE: August 4, 1986. 

SUPPLEMENTARY INFORMATION: The following presents the Commission's Final Policy Statement on Safety 
Goals for the Operation of Nuclear Power Plants: 

0.1 NUREGIBR-0184 
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L Introduction 

A. Purpose and Scope 

In its response to the recommendations of the President's Commission on the Accident at three Mile Island, the Nuclear 
Regulatory Commission (NRC) stated that it was ~prepared 10 move forward with an explicit policy statement on safety 
philosophy and the role of safety-cost tracleoffs in the NRC safety decisions. ~ This policy statement is the result. 

Current regulatory practices are believed to ensure that the basic Slatutory requirement, adequate protection of the public, 
is met. Nevertheless, current practices could be improved 10 provide a better means for testing the adequacy of and need 
for current and proposed regulatory requirements. The Commission believes that such improvement could lead to a more 
coherent and consistent regulation of nuclear power plants, a more predictable regulatory process, a public understanding' 
of the regulatory criteria that the NRC applies, and public confidence in the safety of operating plants. This statement.of 
NRC safety policy expresses the Commission's views on the level of risks to public health and safety that the industry 
should strive for in its nuclear power plant. 

This policy statement focuses on the risks 10 the public from nuclear power plant operation. These are the risks from 
release of radioactive materials from the reactor to tbe environment from nonnal operations as well as from accidents. 
The Conunission will refer to these risks as the risks of nuclear power plant operation. The risks from the nuclear fuel 
cycle are not included in the safety goals. 

These fuel cycle risks have been considered in their own right and determined to be quite small. They will continue 10 
receive careful consideration. The possible effects of sabotage or diversion of nuclear material are also not presently 
included in the safety goals. At present there is no basis on which to provide a measure of risk on these matters. It is the 
Commission's intention that everything that is needed will be done to keep these types of risks at their present very low 
level; and it is the Commission's expectation that effons on this point will continue to be successful. With these excep­
tions, it is the Commission's intent that the risks from all the various initiating mechanisms be taken into account to the 
best of the capability of current evaluation techniques. 

In the evaluation of nuclear power plant operation, the staff considers several types of releases. Current NRC practice 
addresses the risks to the public resulting from operating nuclear power plants. Before a nuclear power plant is licensed to 
operate, NRC prepares an environmental impact assessment which includes an evaluation of the radiological impacts of 
routine operation of the plant and accidents on the population in the region around the plant site. The assessment under­
goes public conunent and may be extensively probed in adjudicatory hearings. For all plants licensed to operate, NRC has 
found that there will be no measurable radiological impact on any member of the public from routine operation of the 
plant. (Reference: NRC staff calculation of radiological impact on humans contained in Final Environmental Statements 
for specific nuclear power plants: e.g., NUREG-0779, NUREG-0812, and NUREG-0854.) 

The objective of the Commission's policy statement is to establish goals that broadly define an acceptable level of radio­
logical risk that might be imposed on the public as a result of nuclear power plant operation. While this policy statement 
includes the risks of normal operation, as well as accidents, the Commission believes that because of compliance with 
Federal Radiation Council (FRC) guidance, (40 CFR Part 190), and NRC's regulations (10 CFR Pan 20 and Appendix I 
to Pan 50), the risks from routine emissions are small compared 10 the safety goals. Therefore, the Commission believes 
that these risks need not be routinely analyzed on a case-by-case basis in order to demonstrate conformance with the safety 
goals. 
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B. Development of this Statement of Safety Policy 

In developing the policy statement, the Commission solicited and benefited from the infonnation and suggestions provided 
by worksbop discussions. NRC-sponsored workshops were held in Pa10 Alto, California, on April 1-3, 1981 and in 
Harpers Ferry, West Virginia, on July 23-24, 1981. The first worksbop addressed general issues involved in developing 
safety goals. The second workshop focused on a discussion paper which presented proposed safety goals. Both work­
shops featured discussions among knowledgeable persons drawn from industry, public interest groups, universities, and 
elsewhere, who represented a broad range of perspectives and disciplines. 

The NRC Office of Policy Evaluation submiued to the Commission for its consideration a Discussion Paper on Safety 
Goals for Nuclear Power Plants in November 1981 and a revised safety goal report in July 1982. 

The Commission also took into consideration the comments and suggestions received from the public in response to the 
proposed Policy Statement on ftSafety Goals for Nuclear Power Plants, · published on February 17, 1982 (47 FR 7023). 
Following public comment, a revised Policy Statement was issued on march 14, 1983 (48 FR 10772) and a 2-year 
evaluation period began. 

The Commission used the, staff report and its recommendations that resulted from the 2-year evaluation of safety goals in 
developing this final Policy Statement. Additionally, the Commission had benefit of further comments from its Advisory 
Committee on Reactor Safeguards (ACRS) and by senior NRC management. 

Based on the results of this infonnation, the Commission has determined that the qualitative safety goals will remain 
unchanged from its March 1983 revised policy statement and the Commission adopts these as its safety goals for the 
operation of nuclear power plants. 

II. Qualitative Safety Goals 

The Commission has decided to adopt qualitative s~fety goals that are supported by quantitative health effects objectives 
for use in the regulatory decisionmaking process. The Commission's first quantitative safety goal is that risk from nuclear 
power plant operation should not be a significant contributor to a person's risk to accidental death or injury. The intent is 
to require such a level of safety that individuals living or working near nuclear power plants should be able to go about 
their daily lives without special concern by virtue of their proximity to these plants. Thus, the Commission's first safety 
goal is -

Individual members of the public should be provided a level of protection from the consequences of nuclear power plant 
opera/ion such that individuals bear no significant additional risk to life and health. 

Even though protection of individual members of the public inherently provides substantial societal protection, the Com­
mission also decided that a limit should be placed on the societal risks posed by nuclear power plant operation. The Com­
mission also believes that the risks of nuclear power plant operation should be comparable to or less than the risks from 
other viable means of generating the same quantity of electrical energy. Thus, the Commission's second safety goal is -

Societal risk to life and health from nuclear power plant operation should be comparable to or less than the risks of gener­
ating electricity by viable competing technologies and should not be a significant addition to other societal risks. 

The broad spectrum of expert opinion on the risks posed by electrical generation by coal and the absence of authoritative 
data make it impractical to calibrate nuclear safety goals by comparing them with coal risks based on what we know today. 
However, the Commission has established the quantitative health effects objectives in such a way that nuclear risks are not 
a significant addition to other societal risks. 
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Severe core damage accidents can lead to more serious accidents with (be potential for life-threatening offsite release of 
radiation, for evacuation of members of the public, and for contamination of public property. Apart from their health and 
safety consequences, severe core damage accidents can erode public confidence in the safety of nuclear power and can lead 
to further instability and unpredictability for the industry. In order to avoid these adverse consequences, the Commission 
imends to continue to pursue a regulatory program that has as its objective providing reasonable assurance, while giving 
appropriate consideration to the uncertainties involved, that a severe core damage accident will not occur at a U.S. nuclear 
power plant. 

m. Quantitative Objectives Used to Gauge Achievement of The Safety Goals 

A. General Considerations 

The quantitative health effects objectives establish NRC guidance for public protection which nuclear plant designers and 
operators should strive to achieve. A key element in formulating a qualitative safety goal whose achievement is measured. 
by quantitative health effects objectives is to understand both the strengths and limitations of the techniques by which one 
judges whether the qualitative safety goal has been met. 

A major 'step forward in the development and refinement of accident risk quantification was taken in the Reactor Safety 
Study (WASH-l400) completed in 1975. The objective of the Srudy was "to try to reach some meaningful conclusions 
about the risk of nuclear accidents. " The Study did not directly address the question of what level of risk from nuclear 
accidents was acceptable. 

(" . 

Since the completion of the Reactor Safety Study, further progress in deveioping probabilistic risk assessment and in accu- C,,: 
mulating relevant data has led to a recognition that it is feasible to begin to use quantitative safety objectives for limited . 
purposes. However, because of the sizable uncertainties still present in the methods and the gaps in the data base--
essential elements needed to gauge whether the objectives have been achieved--the quantitative objectives should be viewed 
as aiming points or numerical benchmarks of performance. In panicular, because of the present limitations in the state of 
the art of quantitatively estimating risks, the quantitative health effects objectives are not a substitute for existing 
regulations. 

The Commission recognizes the importance of mitigating the consequences of a core-melt accident and continues to 
emphasize features such as containment , siting in less populated areas, and emergency planning as integral partS of the 
defense-in-depth concept associated with its accident prevention and mitigation philosophy. 

B. Quantitative Risk Objectives 

The Commission wants to make clear at the beginning of this section that no death attributable to nuclear power plant 
operation will ever be "acceptable" in the sense that the Commission would regard it as a routine or permissible event. 
We are discussing acceptable risks, not acceptable deaths. In any fatal accident, a course of conduct posing an acceptable 
risk at one moment results in an unacceptable death moments later. This is true whether one speaks of driving, swim­
ming, fiying, or generating electricity from coal. Each of these activities poses a calculable risk to society and to individu­
als. Some of those who accept the risk (or are pan of a society that accepts risk) do not survive it. We intend that no such 
accidents will occur, but the possibility cannot be entirely eliminated. Funhermore, individual and societal risks from 
nuclear power plants are generally estimated to be considerably less than the risk that society is now exposed to from each 
of the other activities mentioned above. 
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C. Health EO'ects--Prompt and Latent Cancer Mortality Risks 

The Commission has decided to adopt the following two health effects as the quantitative objectives concerning mortality 
risks to be used in detennining achievement of the qualitative safety goals -

The risk to an average individual in the vicinity of a nuclear power plan! of prompt fatalities that might result from reactor 
accidents should not exceed one-tenth of one percent (0.1 percent) of the sum of prompt fa/aUty risks resulting from other 
accidents to which members of the U.S. population are generally exposed. 

The risk to the popUlation the area near a nuclear puwer plant of cancer fatalities that might result from nuclear power 
plan! operation should not exceed one-tenth of one percen! (0.1 percent) of the sum of cancer fatality risks resulting from 
all other causes. 

The Commission believes that this ratio of 0.1 percent appropriately re8ects both of the qualilative goals--to provide that 
individuals and society bear no significant additional risk. However, tbis does not necessarily mean that an additional risk 
that exceeds 0.1 percent would by itself constitute a significant additional risk. The 0.1 percent ratio to other risks is low 
enough to support an expectation that people living or working near nuclear power plants would have no special concern 
due to the plant's proximity. . . 

The average individual in the vicinity of the plant is defined as me average individual biologically (in tenns of age and 
other risk factors) and locationally who resides within a mile from the plant site boundary. This means that me average 
individual is found by accumulating the estimated individual risks and dividing by the number of individuals residing in the 
vicinity of the plant. 

In applying the objective for individual risk of prompt fatality, the Commission has defined the vicinity as the area wimin 
one (1) mile of me nuclear power plant site boundary, since calculations of the consequences of major reactor accidents 
suggest that individuals wimin a mile of the plant site boundary would generally be subject to the greatest risk of prompt 
death attribulable to radiological causes. If there are no individuals residing within a mile of the plant boundary, an indi­
vidual should, for evaluation purposes, be assumed to reside one (I) mile from the site boundary. 

In applying the objective for cancer fatalities as a population guideline for individuals in the area near the plant, the 
Commission has defined the population generally considered subject to significant risk as the population within 
ten (10) miles of the plant site. The bulk of significant exposures of the population to radiation would be concentrated 
within this distance, and thus this is the appropriate popUlation for comparison with cancer fatality risks from all other 
causes. This objective would ensure that the estimated increase in the risk of delayed cancer fatalities from all potential 
radiation releases at a typical plant would be no more than a small fraction of the year-to-year normal variation in the 
expected c~cer deaths from nonnuclear causes. Moreover, the prompt fatality objective for protecting individuals gener­
ally provides even grea~r protection to the population as a whole. That is, if the quantilative objective for prompt fatality 
is met for individuals in the immediate vicinity of the plant, the estimated risk of delayed cancer fatality to persons within 
ten (10) miles of the plant and beyond would generally be much lower than the quantilative objective for cancer fatality. 
Thus, compliance with the prompt fatality objective applied to individuals close to the plant would generally mean that the 
aggregate estimated societal risk would be a number of times lower than it would be if compliance with just the objective 
applied to tbe population as a whole were involved. The distance foe averaging the cancer fatality risk was taken as 
50 miles in the 1983 policy Slatement. The change to ten (10) miles could be viewed to provide additional protection to 
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individuals in the vicinity of the plant, althougb analyses indicate that this objective for cancer fatality will not be the 
controlling one. It also provides more representative societal prOlection, since the risk to the people beyond ten (10) miles 
will be less than the risk to the people within ten (10) miles. 

IV. Treatment of Uncertainties 

The Commission is aware that uncertainties are not caused by use of quantitative methodology in decisionmaking but are 
merely highlighted through use of the quantification process. Confidence in the use of probabilistic and risk assessment 
techniques has steadily improVed since the time these were used in the Reactor Safety Study. In fact, through use of quan­
titative techniques, important uncertainties hav~ been and continue to be brought into bener focus and may even be 
reduced compared to those that would remain with sale reliance on deterministic decisionmaking. To the extent practica­
ble, the Commission intends to ensure that the quantitative techniques used for regulatory decisionmaking take into account 
the potential uncertainties that exist so that an estimate can be made on the confidence level to be ascribed to the quantita· 
tive results. 

The Commission has adopted the use of mean estimates for purposes of implementing the quantitative objectives of this 
safety goal policy (i .e., the mortality risk objectives). Use of the mean estimates comports with lhe customary practices 
for cost-benefit analyses and it is the correct usage for purposes of the mortality risk comparisons. Use of mean estimated 
does not however resolve the need to quantify (to the extent reasonable) and understand those important uncertainties 
involved in the reactor accident risk predictions. A number of uncertainties (e.g., thermal-hydraulic assumptions and the 
phenomenology of core-melt progression, fission product release and transport, and containment loads and performance) 
arise because of a direct lack ·of severe accident experience or knowledge of accident phenomenology along with data 
related to probability distributions. 

In such a situation, it is necessary that proper attention be given not only to the range of uncertainty surrounding probabil­
istic estimates, but also to the phenomenology that most influences the uncertainties. For this reason, sensitivity studies 
should be perfonned to determine those uncertainties most important to the probabilistic estimate. The results of sensi­
tivity of studies should be displayed showing, for example, the range of variation together with the underlying science or 
engineering assumptions that dominate this variation. Depending on the decision needs, the probabilistic results should 
also be reasonably balanced and supported through use of deterministic arguments. In this way. judgements can be made 
by the decisionmaker about the degree of confidence to be given to these estimates and assumptions. This is a key part of 
the process of detennining the degree of regulatory conservatism that may be warranted for particular decisions. This 
defense-in-depth approach is expected to continue to ensure the protection of public health and safety. 

V. Guidelines for Regulatory Implementation 

The Commission approves use of the qualitative safety goals, including use of the quantitative health effects objectives in 
the regulatory decisionmaking process. The Commission recognizes that the safety goal can provide a useful tool by 
which the adequacy of regulations or regulatory decisions regarding changes to the regulations can be judged. Likewise, 
the safety goa1s could be of benefit in the much more difficult task of assessing whether existing plants, designed, con­
structed and operated to comply with past and current regulations. conform adequately with the intent of the safety· goal 
policy. 

However, in order to do this, the staff will require specific guidelines to use as a basis for determining whether a level of 
safety ascribed to a plant is consistent with the safety goal policy. As a separate matter, the Commission intends to review 
and approve guidance to the staff regarding such determinations. It is currently envisioned that this guidance would 
address matters such as plant performance guidelines, indicators for operational performance, and guidelines for conduct 
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of cost-benefit analyses. This guidance would be derived from additional studies conducted by the staff and resulting in 
recommendations to the Commission. The guidance would be based on the following general performance guideline 
which is proposed by the commission for further staff examination -

Consistent with the traditional defense-in-depth approach and the accident mitigation philosophy requiring reliable per­
formance of containment systems, the overall mean frequency of a large release of radioactive materials to the environment 
from a reac/or accident should be less than 1 in 1,()(}(),fX)() per year of reactor operation. 

To provide adequate protection of the public health and safety, current NRC regulations require conservatism in design, 
construction, testing, operation, and maintenance of nuclear power plants. A defense-in-depth approach bas been man­
dated in order to prevent accidents from happening and to mitigate their consequences. Siting in less populated areas is 
emphasized. Furthermore, emergency response capabilities are mandated to provide additional defense-in-depth protection 
to the surrounding population. 

These safety goals and these implementation guidelines are not meant as a substitute for NRC's regulations and do not 
relieve nuclear power plant penniuees and licensees from complying with regUlations. Nor are the safety goals and these 
implementation guidelines in and of themselves meant to serve as a sole basis for licensing decisions. However, if pursu­
ant to these guidelines, information is developed that is applicable to a particular licensing decision, it may be considered 
as one factor in the licensing decision. 

The additional views of Commissioner Asselstine and the separate views of Commissioner Bemthal are attached. 

Dated at Washington, D.C., this 30th day of July 1986. 

For the Nuclear Regulatory Commission. Lando W. Zech, Jr., Chairman. 

Additional Views by Commissioner Asselstlne on the Safety Goals Policy Statement 

The commercial nuclear power industry started rather slowly and cautiously in the early 1960's. By the late 1960's and 
early 1970's, the growth of the industry reached a feverish pace. New orders were coming in for regulatory review on 
almost a weekly basis. The result was the designs of the plants outpaced operational experience and the development of 
safety standards. As experience was gained in operational characteristics and in safety reviews, safety standards were 
developed or modified with a general trend toWard stricter requirements. Thus, in the early 1970's, the industry 
demanded to know "how safe is safe enough. " In this Safety Goal Policy Statement , the Commission is reaching a first 
attempt at answering the question. Much credit should go to Chairman Palladino's efforts over the past five (5) years to 
develop this policy statement. I approve this policy statement but believe it needs to go further. There are four additional 
aspects which should have been addressed by the policy statement. 

Containment Perfonnance 

First, I believe the Commission should have developed a policy on the relative emphasis to be given to accident prevention 
and accident mitigation. Such guidance is necessary to ensure that the principle of defense-in-depth is maintained. The 
Commission's Advisory Committee on Reactor Safeguards has repeatedly urged the Commission to do so. As a step in 
that direction, I offered for Commission consideration the following containment performance criterion: 

In order to assure a proper balance between accident prevention and accident mitigation, the mean frequency of contain­
ment failure in the event of a severe core damage accident should be less than 1 in 100 severe core damage accidents. 
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Since the Chemobyl accident, lhe nuclear industry has been trying to distance itself from the Chemobyl accident on lhe 
basis of lIle expected performance of the containments around the U.S. power reactors. Unfortunately. the industry and 
the Commission are unwilling to comniit to a level of performance for the containments. 

The argument has been made that we do not know how to develop containment performance criteria (accident mitigation) 
because core meltdown phenomena and containmen~ response thereto are very complex and involve substantial uncertain­
ties. On the other hand, to measure how close a plant comes to the quantitative guidelines contained in this policy state­
ment and to perform analyses required by the Commission's backfit rule, one must perform just those kinds of analyses. I 
find these positions inconsistent. 

The other argument against a containment performance criterion is that such a standard would overspecify the safety goal. 
However, a containment performance objective is an element of ensuring that the principle of defense-in-depth is main­
tained. Since we cannot rule out core meltdown accidents in the foreseeable future, given the current level of safety, I 
believe it unwise not to establish an expectation on the performance of the final barrier to a substantial release of radioac­
tive materials to the environment, given a core meltdown. 

General Perfonnance Guideline 

While I have previously supported an objective of reducing the risks to an as low as reasonably achievable level, the gen­
eral performance guideline articulated in lhis policy (i.e., •... the overa11 mean frequency of a large release of radioactive 
materials to the environment from a reactor accident should be less than 1 in 1,000,000 per year of reactor operation") is a 
suitable compromise. I believe it is an objective that is consistent with th'e recommendations of the Commission's chief 
safety officer and our Director of Research, and past urgings of the Advisory Committee on Reactor Safeguards. Unfortu-

( 

nately, the Commission stopped short of adopting this guideline as a performance objective in the policy statement, but I (t . . 

am encouraged that the Commission is willing at least to examine the possibility of adopting it. Achieving such a standard , 
coupled with the containment performance objective given above would go a long wJ!j toward ensuring that the operating 
reactors successfully complete their useful lives and that the nuclear option remains a viable component of the nation's 
energy mix. 

In additioD to preferring adoption of this standard now, I also believe the CommissioD needs to define a "large release~ of 
radioactive materials. I would have defined it as ~a release that would result in a whole body dose of 5 rem to an indi­
vidual located at the site boundary. · This would be consistent with the EPA's emergency planning Protective Action 
Guidelines and with the level proposed by the NRC staff for defining an Extraordinary Nuclear Occurrence under the 
Price-Anderson Act. In adopting such a definition, the Conunission would be saying that its objective is to ensure that 
there is no more than a I in 1,000,000 chance per year that the public would have been to be evacuated from the vicinity 
of a nuclear reactor and that the waiver of defenses provisions of the Price-Anderson Act would be invoked. I believe this 
to be an appropriate objective in ensuring lIlat there is no undue risk to the public health and safety associated with nuclear 
power. 

Cost-Benefit Analyses 

I believe it is long overdue for the Commission to decide the appropriate way to conduct cost-benefit analyses. The Com­
mission's own regulations require these analyses, which plJ!j a substantial role in the decisionmaking on whether to 
improve safety. Yet, the commission continues to postpone addressing this fundamental issue. 

FUture Reactors 

In my view, this safety goal policy statement has been developed with a steady eye on the apparent level of safety already 
achieved by most of operating reactors. That level has been arrived at by a piecemeal approach to designing, constructing 
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and upgrading of the planlS over the years as experience was gained with the plants and as the results of required research 
became available. Given the performance of the current generation of plants. I believe a safety goal for these plants is not 
good enough for the future . This policy statement should have had a separate goal that would require substantially better 
plants for the next generation. To argue that the level of safety achieved by plant designs that are over 10 years old is 
good enough for the next generation is to have little faith in the ingenuity of engineers and in the potential for nuclear tech~ 
nology. I would have required the next generation of plants to be substantially safer than the currently operating plants. 

Separate Viem; of Commissioner Berntbal on Sarety Goals Policy 

I do not disapprove of what has been said in this policy statement, but too much remains unsaid. The public is under~ 
slandably desirous of reassurance since Chemobyl: the NRC staff needs clear guidance to cany ou{ its responsibilities to 
assure public health and safety; the nuclear industry needs to plan for the future. All want and deserve to see clear, unam­
biguous, practical safety objectives that provide the Commission's answer to the question, KHow safe is safe enough?" at 
U.S. nuclear power plants. The question remains unanswered. 

It is unrealistic for the Commission to expect that society, for the foreseeable future, will judge nuclear power by the same 
standard as it does all other risks. The issue today is not so much. calculated risk; the issue is public acceptance and, 
consistent with the intent of Congress, preservation of the nuclear option. 

In these early decades of nuclear power, TMI-style incidents must be rendered so rare that we would expect to recount 
such an event only to our grandchildren. For today'$. population of reactors, that implies a probability for severe core 
damage of 104 per reactor year; for the longer term, it implies something better. I see this as a straightforward policy 
conclusion that every newspaper editor in the country understands only too well. If the Commission fails to set (and 
realize) this objective, then the nuclear option will cease to credible before the end of the century. In other words, if 
TMI-style events were to occur with 10-15 year regularity, public acceptance of nuclear power would almost certainly fail. 

And while the Commission's primary charge is to protect public health and safety, it is also the clear intent of Congress 
that the Commission, if possible, regulate in a wIrY that preserves rather than jeopardizes the nuclear option. So, for 
example, if the Commission were to find 100 percent confidence in some impervious containment design, but ignored 
what was inside the containment, the primary mandate would be satisfied, but in all likelihood, the second would not. Con­
sistent with the Commission's long-standing defense-in-depth philosophy, both core-melt and containment performance cri~ 
teria should therefore be clearly stated parts of the Commission's safety goals. 

In short, this pudding lacks a theme. Meaningful assurance to the public; substantive guidance to the NRC staff; the regu­
latory path to the future for the industry--all these should be provided by plainly stating that, consistent with the Commis­
sion's "defense-in-depth" philosophy: 

(I) Severe core-damage accidents should not be expected, on average, to occur in the U.S. more than once in 100 years: 

(2) Containment performance at nuclear power plants should be such that severe accidents with substantial offsite damages 
are not expected, on average, to occur in the U.S. more than one in 1,000 years: 
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(3) The goal for offsite consequences should be expected to be met after conservative considerations of the uncertainties 
associated with the estimated frequency of severe core-damage and [he estimated mitigation thereof by containment. (I.) 

The term "substantial offsite damages" would correspond to the Commission's legal definition of "extraordinary nuclear 
occurrence. " "Conservative consideration of associated uncertainties" should offer at least 90 percent confidence (typical 
good engineering judgment, I would hope) that the offsite release goal is met. 

The broad core-melt and offsite-release goals should be met "for the average power plant"; i.e., for the aggregate of U.S. 
power plants. The decision 10 fix or not to fix a specific plant would then depend on achieving "the goal for offsite conse­
quences." As a practical matter, this offsite societal risk objective would (and should) be significantly dependent on site­
specific population density. 

The absence of such explicit population density considerations in the Commission's 0.1 percent goals for offsite conse­
quences deserves careful thought. Is it reasonable that Zion and Palo Verde, for example, be assigned the same theoretical 
"standard person" risk, even though they pose considerably different risks for the U.S. population as a whole? As lhey 
stand, these 0.1 percent goals do ~ot explicitly include population density considerations; a power plant could be located in 
Central Park and still meet the Commission's quantitative offsite release standard. 

I believe the Commission's standards should preserve the important principle that the site-specific population density be 
quantitatively considered in formulating the Commission's societal risk objective; e.g., by requiring that for the entire 
U.S. popUlation, the risk of fatal injury as a consequence of the U.S. nuclear power plant operations should not exceed 
some appropriate specified fraction of the sum of the expected risk of fatality form all other hazards to which members of 
the U.S. population are generally exposed. 

I am further concerned by the arbitrary nature of the 0.1 percent incremental ~societal" health risk standard adopted by the 
Commission, a concept grounded in a purely subjective assessment of what the public might accept. The Commission 
should seriously consider a more rational standard, tied statistically to the average variations in natural exposure to radia­
tion from all other sources. 

Finally, as noted in its introductory comments, the Commission long ago committed to "move forward with an explicit 
policy statement on safety philosophy and the role of safety-cost tradeoffs in NRC safety decisions. ~ While this policy 
statement may not be very "explicit ", as discussed above, it contains nothing at allan the subject of "'safety-cost' tradeoffs 
in NRC safety decisions." For example, is $1,000 per person-rem an appropriate cost-benefit standard for NRC regula­
tory action? While I have long argued that such fundamental decisions are more rightly the responsibility of Congress, the 
NRC staff continues to use its ad-hoc judgment in lieu of either the Commission or the Congress speaking to the issue. 

In summary, while the Commission has produced a document which is not in conflict with my broad philosophy in such 
matters, I doubt that the public expected a philosophical dissertation, however erudite. It is a tribute to Chairman 
Palladino's efforts that the Commission has come this far. But the task remains unfinished. 

(a) Interestingly enough the Conunission has adopted proposed goals similar 10 the above core-melt and conlairunent performance objectives-without 
clearly saying so. Taken together, the Cotwnission's: (I) 0.1 percent offsile prompt fatality goals: (2) proposed 10'" per-reactor-year "large offsite 
releue" criterion: (3) commitment "to provide reasonable assuflUlCe ... that a severe core-damage accident will nol occur at a U.S. nuclear power 
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plant" though. they may be ill-defmed. can be read io be more stringent than the plilinly stated criteria suggested above. ( , 
'. 
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D.2 Backlit Rule (10 CFR 50.109) 

(a)(I) Backfitting is defined as the modification of or addition to systems, structures, components, or design of a facility; 
or the design approval or manufacturing license for a facility; or the procedures or organization required to design, con­
struct or operate a facility; any of which may result from a new or amended provision in the Commission rules or the 
imposition of a regulatory staff position interpreting the Commission rules that is either new or different from a previously 
applicable staff position after: 

(i) The date of issuance of the construction permit for tbe facility for facilities baving construction permits issued after 
October 21 , 1985; or 

(ii) Six months before the date of docketing of the operating license application for the facility for facilities having 
construction permits issued before October 21, 1985; or 

( iii) The date of issuance of the operating license for the facility for facilities baving operating license; or 

(iv) The date of issuance of the design approval under appendix M, N, or 0 of part 52. 

(2) Except as provided in paragraph (a)(4) of this section, the Commission shall require a systematic and documented 
analysis pursuant to paragraph (c) of this section for backfits which it seeks to impose. 

(3) Except as provided in paragraph (a)(4) of this section, the Commission shall require the backfitting of a facility only 
when it detennines, based on the analysis described in paragraph (c) of this section, that there is a substantial increase in 
the overall protection of the public health <\Ild safety or the common defence and security to be derived from the backfit 
and that the direct and indirect costs if implementation for that facility are justified in view of this increased protection. 

(4) The provisions of paragraphs (a)(2) and (a)(3) of this section are inapplicable and, therefore, backfit analysis is not 
required and the standards in paragraph (a)(3) of this section do not apply where the Commission or staff, as appropriate, 
finds and declares, with appropriated documented evaluation for its finding. either: 

(i) That a modification is necessary to bring a facility into compliance with license or the rules or orders of the 
Commission, or into confonnance with written commitments by the licensee; or 

(ii) That regulatory action is necessary to ensure that the facility provides adequate protection to the health and safety of 
the public and is in accord with the common defense and security; or 

(iii) That the regulatory action involves defining or redefining what level of protection to the public health and safety or 
common defense and security should be regarded as adequate. 

(5) The Commission shall always require the backfitting of a facility if it determines that such regulatory action is 
necessary to ensure that the facility provides adequate protection to the health and safety or the common defense and 
security. 

(6) The document evaluation required by paragraph (a)(4) of this section shall include a statement of the objectives of and 
reasons for the modification and the basis for invoking the exception. If immediately effective ,regulatory action is 
required, then the documented evaluation may follow rather than precede the regulatory action. 
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(7) If there are two or more ways to achieve compliance with a license or the rules or orders of the Commission, or with 
written licensee commitments, or there are two or more ways to reach a level of protection which is adequate, then ordi­
narily the applicant or licensee is free to choose the way which best suits its purposes. However, should it be necessary or 
appropriate for the Commission to prescribe a specific way to comply with its requirements or to achieve adequate protec­
tion, then cost may be a factor in selecting the way. provided that the objective of compliance or adequate protection is 
met. 

(b) Paragraph (a)(3) of the section shall not apply to backfits imposed prior to October 21, 1985. 

(c) In reaching the determination required by paragraph (a)(3) of this section, the Commission will .consider how the 
backfit should be scheduling light of other ongoing regulatory activities at the facility and, in addition, will consider 
information available concerning any of the following factors as may be appropriate and any other information relevant 
and material to proposed backfit: 

(1) Statement of the specific objeCtives that the proposed backfit is designed to achieve; 

(2) General description of the activity that would be required by the licensee or applicant in order to complete the backfit; 

(3) Potential change in the risk to the public from accidental off-site release of radioactive material; 

(4) Potential impact on radiological exposure of facility employees; 

( 

(5) Installation and continuing costs associated with me backfit, including me cost of facility downtime or me cost of . 
construction delay; (, 

(6) The potential safety impact of changes in plant or operational complexity, including the relationship to proposed and 
existing regulatory requirements; 

(7) The estimated resource burden on the NRC associated wim me proposed backfit and the availability of such resources; 

(8) The potential impact or differences in facility type, design or age on the relevancy and practicality of me proposed 
backfit; 

(9) Whether the proposed backfit is interim or final and, if interim, the justification for imposing the proposed backfit on 
an interim basis. 

(d) No licensing action will be withheld during me pendency of backfir analyses required by the commissions rules. 

(e) The Executive Director for Operations shall be responsible for implementation of this section, and all analyses 
required by this section shall be approved by the Executive Director for Operations or his designee. 

[54 FR 20610, June 6, 1988, as amended 54 FR 15398, April 18, 1989] 
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