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EXECUTIVE SUm·tARY 

This report di~cutses the relativP national envircnmentdl·i~~-~~:~ .. 

transportin& nuclu~r wa~tcs to each of nine candidate re?o;i~c:y ~!:··~. 

Seve~al •>f the potentia~ sites are closely clustc:-cd a.'\~. fc:- lb .. • ,,::·; :: • .-

distance and routing calculations, are- treated as a single lc:a~ic~ .. -·.:. .. 

are: cyrress Creek Do~c and ~ichton Dome in Missi~sippi (Gulf Int~:-ic:

Region), Deaf Smith County and Swisher County sites in Texas (PCL"::l~.:l:'\ !~.L:i:,·, 

and Davis Canyon and Lavender Canyon sites. in Utah (Paradox Basin). The 

~emaining sites are: Vacherie Dome, Louisiana; Yu~ca Mountain, N~vada; ~nd 

Hanford Reservation, Washir.gton. 

For compatibility with both the repository systeiu authorized by t.he 1~"' 

Nuclear Waste Policy Act and t~e Mon~tored Retrievabl~ Storage (MRS) option t~ 
be proposed to Congress, two separate scenarios a:-e analyzed in this .report. 

In brief, they are (1) shipment of spent fuel and high level waste (HLw) 

directly from waste generators to a repository (Reference·Case) ~nd (2) · 

shipment of spent fuel to a Monitored Retrieva~le Storage (MRS) facility a~~ 

then to a repositcry. 

: ,. ; ... ·--· ... '· -·- .. 

The result-; of this analysis are included in the Environmental As~es.s:.-.cr.t!> 

for the f A.rst i:-eposit.oc·y sites and the Monitored Retrievable Storage 

facility. Site specific analyses ~re being pe:-fo~ed for each of the 

candidate repository and MRS sites by their res_pc:msiblj!_ staffs and .<1re not 

included in this dc-:ument. Because of the ·:<!lative complexity 'of the issu•::·~. 

these impacts should be considered to be re.o. .. ;..~.ve indicators between the s l ~··.: 

For the reference case (Scenario 1, ab~ve), the pri~ary waste str~~~ i; 

.spent nuclear fuel (SF) from reacto·:s. Seeondat'y waste .stream.; consir\':[·:~·~ ~ .. 

this case include defense high lP.vel wastes '<DHLW) from the Savann.:~h Pi·; .. :· 

Plant in South Carolina, the HanfCJrd Reservation in Washington, <1nd t~H~ 1 ~ ;~: ·. ,, 

National Engiheering Laboratory in Idaho, and commerc:ially,-genP.r-atP.d hi,·.h 

level waste from West Valley, Uew York .(WVHLW)-:- Acceptanc~ o.f Ci!LW, ir .. ' 

commercial repositor1 was endorsP.d by the President durir.b 198~. In ·' 
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case, all react~rs will ship 5-year-old or old~r unconsolidated sr~nt ~~~~ 

directly to a candidate C"epository !:ite. Hi::;h level co:;-::-.ercial and d-~~,c:~.:·.· 

wastes will also be shippod directly to the repository. T-.: .... P'"l. ~a-·· ~-- • ~' . ..., t. ... t. J ... _ ......... 

options are exc.mine-d for the rP.ferenc~ case: ::11 truck and all rail fr..:-::-: 

reactors and HLW generators. D~tail~d study para:rreters are discusse~ i.:; 

Chapter !1. The resultant costs and risks •;~i 11 bo·;nd th~ ~ran>:}:-::.>rl:l':.i·.:-:~ 

impacts. No attempt has been rr.ade to forecast the 'lctual frar.tioas ·of lt"J:.:;.: 

and rail transport that might be used. The shipping system ultiMately u~~d 

for transportation of spent fuel and HL\o; will be a combination of mode:.> 
' 

determined ·by consid·erations ~uch as t"e capabilities of ha~dling fac-ilities . \ 

at the origins, freight rat~s. and operational constraints of the systc~. 

MRS' input date. and scenarios in this document a:-e compa~ible with thcst~ 

being used by the MRS_pt'ogram. I-i.n~l MRS d9cumentation to be presented to 

Congress will,. 'howeve.7, include additional alternatives, not \lisoussed het'e. 

Fer tl.e MRS cases, as :.n the reference case t reactors will ship 5-year-old · 

or oldf;r unconsolidated f:pent. fuel, but to aT\ MRS .-ather than a repository. 

All spent fuel leaving the MRS will be consolidated and at l~ast 10 years . 

old. Ad~.itional secondary wastes wo\tl'd bc.'g'ene~ate·c!·'a"t ·ari :HRSclh;· th~'pro'pd~cd· .• ~;·: · · 

spent fuei con!:olidatior. and possi~i~~·)o~e:~~·dk'f~-t E;p;;ta.t.T~ns< ''"i:·tl~s~~;.; : .... : ( "t::;cr~~ .. ;., 

MRS-related secondary wast···-; would "Co·n's'::·s"t~;.;of ~~'ien\bty. li"atd~::it:e·,···ii'igh ac'tf"\·it·y ' 

waste (HAW), and -tra:;.surani.: waste (TRth, ·,;,.hi~ch ,;,.c)·~'i'J'·al'rto.;~e: ~htp~·J)I!:d'·t'o'·t.l\~.-~;·:· 

.. ' 

repository. Transpol;'t from an MRS ..ioi.dd'\i~ 'l:)'y oriit of ··t~o·· ;po·s·st1:ne·· sliipp·i:ilg ,,. .. 

options: (1) -:.oo-ton (lOOT) dedicated rail ·shi:pments··o£ ·ovei-P"a·ck~·d·- ·· 

consoli'dated· spent fuel and wc:.ste byproduc"t.'s· :ger\erate~d ·in 'tb~.-~i:brtstilidatlon.· .. 
process and (2) 150- ton ( l50'r) dedicar'~d 'rail" ~shipme"nts of' "rforio\ferp:ack.ed. : ·. 

consolid~ted spent fuel and bypr•J"''lc::s. As .in_the reference case, high level 

commercial and d-!fen'se' wastes ar,.- sh.ppt"d" tli"recily t"o ~he repository .. 

Bounding conditions, conside'red f:>r :>h :pments out of the MRS inc1)Jdo:- total ca!:k· 

weight and payload chac-acteris~i.:.: P·,at minimi.ze or maximi-ze cask c:upacity 

und, hence, put upper and low~r li~its on the number of s~ipments fro~ the ~R~ 

to the repository. 

Results cf the analyds ;>erformed fv ... 'tna' r~fer.e"rie!i'~-~:s~ '~;-~··=s~·::;a~t-;c:·~··:~:k•· ''·: ... : 
Tables 1 through 3, below. It was the intention of this arialysi~ to cc;;;::l.-·~ 
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the repository options under the modal boun:!in~ c.-<~~.; ,.,~;~: ~:.·. ~ 

diffe:-ences in cost an~ ir.:pacts a:.-.ong. the vn:-ic".J:; :"t:?or.:t;:-·.: 

pr-imarily to the \..otal shippi"ng distar.ces (Ta'Olt! ) ) . r,s <.: ~:; • •.. 

table, spent fuel ~hip~ents account fo:- the larsc~t f:-3:t~:~ 

shippin; distc.:1ce for both r..:><!al o_ption~, co~-pri:;ir~~ ft'~::-. 7·:. :"-:, 

total tt"Uck trav~l and from approxir..:-tel;· C.0-75 p~t'C(':1t c-: ~~·"' 

tr-aveol. In eir.her case J;he laq;e:;t pet'~f:ntag~s ~rE' <.!:::o:i:J~·· ~ ·-·~·.·: . 

the w~ster-n:nost site (Hanford, WA). The fr-action "of tct.1l ~:-:>•··~1 

attribu~abl~ to spent fuel tr-an~vort incr-eases as the pot~n~ial :-·; 

site is shifted ·~o the west because most of the·spent. fuel ir.ve. 'i..:..t p:- . .;_',-· ... 

to requir-e shipment to the first repositor-y is from r-eactors i~ th~ ~~~· 

fraction of high level wastes :-equir-ing shipment to the rc~ository i~ ~··· 

20 and 30 percent for tt"Uck and 25 and 3~ percent for rail. Al~hou :>, ... 

projected mileage increases as the more western reposlto:-y option:; a~·:.' 

analyzed, the r-elative influence of high level wantes on th~ result~ 

decreases. Data in Table 1 i.~dicate that miles traveled to the w·~:;:-.·t·r:~ .' :· 
sites (Yucca Ht, .NV, and Hanford, WA) is almost double the r.r.t~l-shi;::>·~.: 

miles requireod for tr-ansport to ·the ea~ternmost sites (Gulf .LnterioC' :~"·.: ~ ~:~ .. 

Transportation costs for the repository location options are ozu:--:.::H·i.: ·· · · 

Table 2. these costs increase with the· ti:ltiil:"·ntlmb'et "cif';shipt.ent·:.:·ti\~'i·.-;;·;·' "· .- .·, 

·however~ because of the tariff· stt"Uctur-~s of. the transport mode:;, t~•~Y -:!'; ;, ~· 

increase in a linear tT.anner. Truck co.sts increase by approxi::lately 75 ;···:·~··· ~ 
.. ~ ' 

between the most eastern site in the Gulf Interior Re&ion and lhe t:anf :i:-:! ~: • 
•· l ,. 

in the We!'t. Consistent w~th the rail rate structure, total rail co~~;; f ::· 

thf!RP s itl!q '.'':!:"'::f Lj. only about 40 percent.. Truck costs are lower t~an 

for the east.ernmost ~>ites and hi&ner than rail. for the western sitP.s. 

.. : . 
• . s "' • 

_, .... 

contribut.icri of sp~nt fuel cost to the total is consistent with the fr1:· ~ 

of ship,ment milea&e attr-ibutable .to spent fuel t.ranspo::-t for tt"Uck; it 

somewhat les:; than lhe fr-aet!.on of tot·al, t~~ileage for rail. 

Because the points of origin of most shipments (i.e. reactors) .• :· .. 

·primarily in the easteL·n United States, :.he ave::-:~.e fraction_. r:>f t.r.··~: 

in t"Ur-al, subut·ban, ind urban pc.pulati~n-density zones are about ,-:·,· .. · 

spent tuel transport to each candidate re?ositorj site. . .: . 
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~stance bcco~.cs the r:~ajor cHscd::-.inator of ds~: l:ct-...··:-·~r : c :· 

given stipment scenario. Table 3 sho~s that the Gulf ln~cricr ~csiDn 

and Vacherie, LA, sH.cs, wh:.ch ;~re .:losest to the· odr,in point::;, Vo·•·.: ·-~:·: 
/ 

lowest overall tt"'ansportation :.-i~ks ~ssoci:stcd ._:ith the::.; w.·hi.l(' t:1.:~~ .:~l~t:~~ 

fc.rthPst from the r..ajority of the country's :--::!uc: o~s h-;·;.rc. U:c- h~r.-~•~-·t 

ass-:cial;.ed ris,·s. J-lowevcr, the tota: tnlnsportalion risks a~scci-at.cc! .... ~:';1 

closest repository siles o~ly differ fro~ those f6r the ~ost distant ~i~c ~Y 

about a factor of two for truck and by about a factor or one anu th:-e.:-- ~ ~'t;t"t ::c' 

for rail'. these factors get.erally parallel inc··eclc:;es in ·ship~ent-T:Ii lc.: £'>-=c•:; ~ . 

for th~ radiological risk of rail transport. A _ccmpo!leht. of t·adiolor,ical ~isk 

for rail transport. but·not for truck transport, is associated ~ith requit"c~ 

endpoint classific~tion and inspection stops. Because this co~ponent is 

distance-independen~ (i.e. the same for all trips, short or long), the 
i 

influence of distan~e trav~led on total rbdiol~gical risk for rail is less 

.pronounced than for truck 

Insertion of a~ ~~S into the system t£n1s to reduce the variation between 

the potential repository sites because of the r~duction in total.shipment

miles, due to the consolidation of the spent fuel at the MRS and the use of 

A typical 
··~·-~i..::.: • .. :.'.:i.:\.t .. -_; .-·.--~ ~:- ~-'···· .._: .. .'~ ....•. :. ·- ... ·-~-

. 100 ton (lOOT) cask snd a iarge 150 ton (150T) cask were :co:os1c;Se.~~d J"'. l}:lis ·:: . 

·the large .dedicated rail casl<c; between the l'iRS an~. the repository; 

. analy~is. The lOOT cask can carry bel~een 18 an~ 45 consoli~at~d, canist~~e~ 

spent ~uel assemblies; the 150T cask capacity is bet•.,een l!fl and 17l 

assemblies. The actual payload depends on thP. fuel. type ( Bw"R. or. PJ.i\).·:ar.d· :th9 . 

ge~logic medium of the repc.sitor! be_c_ause the . solidated fu•l is packa~ed · 

·~ifferently according t_o whether ths: repository is developed·. in" salt',: tuff. 0["· 

basalt. Detailed operational par'aiiiete.rs·· are contain~i{ in Chap'ter·· II:·.·~· The 

total impacts of trans,ort to the candidate reposito. sites are dominated by 

the co:.:ts and risks of shipments from tl.~ react.ors to either lhe MRS or the 

repusit'ory an~ hi;;r -level-waste directly to the repository. The large lSO:

dedicated rail cask in particular re~uces the irr.pacts of transportation tro~ 

the MRS to the repository because of its large payload per ship::.ent. 

Use of repository-specific can~sters and ~vcrp&cks for the !ffiS cas~s 

influences the relative rankin& of the Y~cca Hal .; in (tuff) and thP Han!c~d 

-12-
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(bas.llt) t·· .. ;'~ .. it :::·y s:..tes because th<! tuff canister un.! oJo:·t·;.:~:-: .:r, 

capacity than the basalt canister and overpack {~1. 
.• ! • .... 

~~lt canister and overpack). lfl addition, the pr<..lj;:-ctr:d t· .. i~ r-.:u~ i:.:: . ./" 

the H:~s locations a:-~d Yucca Mountain are rr.or.:{ circuitou:. th:1:1 ~L-~ r .• :: 

routinGS between the HRS lo~ations and Hanford. The c~:7.bn~•'..i:·n L'! •· 

shipment-l'liles and reduced canister and ovcryack c;:p;.:it.ir.s caiJ:<·'S '::u · .-., 

Mountain to rank hi&her in cos~ and risk than the Hanfor~. rcro~it0-~ r:· 

Tables 4 6 surranarize the shipment-miles, cos~s. aad ri!;i<s fot· th.: ~\: . .:; 

for an !'.RS located in Oak "Ridge, TN, with lSOT dedicated raU· ca~ks 1">·.·~-..···· :·. 

the MRS and the r~posito_ry. 

To sid tha reader to assess the si&nificance of the risks of 

transport-related fatalities predicted i~ this r~~ort, the accid~nt fata!!l i··~ 

and radi:llogical health effects predicted in this report. :':"\:tV be cornp.lt""-'~ wi: :. 

the following. In the United Sl~tes, a~oul 65,000 persons would diA tru:., ·· 

true~ accidents, and 32,0~v would die from rail accide:-~ts durins the L&-ycat· 

repository operating period. Du~ing the same period an estimated 58.300 . 

cancer !:a~:lites are 'postula~e.d to occur in the United States frcm e>."t''"'~·..::-'"' t-.:

natural background radiation .alone (not includ1ng medical and othe·:- r:~an::-.a,~e 
' 

sources) according to current models. The risks reported here are upper lhit 

• 

est.lmaloas and are small by comparison with tbe "natural backgroun.d" of t"i:;;::; . 1 

• of the same type •. ~··:: -~ -~ .. :::::::. ~·_: . _.j ~ 

':::.·:. 

The appendices contain d~t.ailec:\~pahasing_estima~~s, shiJ:l~~nt-mile tot.ai.!:, 

fractions of travel through the vr.ri~~s pcpulation-density zones, costz, 

unit-risk factors, and ~et.ailed rislc e~~.imates by waste. type·. These tab~e:; 

permit ,th~ interested reader to crt:ate or approximate additional sctlriari os r.o~ 

discussed specifically in the ~v~~ent. 
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Mode/waste TrEe 
100'1. Truck 

SF 
DHLW 

wv'"HLW 
TOTAL 

100'1. R"lil 
~~ 

DHLW' 
WVHLW 
TOTAL 

TABLE 1. TOTAL SHIPH::~li-Hlt.ES (1:\illions of 1:\ilcs) 
REFERENCE CASE-Direct ~o Rt~ository 

Repositorv_ LC.catio:l 
GIR Vacheri~ __ Pe~ian F~:r~:!o>: Yucca H': 

67.4 :'1 . 7 94.4 115.1 141.8 
28·.0 28.0 26.0 28.0 33.0 
1.0 1.0 1.0 2.0 2".0 

96.4 100.7 121.4 145.1 176.8 

11.0 ·11. 7 15.4 18.8 23.2 
£.5. 6.5 6.1 6.5 7.6 
0.2 0.2 0.2 ' 0.2 ' 0.3 

17.7 21.2 21.7 25.5 31.1. 

TABLE 2. TOTAL TP.ANSPORTATION COSTS ( $M) . . 

Hanford 

149.7 
3').0 

2.0 
186.7 

.l4.6 
8.4 
0.3 

33.3 

RE!ERENCE CASE-Direct to Repository 
··-- -·- -- .. ----·---~~- : ... ·.'_: .-..3.!·_:~·~ :' 

. • • .. • '0 -· •... 
~::::..· .:::.·.::-.:..::_., :~~/ . .:: ___ -. 

·. ,, .. : .. .· ... : .... 

Repo~l~b~r·Locati~n 
:·i ; i 

.. ' 

Mode/Waste TY'Pe GIR Vacherie re,"'l\ian · · Paracox Yucca ~t. H·anford 

10~ Truck 
CAPITAL 
OPERATING 
TOTAL 

100'1. Rail 
CAPITAL 
OPERATING 
TOTAL 

227.2 
708.9 
936.1 

267.3 
714.7 
982.0 

234.2" 
73(1.0 
964.2 

277.7 
734.9 

1012.6 

261.2 . 290.1 . - '325.1. 
I .. • ~ • '' 

337.2 
86~;. 0 

1127.2. 

300.9 
821.6 

1122.5 

1015.1 
1305.2 

322":5 
885.3 

1207.8 

;- r·,·~:;:. .' , :·, ~ '. - . -:.,.. 

.... ·•·. ~. ;- ~ ·. ·::. .. :.: ..;; 
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1213.6:. 
1538.7. 

354.2 
991.0 

1345.2 
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1277.8 
1615.0 

362.8 
1013.8 
1376.6 
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TABLE 3. Stnf.-L\RY OF THE TOTAL. RISKS o::- TRAliSFC;".1'!,7IO:l 
REFERENCE CASE - Direct to Repozitory 

Rerositor~ Lo~ation 

MuDE CIR Vacherie Pernian Paradox Yuo:ca ~t 

100'7. Truck fror.~ orig,in: 
SF to Repository 

Rli!diological1 4.6 5.0 6 • .2 7.7 9.2 
Nonradiological2 13 14 18 24 29 

HLW to Repository 
Radiological 1.8 1.7 1.7 1.8 2.1 
Nonradiological 6.2 5.8 6.2· 6.1 7.4 

100'7. Rail from oriA_i ~: 
SF to Repository 
Radiological .16 .17 .18 .21 .2·4 

Nonradiological .81 .85 1.0 l.S 1.6 

HLW to Repository 
Radiological .06~ .067 .063 .066 .079 
Nonradiological .63 .69 .64 .66 .84 

TOTALS 
Truck ft'om origin: 

Riit1iological 6.4 6.7 -~·-.:. 7:9·-· "--:- -:-:.-: "'). 5 ·-·- -·- .. Yi::::·:. 
'·~:. .. 

Nonradiological 19 20 .24 ·. 30 ... 36 
Rail ft'om origin: 

Radiol'ogical .22 .24 . - ,'24 .28 .32 
Nonradiological 1.4 1..5 1.6 2 •• ') 2.4 

H:l7lfo:-: 

10 
31 

2.1 
7.4 

.25 
1.6 

.074 
,79 

12~ 
38 

.32 
2.4 

lRadiological' health effects include lethal cancer,fa~alities and tenetic 
.. effects in all generations. 

2Nonradiological fatalities 

-15-

,I ; • • \. 

• 



• 

• \ 

TABLE 4. TOTAL SHIP!-!?:~r:-HILES (::lillicn:: Cof t.:!.les) 
HRS CASE - !~?.5 at Oak Rio:!;;.:-

________ ..:;R:.::ec.::P~O..:::S..:.i.::..:::to.r-.r to cat i ~n 
~c:!;;/'.:dste Type Gin Vach~::::-ie Pcr:-:~ian i'c::-a_do.X '!II~Ca r.~ r.:.n"-::: 

Truck from Origin 
SF to Hi\S 
OH!.~ lo l:<epos. 
WVMLW to Repos. 

Rail from orisin 
SF to MRS 
DHLW ·to Repos. 
WVHLW lo Repos: 

,43.~ 

'28.0 
1.0 

8.0 
6.5 
0.~ 

:.a.is 
:a.o 
1.0 

8.0 
~.5 

0.2 

48.8 
26.0 
1.0 

A.O 
6 .1· 
0.2 

48.8 
28.0 
2.0 

a.o 
.6. ') 
0.2 

Rail from MRS to Repository (150T, nonoverpacked SF) 

'J:O'rALS 
Truck from Origin 

150T from MRS 
Rail from Origin 

150T· from MRS 

0.2 0.3 0.6 0.8. 

78.0 78.1 76.4 78.6 

14.9 15.0 14.9 15.5 

48.8 
33.0 
2.0 

8.0 
7 .. 6 
0.3 

1.5 

85.3 

17.4 

TABLE 5. TOTAL TRANSPORTATION COS!~ ($M) 
MRS CASE ·· MRS at Oak Ridge 

. . -·. . . 

Rep~sit~rY .Location 
Mode/Waste Type GIR Vacherie ··rermian · Paradox·, Yueea HI:. 

Truck from Reactors, HLW Sites 
. CAPITAL 201.0 202.1 

OPERATING 613.7 608.1 

Rail from Reactors, HLW Sites 
CAPITAL 232.3 237.7 
OPERATING 643.7 646.1 

Rail from KRS to Repository (150T, 
CAPITAL 78.6 78.6 
OPERATING 172.7 199.0 

TOTALS 
Truck from Origin· 

150T from MRS 1066.0 1087.8 
Rail from Origin 

15QT from KRS 1127 ··3 1161.4 

.204.3 
601.1 

.235.9 
647.5 

209.8 
615.8 

239.5 
.644.2 

nonoverpacked SF) 
78.6 .. 78.6 

265.3 'HI~ " _ ........ v 

1149.3 1211.0 

1227.3 '1.,269.1 

214.2 
·639.0 

246', 7 
667.9 

.A.00.( 
4b~.7 

1422.5 

1483.9 

I.Q :'• 
........ 0 

35.C 
2.0 

8.0 
.8.4 
0.3 

1.0 

86.8 

17.7 

Hanfc!-d · · 

. 2.17 .5 
652;·s 

·. 25'0 ~ 31
• 

664.4 

84.1 
346.8 

1301.3 

13~5.6 

lThe totals pC.esented in this hble are for the case in which. all· sr.~ .t· f\.;a.l 
and HLW wastes are shippe~ ~y the mode indicated; d~d:cated rail ~n1p~~~t~ 
!~em the MRS to the r-epository are added. 
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TABLE 6. sm~HA!lY CF THE RISKS 0:' TRA~ISPO!:T r.:-1.:.:; 
OF SPE~<T r'UEL A~ID HlGH LEVr:L 'N,\;.;::;:;: 
MRS AT OAK RIDGE (All SF to l-iRS, ! :;~.-f c:l:~!: 1 

Location 'R~>Eositot·y 

MODE GIR Vacher.-ie Pennian Paradox Yucca M~_J]2_t}f_,)~ ~ 

-lOO'J. Tt"Uc:.k from Orig, in \ 
SF to MRS 
Radiologicall 3.6 3.6 3.6 3.6 3.6 ~.6 

Nonradiological2 9.1 9.1 9.1 9.•1 9.1 9.1 

HLW to ·Repositot·y · 
Radiolo&ical 1.8 1.7 1. 7. :l,.8 2.1 ~ 0 1 

Nonradiological 6.2 5.8 6.2 6.1 .7. 4 7 o" 4 

100"1. Ra i l frorr. Ot"i!. i'n 
SF to MR;i 
Radiological oV .14 .14 .14 .14 o ~A 

Non·rad io logical 0 .92 .92 .92 .92 .9~ .C}2 

HLW to Repository 
Radiological .062 .067 .063 .066 .079 .074 

Nonradiolo~ical .63 .69 .64 •. 66 .SA on: 

1SOT Rail freT!' l'~ Repositor::r 
Radiological .• 017 .035 .035 
Nonradiologicai · 1.4 2.6 · ·.· 'j';s' 

.038 ' 
ooo:·'o·s·:'3 ''·-: . ~ :· . 

.042 
6 01 ., 

TOTALS 
Truck from Origin, 150T Rail from MRS 

Radiological 5.4 5.3 5.3 5.4 5 .a. 5. 7 

Nonradiological· 17 18 19 20 26 22 

Rail from Origin, 150T Rail from :.ffis 
Radiological .22 .25 .24 .25 .27 .... 

• .<0 

Nonradiologic:al 2.9 4.2 5.3 6.9 12 7 0 7 

1Radiologic:al health effects include lethal c:ane~r.fatalitics and gencl:c 
effects in all eenerations. 

2uonradiolcgical fat~litias 
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1. IN1"RODUCT10tl 

This rcp.Jrl discu:os~s the r~lat. :ve national co:::ts a:ld t"!.~·,:s cf 

transport in& nuc le::.r was tcs to each o.l nine -;a.,d ida t.e t·c;-os l. tory ~ i tc~. 1 :~.~ 

basic scenarios thdt arc analyzed are (1)' ship~cn~ of spent fuel and hist 

level waste (HLW) directly from waste _r.enerators _to a repositor-y (R~f~:-e:1''"' 

Case) and (2) shipment of spent. fuel to a_Monitored Retrievable ~tora~c (MRS) 

facility and then to a repository. the referen:e case is the direct

to-repository shipment scenario, which is consistent with the Nu~lear WdZlP. 

Policy Act. of 1':182 (N'..JPA). If an MRS is to be included in the waste 

mana~emcnt. system, the Act sped f ies that Conr.rcss ional approval . is 

nece::::::ary~ The MRS cas~s incl~dcd in this document are consistent with the 

analyses of that program . 

. This report is the third in :1 series of tt•ansportation cost. and risk 

analyses ~sed to support the siting processes for a fi·rst. repository. The 

first.. \,f these reports (Reference l) is a preH~i~·a-~y e'c~miri~ti.o~ of p~t~nti"l 
· .. ~ ...... :. - . :. : . .. ''\- ~ . . .: :'. ~- ·.. . ' . . . . . .. . 

transportation impacts of dir~ct.-to-repository shtpments and an alternative 
As in the pr"i:{se~t :~~·aiysis~···hyp~th~U.c~i' ·:· · ''""' ···:~ ,··,;' 

. . ' 

the second. rep.oL;l· ·(Rdct"t:!n~c ... · 
reprocessini scenario. 

futurc-r.eneration cask dcsitn~ w~r~ co~sid~r~~. . . ' 

2). documented the lr~nSpOL'tation- rc·l~ted imPaCtS Of~ USin& e'xistin& c'.;.$k 

desi~ns and consid<i!rcd only the direct:.. to-repo·s ito·ry: sc_e~~r_i~:). B~~ause thczc. 

cas'ks .,~re designed to carry spen~: fuel that i's less lha __ ~ one y~'gr ()'ut. of t'11e 
reAct.or, they have more shiclcH~g and low·er capacities than· ·cas!<s ::-cr,uin~d f•:l· 

lhe con.;ner-cial wast~ Tl\anagerncnt system. The estim:1ted impacts in· tn~t . 

analysis 'art:: essential.ly those that' would be associate~· with tl.~· \..>C of 

"existin~ t~'chttolo~y" in the absence of new cas'k-desi~n ini.tiativt:·s. 7t-.-~ 

latter repor-t was used ir. the pt'~?aration of the draft· Er.viron:11.::ntal 

Asr~ssMcnls {~As) supp~::-~ing the nomination of sites for characteri~ati0n ~a~ 

the first re~osit.ory. The present analysis i.ncoC'porates recent ch;m!--:.·~:: :.~~ 
. : ... 

repos~to·y system parameters, includ~~ future-g~ncration cask d~s1~n~. 

enco~asses a treatment of the ~?.S concept . 

-18-

"''.•,·' 
~~ ..... 



For all cases consi~ered, the primary waste strea~ i$ s~~:.t ~~cl.· 

from reactors (SF). Secondary waste streao..s to be shi;-;~c di· .• :~:!.y ~-:_-, ·. 

repository include defens~ high level wastes (OHLW) from the S<!\'::~: . .:=-: :. 
Plant in :;outh Carolina, the Hanford Reservation in Washin;:.tc~ ... n.! ~;>; 

National Engineering Labot·atory in Idaho, and corr~:,erc!ally-s.:::\e:-::.l·'.! :-.:. 

level waste fro:n West Valley, llew York (WVHLW). Acccpt.a:v:c of t::!:.·..; ir. :~ 

commercia~ repcsitory was endorsed by the Pn·sident durin~ 1St 55 (RL'fcr.~:-.. ·.· 

3). For the MRS case, the secondary waste strea:n also includes tt:e a::l:!:·.i::: 

·wastes that would be generated at an MRS. These M..ttS-related seco:-•. .:: .. .-:v w;::;:•·-> 
. . . . . 

would consist of assembly hardware (HDWR}, high activity waste CHAW), and . 
transu.·ani.c waste (TRU) generated during hand-ling and repackagin& of tht> $?•'nt 

fuel. 

Two primary modal optio~s are examined for the reference case: all t:"u~~. 

·and all rail from reactors and HLW generators. Becau~e the resultant cost~ 

and ri~ks will bound the transportation impacts, no attem~t has been made lc 

forecast the actual fractions of truck and rail transp~rt ~hat mi&ht be u~~d. 

The shipping system ultimately used for transportation of spent fuel and H~~ 

will be a combination cf modes detet~ined by considerations such as 

capabiliti"es of handling faciliti~s at ~he origi-ns, freight rates, and 

operat.ional constraints of tne syst~m:; ''For thEtMRS case,. ai.l shipment~ 
. ! .- --.• 

between the MRS and the repository move by dedicated rail. Bounding 

conJitions considered fot· this shipment li\Ode are the two combination& of c:-.sk 

woi~ht an1 pa~load characteristics that minimize and m&ximi~e. respectively. 

the number of shipments. 
: ,· 

Actual reactor locations ha"e been used in this an:)lysis, which is a 

. efin~ .. mt not found in previous studies. Formerly, reactor centroids r;.;~h·~:· 

than actual locations were used to repres~nt the ori~in points. Furth~~. l~.i~ 

analysis·~onsiders fewer speni fuel shipments because it is based on wh~t i~ 

referr~d to as the "no-new-reactor" case. That is, only reactors th,.t a!''·' 

eithet' in .>peration or planne!S to be constructed are included i~ the a::-1l::::::, 

and no long-term pt'ojections o€ future reactor construction aC'e ;J:-;:~tl. 
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II. STUD'.: SCF.N,\RIOS 1.:1!:> PAF..A.'-Il::TSRS 

A. INTRODUCTION 

The basic sccn~rios and parameters used in this analysis w~rc d~f~n~~ t~ 

DOE/OCRWM~ This chapter outlines these parameters and the puolt~h~d 

references used in this analysis, which sup?orts the Final En11 it·on:-.,.:ntal 

Assessments suppor~ing the nomination of sites for 'characteri.zat.i.on :or the .. ' 

'first repository. This ·analysis also is eit.ed in the Needs an4 Feasibi.lil>' 

Stud:r and the Environmental AssP.ssrncnt for the Monitored Retrievable St.o=-:.~~.e 

I'rogram .. Parameters used in this analysis are, in genet·a:l,. consistent with 

those contained'in these documents. The read£~ is encouraged to co~nult th~s~ 

docum.nts for further detail. 

B. STUDY ALTERNATIVES 

This analysis addresses a total of nine waste flow alternatives: ~he 

reference case (direct to repository) anJ ei_sl:lt ca_ses which include an MRS . 
. . . .· . . .... ... . . . .. 

Shipments from reactors and HLW generators coul".:,tra.~~~ :_l;IY.. o~e .,of .. _.t:~o '· . : .. · , 

transport modes' truck or general COI'Iut\erce' raiL "Aif''shipmeni:.s from -:he MRS 
• .1.•. ~·:·· :' t'l.~: :.~--~,:.-·.f.': .. ~ :t:; ,-;. :-~:-· ·:::·;_-.... ::;·.\ 

would be by dedicated rail transport with :two~cask :siz~,,qpt.i~ns,.. ... :~o::- ,t~e.:.: .... • • •..• '• . ·-. ;;:l • 

purpose of this analysis, a. dedicated 'tra,in' ~s a '.tf;d .. n:made ·up exClusi.vcly ·~f 

railcars transporting consolidated spent'fuel and other radioactive·w~ste. 
. ' . 

' • ', \ I ••· -'~ ; •' • • • ·• • , ' "• ~ '• '~ • I, 111 I 
byproducts of the consolidation process betweeri the MRS and potential 

repository locations. The oper~·~orial characteris~ics, cask ~~zes, and . 

payloads of the.dedicated'train discussed in this chapter bound the nu:nbers of 

shipments and nre consistent with the operational forecasts of .the MRS 

program. The main text of this re~ort discu!:ses. on-ly the reference ca:>E: 

(di~e~t shipment to a repository) and two representativ~ variations of tho ~R~ 

case in detail.· Sever.~l of the MRS alternati~es are si~ple variations of th~ 

basic scen~rios; the results of analysis of thuse variatior~ arc included i~ 

Appendix 2. 
. •. ~ :.,._ •.•. i 

Consistent with the repository design 6riferii (R~fe~en~e· 4), lhe 
' . • • .. • I •' .• 
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t"efec-.:!nce ca:H' is defined., for putyo->es of i:::r'act a1~al:1:;;~"· ·~.: 

..,hich all rcactoc-s will ~hi? 5-ycar:-old \..tnc~nsoli<!<>':.cd s;.::~t ·: ,. ~ 

a candidate c-crobiloc-y site. Althou~h the actu~i a~c~ c! !~·:! :~ ... 
£c-o::~ the c-~actors usually wo~.:ld b<) rr.u..:'n ~c-eatec- tl"'.:ln 5 y.-·.:.r.:, : · ... 

l~,t so=:~e 5-yeac- oLd spent fuel could be sh~??C~. s~~=~ ~~!~~: 
decrease with th~ &ge of the fuel, an upper bound is QS~a~:~ .. ~-·~ ~ 

the impacts of shirping 5-year-oi.-1 fuel. Hir,h lev~l co-·~£>:-:i·~l .:· . ..: :,: 

wastes will also be shiFPC~ directl7 to the c-eposiloc-y. s~~r~~~t: ~! 
spent .fuel from reactcrs and high level wastes will be m~~Q ty ~~~~--~ 

·general ·con-.merce rail. · 

FClt" the Mi<S casEs, reactors will ship 5-year-old uncon:;olic!<l':.•:.-d !':!",n~ !:.· 

to an HRS. Consist~nt with the HRS Program scenarios, all. cpt>nt fu·~l :··· ·:·· .•. 

al the HRS will 'cc consol idaled aQd placed into tcmpora!'·Y stora~.~ fo:

approximately 5 yeac-s. The consolidation pro~ess, mechrinic~lly SQ~·~ratin~ 1'.· 

fuel pins a~d end fittinr,s prior to placing them into canisters, r~du:~~ ~!\ 

number of shiprr.ents required between the HRS and· the repcsitoc-y. A sec:.:.! 

possible function of the ~RS facility is the incorporation af th"-'Sl' car;~::• .·:·.: 

into emplacement-ready pad<ages or "overpacks" (i.'l. pack~gc5 that c:>uld :, .. 

emphccd directly intc thE: geologic mediu-n~ ~t ~· ~tip.osilory)''p'ri6t· to ~1',~;.· .. ;,• 
I 0 • •'•I • - o :' • ' ' • :' .", •, • : ,, j. 0 ',' ~ -c-: •;.,,.;, :, .:. ; :, o J ' ' 

to the repository. This could reduce the .r~qu.irement f.or,:rcpa:-c,kasinl~ :. - · . 

facilities at the re11ository. · '- ' ... 
~·· . r-· :· t. ......... l~ .. .... 

Repackaging at an HRS is considet•cd by including one ot the:. two po:;:: it· .. 

shippi~& ~ptions: (1) 100 ton (lOOT) dedicated rail shipments of ~vnrp~c~· ~ - . 
consolidated spent fuel and-waste byproducts genet·ated in tt;e consoli:!:~!: 

process and < 2) ·150 ton \ 150T) dedicated rail shipments of not~cv~t-;•;.t.:;.- .. • 

consolida• _d spr.nt h:el and bypr?ducts. These cplions rcprr.s~nt the l-•~ , .. 

and smalle~t numb.:::-s of shipments, respectively, ft"-'m thP. HR!::. to tl••· 

repository. High l·evel· commercial and d'cfcnsc wastes would be :.>hi r:·"·l 

.directly to the c-Pposit.ory as in the reference case. For ilh;::tr~t ~ ... :. 

purposes, th£' analysis disc,Jssed in th.e text considel"S an HR:; J.o,:~·- i ,:, 

Oak Ridge, T~nne~~~e. 

Additicnal HKS alternatives are examined in App~ndix 2. T~·1 ··4·.· 

alternatives not discussed in the te:.ct werr, ~malyz·~d in w~•ic~ .. ,_.., :· 

-21-

cEST AVAILABLE COPY 

• 

.... ·; . •• . _: . ~-



\ 
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reactors (easl of 100 degn~c::: la~.itude) would :::hi? dircc:.l:r t'J t:-.~ ~::·.: ... · ... , 

"western" reactors (·..-est of 11)0 dc~:,recs latitude) Wl)uld sl-:i? cl~t"~::::.:y~.; ,. 

repository. This is r:efct·rcd,(o as the "East-'\o:c.st. split" sce:-.o:-io. :-:-.::·~ 

either: lOOT or: 150! cask opti~ns may be considered for: this :::c~~d:-~o. :~~ 

alternatives are gc~~r:atcd. 7hc r:eruainin: four alt~rnativez a~e a~~l·~:·;: .. 

those fo::- the O<~k Ricbt: HRS, but the ~~?.5 is located ncar: ~tart:::vil!.~. ·>:.: .. :.: · ·. 

In summaty, the alter:natives considcr:ed in the ~ain tcx~ of this 

R~fere'nce Case 
· o unconsolidated 5 year-ul~ spent fuel (SF) fr:om r~actors 

all reactors ship dir:ectly to repository 
- HLW shipped dir:ect.ly to reposit.or:y 

MRS Case 1 
o Oak Ridge·is the MRS location 
o uncon~olidated 5~year-dld SF from react~rs 

-·all .reactors ship to MRS · 
- lO~year:-old overpacked, consolidated SF shipped fr:om HRS 

lOOT dcdica~ed rail cask used from MRS to·reposilory 
- HLW shipped directly to repository 

MRS Ca.se 2 
o Oa~ Ridge is the MRS location~ _ . 

-unconsolidated 5-yea~ol~ ~,_fro~.reactors 
o all reactors to MHS ··. -·: ·. ·.'·'· ·.' · :':: · 
o 10-year-old consolidalcd SF shipp~d from MRS 
o .lSOT dedicated rail c~sk used'f~om MRS to repository 
o HLW directly to repository · .:, .. ; · · ·.:-. ·. · ·· 

Additional MRS cases tr:eat(:d in Appendix 2: 
MRS Case 3 

o Oak Ridge is the HRS locati~n 

o unconsolidated 5-year-old SF from reactors 
o eastern reactors ship .to MRS 
o western reactors.ship directly to repository 
o 10-y~ar-old overp,c:cY.r.~, consolidated SF fr:or.1 HRS 
o lOOT dedicated rail cask u:::cct from MRS to· repository 
o HL~ shipped directly to r~~osilory · 

MRS Case 4 
o Oak Ri~ge is the HRS location 
o unconsolidat~d ~-year-ol~ SF from re~ctors 
~eastern reactors ship to MRS. 
o we~tern reactorJ ship.directly to repository 
o lO~_year-old overpacked, consolidated ~F from HR~ 
o lSOT decHc·att-d rail cask usl?d from.HRS fo ··~positorz. 
o HLW shipp~d di~ectly t~ r~posito~y 
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MRS Case 5 
o Hartsvill~ is the MRS location . 
o unr~nsolidatcd 5-year-old S? frcm reactors 

.. all/reactors ship to MRS 
o 10-yeir-olc overpacked, consolidated SF fro~ ~R~ 
o lOOT ded~cated rail cask used fro~ M?.S to repositocy 
o HLW shipped directly to repositot·y 

MRS Case 6 
o Hartsville is the MRS location 
o unconsolidated 5-year-old SF from ruac~ors 
o all reacto~s ship to MRS· 
o 10-year-old consolidated SF from MRS 
o 150T dedicated rail cask used frorr. MRS to repository 
o HLW shipped directly.to repository· 

MRS Case 7 
o Hartsville is the MRS location 
6 unconsolidated 5-year-old SF from reactors 
~ eastP.rn reactors ~hip to MRS 
o western reactors ship directly to repository 
o 10-yea:--old overpacked, consolidated SF fron. MRS 
o lOOT dedicated rail cask use1 from MRS to repository 
o HLW sh!pped directly to repository 

MRS Case 8 
o Hartsville is the MRS locatt~n 
o unco~Jolidatcd 5-year-old SF frorn reactors 
o eastern reactors ship to MRS 
o western reactors ship directly to repository 
o 10-year-old overpacked, consolidated SF from HRS 
o 150T dcdi:ated rail cask used from MRS to repository 
o HLW shipped dir2ctly to repositot·y 
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.) C. FACILITY LOCATIONS 

// ~. Generator Sites 

Reactors 

Actual location's of cxist.L•:~ <.lOG pllAnn.ed rcactor5 ar-c us~d in this 

analysis. This analysis also diffen; from earlier r~portz in t.r.at no rca::.:::·:; 

that are projected but not planned ot· site~ will ship spent fuel to the fit·z~ 

repository .. , rigut"~ 1 il:.ustr:~tes thes~ locations. Appen:!ix 1 contains a 

delailed list~n& of the reactors. 

High· L•.·. .:;~e Sites 

According to the decision by the President· in 1985, high level wastes 

generated by defense progr~ms.will be shipped to the first repository. 

Defense wast~s are.assumed to ~e shipped from the Savannah River Flant, South 

Carolina, the Hanford Reservation in Washington, and the Idaho Na~ional 

Engineering Laboratory, Idaho. Commercially-generated high levd wazte frt):n 

West Valley, New York, will also be received at the fi:rst repositoi·y ...... ~~i·gur~ 
; : I 

2 illustra~e~ th~ locations of these. facilities. !~ 

2. Repository Locations 
~. 

Nin~ candidate repository locations are considered in this analysis. 

Several of the poltential sites are closely·clustered and, for the, p.urpose of 

distance and routing calculations, are treated as a single iccatibn. These 

are: Cypress Creek Dome and the Richton Dome in Mississippi, De'f Smith County 

and Swisher County sites in Texas, and the Davis Canyon and Lavcnd~r Canyon 

sites in Utah. Thus, th~ following six destinat-ion points, ill;.~::trated .in 

Figure 3, have been used in this analysis. 

GIR -= A point in the Gulf InteC'ior Region (GIR) in His::i:osippi. r.·'·'' 
the Cypress creek and Rtchton sites .. 

.. 
VACH~RIE -= The Vach~ri.e Dome site in Lo~isiana (also. in th~ GIR but ... ~ 

geogr~phically distinct area). 
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PARAI.;0X 

YUCCA t~:· 

A point in t:i~ Po::-:-:r.i:c:~ Ba~ i'1 ir. ;.,_:.;:.".: .. 
County ar.d S~ishc~ CCJ~~y Sit~;. 

A pc.int in the Pa:-adox Bas:..n !n rr J~. :-. ·

Laver,dcr Canyon ~ i. tes 

The 'i~.:.·cc.. l-lount:1i:l dtt:! i11 i1c·J;;tca. 

Spent h.o·~l would be .racka~cd diff~t"•mtly 3t ~m ~:,.;:; a::.: :·:::·. · .. 
' 

geolor,ic. r..·~d~u:n in which the first t"eposit.ot-y i!:: d·~·::-:""r""·!. -:-..• 

cons.ideratiC'ns a:-e re::.ponsible i. .>r this. Firsl, in tht? c H" ..:: •·· 

t".;!acy packages shipped wit 'lin a transport. cask (i.e. ov~·='l'l ::.i-:•:c ::1"-:. -: i ·. 

lO•iT casks), thE' inner ;:-ackage must b'! S\Jitable for tho::- ; ·:·tic~: .1::- .· .. 

mP.•I:.ut:l (or whi.:h it i!; intended. Second, for nonovcrp;1c;.:c~ ~:~•:F···:.· .: 

MRS ~i.e. nonove.t"p&c'kcd canictet"cd shipme·,,ts in .SOT ca!:!<s), ...,.l:i.:·:, · .• 

transferred to empl:ac.-:nent c,ontainers at the r·cpositct-y, ship~:.-"'1':. ,..:,.: 

sizPs t:~ust be c ..... ~!'atible with the C:..:sign .capacity of the t·cposi.tC':·y· .: 

fu17l-han:iEnr, ("'cility. In either case, the overpack Ot" c.Inist•·:-·::~: · · 

~nd cap~~ities (Reference 5) depend on whether lhc ceolo&ic mPdiu:n 

·tuff, or bas~lt. ·sites in domed o~ bedded sall are GIR, Vach~ri~. 
and Paradox; 'i;.tcca Mt is a tuff site; and li:1nford is a ha~alt sitE!. 

'~ -........ 

F-;.r tbe purpos~s of this analysis, two pot.enti~l sil.es for a He::.· 

Retrievable Storage Facility are examined. They arc lo~atcd n~a~ ·c·~~ 

Tennessee, c.nd l'.arts,ille, Ten~essec, t"especd.v.!ly (Figure 4) :~ !::it:.-.~ .. ·;~·. 

concept ha~ not been presented to Concress fDr authorization, no ~r·~~i~~-

for th£ MRS has been designated. 

·o. WASTE FLOWS 

Waste f l:;ws t.o the repositc.•ry are obtained from ':he DOF./IJC!~· .. ;\1 •· · 

~Refe~ence 6) and the Defense Pt·or,t"ams Wastt? Mana~£-mcnt Pl.H: (:>!···· 

amende-d by euidan.:e ~ot· the puq.osc of this ~,.,~lysis (Fll,f•·::-•·:~~-,. 

these flo-.,.s w~re defined to be a!> surn:narized in Tahl~ l. 
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. . 
Figure 4. MRS Sites Used in t~is Analysis .. 

1. Spe·.lt 1-·uel 
... '!,.- • ·• 

.• ..... .. 
The first repository will re!!eive· ·6·~,0~0 MTHH (metric tons of heavy ~<:!tal) 

of spent: fuel from reaclors. In the reference ease; 'spent fuel would be 

shipped unconsolidated from the reactors. In all MRS subcases, tl.e MRS would 

eof'solidate any spent fuel re:eived ;:tnd, depend~.n& on the .c~sk alternative, 

ship overpacked or r.onoverpaeked consolidatod ~.pent fuel alone, "'ith the 

byproducts oZ the eor.soli<'a·~i on process (h.1.gh at:ti·.t.! ty wastes, har'dwarc, and 

transuranic .... astes) to the repos.itory fc.;. dispo• .1. The quantities .of thf'~:·.! 

byproduets.eenerated at the MRS are discussed belnw. 

The amount of !;pe~t nuelea .. fuel, in as•emblies, to ~e removed f::·.:Jm t'c;J.:! .. •r.

storage pools wer:! obtained frcm th~ 1985 Spent Fut=l Data B=1se, which "''lc~ ,.,...,:; :: ···.! 

for the DOE by Battelle Paci!; e No-thwest Laboratories from uti lily rP!:i'Otl,~:·:· • 

a vo!·mta:-y sutvey form (Reference:. 9·.·an~: 10), .. These. r:esponscs . .wrre.3.1j:t;;:;: .. ! .: 

be eor.sistent with Enerey Informat~on Agency (EIA) proJections of elrctric~l· 

::enerating rates, ~pent-fuel burnup, an~ dis:::harge averaees (R~f~rt-n::e 11) 

• 

• 

•• 



• ) 
· .... .._... 

ln order to assign priorities fo~ the transportation of zp~ct f1:~l !~··:. 

the reactors, thP. !;tor3ge capicity at _each t"eactor storage pool .,....::;:; u::.:,-~, 

along with the assumption t.hat a full--core reserve was r.aint.ain~d ::t. c<sc~: 

pool. The spent fuel discharge data were derived frorn the cu~rcnt ~~~!~~~ 

licensed expansion of reaclor :;torage poois and included any plar:n.:C. 

transhipmcnts of spent. fuel. In addition, the spent fuel flu•,..s w.::r:c 

calculated under the ass~mptions that r_eaclor assembi.ies ,.·ere dcro:r::~issiN.·.:~ 

at the end of their commercial life and that all remaininb fuel assc~blie~ 

were shipped within. 5 years. Spent fuel assemblies stored ·.at 'Nest. Valley, t:Y, 

were shipped during the first five years of t•epository operatic,\. 

For the MRS alternat~ves in which an Ea~t-West split of reactors was analyze~, 

· a~proximately 4500 MTHH from readers we:ot of 100 degrees latitude w•~re· 

shipped directly to the first repository. 
'' 

Spent fuel flows from individual reactors vary slightly for the MRS 

alternati.ves. This variation is a resutt of the fact that (1) the beginning 

date for the receipt of wastes at a repository changes when an HRS is a part. 

of the system and (2) the receipt ·rate of the MRS its~lf influences the 

sy~tem. These changes reflect an increc>.srd '(or decreased) need for "fnteriin. 
. . :1:.; -· .... ,;..:. •.···.: ~~:_~;:-~ tf:"t' :;..· . ·-··.:.. .... :. :.• ._ .l 

dry. storage at the reactors res~~ting f~~m n~w priorities being, assigned to 

the spent fuel flows. While the r~~u-~~i~~~ _d_iff~re~~es i~ ·t6~a:·l ihi~mc~t...:. 
miles and characteristics were refle'!t~d in the analysis, lh·~--c~·s·t·~ and ·risks . . . . . . . 
of dry storage at the reactors were not irchided ~~ thi's a·naly~is. ~pp~ndix 

.. ':.. . : .. -. ,· . ~ - ' . - . 

1. details the Wc:l~te flow:> from reactc.rs in terns of shipments by tru.ck a~·d ·bi; 

rail for the reference and HRS cases. 

~. High-Lev~l Wastes 

Vitrified HLW, in thc.iorm of glass "togs" encapsulated in stainle::::: 

steel, are approximately 0.61 m (2ft) i~ diameter and 3.05 m (10ft) in 

length (RefP.rence 12). As indicatr.d in T'lble 1, each canister of Hl.:N contal:." 

0.5 MTHH, wrich is a maximum pc:::sible .. canister loading r.aH.er than lhe 
• . • 1 

exy.:cted value. For the purposes 6f·this analysis, HLW was alwa;:: shirpr:d 

directly to the. rP.posi~ory regardles:: of the spent fuel shipment scc,n"i~ . 
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' 
TABLE l. REPOSITORY ACCEP1'A.!lCE SCH::DULE ( v-·:·. ·, ~ 

/' 
. . -... 

2,3 
H' ,, -"' 

Colt'rnerc.i<'.l Defer.-::e 

year SJ2ent Fue:l '-lest Vall'!'!:£ S'£-.P r:::::. 

1998 400 
1999 400 
2000 400 
2001 900 
20'02 -1800 
2003 3000 20 350 75 

2004 3000 20 350 iS 

2005 .3000 20 350 15 

2006 3000 20 350 75 

2007 3000 20 350 15 

2008 3000 20 200 300 75 

2009. 3000 20 200 300 75 

2010 300\l 20 200 300 75 

2~11 3000 20 . 20(.' 300 . 15 

2012 3000 20 200 300 75 

2013 3000 20 200 300 75 

2014 3000 20 200 300 75 

2015 3000 20 200 300 75 

2016 3000 20 350 300 75 

2017 3000 20 350 300 75 

2018 3000 20 350 300 

2019 3000 20 350. 300 ... .. 

2020 3000 20 350 '->300 . ·" .. : :, .. : :: f \. :. 

"!021 3000 20 :, ·.350 300 
-····-- -- . 

-~ : r. : .. 

2022 1100. 20 - ·. 350 300 

1Referenee 8. 

2~ eanister'of HLW eontains·0~5 MTHM 

3 The values given fo~ HLW we~e developed for use in the repository EAs. 
They are bel1.eved to be maximum values that would not bt. ex_eee,1ed. a~~ t .... 
not reflect expected values. . ' 

3. Wa~te Flows frcm the MRS 

Spent fuel from the reactors that is sl.i.pped to an MRS is con:;ulid.-.tl:',! :;: . 
approximdlt·ly a 2:1 volume ratio. Consolidation of the spent ~u-:!1 at au ~~:-.~ 
would gener~te assen.bly hardware, high activity wastes, and transuran~c ·-·:..>·.· .7-

3S desc.ri~ed in Table 2. For each of lhe.MRS sccn:1rios Analyzed, thf's-:o 
secondary wast-es we-:-e shipped to the repository •. This report jo~s. net 
e;onsider the tran'sportation-reuted impacts of· deco!':'missioning a. ~~:.:; fr"' ~.: 
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' TA.Bt.E 2. Sl::CO:;D:\.RY ·,..•;.sr::;s Gr:~;::r:Ano:: ?.:,:~::;~ 

!:!gd..,a:-e 
44. 3. drums 

1. Rcfe~ence 13. · 

E. OPERATIONAL ASSUMPTIONS 

(pe~ 100 ~Ti~ ~?cnt fuel cons~:~~s~~1) 
(55 gallon dru~s) 

Hi~h Activitv ~ast~s 
41.1. C:'U::'.S 18.6 

1. Transport from· Rea'cto~s and ·High Level W:1ste Sites 

~ ......... -........... 

. 
Tw..1 transport modes, true!: and rail, were analyzed for s.hipmt:-nt::: of 

.. , ..- -· .. unconsolid~ted spent fuel from reactors and canisl~rcd hi&h level wd:::~~::: 

·commercial and defense sites. In·ordcr t.o generate bounding estir.;atc::; of. 

impacts as~ocia~eJ with tt·ansport b)· thcs~ modes, the following two ~ct:-na:-io:: 

were analyzed: 100~ of the shipments of spent fuel and high level wastes by 

t:-uck and l'OO't of th~" shipments of spent fuel c.n1 high. level was':.e:'s by !:,t::'l~ral 

commerce rail. 

Packaging capacities for the.refere~ce ~~s~ an~ shipme~ts f~om react~rs·or 

HLW origins are for legal-weight truck.-and,J,OOT. ~aiLe ask~.· Cql!~ cap~c1tie!: 

used in this ~na lysis (Table 3) .are for hypothet,ic_al future ge.neration cc.s',o:.; · 

(Reference 14). Actual cask capacitie~ w~ll- be ·.d~ter::nined-:bY 4csi.:;11-. :: 

ini~iat.ives sponsor:d ';)y the OCRWM and :nay differ so'llewhat fro'm those used 

here. Tram.portatio"l cask capaciti~s differ for the t:w.:> rail HLW .casks 

because of the characteristics of the various w~ste forms. 

TABLE 3. T~lSPORTATlON PACKAGE CAPACITIES:1 
.. REACTOR TO REPOSITORY OR MRS 

Unconsolidated 
Spt>nt Fuel 

~OD~ (PWR/B~~ Ass'y) 

Truck· 215 

Rai: 1' "' 

1. 'Rt>fP.rencc 14. 

·D~i~nse High Level 
Waste (Canisters) 

1 
5 
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Waste (Caniste~s) 

1 
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Two ?o,mding ca!;eS for transportatio:'l ~. ~'rn th~ iG:; t.~ ~;:.:, :··; :·.: · 

analyzed: .(1) thP. consolidated spent fuel was ove:-;::aci<cd in ;~~·;·:a: 

p~ckagcs at lhP. MRS and then shipped in lOOT rail c&sks a~1 !2) ~~-~ 

consolidated spent fuel was shipped in cani~te:-s (n~novcr~~~~~~) !~ ' 

casks. These options represcn~ the greatest and least nu~be~ cf ... .. -; . 

respectively, that would occur between the H.RS and lhe rc~c~itc:-y. 1:.-: :..:·: 

capacities vat'Y for both 'the lOOT and 150T options for each g~.;~l:::r,i: :-.··.~:·..::-:. ~;, 

which potential reposilory sites a~e located (Tables 4A and 48~. 

All shipmen.ts travel from the M~S by dedicated rai 1. A dedicated t"'J; 1 

shipment is defined to be a 10-ca~ train made up of 5 railcar· cas~s cont.•i::~::f, 

consolidated spent fuel, 2 railcar-casks containing hardware, 2 railcar ~~s~s 
cor.taining high activity was 4.es, and l railca~ wi':.h two high voh::nc Typ~ B 

(HVTd) containers c~ntaining transuranic wastes. 

TABLE 4A. TRANSPORTATION PACKAGE CAP.\C1TIE~:l 
MRS TO REPOSITORY - DEDICAT~D RAIL 
COtlSOI..lDATED SPENT FUEL. (PWR/'BWR Ass' y) 

100:' OVP.tyaeked 
Salt Tuff Basa~t Salt Tuff •l 8-t::;.J..!:..: __ ..:U~n.it 

Canisters 
Assemblies 

211 3/3 6/5 :.~ 6./5 : 8/7 1 i.o ~ 21:1.4,9 ' 
24/30 18/42 24/45 . : 721150 . .. 48/98 

1. Reference 15. 

'l'ABI..E 4B. Tt..ANSPORTATION PACKAGI:: CAPACITIF.S: 1 
MRS TO REPOSI:'ORY - DEDICATED ~AIL. 
SECOND~~y WASTE FuHMS 

1:5/o/171 

W~ste Form/Ur.it 100T OVely~eked lSOT Nonoven- ..:.;·C::.;k:.:.;P.:.:..-~::.... __ _ 

Hat"dware 
canisters/cask 4 
d~J~/cask 20 

High Activity Waste. 
eanist~r~/cask 4 
drums/eask 20 

· Con~acl-Handled Waste 
HVT£/railear 
drums/railcar 

1. Reference 15. 

2 
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ro~ th~ ]:~~sties analysis, average t~avol speeds, turnc~~~~~ t:~:: (~.~

facilU:.y loading and unloadin_g ti.:ne~), and the availa':li!.ity o: t~·::.:~::;r· ::·•_ 

pack::.r,ings wc~e csti:nated in o:-dc~ to calculate the total m.:::-.'::<::- ·~= t'"·"~~'.:: .. ::. 

requi~ed to ~et·v,:;: the· f i~st. ~eposito~y. Ave~age t~avcl zpeN!.: !'o~· t::•:· ~: ::.'.,: 
. . 

options included_ in this ar.alysis were ,:baseu upon indu!:t.t·y e:-..7•!:-lt:-:\CC a~·! 

include stops for fuE>l, driver b~eaks and c~cw changes, w'nc~e applica:::~~·. 
Tt"Uck shif-omcnt.s t~aveleu at .an avt'rage speed of S6 krn/h (35 ~Uph). The ave:-~r.t· 

rbil spe~d varied from 5 km/h (3 mph).for short distances· to 19 ~/h (12.rnph) · 
' .. 

for r.ross-count:-y shi.pments. These ave~age speeds includ~d vehicle stop 

time. Additional time W::\S requi~ed fo.r toadinr, c<.sks at the t·eact.:>~ o~· w<>::::.t:.· 

gene~ato~/slor~be site and fo~ unloading at the reposito~y .or MRS s:tt'. A 

total loadin~/ur.l9adi.ng ti:::u of 3 days pc~ t~uck ~ounJ trip at'd.a total.ti::-.~ 

of five days per rail package pe~ round trip were used. The dedicated rail 

shipments f~om the MR~ t~aveLled approximately 1.5 times faster t~an general 

freight rail shipments ~:.teference 15). Dedicated t~ain total turnaro·~.'\d ti:-:-.e 

for l~ading and unlcading was 9 days per ~hipment. ln all case~ tran~po~t. 
·.· . I ' 

packag~s we~e availa~le 300 days/year . TablP. 5 lists additional 

transportation pa~amete~s used in the log~stics ar.aly.si~ .. ·...:shlppi.ill,.;.r.ates used 
• : ·- •. : 't ~.--L~ .!~ . ' : ·":-.: ... ' .. : : ', . . . •. . 

in the analysis are taken f~om. published tariffs;:;·W.he.re · a1{~iTab!e J)tefe~cn(e, ---· -

16). Talks ·Hith carrier organizations indicated ~ha~ d_edi·cate~ rail sliip? i \:. 
. -- .... · ..... 

rctes could ,be 1. 25 tir.\es the rates for general. commerce rail. . ') 
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TABLE 5. TRAliSPORTA!IC:-i ?ACK,',:;t; F,\:"\,'.::;::~,:.: 

FOR THE LOGISTICS A:;AL'!S!Sl 
/ 

_ ___:P..::.A~C:.!:K~A.~G:!:E_W~F.:..:.. I:.:G::..:H~T:.!:S:__ _________ P!...!f.~,C::..:l':::::.~'·...:..:.;·:: ;::_.r_;:;:.::: :-; . _ ---·-
~: l ~ ;: •• 7' ------. 

MODE/payload 
Truck 

Loaded . ~:l":pty : Capital 
nc3 t:'i',) no3_1b) (10 _kg) (103 lb) : million::: :_:-: ;_:: ·._ .. - . --

s~· 

OHLW 
WVHLW 

Rail 
SF 
DHLW 
w"VHLW 

18.6 
22. 7· 

.22.7 

90.7 
90.7 
90.7 

Dedicated Rail 
·100 'l.on 

SF-salt 
. SF-tuff 
SF-basalt 
HOW ARE: 
HAW 

150 Ton 
SF-salt 

·SF- tuff 
SF-basalt 

' HOW~E · 
HAW 
.TRU2. 

90.7 
90.7 
90.7 
56.0 
56.0 

111.9 
111.9 
111.9 

83.9 
83.9 

37.3 

50.0 
50.0 
50.0 

200.0 
200.0 
200.0 

200.0 
200.0 
200.0 
150.0 
150.0 

300.0 
300.0. 
,300.0 
225.0 
'225.0 

100.Q 

17.7 
20',5 
20.6 

67.1 
80.5 
75.0 

50.7 
52.2 
44.8 
48.5 
48.5 

68.3 
73.8 
70.1 
70.9 

. 70.9 
26.1 

47.5 
45.5 
45.5 

180.0 
177.4 
165.4 

; 

136.0 
140.0 

. 120.0 
130.0 
130.0 

183.0 
198.0 
188.0 
19o.o'·· 
190r0 
70.0 

1.5. 
1.1 
1.1 

2.5 
1.8 
1.-8 

2.5 
2.5 
2.5 
2.5 
'-·5 

2.75 
2.75 
2.75 

. "2: 75 ·-
• 2. 75. 
1.6 

0.075 
'0.06 
0.06 

0.125 
0.09 
0.09 

0.125 
0.125 
0.125 
0.125 
0.125 

0.1.25 
0.12S 
0.125 
0.125 

r·o: 12s · 
0.150 

1. Refe~ences 2, 14, 15. 
2. !wo HVTBs a~e ca~~ied pe~ ~ailcar: values given are pe~ railcar. 
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4. Other Ot>erat.ional Pararr.cl:.ers Req~J.!:ed for th~ Risl: Jl.;•,;dv.~'.;; 

The RADTAAN III risk ;;.nalysis considers operation::tl d<!t.~ilc in o~·.;::.::

calculate the radiological risks of incident-free trans?or(. Fe~ ~G~~ ~=·~::· 
and rail tran:opot"t, the avet"a~e travel speeds used in U:e lc~.:.ct:.::c ,1:.·.:::.::.: 

are not sufficient because the radiological i::~pacts of stors ~-=-<> e·::l~uJ.~.~·.: 

separately from the impacts associated with·actual transpor-t. F-.;r-t~c:-, t.h::-~;:

population density zones (rut"al, subut"ban, and urban) ar~ consic~=-~1 

separately. Therefore, tr~ rel speeds are identified for each po?ul~t~c~ 

.. density zone. The number of stops along~ route are a function of i;!istc.nce 
i 

traveled for truck transport. For rail transp.ort, however, two inspect~on 

stops must be ma:Se (at the beginning and end of each trip) regardless of th.~=.· 

length of the tdp; intermediate stop·s may also 'occur, anti these are 

determ'ined by the the length of the trip. Stop times are detenained from 

operational experience (References 17, 18). Dedic~ted rail transport . . 
minimizes stop times en ·route, which results in a higher average trip sp.eed. 

Table 6 summarizes the~e parameter~. 

1 

2 

TABLE 6" OPERATIONAL·PARA.METERS USED IN THE RISY. ANALYSIS 

Travel Speed (len/h). 
Mode RUral ·suburban .Urban 
Truck 
Rail 
Dedicated 

88 40 . 24 
64 40c":.->· 24: 

Rail 64 40 

stop Times .(hlkm) 
. O."Oll· 

:: ~ .. :' '; . . o. 086 ( +60h) 1 

0.004 (+ 2h)2 

. : · . 

Stop times for general commerce rail shiprnent.s include (a) a tot.al 

distance-independent time of 60 h at'marshalling yard~ at each end of the 

route and (b) 0.086 h/km of stop ti~e which is distance-dependent. 

Stop· times for uedicated rail shipments include (a) a distance-in~C?•~ndcr.t. 

lime of 2.h at marshalling yards at eac~ end of the route and (b) 

0.004h/km of stop time which is distance-dependent. 
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An impor :..ant operational parameter required by the .-!:::::-: <l:::.~ ::: 

for accident risk evaluation is accident rate data. Histo~ic~! ~-;:~ 

for truck a::j·:-ail transport were used inJhis analysis (2f,'t:'•::.=..~ ·.··) . 

F. SPECIAL PARA..'iE!F.RS REQUIR~D FOR RISI< A~~ALYSIS 

1. ~n}IC U.~e Inventory 

In order to calculate accident risks, radiol~~ical characteris~ic: ~f L~.0 

·payload are cequired. For the accident risk analysis, a~l s~sn~ fuel wa: . . . . . . . . 
treated as if it w.are pressuriz;ed water reactor {PwR) fuel becaus~ P!,.;R SP<'nt 

fuel i~ generally higher in activity than boiling water reactor (p.·..;::n fu~l 

The accident-relatP.d radiological source term is thereby ~~ximizcd. ~he 

radi~nuclide inventories pf 5 and 10 year old PWR spent fuel were ca:~u~~t.e~ 

by the ORIGEN2 computer co~e (Reference 20) at Oak a~idge national Laboratory. 

'Ihe radionu,clide .inventories .:>f OHLW were specified by OOE/OCR'.."M and w.;rE; 

derived from Reference 21; the inventory of WVHLW is given in Reference 22. 

For ..,.,ch radiological'ly significant radionuelic!e in ~='lch waste for:r., a 

number vf parameters must be evaluated for the risk assessment code. Th~se 

include half-life and specific activity _,(Reference 23)' and dose-effect factor::; .. 
~ :'· -

for inhalation, ingestion, etc. (Referenc.e' 24) .. : 

2. Other Parameters 

The regulatory maxirnum'transportation index ('II) of 10 millirem/h at 2 mett>rli 

from t~~ packaging surface was used for all packaging t)~es considered in tt.is 

analysts. 'Ihe axial dimension of 'each packaging type is used to calculdte ~ . 

shape fa:tor in the risk.assessment code. 'Ihe axial dimension for 

hypothetical future design casks of each type was .. used ~n this an::1lysi:::; Uae 

actual dimensions may differ fro!!l these values when eurrgnl OCR'..v"M de·;ign 

efforts are' complete. 
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lll. COMPUTATIONAL ::iYSLEH Uf-ED itl THE 1\:lA!..Y::;l;:; 
, 

l. Introduction 

ln order to perfo~ cost and risk analyses of the irr-~acl~ of 

transportation for a future nuclear waste manar,crnent sysle~. valu~s ~·.:::: b: 

assigned ~o parameters describin& th& physicar, operational, •nd r.~o;~arhica: 

characteristics of .the system over .the t.ime period .assumed for operatior:ts. 

The analyscs'perfo~ed here :ontain data specific to the. current lra~spo~t 
system and networks in the US. lt is expected, though unproven, t'hat the sc;~.,. 

compariso~s done for actual conditions durin& the time period in whi:h th~ 
repository is built and operating would yield the same rasults, particularly 

since the purpose of the analyses is strictly for comparison among the ~itez 
. . 

and options. ln addition, the comparative nature of these analyses pe~its 

application of consistent assumptions regarding waste flows and 

charactcr1stics, operational characteristics,. and modeling methods . 

Figure 5 outlin~s the major component~ of the comp~tational system used to 
i . 

perform the transportat:w~'cost and ri~k analysi~.: These cornponP.nts arc ; ' 

discussed bcJ.ow. ·,. 

\ 
. \ 

2. Model !nputo; \ ,,.;:· 

-. 
Th~ eomputer programs used f'or the cost and risk a~~ty'~es re1uirc larue 

amounts of input data bccaus::! the user must provide in'fo~ation on the 

transport link and the ~urroun~tr.g population, routing info~ation (e.g. 

distances traveled), thP ~acka&ing (e.g. cask c~pacity), transport-:ode 

ch~racteristics (e:g. train velocities), the source material .(i.e .. 

radionuclide inventory), and many pertin'ent operational characteri.::~ i~s of t.h~ 

transport system (e.g. accident rates). Many of. the other para~ctcrs are 

discussed in Chapt~r II; where previously discussed, references for the~~ 

components may be found in that chapter.:. 
; .... 

-)8-

·. · ...... 



a. Electric Generating Capacity- The Encr~y lnfo~atinn :\.::-'.:-.:: · 
(EIAl, ~- C.ran:~, of the DOE, pred;.::ts anticip:l:ttd. i~.:!·,;;;~.:·:: 
and capabilities by typi! of fuel source b~· year. 

b. ,oQ'E/OCR' ... 'M Hi.ssl.on Plan-Overall rece~rt rates of S?ent. f!,;.<. 
the fi.t'st r£!pcsitot·y are detailed in thi.s l!ocu::-.ent. -:~·.•:.;.~ .. -
used to assign r~hedulin~ rrioritics to projected w~A~~ f::· · 

c. Spent Fuel Data ease-This data base is a co~pilation of utl .:· 

resp~nscs to a voluntary survey on rates of spent f~~l ~~:.::. _ ... 
cap&cities df storage pools, and anticipated future cp~rati0::1: 
it is cor.tpiled by Battelle Pacific North•..,.est Lobot'atot'icj. f~.:· :.'.· 

d. Spent Fuel Discharge ~rejections-These projections arc d~riv~~ ~:-:· 
.the the Spent Fuel Da~a.Base, as adjusted to confo~ to the ~r~ 
i'lid-Case; projections are used to calculate anticipated wasti:- f ~- :.:~ 
fro·m reactors. 

e. Ship!ling Tariffs· Published shipping tariffs are used to calculate ti.-
relative costs of ·~~~sport. 

f. W&stc Form Defini't.ion: West Valley High Level Waste ('..JVI:U-'t!)
Documentation of the characteristics of WVHtW was based upon 
communications with the project office. 

g. Waste Form Definition: Defense High Level Waste (DHLW)-Projecticns o= 
c.haracteristics of DHLW genera tad in support of us defense pt'':l~ r· ;:-:·~ 
are discuss.ed in Chapter II-. This information is. used ~o ienet'a~c · 
source term ~nput for risk analy~is. 

• 

h •.. Waste Form Definition: Spent Fi.lel-ORIGEN2 is a· c:-rnputer code dev<?l.~:".':! 
by ORNL to describe the decay "of· radioisotoplis· '.n spent nuclc:1r ~ •:•::. ..•. 
assembliP.s over time. Ou~piJtOf thi~; .. cQ~e ;.!1\l.S.a!i.to .develop the , 
radionuclide inventorf fo~ ~- ~n~ 10-year-old ~pent. fuel. Forth~ 
purpose ~f source term definition in the risk analysis only, all i::t>.::~l 
fuel shipments were tr~ated as if they contained .typical PWR fuel.'. .· 
assemblies, which are 3.2~ enriched with a burnup of 32,717 r:·..;d,t~::~ .. Jt 
a power of 38,4 MW(t)/tr:lL Each su~h· assembly i:ontains 0.116. tr-'L · · 

i. Route Simulation Hodel: Truck Transport - HIGHWA'i is a co:nput~ri;:~-1 
routing model developed by ORNL that includ~s a coded netwo:-k o= ·;~···: 
nation's highways (Reference 25) •. It calculates tra"21 path, 
distance, and trav~l time for any given origin-destinati~n ~~:~. A~l 
shipping (origin) and receiving (destination) facility lrcHt i -,~, 
considered in this ·analysis were input into· the HlGHWA'i co~•· t ·' 

_generate the truck'route distances used in the. risk anal.t:::~. 

j. Route Simulation Hodel: Rail Trans·j)ort- The INTERLINE mod~l ·~·:·'·"·~~.:· 
at. ORNL calculates a railroaea route and travel distance b£>'. ~. ,.; :' 
given origin-destination pair (Refare:nce 26). As in the H!. ·.:.:.·: 
routing code~ all shipping and ~eceiving facility location~ ~··~~ ~-: 
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into the 1UTERt.ltll:: code to ~;cn~cate the rail route c!ist-~:-.:c:.; t: - - '- · 

t~e ri~k analysis. 

k. Population Density Profiles-Based on the 1930 US C~nsus, roru:··~i 
density data are used together with the routes eeneratc~ ty tl:~ 
routing models to calculate the ft"action~ of tr:lVel in .--,;ch ,._,,- :: ... 
density along each route. The population density zon~s us~d in •'·· 
dsk. analysis correspond to mean densities of 3fi&1 perso:;,-:1",;:-1 !. ~
uc'can, il9 persons/k::\ for subut·ban, and 6 !'et"sons/i<::l for' r-ut":li. 

3. Lov,istics Mod~l (WASTES !I) 

The WASTES 11 model was developed ~· Batte~'le Paclfic Northwest 

Laboratodes .undet" the joint sponsorship of :.l-.e OOE/OCR'Iv"M MRS and 

Transportati~n pt·o~_rams. The WASTES 1I ~ .• od·.:l is a tool for usa .in an.a lyz ir.15 

thn effects o( various policy decision~ P~od/or facility operating sch~dulc~ of 

th€ commercial waste manageme~t system. WASTES 1! uses di~cretc event I 

simulation techniques to model the generation of spent nuclear fuet, the 

buildup o~ spent fuel inventories within th~ system and the transportatio~. 
requirements for the movement of .wastes tr.roughout the system. The model is 

written in FORTRAN 77 as an extention to the SLAM commercial simulation 

language package (Reference 27). 

'Ihe WASTES II .model. accepts up tc a total of. twelve facilities of fou:

different types· in addition to the tool a~d d.~Y-~tl?£~~e loc<lhd ~t.. ~11~. : · 
reactors. .The _allowable typ,es of facilities .. at-e .. federal· interim stot"a!,P.

(FIS), monit.orad retrievable storage (MRS), ~eproc~ssing plants, at'~ 
repositories. The minimum time in which :.pent fuel must rP.:oide at e~ch 

·facility may be specified. !n addition, the. minimu::~ age. since ~~scha,t··;£' or". 

the maximum heat generation rate allowed fo~ receipt at each facility may oc 

specified. 

·Reactor-spe.:ific dl\ta.for the WAS'IES IT. model is rece.ived frol!l two files 

in the sp~nt fuel data base ~escribed above. The fi~st file contains 

site-specific infc;a-maticn such as reactor location, reactor type and 

tt"arisportatior access whii.e the second file contains histot'ic'll and projec• .~d 
dischat"r,e data or. the number of fuel assemblies' the it' metric tonna&c' rlr.d 

- .:. ··-· .1·-. 

expected exposure for each discharge::·-
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.) The sir::ulat.ion i~ d.-iven by a co::-.bir'at~on cf sour-ce and de~t ;,n:;t.! c:. 

requested tr-ansfer-s, ~ource dr-iven lran:fe.-~ would oc~ut" when a r-cac~o• 

violatt!s its full con. r-e~e•vc ~~ot":l~c rr.aq;in or- w:1en a r-eactor- i: 

decora.":lissiont:d. ;,;:P mater-ial r-equidr.r, tr-ansfer- ~o;ould be !:'~it:?Cu to 

facilities with C::'.tailable -::apacity. Destination· dt"ivcn to:'insf.:::r·: occ1.::- ;,·;·, •:: 

the ann'Jol' ... apacity o~ a facility .will not be met by full cor-e r-cscrv.::! o.

decotm~issicning. ship:ncnt.s at:d fuel r.:ust be schedule·~ tr-or:, facilities ~o~it.'h 

non-·ct"itical stor-age needs. The ord<!t" in which !:aci HtiPs :oo'r-. to otl".:~t" 

facilities for- s~or-a~e capacity may 'be specified by th~ user of ~AST~S II. 

Shipments within the system can be user- specified to occur ?ft!~ally, 

proximally or- sequentially. Optimi2ed shipping can be used when exac~ly tw~ 

destination facilities exist.. Opti:nizej shipping selects source/destination 

pairs so that the total shipping dista~~r ~n a given year is minimized. 

· · Proximity shipping fllls the closest fa·· .. ty to t.he sC'ur"ce accoLd1ng to the 

shipment pr-iorities.. This results in sub-optima: routing vf waste material 

but can be used to approximate an optimal ~hipping strat.e~y when mor-e than t.wo 

facilities of the same type ar-e available to receive waste. In se~u~ntial 

filling of facilities, no attempt ~' optimization is made and the facilities 

are filled in a se~uential rnant&..:L" basr.d o .. a:-1 i;o.:ivldua '. facil1 ty· 

identification number assigned by the user. 

For the pucyoses of this· analysis, all spent fuel i~ ship;>£..1 to ci ' ... heL' lh~ 

reposilor;y .or- lhE'! HRS based upo·,, ar-ea of the count;-:", th~.:s the: features o~ the.: 

model just described at'e not used. Instead, this analysis concentr-ated up.Cin 

the use.of ~ASTES II to prior-it1?.e the.shipments based upon shipping cask 

capacities, l~ estimate the number- of t~ips f~orn each shi~ment or-igin ano, 

based upon travel ard ope ·ational ?<>. .:::.eter-s tt~ ,.:::otir .. ~.:~ t •. 1e fleet. siz.::!. 

Estimates r ~ the total number :>f. td:rs f~om each shiptnr.nt :>~·i ~in were u-li liZ!!d 

in the risk calc::.-:!.'atio .. ~. Fleet s.iz_e and ~ot,al shipment !i1ileag-e form the 

basis fo~ projected (lperati')l ".~. and C-ipital COStS of \:he tt"a~: 1rtation 

system. T~ese par-ame~er-s wer-e c~lculated for each co~ponent of the 
,. 

transport,ation system, althour,h only l~:~ sur:-::\ary infonnation is u~e:i ir. •.hi . .: 

report 
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~. Risl: Model (RAC'!'R.~!l !!!) 

'the RADTP.Al~ III risk analysis •nodel deve!.opcd by San1~a t:atto~.~l 

.Laboratories.calculatcs the radiological risks a$SO~lated wit~ th~ t~ .. : .. -

of radioactive r..at.e .. ] als (P..cfer~nce :!8). ~ltho•1r,h P.ADT?..f,N r;.'lY bo ".J:.>.. ·. 

fot· simple ori&l.n-d~!l:tination calculations, it is used wiU::.n the 

cor.tputat.ional system describE.:d here solely tc gt!ner .. te radioloz ical t..::1i ~. t•:. .;:.; 

factors (risk per ship:nent-kilometer). '!'~e units of risk are rad.iolCI;;i.c;:;! 

health effects, which inclt.ide lethal cancet· fatalities and gen~tic ~Heel:: b 
1 

·an generations.· The risks iof nonradiological injuties anj fat.alities are 

calculated. from published mode-specific death and injury Hnit.-dsk factors. ,. 

The lU'.DTRAll III code consists· of two .major rr.odules: the il~~ident--ft·ee 

transport :.todule in which, doses resulting from nomai transpor't. ar~ r..o<!P.lcd' 

and the accident module in vhich consequences and probaLilit.ies o! ac::ijent!; 

are modeled. Included in the in~ident-free module are models Jescri~ing: 

' o dose to·persons within 800 meters of the i1ighway or rail line (cff~.in"i< 
dose); 

Cl .dose t.o persons sharing. the transport link (onlink do~~), ·Jitich 
includes three submodels.describing doses to persons in (a) vehicles 
trav~ling in the opposite direction, (b~. vehicles traveling in lhe 
same direction, and(:) passint,ladjacent:.·vehic'les, respectively; 

o dose to members of the public at stops; 

o dose to drivers, rail crews, etc. (occupation3l dose). 

Each of these ca!.::ulations is performed separatuly for each ~aste form an~f for 

each t.ranspo~t mode in each of the three population.density zones. 

In the accident module of the code, the rsnge of possible accidents w~~ 

divided into 6 ac:cidefit severity categories for this study. ihe probability 

and the consequences of each accident severity category ar~ specifi~d for ~~:h 

important radionuclide in each «aste form for each transport mo~e in each 

po.pulation density zone. The probabilities were derived fror.. historical 

accident data for' each mo.de (Reference 29). The consequences were c:J!~u! 

fC"om the p:..irameters c'lescribing the packa;e, such as the radior.uclid{! inv.·:.~·-·''.' 

of the contents (source term data) and the behavior of the contents- u:·;.·: :r· : ·. 
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specified accident conditions (f~action of rnatcriil r~lc~~~!. f~acticn ~f 

released material in aerosol for-:~, etc. i ("Reference 30), a:-::i by th~ 

meteorological and exposure models con~ain~d in the code. / 

The rneteo:-::>logical rnodP.l allc.·"'s the u:>i!r to describe th~ ~-b:-.. :- c-: 
res?irable aerosols that woul~ be generate~ in very s~~ere a~cid~nts. 7~~ 

user has ~he ~ption of c~t~~ing values for Pasquill stability cat~~ories, •• 

known, or of using an average plume. The latter option was u!:ed in this 

analysis because 'he natio~al character.of th~ 2n~lysi~ ?rcclud~c the use o~ 

local or regional data .. 

The exposm·e mode 1 s describe tho! pathways by which the population :o-.ay t-·~· 

exposed to radiation in the event of an accident severe enough to bteac~ t~~ 
. . 

cask and/or release gome portion of its contents. ThPse pathways include: 

.penetrating radiation. (e.g. gamma radia"tion) eman~ting fro:n a breach in the 

'cask (dit'ect exposure dose); penetrating ·radiation trom reieased r .• at~rial in 

th~ passin~ a~r~sol plume (cloudshine dose) and from material in the plume 

that is deposited on tne grounu (groundshiro~ dose); inhalation of aerosols in 

,the plume (inhalation dose) and aerosols of ~aterial that was rieposited on t~e 

r.round and t.hen resuspended in the -~~r. (re~usp~nsio!l .. do~!'!);. ,1nd: inGestion ,.f 

matl!rial deposited on the g.-ound I:. hal might· enter. tn.e food chai~. (ingestion 

dose>. 

:.:.:·,:·:,··.~ , :· i:':··.:·:•·::~~·~ ···;.:_:'!~: r ___ ........ ~. . -~ -·. , .. -·· . 

After the component Li.;kc:, i.e. expP.cted population doses per kilofl'eter of. 

t:r'insport, ar'! gene'rated as described above, they arP summed a:1d multipFed b?· 

a 'dose-Lonversion fcctor to generate unit•risk f~ct~r~ ~~~·incident-fre~. 
transport and.accidents in ecc~ popul~~l~n density zone. To obtain total. 

ris~s, the unit-risk factors ~st be nultip'.ied by the distances ~ravPled in 

each population density zone and hy the total number ,of !">~liprn!:!ll~;;. Tlais is 

ae,coniplished by a simple '-C'mhinatorial cornp'.lter code in th~ postprocessor 

soft.ware. 

, RADTRAN III differs from its predecessors in sevr.:ral wa_'(s. Ir.:p:-:-tant 

change~ includP. (a) ir.:provernent~ in the rail-stop·mod~l (Refer~nca :!.7'.;·{bJ 

inclusio~ of an ingestion pathway model in the accident an~lysis J'ulc 
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(Referencoa 31), and (c} inclusion of a ~;ub::~odule i~ tl·.e c::~) .-.:: ·,.1.' .· 

dos~ that ac~ounts more c~rr~ctly ior adjacent/p&Rcin~ ~cticl'~-

Th~ ra~l-stop model now consider~ scp~rately a rli~tance· i~~~~:: .. : 

component of ~osc that is associ.at~d with the cla:;sific:l~i-•n d':.! i:. ·:. 

stops at the be;;inning and rnd of a trip which a-:-c requir.:-d r,-~_;:·.~:-.: 

length of the trip. This co..:ponent is acr:.o·.:nted fer by the l. ic;ct,::·,;., .. 

separate set of unit-risk factot•s which are m~ltipliec! only b; tl···~ ;·.~;:· ·: -:::

shipments rather tha,\ by. Loth the numb~r of ship:ne"ltS and tt,'C m;;..:~~~- ,,: 

ki~ometers traveled ~s ~Ll ~~her unit risk fac~ors, to ~ive a radiolc~i~~! 

subc.>:nponent of· inci.ient- free risk. The numher ot intet"t"edi.!te stvp!' _. 

railcar :ni~ht experience, however·. is a function of trip lc:.gth: the cc:::i! 

a~sociated with these stops is ~alculat~d bf the model and ic ~cc0~~t0~ !c~ ... 

the ''regular~ unit-risk factors for incident-free tra~sporl. 

A complex input daLa set is required by RADTI\AN III fot• each waste 

form/cask/mode combination th2.t is t.o i,e aual:;zed for eact. scena.-iC' ::.n caa;:h 

population ~ensity zone. Tnese data sets were formztted by preproc~~:;or 

software ca~led RADDA~ de~eloped for this study. A~plication of the 

appropriate mullip.liers to the unit-risk factors was donP. by postproc~zs':':

software, also developed for this study and nam~d RADCOM. 

RADTRAN ~et~~ines population doses in terms of per~on-rem (a unit 

measuring radiaticn 'dose) and use!" a conversion factor adapted ft"om a stud:; '·; 

the IntP.rnational c~~ncil on Ra~iati~n Protect;on (Refer2nce 32) to calculate 

the "lumber of health effects that might be expecte.i to occur in tho: ~xpc:..:..:~ 

populat.ion: 1he population doses from RADTRAN are the suo~ of a laq~,c t.:.:;.:-·~~

of teparate integrated-dose calculatio~s for subgroups or suc?opulati~~~ cf 

tha public (e.g. persons within.BOO m of a transport link) and of 

occupationillly cxpoc;ed persons. (e.g. tru~k drivers) .. For the ac·cidt!r-t-. r•:L~--~ 

risk component, potential consequenr.es (doses) are fllUltipli~d by th€' 

prooabilities of their occurrence. Doses to lndividuill~ cannvl be ~xtra:~ ·! 

froo these Sl'll\!". ·While the appt"oach used in RAD!RA.N is quite ad~q·J•lt" ~: .. :· 

purpose for which it was inte:•ded, i i:. could not t,'e use,j to c:1lcu i at..:-, · ~ . :

exaople. dos<? to an individual located at scmc parti~ular r.list.anc-~ {:·•;:-. ., 
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ca-:k. Fu··thi:t', the actual shape of the cask t'ad'.:.:.i.un til'ld bccc~.:,.:-..: '.: .. ;-..:· . 

in t't-c i~cdiate f't'Oxi::~it.y "f th.:! cask, c.nd this effect i; net. it~ci~..:-:..: .:1 

RADTRM'. Thercfot'c, caution must bP. execti..:.ed when on"l co::-.;:-a:-es a r.:.::::· .. :.:: 
" 

t'isk analysis wilh the t'"sults of what is often called a con::;.:-;;J'£'·:~c·~ .:~ . .1:·, -· 
in whi.:h doses to indiviJ~als in special sit.lation:; at'e c.alcu'i..>~ ... .: ;..:·.:! :.:·. 

which the probabilit;~ of occurrence of the dtuat:c:1 is not .cot~s~~.:::-, .! . 

.' . 
The· models ·discussed. above and t.he data .source's cited allow nationa .... co:...t..: 

and t'isks cf tr·ansport to the po~ential candidate t'cpository sites to be.

calculated in a methodologically consi~tent m~nner with input data that ar~ 

consistent for ail pat'ameters except _hose that depend ~irectly on the 

locatious cf the t'epository sites and MRS sites (e.g. tot?l shipn~nt-::~iles). 

The t'esulL ;_s a relati·~e impact analys:.s that pe,rmits comparis.:>ns among the 

repository sites. The models generated the detailed qnd sumrndry cost and r1sk 

tables found in this do~ument. 

The manner in which operational assumptions and parameters for the 

logistics model are treated is dif.fe.rent·-ft."om the manne .. in which they must b.: 

treated for the ~~D'l'RAN ·Ill risk at.:!.ly·s-{s"mo"der bec·aui"e"-'tlle s~n-s'i 'i.i'ili'ty :of ··ft.~ ·.' :, '· · 

results to particular input p~r~mete·rs ~!.s not' the -same 'tor the two c~de's. !n. 

lhe WASTES I1 logistics "'odel, for example·,· a.verag·e travel·J.oarainet\i!.rs ·.n~y· b~':' . . ' 

used because the model out~uls (packaging.requirements, r.hipmer.t-mi1es, and 

costs) are not sensitive to jifferential 's,eads through population zones, a~d 
/ . 

Rtop time is accounted icr in the ave~ag~ spe~d value. '!'he risk analysis,· 

~cw~ler, must use g2neric ~hara~teri~tics of the rou~es; and specific sto? 

tim~s. speeds, and locatio11s. 

It should be noted that distances bebreen shipr..P.nt origin and d~st in'lt.l ::: ... 

r,.,ints ~:ere esti.·ated S"pat·ately for tha lof!,istics and risk codes. Th~ wA:::::: 

model uses an adjusted great. circle distance fc.r ea:,;~ of 'calcul..tion wh.l~ :.:·-. 

RAD!R.W system utilizes distances and population densit:.es gen'!rate.! 'L•y ro·;• ·· 

simulation· mo1els (HIGH't:tY and INTZRLlllE). A compar~son cf the two t·~ ::.:,·i :·: ... 

indicatf!s a diffet"'enca of approximately 101. iri. the tw'o n\e.tho.ds-- -t.h·~ ·~·i::;~ . .' 
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(and thus cask requirements and operational -:osts) gen"':-~t"'.! b; ~- ·.~:~· .... 

is well within the .~xpc.:tcd accuracy of the r,ute--;i::-.u:uticn :::: .. -. ::. · 

compars~ility of the results of the cost and t-isk am.ly;:;~:; ::.s r.~: ·3~:·,.;.· 

. ::..... ; ; ·. ;., .·~ ._;. ,:.·· ... . : .. :. : . 
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IV. STUDY co:lSTP.t..lllTS 

A. INTRODUCTimi 

This report supports. the Et.lVironrner.tal A!;sess':!'.ents ( EAs) ~;;i·f"·O~t !.:\.~ 

nomination of candidate sites for characterization for the first rc?DG~to~~. 

Therefore, Lhe purpose of this study is to allow comparison of the t:ati.cr::Jl 

costs and environmental impacts of· spent fuEll and high--leve~ W:lst~ 

transportation tb the candidate repository sites. Beca~se of the co~parctive 

purpos,• of this analysis, the transportation operational parameters· for each 

case hcs\ff:; been· a?plied uniformly to each of the si::.ing options. 

It is not the intent of this documP.nt to support const~ction or site 

selection for the HRS. The MRS documentation subrr.itted to congress contain:::. 

transporl:.ation analyses that Hill permit comparisons between repositot·y sitin~ 

options .. The in~lusion of the MRS scenarios in this report is to demonstrate 

how an MRS might impact ~epository site selection. Operational 

characteristics, particularly those concerning the dedicated rail shipments 

between t~1e MRS ano the repository, prevent'·a· detailed, eompa.rison of, the., ... _ 

reference and MRS eases. The reasons· for this are discussed below.· .. Readet"S · 

i~terested ·in the eompari.s~n of thes~ ·alternatives· shou':!.d 'refer:. to• MRS·: pi-or;ram; > · ... 

documentaticn for a complete diseussion·of that· concept.· 

'Ihe construction of a second repository, as. defined in the N'.JPA, would 

affect the sources and ~haraet~risties of shipments both to the first 

repository and to a possible HaS fadlity. for the pur1>oses of this analysTs, 

the wastes t~ be shipped to the first repo~~t~ry would be the oldest 62,~00 

H'IHM available for transport·. :f a second repository were irielu~~d in ~-~l' 

.waste management system, younger spent fuel might.be shipped lo • .. n fir!:t 

repository in order to optimize operations. The ad1itional heat loadir.r. :"b·.ht 

reduce the capacities of future-generation casks o~ result in n~w spv~idl-u~~ 

casks, wh~ch would require larger numbers of !>hipments to deliver th~ s-1::-. .:

numbP.r of MTHH to the first repository. Howev~r. the addition:1l ca?acH:r 

available ft"om a second repository could all'-'w a t:educed receipt. r:1+.P. 'i·~:· ~.:·.·.· 

first repository. 
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The Enviro~ ~tal !~pact Statement (EIS) for l~a fi~st rrr:;~~~~y 

satisfy the reql.::.rcments o.f both the tr...'PA and the llationai Er.\·i~·:·:-... ··.· 

Policy Act. The Draft EIS is scheduled for cc-:r.f)letion in cil:-! :i 
,/ 

cora;::letion of the Fin~l EIS is sch~Julcd for L::t.e 1989. c:-"titu:·c -- . , .... . 
~~. ··- ..... . 

be tr.ore detailed as to a:1ticipat.ed waste flows, waste fo~ ch.lr.:.r::··~::;: ~ 

operational parameters, and rcut.ings. 

Is,\ DISCUSSION 

The t"esults pt"esented in this document at"e t.ighly dependent. ~;run lh·· ~· .. -.!~ 

scenarios and parameiers ~pec~fi~d by ihe 6ffice of ~ivilian.Radioactiv~ ~~~t~ 

Management (OCRWM). Interp'retation of the re~ult"s should only be ~::&de ~o~:. t!' . .1:~ 

·understandin& of the li~itations of the dafa ~nd.models 'used for this stu~y

Spec if ic paramP.tP.rs and modeling techniques are discussed belo.w. 

1. ~Stru~ture 

Waste ages, processing to be undertaken at a potential MRS facility, ~;:~ 

repository-specific, packages .ar;; t:!a:-rently being defined; thus the cases that. 

have been used in this analysis a~e only bounding cases. 

~ -=-::-• ..• ·~·~ ._. .. _ ·:. '···~ .·· .. 

2. Spent Fuel and High Level W<l~~c ;1-J:o'A'::; .ar.d Descriptions :..·. 

This analysis uses waste flows calculated with the use· of the :>pent F\;•·l 

Data Base and the flow assumptions outlined in the text. While thl?::>e ra~ •·::. 

are repre::;entative of the req~it"ed rates. of receipt, _at. the. repo~i,.tory ~nJ ~'-:!':, 

actual flows from individual reactot"s Or." utilities may be negotiated unci<•; t::.· 
Utility Contracts with the·DOE. Such negotiatioris could cause minor 

fluctur .. ionr ::1 the total shipment-miles ft"om certain origin poir.ts; w'!'li :~. 

would result in perturbati~ns in the cost and risk ca~culations. 

Waste flows from high level waste sites and the characteristic::; of t;, .. 

wastes were defined by the DOE and are known to avec-estimate the qu-i:~t i !_:' 

and characlerist1.~s of these wastes. An overestimate of the i:::pact:~ of ··

waste stc-eam ic; nus reilc,etP.d in the summary tabl.es in thb do~u~ ··n~. 
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3. Transportation Packagin~ Descriptions 

This analysis uses engineering estimate~ of capa:ities ior futu~c 

generatio~ packa~~ngs. ~owever, these packa&i01& d~slgns a•e n~~ fu!ly 

defined. Design efforts for such future-gcn~r~~ion cas~s are cu~r~~tly \ ,: .. . ... \ ·-· 
undertaken u~dcr the sponsorship of the DOE Civilian R~dioa:tive ~~~~c 

Management ?rogra:n. Should the actual capacities differ sisnific.anU.y f r, .. ·-. 

these predicted dt:..sign capacities, the numbers of '-ship~.ent~ an:J, cor.::cqu-::;t. ~::, 

total 3hipment-rniles wouid change. Package requir~rnents, costs, and n\ost . . 
eompone:1ts of risk:.are highly mileage-dependent~ thus pr;ediet.ed costs an:l 

risks would increasa or decr&ase accordingly. 

Packagings used for shipments out of t,he MRS, for the purposes of thl.r. 

analysis, consider only the 1001' and· lSOT weight limits. Further 'ref i.n1~r..~n!:. 

of the MRS conc~pt and casks to be used b~tween an MRS and a repository would 

be undertaken should this concept be authorized by C"ln:;ress i .. 1986. · 

4. Distonce Estimates and Repository Location Assumption~ 

Distances used in this analysis were obtained from two sou~~es: a modified 

. great circle distance was used in the. WASTES lo&"islics niO.del for ~~~e of 

calculation~ while the RADTRAN III risk'analys"is·:used rout~s''·pr~cHtl:.e.d· b/'t.hc··· ... 

HIGHWAY and HlTERL.UJ!: routing models. These methods of predicting di.sta~ce~ 

vary by about 10~ on the average Although actu~l r~a6t6~ l6catlons were us~d 

in this analysi~ rather than eentroi:~~ as ~~re us~d in ~r~vi6u~·~n~i~ses, the 

routing codes identify only One 't'OUte for a given· orig~n-de~t'ination· 'foat·t'-':- · 

The routes are identified in accu~dance with Department of Transportation 

·,· ~ .... 

·(DOT) rules, but other equally acceptable routes connecting the endpoint~ 

could be used. Act~: .... tc.ut~s may also reflect actions by the stales to 

designc.tc "pr~fQrred roo.J•.es" under DOT quidelines. Should the actual ro•l!.t;;!; 

differ sitnif icilnt ly in len&th or in population-density zone distri'but icu t ··,·;~: 

those used in this analysis. 'the ~agnitudes of the mileage-depend~nt 

components of risk w1ll increase or decrease accordingly. 

Where a sin~le destination ha~ been used to represent rnor;e th~n on~ 

reposi.tory site, the actual ·distance to each of the sites will differ ~l :.-.:1' >; 
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f~o~ the e~tinate used here. In addltlon, the accc~i ro~~c:~j i~ •' 

irr:rnedi3te vlcbit.y of dte .... : :1 be det•::rmineJ in n.~ fi::d .~ ·.~~·~· ~· 

fa:: U it ies· -a process whicl'~;Aias yet to be co~p lctctJ. 

Transpor ::.a tion s;1 ipp ins costs are deter::~in~d fro::~ p-..:'b 1 i.si:,~d t.<l ~;. f: : . . 

ava Uab~e. .,.'hit··" this methodology permits .cor..;~at"ison bct.-ce:~ r:';-:o.::; i '.·:~·:. 

receiving the sa:ne waste 'lows, cor.:parison~ ~et.ween the· reference co:::c ••. 1 
r,J, •• .., 

nR.S cases is. r.•ore problema_tical bc.cau.se of th~ inct~nsistent bas i.s for 

detennination of shipping ratt:s. · For exar.tpl·~. shipment!J from the MRS tr.n:~: 

by "dedicated "train" at a reference total speed of t~avel cf approxi~.:t..=dy 

1.25 times that for general-commerce rail. Detemination of such <> :-a~ia 

without publ.~shed tariffs is a "best guess" of ex-p~rts contacted, ho·o~t'vc:- ~'.·: 

actual rate to be paid for all routes and modes will be dct~nnined t...,nn.;.~~ 

negotiation b~t~cen the 00! or its representative(s) ~nd eligible carri~r~. 

6. Operational Assumptions 

Potential variations in the opetational charact~ristics attribul~d to t~~ 

transport modes consi~ered" in this analysi~ co~ld ·alter :t.he degr.ec .. of 

liifferencc between the_options. For example, legal7wcight ~ruck an~ t:,r.n~t";tl 

commerc.e rail are the transport. modes from the reactors and high level waste 

generat'ing sites'. The welghts, payloads. and operati.t~nttl charact.eristics of 

. ~l•esc mod.es are determined routinely in the tc-riH tuides. Deviation .fr-o!:'l 

th~se accepted standards could inf!uen::e' the sh.ipp.ing "co~t~ and travel !:?~~·!.: 
as ••.all as impcse additional inst.itutiot~al comptexitics not encountered h:r 

legal-wei&ht. truck and gene~al co~erce rail. Changes in travel sp<.!e.-!!:. t.~l" 

:1umbe~ and duratiou of stops, etc. would d~.reetly affect the m~~ni.tll'dc~ of ~~-

calculated risks. 

When al.t spent fuP.l at"d HLW shipments arc t"'ade by truck the total r.l:-.~·.·:· 

·of shipments is rr.aximized because truck cask cai-•acit.ies are rr.la~.iv~'ly ::-.:::. 

When all shipm<ni:.s nr'! by rail,'the total nu:r.b~r of shipn.-!nts is r:•in~··: 

because of the i~cr~ased p .1Jad size. In reality, a mixture of tru~~ 
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rail ~hi~ments of zpent fuel from reactors will cost li~~ly ~c r~=--~ i 

first repository or MR~- Because only a limited m.:::-.bcr o: ~-!;:;:'::-.. : :: ·. 

are to be made, however, it ic entirely possihle that al~ ::·.;,; s:~:.7 
/ 

·be made by a sinrle mode. Since it is the intentic:-1 of t~:~:; 'lm·,:;·:~;. !":· 

the total nuraber oi shipments of all spent. fuel and r.::.J ':-:- tl:<- f:.:-.·: 

repository or MR'), only the 100'1. truck or 1001. rail optic~~ wt~r.:· r·::-.·.;~·::. 

For exardnati6n of modal corabinations other t.h>n these bour.c i:ng ccr.-. .:;, 

detailed t~bles are rrovided in the Appendices. 

Shipments frl)m the MRS are made by dedicated rail in lOOT or l!:C! c."l:;}:c. 
. . . . . 

As mentioned above, assumptions were· made in the analysis regarding t.he 

operations of the dedicated rail mode and the large cas~s. Becau~~ th~ 

t·esults of this analysis for the Y.RS ·cases· are highly dependent ur:o:L th.::s:· 

assumptions·, ..,hich include uncertainties not shared by the reference .:.ase, 

comparisons between the MRS cases and the referenc~ case should not be 

considered as reliable as those between repository ~ites in the reference ca~~-

7. Dos~ Estimates 

Several ci~lifyin& assumptions have· been made in the RADTRAll III ~od~l . 

. These assumptions are r~sponsible for·~ model bias' that t'ehds; l.o .. ov~t:esr.i.~.:it:~ 
dose and, ·hence, radiolo~ical ri~k: · For ~xample~ · groundshine· iS-~~·delcd by·.· · ··· 

• · .. ' .· •. • \.. ':- :- :,.. : .~ ! t .. - ..••• ; ... -··; J ;-. ••· ,•;.. ··!"''- :"" ... "': ~-~- .. ... 
assumin& that parti~ulates released during an·"acddent are i1ep6sib:id out "of ·'·-o·- ... . 

the plume onto an i~lfinit'e plane ~urfa~,e·; No· credit. i"s tak~~'-for radiati.oa · 

. attenuation from surfa~e rou&hness because;. although. attenuation would 

undoubtedly occur in an ao:tual accident,, the ex~ct" nat.ure of the surro11ndi:~!; 

surface··at an accident site cannot. be predicted." sfmilacly, for inciden• .. f:•'u 

exposure, no cre~it is taken for shieldin& of drivers and passen&ers ~Y 

automobiles when the on link dose (i.e. dose te> _persons sharint, th~ tr;;ns;·o~·~ 

link) is calculated, althou&h estimates of.the attenuation factor fo~ 

automobiles are available {aef~rence 33) and co~ld be incl~~cd in a futu~~ 

re"fine'llent of the ·='!odel. This model bias does not· affect· the ml•ani:'l~.f~;l: . .-::.: 

of relative risk calculations, but the ren~lts do not r~present a~s?lu~~ ~!.~;. 
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V. R::SUL!S 

A. l~:TRODUCTIOU 

The cor::outational system discuss~d in CbaplcL' "!:!:i. w:._: ·.:: ·! · · 

t'.osts and risks of trans:'ort of spent fu~l and H:;,; !;o :.:"1£' i'' >:-.· :. ... ~ 

repusitory sites. The results of the relative cost an1 riGk .ln~:y· ~ 

presented here, and th~ differences amonr. the re?osilor-y r.i ~-··,: a:·:· ;·:·,, 

in terr.tS of the: 'key input para:'o\et~'!:'S for the reference :!i:t"•'Cl lO· t"t•:· .. : • : 

case .and two MRS cases i'n which all 's'penc fuel is shipped to an MRS. 1:.:: I' • ; 

Oak Ridge, TN, and either a 100 -ton or a 150-ton cask is us~d fer- sl:i~· . . 

the repository. Other 'IUS options investigated arc presented i:a t,-;~·~:• ::~: -

B. REF~RENC~ CASE 

Tables 7 through 10 summarize the results of the analysis for the ref·~:·.~·~::.. 

case: shipment. of.spent fuel and high level wastes directly tc• t'h~ ::nnci.~;·,. 

repository sites. 

1. Results of the Lo~istics and Cost Analysel! . 

"table 7 sunana:-ize:o the total one-way shipme~t~miles for- eat;\~--;~ 't.~:::· 
sites. The total mileages vary betwel!n 96.4 and l86.7 million milP.s (t_;r t:··_; ··: ' . . . . . . . 

ft·om all generating sites and b-:twoen 17 .. 3 and 33.3.million miles foc- r:1~l. 
As expected, the total mileate is lowest f~Jr the.e~sternmos~ ~~ndi:.!;l_~·-·.!"::

(GIR) and greatest for the ""esternmost site (Hanfoc-d). The differ•,n•··,; 

~etween the various repository sites are related to the· total shirp:.::··. 

distances as surnmarized·-n Table 7. As can be notE'd from the table, .. ;·=·~ 

fuel shipm<!nts dominate the total shipping distances for both ::~odal .:.; • ~:: .. · 

comprising from 64-80 .percent of 'the truck shipping distance and fro::> •,;• 

percent of the rail travel. This component become.::: an increasinP.ly·l·l· ·. 

fraction of th~ total as the potential.repository ~ite is shifted tn '.) 

since most of the spent fuel inventory projected to rcquir~ ~hir~·~·~ 
... 

fi.rbt repository is from reactor~ in the East. 
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The t·cl.ativ·~ fraction of tot::~l shi.prr.cnl-mile:; for shi.p:-.·::1t c:f :·.:.-· 

wastes to the rcpocitory is between 19 and 29 perc~nt for truck a~! :~ 

rerccnt for rail. In this case, allhoufh the a-:lual mi lP.:J::,c in..:r.:-.:.: :.: . ; 

rr.ore wcste:~-n t·..:-ro~i lory cptions al'C analy=ed, u-.e ft·act icn at tri.'::·.;' •. ;·:· · 

shipment of hi~h level wastes drops. As can be note~ frc~ l~c lo:d:~ ~: 

Table, the morL' w~::tcrn site$ require almost. double the tC>lal sb.r-:· .. _·:·.·- ·· · 

of the most caclern site. 

Table 8 df:t.ails total numbers of packaci.ngs rcqu~.xed (or the :7·'''/t.:~:.··:::. '.'<" 

spent· fuel and hig.h ltwel wastes ·during t'r~ lifetime of the ·first t:·cp::::: t 0:·:· . 

. li'or th~ purp< . .-sc~ of this calculation, all transpoC't pacl<acin~:,s wCL:e a~'$1.:· ... ~ ~ 

have an op·;C'dti·onal lifetime of 15 years. the cask r~-=1uiremcnt .JlsC> t'd i.•·.:: :· 

operational parameters for the modal options outlined a~ova. Approxi~~t~ly 

50'1. mot·e tc-uck casks would be rcqui:-ed for the }:Ianford repository ... ·:..t·:-. r~::p·::·~ 

to the most. caslt~m location, the· GIR. Fer rail, th~ variation in th.:o m:::-.~ . .:·:

of casks needed between these two destinations is an ~ncrease of approxi~at~ly 

40,. 

The total nur..ber of packagings required for the 26-year pc:-iod of 

operation of the first repository is roltipl:ed by the cost per cask to obta:n 

the relative capital cos\.. for· each o(.th!3.·.repository sites· .. It should .be'· 

noted that this is the only capital· cost considered in this annlysis: costs of 

facility improvements, liandling equlpment and other equipment required t~ 

clean, load, or unload the casks will be included in the'repository facili~~· 

costs. The total relative transpor~ation cost is detailed in Table 9. Thi.£ 

c~st is described as though all costs were assessed in 1985 and should b~ u~aj 
~ • ... 

only for relative comparison~ betw~en the candidate ~epository sites. ·As 

previously slated, these costs are taken. from published. tariffs, whe~~ 

available, and from estimated m~intenance and capitnl purchase costs, w~i~~ 

are applied uniformly to each of the site··. Actual costs 'at" the br.:c of 

repository opct·ations will be determined by negotiated shipping ta!'i.!fs ;;.::~ 

bids for maintcnar~e and provision of the capital equipment, throu~~ 0i:~~c 

lease or purchase. ) 

Tt·ansport o ti on costs for the rcposi tory locat ior:. options incrca:;t. ·.<. ~:: · .. 
total number of sh~p:r.ent-miles; however, because of the t~riff stt-..::~·.;:-·~ 0:· 
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the modes, they do not inc~case in a linear rn~n~c~. Total cc~ts fo" t: . 
trc..nsportation of spent fuel and hi~:oh level wastt:!s to a re?ositc:·; :-:::. ·. 

between 936 rr.illior. dollars and 1.6 billion do!.lars for truck, :.:~ A-IIC:-·· 

approximately 75 percent bet.w~en the most. ea,:;tern site in the Gulf ln'::c:·:.::· 

~egion and the Hanford site in the west. Rail costs for th~ costcr:-.~::. :. : · 

are 980.mi.llion dollars and l.IJ billion dollars fc,r the \Jestcrr.:-.:ost. !:~t;. 

Consistent with the rate structure, total co~ts between thcic s i..tes v:a:-;• o~_: ~:: 

about 40 percent for the rail optior.. Truck costs ar:! lcwer tho·-. rail ft1" L~.-· 

easternmost sites and higher than rail f,.,r the westE:rn site~. The 

contr:-ibuti.on of sp~nt fuel shipment cost to the total is consistent with tt•~ 

proportion of sl•ipment mileage for truck and somewhat less than the frac~io~ 

of total mileage ior rail. 

2. Results of the Risk Analysis 

Tha relative risks of transport for the various repository sites are 

mainly a function of total distance traveled because the other major route

specific factors in the analysis, namely the average fractions of travel in 

the three· population-density zones·, are abo'ut the s~e for. all sites. ThP. 

points of origin of most shipments (i.e. the reactors) are pt"imarily in the 
·.~ :. • t 

eastern United States. The GIR and Vacherie sites are closest to the·se -od.r.i~ 
points; the lowest total shipment-miles (Table'7) and consequently the lowest 

. . : : . . .. , 7 .. ,_ . .' 7 / • ·, ,·,; ... 

o'lierall risks (Table 10) are· associated with these repository -sites. 'l'he· 
.· ......... ~ '· ' ... ·... . . 

highest total shipment-miles· (Table· 7)· and risks (Table 10) are ~ssociat..ed 

with those sites farthest from the majority of the country'~ reactors (Yucca 

M~ and Hanford). This relationship holds tru~ for both mod63 of transport. 

However, the radiological risks ·associated with the .closest repository sites 

(GIR) only differ from those for the most distant site by a factor of 1.9 for 

truck and by about a factor of l.J for .oil. Similarly, the nonradiolo&ical 

risks ~ssociated with the Hanford site ~re_a factor of.2.1 times greater than 

those associated with the ~asternmost site for truck transport, and are.a 

factor of 1.8 times greater for rail transport. · 

The relationships outlined above roughly parallel the increases in total 

highway and rail shipment-miles as one gro · . from the castern:nost to the 
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westernmost repositor-y ;;it.:~. with the t:xce?ti.on of t:-:.z t";l:!io::.,.__,,.:~: 

ral.l transport, 1o/nich increaseS at a lOWer' t"ate :_;1an dOC:> th~ c:,,~.;::::.: 
,/ tt"aYeled. Tht: laUer is a re!lult of the fact that a s1.:;r::flc::.~.:. ;··.:.:·: .:: 

dose fo• incident-free rail transport is associated wit~ the ~~~~~:~! 

inspection stops, which occ'...lr regardless of trip lcn:::;lh. Si.r.c~ •::~:: s 

distanca· independent dose is constant for a given p;1yload, il rcrr~~~::t: ~ 

larger ft"action of the total dose for a shot"t trip tha~ it do~s fu• a 
tt"ip and thus-dilutes thP. influence of distance tt"3Velled. 

.1. , ...... '· .. _, 

Risks associated with the shipment of DHLW and WVHLW di.t"ectly to the 

repositot"y at"e calculated sepat"ately because the t"outes i:t"avelcd, ·the so-..:r-:r~ 

terms, and the cask capacities at"e not the same as those for spent fu~l (s~~ 

Appendix 4 fot" details). These risks ~r~ included in the totals given ~n 

Table 10; they t"epresent between 28 and 39 percent of the total risk fo:: t:--.:.:i: 

transport, and between 33 and'44 percent of the total risk for t"ail . . 
trans~ort. Although the lowest ris~s are assOciate~ with the GIR and V3ch~ric 

sites, neither tlte shipm~~t-miles (Table 7) nor the OHLW-asso~iated co~onent· 

of risk differ by mo~e th~n a factor' of 1.3 when eastern and western sites· a•e 

compat"eJ • 'Ibis. is because the OHLW sites at"e not concentt"ated in the 

United States as are the commercial reactor~'· and the inf_lu.ence 

transport of t.hese wastes is to reduce thE! relative differences 

between eastern and western repository sites. 

c.f 

in 

TABLE 7. TOTAL SHIPHEUT-MlLES (in millions) 
REI-'ERENCE CASE-Direct to .Repos Ho.r:r 

Repository Lccation 
Mode/Waste T:£:Pe GIR Vo:~cherie Permian Paradox Yucca Ht 

100'- Truck 
SF 67.4 71.7 94.4 115.1 141.8 
OHLW 28.0 28.0 26.0 28.0 33.0 
WVHLW 1.0 1.0 1.0 2.0 L .0 

TOTAL 9.6. 4 100.7 121.4 145.1 176.8 

100'- Rail 
SF 11.0 11.7 15.4 18.8 23.2 
DHLW 6.5 6~5 6.1 5.5 7. 6 

W'IHLW 0.2 0.2 0.2 ,0.2 0.3 
TOTAL 17.7 21.2 21.7 25.5 31.1 
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/ • TABLE 13. TOTAL TRAllSPORTI\'!10~1 PACKAGnl<: 
REQUl?.F:~~NTS .(nu::-.bcr of cask!l~ 

REFERENCE CASE-Direct to ~Cp'JS l ':. 0~7 

R~Positor~ Locatio~ 

Mode/Waste Type GIR Va.:heria Per~~ian Paradox Y:..~;::c;; :l• ~: ... 
. -· --

lOC':. Truck 
st· 124 128 145 161 18/. lE\S 

DHLW .60 41 43 ~"S so !i3 

WVHLW 2 2 2 2 4 4 I 

I 
I 

100'- P.ail 
SF 81 83 93 100 110 117. 

DHLW 34 37 36 38 112 44 

WVHLW 2 2 2 2 2 2 

TABLE 9. TOTAL T~SPORTAT10N COST ($H) 
REFERENCE CASE~Direct to Rcp~sitory 

ReEositor~ Location 

Mode/Waste TYl>e GIR Vacherie Pet"1"hian Paradox Yucca Mt li;)n~ or~ 

100'- Truck 
CAPITAL 227.2 234.2 261.2 -290.1 325.1 337.~ 

OPERATING 708.9 730.0 866.0 1015.1 1213.6 1277.8 

TOTAL 936.1 964.2 1127.2 1305.2 1538.7 1615. Co,. 

. ":.'- .. . ~ . = ~ . . ... .l 1001. Rail 
CAPITAL 267.3 277.7 300.9. 322.'5 "354".2 36,.Et 

OPERATING 714.7 734.9 821..6 885.3 991.0 1013.8 

TOTAL .982.0 1012.6 1122.5 12C\7. 8 1345.2 1376.6 
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'l'ABLf·" i.O. ~v:-o.!-1A2Y OF 'I'HC 'I't""~'lAL R'!:S:~s CF 'I'RA';',;?C:::':' ;c":! ·:::: 
CEFER~UCE CASE - Dir~ct lo Reposilnry 

· R~~os~to~v tocat~io~~~·--------·------
__ !.!M~O~D.:::,E ________ __...;G:::.I~R:.:.-_._V'!c'he:..:r~i:..::e:.__.=..P.:e..:..t"":'li.c.n Paradox ':\.:c:: "l:.....:.,:..::__l:: ·_:_'..::_::_::_ ·-·-. 

100'1. Truck 
~ . . .ro:u onr,1n 

SF to'Repo~ilory 
R'!diolcgical1 
N~nradio~ogical2 

HLW to Repositoty 
Radiol.o&ical 
Nonradiological 

! . 

100'1. Rail from origln 
SF to Repository 
Radiological' 
Nonradiological 

HLW·tn R~pository 
R&d~ological 

.074 
Nonradiological 

'IO'IALS 
'Iruck from origin: 

Radiological 
Nonradiclogical 

Rail from origin: 
Radiological 
Nonradiolo&ical 

4.6 .s.o 
13 14 

1.!.1 1.7 
6.2 5.8 

.16 .17 

.81 .BS 

.062 .067 

.63 .69 

6.4 
19 

.u 
1.4 

6.7 
20 

.24 
l.S 

6.2 
1S 

1. 7. 
6.2 

.18 
1.'0 

.063 

.64 

7.9 
. '·" 24 

;·r-t··· 

.. \.:. 
. . . ~ 2t\. 

. -1.6 

7. 7 
24 

1.8 
6.1 

.21 
1.3 

9.~ 

29 

2.1 
7. 4 

1.6 

LO 
31 

:.1 
7 • l. 

.:lS 
1.6 

.OE."6 .079 

.66 .84 .79 

9 .. 5·:···· ·•. 'l.'f', i_ .... ':.... " . '12'"' -·· .. 
30 . . . 36 . " " · .. :.. ·38 ·''•: . "··: ~. ~ ... 

:·.·.·,;·.2'8: ~- . .; ~:--.:32 . .-~ . .:r.··: ;:1.~~:32~·!.'. · • --;-.. ·· 

:. 2 • 0 . . . ' . 2 • ta · ...... - . : ". 2 . 4 ·. 

1 Radiological health effects include lethai cancer fatalities and· £P.rH:!li~ · 
eff~cts in all generations. 

2 Nonradiological ~at~lities 

'· 
.. 

. . - .... : 
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C. HON!10RED REtRIEVABLE STORAGE CA:E 

Tables 11 throur.h 14 sum:nat"ize the. total shipme~,t-mi..les, pac1~:l3 t:-.:; 
/ 

·requin.ments, costs, and risks for HRS Case l. Fot" this ca!::2, tr.~ P":; ·•· ~-' 

l.ocatcd at. vale Ridge, Teunessee, a::.l spent. fuel was ship~;c..! ~i;-zct!.y t~· -:.:.·~ 

HRS and lOOT :-ail casks w~rc us.:!d to transport ov~rpackt·d, cc;-,z,li~..:.':.··:~ ::.:~ ··:·:. 

fuel to the repository. Tables 15 through ta sur.:nat"i::e the; result::; foe :-:.·.-· 

case 2 which usc~ lSOT rail casks to tran~port consolidat~d S?P.Ot fuel 

c.anislers without overpacks. Analyses of the remaining .-c: ~ ca'ses are 

presented in Appendix 2. 

-As with the raference case, the more eastern repository l~cacions have the 

lo""est economic and cnviromrental impacts for both c.f these cases. Co:nparizon 

of t~'lese .two MRS cases shows an apparent reduction in impacts fer the 150 ton 

cask,· ho~oo·ever the payload~ of the two cask cpt.iot"s are not the same; U.e lOOT 

caslc.carries overpacked consolidated spent fuel, whila the 150T cask car.-i~~ 

nonoverpackcd consolidated spent fuel canisters. Further, in these analyses 

the payloads of shipments from the MRS are rep9sitory-specific because the 

capacities of .the canisters and overpacks are dete~ined by the geologic 

medh;m (salt, t.uff, or basalt). Careful evaluation of these results intica:e:: 

t'l\&t the degree of variation in theparameters is highly dependent on.the 

repos.ito::y-specific payloads assumed in the analysis.·-

1. Results of the Logistics and Cost Analyses 

, The total shipment-miles for truclc or 1'ail ·spent fuel shipments to the 

MRS, for HI.'II directly to the repository b:,r the same mode, and for ·the lO':>T 

rail cask from the MRS to the repository, arP. su~arized in Table 11. As 

previously noted, ·the lOOT rail ca3k; whlch would ce used to ship overpacY.~d 

consolidated svent fuel, high activity wastes, and ~ligh level wastes, will 

result in \:he greatast number of shipment.-miles .:.f the· two .:11ternatives 

considered. !1.. should be n'oted that the values in the table are for 

shipments. Each MRS-to-repository shipment is made up of five spent fu~l 

casks, tw~ high-activity-waste casks, two casks containing byproducts of 

co;lsolidat.ion, and one railcar with two transuranic waste .. ,c<cagings. 
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·sly, in crt, ~o calculate railcar-~ilcs for the :--.:::-to- r•:t•·-·.::..·~::·: 

e 'figures gi :1. in the table must be ~ltiplied b:; 1C. 

/ , 
Total one--way shii'~cnt miles for t::'Uck vat•y .·rom. 78 ::-:..ll.ic:-~. r..il..::~ f:::- .. 

Pet'!l\ian repodt.ory (slightly gre.ater for the two r.~ore e~~tP.:-n ca:v! i..!;;: · ~·: :.· 

to 89 millbn miles for thP Hanford alternative, a vr~c-iaticn of i··~~ t: . .-.7. · c 

pee-cent. App:-oxi.rnately 55 to 63 pee-cent ~.f this total is conpriscd :E 

shipment-miles to the MRS. Shirment-miles fC'Ir the rail ;.,ode vaty f:-..;:-.-, 

appc-ox:...nately 16 to 20 'million miles bc;.·..,een U.e GIR and the H<mfot·J 

repositor~·. t.he bounding cases .. Variation.bctween the bocnding .. !:asqs iz 

~pproxima+:.ely 30 pe'rcP-nt:.. ·:oc- rail, approximately 40 to 51 fercent. of lhe 

total mileage is for the ;hip!T'ents to t.~1e MRS. As wi':.h the truck case, ;;~ovt·. 

spent fuel shipments to t~·.c MRS contc-ibute a smaller percent.age of tl.~ to~'ll 

tc-avel as the canc!idale .location moves to th~ 1o:£>st due to the increus~d 

con~c-ibut.~on of the total mileage of high level w~ ~e shipments. The Yucca 

Mountain repository has the greatest. number of shipment-miles (or t.h~ 

~tipmants from the ~RS, an effect of the cask capacity and the rail route 

chosen. 
. I 

For the 1so·~. ded£.cated rail ship:nent.s ,from the. MRS summar-ized,-ini-Table ·16-.~,~, = ,-., 

. ' . . 
the MRS-to-repository leg com.,rises- at. ·mo~t-2· to=:9:-percent .. ?f :the. ~otal ·. , .. ',: ... :· 

one-way shipment miles for truck and,· rail, respectively:~·:: Because··of·;the ... .-, 
• • • 0 • • •• 

reduced. _number of MRS-to-repository shipments, variation· bet wee~· the e and ida.tc 

repository loca~ions is approximately the same for.the truck~from~origin case 

but. is reduced to approximately a 19'1. variation for the rail case. The 

absolute number.of shipm~nt-ciles is·approximatel~ 10-15 percenl· less than lhe 

previous MRS case. As. noted above, _the Permian repository has the least 

fl•lmber o~ ~otal shipment-miles ~or the truck-from.:..origin optiot:, an t.:ffect not 

reflected for the all~rail case. ~lso as previoucl~ noted. the·Yuc~a ~ou~tai~ 

reposit?ry has ~he gr~atest. nurnb~r ~f shipmr.nt-miles for the !>hlpt.\ents fn:::'l 

thl! MRS. 

Total transportation packagin& requirements for the two MRS ca~~3 ~rc 

included l~ Tables 12 and 17 for the 100: and 1~0T dedicat•d r~il casr~. 

re!:pect .. e ... y. The reduced· capacity uf thf:! rail casks for the Yucca·!~ou:\·.~:~. 
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canistet"s ft"c:n t.:le ~.R.S is fl.:t"thet" reflected in. the 

t"equin::d fot" t'h.:! lifetime CJf the fit"st t"epos:..~ot"y. :he t.o:.al L~.: ·~-:" 

tt"c.nspot"tation casks t"equired for +.he 26-yeat" re.,u:;it;.·y lif.::t.~:._· ¥ •• 

appt"oxi:nately 19 percent between the reposito~y sites, wi~h th~ l.~ · .: 

of packabings rec;uircd for the ea:..t.ern:nost GIR site. 2~c::.us0 o: ~=.·: 

constt"aints i:nposcd ir. this analysis on the Yucca Hc..:~.tain r·~?-.':~i· ;::-:,·. 

requit"es t.'lt< gt"catest number of packd(;ings in both _a::;a; Th;~ i:·.:~··: ·.: 

capdcity of the 150T c. ask is t:"~f lect~d in the 53-59 ~·ere cut r':- .. :-..:;.:::. i·:~~ "\ · 

number of casks t"equit"ed over the lifetime of the re?ository. 

The total transport.at.ion cost foe- the lOOT.Jt:dicatf:d.~ail ca,;~ i:: 

~unn::oriz~<! in T~hle 13, The GIR t epository' opt ion has t11e lowc::t t ou1: 

transportation-.;-elat.ed cc~ts, approximately 1.12 billion dollars fort:-:::·~ 

1.38 billion dollars foe- r~il. Th~ Y~cca Mountain repository option l •. ~ ·~. 

grea~est total cost ~t the r.epository options, appr-oxi.mdLely l.l:l3 bi 1 l ~ .':·. 

dollac-s. for truck and 1.9 bitlion dollars 'for rail. these value:; ar-t! .:.: .. ·;··. }~ 

percent greater than those for the GIR. For this MRS sccnaC"io, t'd i l c ~:::: ,; 

wec-e 45-SO·million dollars ~reate~ for rail for all repusitory options. 

MRS-t.o-repository shipment's comprised appt"oximatf?ly 38-53 percent of U.f• t:-J•.a l 

transportation costs,, with the c~ntc-ibution highest for- the Y~cca Hou~tai~ 

repo:::it.o!"y. lt should be noted· tt.at overpa:.king. the spent fuel canisl(•r-:: a~ 

the MRS' may offer a potential facili':.y ~~st savings at the:!. repusi tot·y tha~ ·· i.:; 

not reflected in this analyais. . . ' .... -~. - :. i ·> 

!he higher payloads achieved by dedicated r~il tr-anspor-t bf the ~50!. ca~~ 

with no over-packs en the consoli~ated fuel canisters is reflecte~ ~n t~~ 

r~duction of transportatitm costs for' the MRS-to-repository shipment's. r.:.;;L: 

for this leg are reduced by.approximately'h~lf for the large~ cask, wi~h ~~-· 

contribution vac-ying between 22 to 40 per-cent of t'h~ tot~l cr-ansporta~.c~: 

cost. The Yucca Mountain rep~sitory again has the highest total cost. ;;.:.:! •i:-~ 

GIR loc~tions have the lowest. 

2. Results of t~e Risk Analysis 

The interpolation of an !iRS into the systel'l ~.as four :::ajor eff,!:.:: 

t"isk. (1) The total shipment-miles from point~ of ori,in (i.e. rn 

-6!-

• 

.. _.,_ 

···-



• ) 

.) 

• ·~·· 

HLW generators) to an ultimate deztination (i.e. a t'E-t'OSito:·y sit.·) ..,:·:. : . 

than they are for the reference case. This affects t.h.~ tt·an~:;Jc:-t:•~;,;:.;, :·: .-·· 

calculations because most co:nponents~..of radiolot;ical ri..;k and .. :1 c.:.~~;.·.:·.·.~.· .. : 

of nonradii.Jlogical risk arc proportional tc. distance t.r-avclcc. (2) -::;.~ L·.:.~ -: 

dedicated rail cut of the MRS affects t'he risk calculat ~on b.;c .. :.:;;c t !·:':) :-~.::- .. ; 

associated w~th transport by dedicated ~·ail ace diffE.'.:-cn~ fr-om ::1::.! "J:>•:.; ~! :,.· 

lower than those associated with transport by general co~n~rcc :-a~l. 

lncident-frR~ risks a;e ~educed, but cask capacities, and hcnc~ a~cid~~~· 

related radiolc.git...ll sou!'ce terms, are increased. However, t~1c a·ccid•:n: n•:..•:· •. 
. ' . 

for dedicated rail are lower than lhose for g~neral ~o~efce rail, which h~~ 

the opposite et~ect of rcd11cing the accident-related radiological risk 

values. (3) Tl1e :·adioacti\•e decay of spent fuel radionuclides durin~ U1•~ 

assumE:id five-year residence· time of spent fuel at the MRS must br;· acco•Jnt.d 

for when the radiological source terms of fully lo.aded dedicated rail .:ask!:: 

are calcu la t.E:.d. Certain important gar:ana:-emi t. ting rad ionuc lides in spent f ue ~· 

undergo'significant decay over this time period, which in part. compensates .for

th~ otherwise large ·sour~e term associated with the large dedicated. rail 

casks .. (4) Tte· handling and repackaging operations at the MRS generate 
' ' 

secondary wastes (assembly hardware, high activity waste,· and transuranic 

waste) that. must also be transported·· to a repository. Transport of. t.hec;c. 
1.:.·:-~·=···~ ··.:.:··· ·: .·, r ~ .. -~· -~ :... .. -:=--···--·-·- ·- . ··~--

secondary wastes to· the repository··'in-ou.rs·. risks; •.tha.t· must be 'calculatt~d and 

a·ided to the other risks in order to· ge!~ir\~:\:~.t~~' risk :~f~imL".tep~ foi:- the·'~~~;s 
scenario~. Note that these byproducts ar•~~esent in unconsolidat~d sp~nt 

.fuel assemblitls, and the total radionuclide inve:'ltories of an unconsolidated 

spent fue1 assemby and the equivalen~ amount of. consolidated fuel rods, . . . 

hardware, high-activity waste, and- tran·surani.c wast'e are the same. Therefo~~, 

no additional radioisotopes are t.ra11sported. However, the byproducts an: .. in 

altered fo~s which include nonradioactive· components such. as filters that. . 

increase theic- velum~. They also 111ay have dis.p·ersability propec-ties durini; a 

severe accident that are different from those of the o~iginal fu~l. 

When one compares the risks of transport to the various repos itot·y s:. t.<:!:: 

fur MRS Cases 1 and 2 (Tables 14 and 18), one must i<eep in mind that t.t·a.!"l:;?,,:·t 

of consolidated spent fuel and secondary wastes fc-om an MRS to a rRpositn~y ·~ 

always by dedicat<:. tail.· The "100'1. truck" option is defined to mt-<:n t~.,·. 
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spent fuel is transported. to the MRS by truck bt:t t:'l<:.t •.:- •·;:·:: .:.::-t. C·'.:: .. 

MRS is by dedicated rail. Similarly, the 100~ rail upt~~~ i; ~~!~=~-- --

that spent fuel is transported to. the HR~ by g~n~:-al cc:~:::;;::-::c .-;.1:..1 

transport c\lt of the MRS is 'by dedicated rail. Therefor'!, for <:::z 

..... I •, 
.. !.l.• ._. 

"". ··.·' !J-. .• 

repository si~e the differences in spent fuel-related ris~ ~~t~~~~ t!·~ l· 

modal optioAs at·e solely dl;)termined by the node of tra~£.:;::-ort to •.:-:} !::.::. 

risks of t ranspo:-t· by truck to an H.'lS site a:·e higher ti-.an t :&.:! r i:";~:: o: 

transport by general commerce rail. This is consistent wit'h t';;.~ .rcfe··-r:r.· 

case analysis. The calculated risks for transport by truck.and rail oi ~=:, 

and WVHLW directly to the ~epository are added to the totals. 

The differences in total risk among the potential candidate .-epositcry 

sites are relatively small. T'his is a result of the,facts that (a) trav~l to 

the MRS is responsible for between 40 and 63 percent of the· total-ship~c~t-. 

miles depending on the repository site and mode ~d (b) most of the remainir.~ 

shipment~miles are accounted for by DHLW and WVHLW transport. For a given 

mode and a ·given ~RS location, the-risks associated with trav~l to the MRS are 

identical for every repository site. Further, because the four HLW origin 

points are not concentrated 'in the East as.are the commercial reactors, the 

ditferences in risk are less pronounced from one repository site t~ ~nether, 

although the lowest risks are· still associated with the' eastern sites. The 

contribution to risk of transport from the MRS to the repository is only a fe~ 

percent of the total. Therefore, the influence on total risk of the location 

of the repository site with resp-2ct to most. other components of the systmn is 

greatly reduced.· The MRS-to-repository component of risk does increase, of 

course, as the distance between the MRS and the repository increases. This 

trend, in conjunction with th~ contribution from HLW transport, caus~s Taol~s 

14 and 18 to show increases in risk associated with the westernmost repo~itory 
sites regardless of mode. The nonradiological risks increase almos~ linc~~ly 

with total shipment-miles; the complex i.nfluenC".es dis-cussed previously r(•,!•;:~ 

but do not elim~nate the distance-de~endency of r~diolo~ical risk. 
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'!ABLE 11. T01At. ZHIP!·!!::~ZT··l-!It.::~ (in r.1.i!.lic~:;) 
MRS c~sz 1 - H~S at c~~ Ri~;e 

Reoo~ito~v Lo:at!c~ 

Mod~/~aste Type GIR. Vacherit> Perr.lia'1 P:;~·s:bx ':u~.,~)......:..-.:·-~-

' TnJck fr-om Odg in 
SF to MRS 
DHLW to Repos. 
iofVHLW to Repos. 

Rail from Origin 
SF to MRS 
DHLW to Repos. 
WVHLW to Repos. 

48.8 
28.0 
1.0 

8.0 
6.5 
0.:' 

48.8 48.8 
28.0 26.0 
1.0 1.0 

8.0 8.0 
6.5 6.1 
0.2 0.2 

Rail from MRS to Repos it.ory· (lOOT, overpacked SF) 

48.8 
28.0 
2.0 

8.0 
6.5 
0.2 

Dedicated Rail 0.9 1.2 2.2· 3.0 

TOTALS 
Tr'.ICk fr-om Origin 

lOOT from HRS 78.7 79.0 78.0 81.8 

Rail fr-om Origin 
lOOT fr-om MRS 15.6 15.9 16.5 . 17.7 

~:3.: 

-~j. 0 
2.0 

8.0 
7. 6 
0.3 

3.8 

~ 7. 6 

19.7 

TABLE 12. TOTAL TRANSPORTATIO!l PACKAGING REQUIRF.HENTS 
(number of casks) 
MRS CASE 1 - MRS at Oak Rid~e 

ReEositor~ Location 
Mode/Waste T;tEe GIR Vacherie Penni an Paradox Yucca Ht 

Truck from Origin 
SF to HRS 106 106 106 106 106 

DHLW to Repos. 40 41 .. 44 48 51 

WVHLW to Repos. 2 2 2·:· 2 . 4 .... 

Rail from Origin : !. 

SF to MRS 67 67 67 67 6i 

DHLW to Repos. 34 37 .. 37: 38 42 
WVHLW to Repos. 2 2 2 2 2 

Rail from MRS to Repository (lOOT with Overpacks) 
SF 55 60 70 75 80 

HAioliHdw 4 4 4 4 A. 

CH-TR:J 2 2 2 2 2 
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8. ~. 
0.3 

3.11 

89.2 

20.1 

1-!anfo::-1 

·'!.06 
56 

A 

·.: .: 

67 
117 

2 

70 
4 
2 



Co".,../{ r,_. • TABLE 13. TCT.•.!. 1'RA!l~PORTA!l0~ ., ..., "·•I 

MRS CASE 1 - Y.?..S at Oal: r.it!z;~ 

________ __:R::..:e~tl:..::. O::.:S:...:i:..:t:..::o:..:r..l.y.-!::L:.:::O.:::C.=a.:::t..:.i~o.:..:.n ___ --·--. ... . . 
Mode/Waste Type ClR Vacherie P+!nnian Pat'adox '!uc:.l ~:·. _ _i_::....C:.:_,:- ! ... . 

Truck from Reactors, HLW Site~ 
CAPITAL. 2C1.0 202.1 

· OPERATlNG 613. 7 · 608.-1 

Rail from Reactors, HLW Sites 
CAPITAL 232.3 237.7 
OPERATING 643.7 646.1 

204.3 
601.1 

235.9 
647.5 

209.'8 
615. a 

239.5 
644.2 

Rail from lffiS to Repository (lOOT'with overpacks) 
CAP!TAL . 81.0 161. 6 186.6 109.-7 
OPEP~TlNG 427.3 428.7 584.8 773.9 

TOTALS 
Trud( from Origin 

lOOT·from MRS. 1323.0 1400.5 1576.8 1709.2 
Rail from Origin 

lOOT from MRS 1384.3 1474.1 1654.8 1767.3 
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214.2 217. ~· 
639.0 .&52. 'J 

246./ 250.3 
667.9 &&4.4 

211.6 18&.& 
763.6 6.91. 0 

1828.4 l741:LO 

1BB9.a 1792.3 
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TABLE 14. SUY.!V..R'l OF TP.E RISKS 0? 'i'?.J-.::::::::::::.:·:2:; 
OF SPEliT FUEL AllD H!G)! r.::·,r:::o.. ·..;,-.;:;:·:.:;:: 
MRS CASE 1 (All SF to ~l?.S, 10::: c;:;..:::·:i 

Repo!:itOt"J' LO::'l~:o,..:.:'.:... ___ ........ _.. 

_ _;M~O::.:D::.:E~-- ____ .!!G~!.!.':R __ V;:,:a~c::.!hc!!e:.!rc..:!i:..::ec._.!.P.=e.!.t-::1.!!.!" .:.i.2.a!.!.n _ _;F~a~:-:...!a~d~c.::.::x~--=~~..:~':~c~a~1~..:.··-=-=· .:.: ... :.. . 

100~ Tru.!k from Origin: 
SF to MRS 
Radiological1 
Nonradiological2 

l!Uol to Repository 
Ra.:~::lor.ical 
N,::.: ad iological 

100~ Rail from Origin: 
SF to MRS 
Radiological 
Nonradiological 

HLW to Repository 
Radiological 
Nonradiological 

3.6. 
9.1 

1.8 
6.2 

.14 

.92 

.062 

.63 

3.6 
9.1 

1. 7. 
5.8 

.14 

.92 

.067 

.~9 

150T Rail from MRS to Repository: 
Radiologic .. l .034 .064 

· N.:~nradiological 5.4 10' 

TOTALS 
Truck from Origin, 15~T Rail from HRS 

Radiological 5.4 5.4 
Nonradiolor.ical . 21 25 

Rail from Origin, 150T Rail from MRS 
Radiological .20 .22 
Nonradiological 6.9 12 . 

3.6 
9;1 

1.7 
6.2 

.14 

.92 

.063 

.64 

."062 
15 

5.4 
30 

.21 
17 

3.6 
9.1 

1.8 
6.1 

.14 

.92 

.066 

.66 

.. 068: 
20 

. 5.5 
35 

.22 
22 

3.6 
9.1 

L.l 
7. 4 

.14 

.92 

.079 

.84 

.082. 
·25 

5.8 
41 

.23 
2.7 

3.£: 
9.1 

2.1 
i . ,j 

. 14 

.n 

.074 

. /9 

.071 
n 

s.e. 
37 

. 22 
23 

1 Radiologi~al health effects include lethal cancer fatalit ics and r.·~n·~t ic 
effects in all generatinns. 

Nonradiological fatalities 
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TABLE 15. TC~AL SHIPH~~T-Ml-ES (in rnill~~~r: 

/ 

~o·1e/':J,H:tE) !v'Oe 
Trut:'k ft"cm Origin 

SF to !'.RS 
DI!I..W to Repos. 
WVHLw to Repos. 

Rail from Ot"igin 

GilL__ 

48.8 
28.0 
1.0 

MRS CASE 2 - ~0.;: at O::Jk P.i:!;~£' 

Vachcri~ 

~3.8 

2S.O 
1.0 

RC'OO!:i tO!"Y t~_s:y:. h::.:!:__ __ 
?i!r-:ni nn r~ t":..: :1!'-_~..::.:::: .. 

4i3.8 48.6 
26.C 2tl.O 

1.0 2.0 

SF to MRS 8.0 8.0 8.0 8.0 8. 0 8. ~~ 

DHLW t.: Repos .. 6.5 6.5 6. :. 6.5' .7. 6 t!." 
WVHLW to Repos.-· 0.2 .. 0.2· 0.2 0.2· .0.3 c. 3. 

Ra'il ft·om MRS to Repository (1SOT, nc-noveJ:1lacked SF) 
0.2 0 3 O.b C.8 1.5 ' 1.0 

TOTALS 
Truc_k from 0r·.gin 

1SOT ft·om :ms 
Rail froM Or \&in 

1SOT fron. :o~SS 

7S.O 

14.9 

78.1 

15.0 

76.4 78.6 85.3 

14.9 15.5 17.4 

TABLE 16. TOTAL TRANSPORTAT~ON PACKAGING REQUIP.EHENT~ 
(number of casks) 
MRS CASE 2 - MRS at Oak Ridge 

8&.8 

17. 7 

Repositorv Loc~a~t~i~o~n------~ ____ _ 
M~o~d~e~/W~a~s~t~e~T~yp~e:~----~G~I:~R~--~V~a~c~h~e~r~i~e~P~e~r-m~i~a~n~~P~a~r~a~d~o~x ___ Y~u~·~cc~a~~~-~t-l~l~;~f~~---

Truck from Origin 
SF to MRS 
DHLW to Repos. 
'-''VHLW to Repos. 

Rail from Origin 
SF to MRS 
DMLW to Repos. 
WVHLW to Repos. 

Rail from MRS to 
SF· 
HAW/Hdw 

· CH-TRU 

106 
40 

2 

67 
34 

2 

Repository 
20 

8 
2 

106 
41 

2 
..... ·!. 

67 
37 

2 

(l50T·, 
20 

8 
2 

106 
44 

2 
' ..... •_.; 

67 
37 

2 

nonoverpacked 
20 

2 
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106 
48. 

2' 

67 
38 

2 

SF) 
20 

8 
2 

... 

106. 
51 

4 

67 
42 

2 

30 
6 
2 

i..O& 
. 56 

4 

67 
. 4 7 

2 

20 
10 

2 

• 

• 



.) 

• 
/ 

• ... ~_ .... , 

TABL:: 17. TOTAL !RANSFOn:.'Ai'lO:'t c::::·~~ : ;.:!' 
MRS CASt: 2 ~ ~RS at o~.f. i\~o~.:· 

_________ _..:.R:.,::e:.tp~o~~..!:i..!:t:::.o~r.J..y_L:::.-:::.~ C:..:3::.,t~1.r._:'l. ____ . ____ .. . . 
Mode/,.;aste TY?c GIR Vacherie Permian Pa:-acox ·:·:c :a ::~ L ,;:: ,:;.,.:· . 

Truck from Reactors,. HtW Sites 
.CAPlTAL 20l.Q 202.,1, 
'OPERATING 613.7 608.1 

Rail £rom Reactors, ~tW Sites 
CAPlTAL 232.3 237.7 
0PERA:'lNG 64J.7 646.1 

2011.3 
601.1 

235.9 
647.5 

209.8 
615.13 

239.5 
644.2 

Rail from MRS to Repository (150!, nonoverpacked) 
CAPlTAt 78.6 78.6 78.6 78.6 
OPERATING 172.7 199.0 2&5.3 306.8 

TOTALS 
Truck from Origin 

150T fror-1 MRS 1066.0 108 7. 8 11119.3 1211.0 

Rail from Orisin 
150T from MRS 1127.3 1161.11 1227.3 1269.1 

2:..4.2 217. ~· 
639.0 652.9 

246.7 ;: 5·~. ~~ 

66 7. 9 i-.lj.:.,:. 

100.6 s~.l 

4&8. 7 346.8 

11122.5 130~.3 

1483.9' .,1345. 6 

.: .• ·:.;~· ... ; ::: :..:·.: ....... ~: ... ~~· .·. ~ .·.:~~ ..... : ,:;_ .. ':) :. ·~:-.... . ... 

• • : ~ .. ~ ·..; ?-.': • ) ~· .. l \ .. '·· :. 

.. ·\ 
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TABLF. 18. Stn'.MARY vF THE RISKS OF TRA:::;;:c,~:,\:i.::: 

OF SPENT FUEL AND H!CH LEVE~ ~~~!E:: 
MRS CASE 2 (All SF to. M:\S, 15C'·: ca~;:-:' 

MODE 
100~ Tnuck from Origin: 
SF to xas·. , 
~adiological1 I 
~onradiological2 

HLW to P.epository 
Radiological 
Ncnradiologic.al 

100~ ~~;1 f~om Origin 
SF to t~as 
Radiolo~ical 
Nonradiological 

HLW to Reposi.lory 
·Radiological 
N~nradiological 

150T R3il from MRS 
Radiological 
blonradiological 

TOTALS 

3.6 
9.1 

1.8 
L2 

.14 

.92 

.062 

.63 

.017 
1.4 

Truck from Origin, 150T Rail 
Radiologicol 5.4 
Nonradiological 17 

Rail irom Origin, 150T Rail 
Radiological .22 
Nonradiological 2.9 

3:6 
9.1 

''1. 7 
5.8 

.14 

.-92 

.067 

. 69 

.035 
2.6 

from MRS 
5.3 

18 
from MRS 

.25 
4.2 

3.6 3.6 3 ."6 
9.1 9.1 Q.l 

1.7 1.8 2.1 
6.2 6.1 7.4 

.14 .14 .14 

.92 .92 .92 

.063 .066 .079 
,64 .66 .84 

.OJ5 .038 .054 
3.8 . ·5.3 1.0 

5.3 5.4· 5.8 
19 20 26 

.24 .25 .27 
5.3 6.9 12 ' 

3.b 
9.1 

2.1 
7.4 

.1.:. 
• c;2 

.0'4 
,7o,l 

.C42 
6.1 

5.7 
22 

.26 
l. 7 

1 Rodiological healU. effects include lethal cancer fatalities and gr.o,,c~ i:: 
effects in all ~enerations. 

2 'Nonradiological fatalities 
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V L /CONCLUS lOllS 

'£o'e-r each o!' the s-:enarios a:1alyzcd, the eastern:nost rcposito~·:: 1.:.-.::.;~.:~: .. ~ 

had the lowest transporlat.ion-relatecj i~pacts in tet-:ns of ~hip::-.cnt-:c.~l~~~. 

costs, and risks for the bounding cases. 'It't.lck and ~·ail total:; fo:- o::o.~..::1 ,.: 

the sites reflect the routes cho~en and operational charactcrictics of t~1~ 
modes. It s·hould again be noted that these :. .... rel;otivc impacts ~~r cpc.t·.,·.:.,.:~ 
of the. tc-anspo~tat.ion. system be~ween reac~ors antl high level wastt: s i t.c~ ;:~m! 

the candidate repository locatio~s and do not reflect activities within 

facilities at the sites or network changcs'or mod~iications necessary lo 

operate the system. 'Ihe costs and risks of hand lir.r,, repackaging. a:.d 

e"l\placi:ng waste materials ac-e r.ot inc'lude_d 'in this analy~is because. t.hP.~~ 

activities do not occur d~ring tc-ansport but rather take place at fixed 

f3cilities, which are analyzed separately in·the EAs. 

Insertion of a':'l MRS into the system tends to red~ce ~he variation between 

the potential sites because of·the reduction in shipment-miles possitle with 

the large dedicated t•ail casks. Further, 'the--MRS ,-also •.r.ed1.•ces the di ff cren=c 

previously noted betwc·en rr.oda1 opt·ions fro~ the react~r:s ·and nigh-level- wactt-. . . .:: ~· ;:-. / . . . . - ·. ·. i . . . . . :- ~ ... i. . . ... • •• • . • . . ': . 

sites, which dominate t.h~ total impact.>. 'Ihe. large, 150! dedicated rail cask 

reduces the impacts of trC~nsportatiph .out of the MRS bE!caus~ of its large 

payload in tenns of MTU/shipmcnt. Use of ·.repository-'spedfic canistet:s and 

overpacks for t.ht: MRS cast.s ~nfluences th~ relative ranking. of tt.P. Yucca 

Mountain (luff) .and the Hanford (basalt). rP.posit.ory_' sites bec~use the tuff 

canister and overpack are lower in capacity than th~ basalt canist.e~ and 

overpa~k (all of the other sit~s use th~ salt canis~er nd overpack). In 

addition, t~c rail routings betweP~ the MRS Locat~~ns and Y~ccd Mountain are 

more ci~cuitous than the l·ail routings between the ·MRS locations a:\d Hanford· . 
. . 

The •:omblnation·of increased shipment-miles Pnd 'reduced canister and ov:::-rp<lc;.· 

capacit.~ causes Yucca Mounta~n to rank higher in cost and ~isk th~n ~h~ 

Hanford repository site. The transport-related costs and risks ~f 

decoll'Cilissionin& an MRS facility ac-e. not .:onsidercd here because t.ht:>V ·.-~ill h. 

dealt with in a s~parate'study . 
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ro aid the reader to assess the significance of t~e r~~::= c! t~ .. 

~d~•~ed fatalities predicted in this report, the 17 Lo 3a t.c-.!::· ~;.:: . 

fatalities, 1.4 to 7.7 rail accident fatalities, and lh~ ?., ·-·-- ... tJ 

radiologica~ he~llh effect; predicted in this report :ay ~~ c~~~:~. 

following. In the United States, about 65,000 FCrso~s ~~uld J~~ !~· ·. -·· 

accidents, a~d 32,00~ would ~ie from ra~l accidents duri~: th~ 2~-~, ·· 

renository operating period. During the sam.1! period an £'!:t i:ai:.i.'~ ~ •. :·,.::: :' 

cancer fatalites are postulated to occur in the United St.at.cs fr:>~ ,:·:::··:.:·~:·. 

natural back&round radiation alone (not includin~ medic~l a~d ~thcr ~~~~w! 

sou~~es) ·accordtrig to eurrerit model~ (Referen~e 34); 'The riski repor~cd hL·:~ 

are ur-per limit estima.les and are small by comparison wit·h the "'natur-al· 

ba.ckgrountJ" of risks of the .same type. 

. ·.•. . . . . . . . ~ · .. · ~ 
·.: .. ·' .. ~ .· . ~· . 

' . . ·~ 

. ·~ .: .... ; .. .. 1.. .. 

. . 
... - _:...: ___ :__~~-~ .. ~:.:-.:. .. ~ ~;~ .... : -
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APPEtHHX 1. 

wASTE SOURCC:S A!m FLO',!S 

// ~ 
7able 1.1. Su~~ary cf Cask Ship~ents 

REf :::F:~:NCt:: CA.iE: 

Rea£_tor_s to R~'Oository (S'Oe'lt Fuel) 
· Mode R1.::ac tOr' TV':l~ ~· •• _. 

P'.offi E:~ 
100~ Truck 
10Q1. Rail 

A3,611 · 26,942 
~.190 3,737 

Repository 

Har.for-': 
Idaho Eng. Lab 
Savannah River Plant 
West \'alley 

Truck 
2,250 

. 9,000 
11,600 

800 

R:ail 
450 

1,800 
2,.320 

115 

ALTERNATIVE CASES: 

Rea~tors to MRS (SPent Fuel) 
Mode 

1001. Truck 
100'- Rc.il 

Reac~ors to MRS ~Eastern SPent 
Mode 

1001. Truck 
100'- Rail 

MRS to Re:eositor:£ ~Consolidated 

Repos i tot':£ Cask 

_Rir.hton, Deaf Smi-th, 100 T 
Davis Canyo:1, 150 T 
Yucca Mt 100 T 

150 T 
Po.nfor.d 100 T 

150 T 

Reactor Tvn~ 
Pl,TR ~ B' .. "R 

44,222 . 26.~116 
6,267 J,~67 

f'u~ 1 Or!..W. 

P\oi'F. Reactor Tv-,.?e. BOJR 

4C,C:15 24,382 
:;,~93 3,390 

St~_!!at F~·ill 

Scenat'io Arrruer Eas£ern Fuei 

8,074 1,500 
2 ,103" 1,900 
8,050. 7,500 
3,186 3,000 
6,6iC €.,100 
1,823 1, 700 

MRS to Repository (SE'!contlary Waste) 

High 
Mode Cask ltardw~ Ac ti "i.t :£ Waste Transuran i-: 
Rail 100 T 1364 1270 159 \2 p'?r 
Rail 150 T 780 726 1"9 (;: per· 

Y.RS to He.,oc;itor:t: (Secondary waste fro!:\ E>nst"?rn sp<!r>t fll<:!!.)' 
High 

T:- rtrl!:'~ r~-~ !_-: 

-- .... . . : 

7 (, • 7· :, \ 

g.:.·,~ i 

To~al 

70.~b?. 

9 '93!. 

· T.~ta_l 
6!i,297 

9,183 

on 1yA 

T.}:l~··H"I 

~..-1 i!:; ·;~; 

Mode 
Rail 
Rail 

Cask 
100 T 
150 T 

!:!ard·..,.ara 
1300 

700 

~cti.vit:£ '..ias.te 
1200 

700 
150 (2 ~>N' :-.,!i·~·,:·:· 

150 (2 p~r r.,i.~:;:·~ 

AEstimat~s of shipment numbers 

-75-

BE3T AVAILABLE COPY 

~ 

~ 

·~ .. 



• 

• 

• ' i {. 

-· 

:a~:, ~.2. Hl..A~tr o! S'l".;at·.:• :o • lt;a.a.::l~f ~r:• t.a:~ lt•::.,r S:.:t 
lt !ertoc• :..,,, 

100: 1 :>e: · I ~:I 
Iter::~:- "~-- __ .J~:k __ ~_:.j ___ .~e!:l~-'U~---- ---~"';& 

r .. :.7-1 
,.~~.,.-: 

Pa:o Vt:-~'!-! 

r.:~ v. r~r-2 
ra:o Ver4•·l 

A.: a.•~··· ~.:: Oct•l 
A.ti.•:.IAI !C .. c~ Oar- 2 
c..:vtrt c: dh-1 
c..: .. rt Chf!a·: 
hlanr! 
lDb•u~o-2 
ln.Dawa•-2 
lr~o:aw>ck•1 
,., ry-1 
Perry-! 
Orta~t~·l 

~··-=·:":·: 
~u4t:~·) 

0"-•~·-=•t~•••t 
o-.,.a~·:tt•••-: 
Z.on•l 
Z a.o~·: 
:.. Sa~!t•l 

:.a ~.: :.-: 
1. r~n-~ 
IWr.)n•: 
Ira. :...,od•l 
~-!'\t::.:~o~t h~itt 

:l"'d&l" ro.nt-1 
:1\4 • I!'\ Po ~tH•: .. , il,):a hUit ,., , .. ~ .. 
.. ,e:.l"'.:-: 

1!0 11 
•• 7 

511 72 
lo&.oo 7: .... , b) 
7Al 1:8 
117 H 
193 1:; 
ISl 1:1 
7U I:S 
511 13 
799 111' 
h1 109 
lOll 1~0 
747 IOM 
ll~ II 
9C!9 l!b 
IH 114 
h2 ·11' 
e:s 11) 
lSI 1:2 
a:~ 117 
572 " 572 79 
ua .. 
bll .. 
HI 8J 
702 100 
10 11 

762 101 
l:llo 1• 
796 lll 
373 "' 

M~: :o:oGr-1 ... :;.~-:...-~ 
"•::,:,.,af'-J 
".Ha:~:r:lo 
P:aL:\f' :a:a~~-1 

P":'ll:'lf :.. :.-~: 

f.;)tt .c..:~c"a•! 
=-. .. ~:d: !.oy 
=>~•~!o :...-:!':\-; 
:~a!ll:. :..-:yea-1 
s .. a.; .. f'': a:.~•-1 
s--·~ .~ .. ·~~u- 2 
l'u:) loot:~.-2 
rto:)l loott.>or-l 
t.•wrick·l 
L• ... rick•2 
~O!ID 

Flllpo:rick , 
lJiduo ro.nt-3 
s •• ~::>e&-: 
Sra~:.).)&•2 

s.; ..... : 
.s.: .... : 
!i:?t ::cea-1 
ClDCI 
l..a'l:"'o St::t·l 
S...-n 
San ~ !.ro·1 
Sail :>e .. !rt•2 
So" :ln.>! r r-l 

eo;.;. 
·~) 

H 
Hl 
6)J 
b l: 
)). 

'~ 
%34 
279 
651 
61• 
lll' 
1126 
679 
U1 
330 
611o 
n~ 

416 
J:O 
a1 
71>4 
)09 
50) 
721 

le<:: 
l.o •• 

lll 
lOb 

b 
96 
9: 
1·~ 

'~ 
12 ,. 
1o0 
90 
as 

156 
U6 
95 
S9 
11 

107 
102 
u 
.& 

ID 
109 

71 
71 

10) 
2 

29 .... 
so 
12 
e: . 

1H· 

.. 

l'~d:o~d-1 334 "' 

So"'th ':'f'ut Pro!•! 
$cyt~ ~ •••• ''~J-: 
lr:w:l rer :y-~ 
lr:vo:se Flrf"'.W•: 
1:..,-.a .Fr:ry·J 
Stq~O~a'".~! 

12 
2C3 
306o 
)0.7 

590. 
H2 
699 
us 
986 
a;..~. .. :~ 
su 
5:~ 

1'-0. ::;'··· 
La -:r~••• 1-l 
Jt:-a.-: 1>09 
Cc~n••-1 7S9 
Qc~f\tt·: ·~ 2 
:,,=~···) 7i9 
flf:G .... rt·: liS .. :; ... ,.-: 1l 
If'•"'' .... : lt;'·l 7 )) 
!tlvtry "."a~:ev•2 272 

. :r:- 1:1: ...... ) 
·~· :'-t••1 h.-.t•J ti~ 

~.rat;w P:luH•• 694. 
Sc. :Owe lf•l n. 
Sc. ~vClf•: .. a& 
"-'~"=• -I lll. 
'Ut:!'•: 219 
Vol•~•-: ) .. 7 
voa~:..-: ~u 
l.wtr ,.,d-1 "H 
c:,:sc~D-: HI. 
~ c ::.Ooo•1 .... 
~ :: ':.::~~•-: tll 

"'·'"' v-.c:d \U 
=-:-• :tr er••- 777 
.... t ~, ... 191 s.,;,, .... %10 
;o'o:ortord•l •21 

~·-~· . !•····· uo 
~r•• "' :. :.:.r.d-1 72) 
:ra:"1~ :w! t-1 llo7 :: ·=~ :~: f~2 )I·~ 

.:.: .. ;lit:" 771 

·~-=· 
... , :. , .. :1·~ -1 700 ... : . ·\~1 ~= lOt• 2 2•J 

·u 
15 

lCI 
17 

111 
17 
11 

IOM 
)t 

" 99 
'it 

I: 3 
10 
~l 

loO 
.71 
•o 
u ,. 

llS 
Ill 

" 101 
21 
l4 
61 

1·0. 
10) 

3) ... 
I~? 

" ll 

S..q .. ot&l"•: 
••:t~. ill't•\ 
llot:e- ~or-2 
a.~:tf~tlt"r-& 

a.:~·.tont.-: 

' .· .... -

K.r~_111!;.~:t•Al 
v_.r~l·;.·!·:t•A.! 
,.~:·:· :; ... -\ 
Tt~::w -:r•••·% 
:..:~'\!"' '•••·l 
:....u~.:t\/ '•••.!2 =···· ~··•-1 
~a1 : .... ,-1 
'."t~•Qt Ta•&tt 

s .. sry·~ 
s~rry·2 

~r:rt ..._,_._,. 1 
~rtll &tl:'\1•: 

•tat-: 
~-1 
loiG'.) 

P.,u.: lrta:!'t·~ 

1'->u: .... ft-2 
t..- ...... ., •• 
!a=.att 
lr .. ~awt.:~-% 1''1il ,.,,1 
1•~:•••=•·1 Pwl P~ 
!lorr~•· ,.,. 
Mor no·PII'I 
'Jtat Ve!!t;~•!lil 

•••: Va~~trPWI 

..... 
3:·7 
lob) 

lU 
90 
50 

412 
JU 
2-a 
3110 
II') 
71.1 
•2~ 
)4) 

n) 
\)() ,. .. 
617 
6~0 

HI 
614 
,.~ 

72 
40 

1)0 
I~) 

17 
60 

S,"H) 

137 
... 0 ... · . . ;:, 
~-, 

'•' ·~I' ; 

74. 
~ .. 
b) .. 

. •) 
ll 

•• )I 
5l 
31 
51 
93 

10% 
77 .., 
ll 
tO 
H .. 
u 

"" tC ... 
10 
ll 
20 
u 

2 
I 

9,9D 

BEST. AVAILABLE COPY 
... :.. 

< • 



:"able 1.3. llvabu of Shi;o-~~t• to ao IO.S fro• tuttro and iloltna 
luoctor Snoe 

1001 b' ·1001 by 1001 by ~~= ~y 
/·--~-~~ctcir lla.a•:...· ___ 'rr-=-'-"~~::.•:..:1~---'•:..:•c::•c;:c..;;t~!.~---- t'r_ucll_. _Lt...!.!_ 

Farhy•l 
Far loy-~ 
~alo Vordo•l 
~alo Vord.-2 
~alo \'erclt-3 
Arltanoao ~cl Ono•1 
Arli.aooaa llud O..e-2 
Calurt Clifh-1 
Calwort Cliffa-2 
Pilari-1 
J.obiruo ·2 
tr .. nowick-2 
tr .. nawlclr.•1 
ll.trru-1 
hrry•l 
Perry•2 
l>rudon•l 
Drudon-: 
Dreadon•l 
Ql.ad Cltuo·1 
Quad C1 neo·2 
Z1on•l 
Z1on-~ 

LaS. I !.•1 
LaSallt·2 
lrron-1 
ly ron-2 
Brudvood•l 
lr&~dwood•2 
Conn~c t icut Yanlr.oe 
lndlln Po1nt•l 
lnd1an Po•nt•2 
h& Roc a Po 1nt 
Paluaclu 
Mldland·2 
Madland-1 
LaCroou 
F•nl•: 
Oconoo•l 
Oconeo-2 
O<onoo•l 
PlcG;uro·1 
M•c .. .,•-2 
Cataw~a-1· 
Ca:ow~a-2 

hovor Vallty•1 
huor Yallty•2 
.:ryttal l1ver•l 
T .. raoy Po •ot•3 
Twriuy Polnt-4 
St. l.o••u•l 
St. t. .. c .. -2 
ll.ttcll-1 
11.t tch•2 

. Voac lt•1 
'-'•&t1o-2 
liver hnc1•1 
Cl UltOn•l 
D C Coolr.-1 
D C Cooa•2 
O..ano ArlloOld 
Oyaur Cuel& 
W.,od Crul& 
S"oro"u 
llaurford-3 
Maano h~llot 

Thru Mtlo hla.od 
Cr aftd c .. lf-1 
Grat~d c .. 1 t-2 
Cooper 
~lot ~tit P~iot•1 
lllot Mtlo Potot·2 

337 )6 
Sl3 4S 
361> S2 
339 49 
332 47 
762 10& 
.09S 43 
893 127 
en 121 
761 10) 
H1 U 
799 111 
7,91 109 
160 23 
722 100 
S79 eo 
ll& 18 
909 126 
e:s 11" 
8b2 ' 119 
81S. 113 
e~a n2 
82.. 117 
b09 93 
b32 87 
S93 as 
)}2 78 
~70 81 
4o81o 69 
702 100 
eo 11 

762 108 
104 14 
796 113 
304 43 
261 37 . 
1lo3 19 
609 as 
n• 1oe 
612 17 
179 111 
334 .... 
268 39 
241 31 
198 2S 
7 3) lOS 
1S4 lZ 
616 ,. 
us 99 

694 " 
9!4 llO 
ln s~ 
S12 61 
4U S7 
~ou n 
290 41 
329 ioS 
4.07 .57 
.... ll) 
933 133 
.572 79 
777 leA 
U4 27 
201 28 
291 42 
980 14o0 
723 103 
318 4) 
210 ;\() 
771 I 07 
700 97 
1U 26 

Mi1htollo-l 
Mi 1 h to:oe-2 
Mi1lato'lt"3 
"':HlCtllO 
l't 11r it 1a laod·1 
Prn~i• toland-2 
fort Cali>o .. r.-1 

•!tu.obo 1 d t &.y 
· e:>iab1o C.oroo~2. 
•~tablo C.oyoo•l 
s ... q .. ohonna-1 
s .... c; ... ~ •• nr.a-2 
rucll ~ttor-2 
Puc II. lot tor-3 
l.lMI'iCll•l 
L••riclr.-2 
*':toJ•n 
ht&j)atricl& 
Iodiar. Po1t1t•3 
Subroolr.•1 
Subrook·2 
Soh.-1 
Soh-2 
lio>po·Cr~olr.•1 

\: lftn.l 
•JlAncllo· Soco•1 
s..-r 
"'Soo OnoCu-1 
•Soft Ono fre-2 
"'Sal! Ono f re-3 
So"th To••• Proj-1 
So"tft T•••• ProJ•2 
lrowno Ferry•1 : 
lr,;wne hrry•2 .. 
lro.,tu run-3 

\ ·s~q1.o 1 a~>-( · · '-.• 
·s.q.ioyall·l· • ·. · 
IIotta· lor""1 ..... 
·"w'~t:t~ a.r::z ' , . .i 
a.ite Cont •-1'· :~··: 

_ ._h11t Conto-2 
l'.aruvil h·Al 
li,;rt'~vilh•A2 
·eo .. a"t~cho Pulr.•l 
CotUt~cho Ptalr.•2 
Cavia·luu-1 
C.lhwoy-1 
Vorw>ot Tanl&tc 
Surry•1 
s~rr2 
lbrtb ....... .-1 
!lortll I.Ana-2 
...no->-2 
.._ICP•1 

*VNP-l 
Po1ot S•ach•t 
Poii'IC lucb•2 
J..wa .. ncc , ......... 
:lro·oow•:•·l Pill Pool 
lr•onow\:lr.-1 Pill Pool 
!lo rr a- Sill 
!lorria-NJ 
:O.ot Vol~oy·!lll 
Wet Valley•NI 

TOTALS 

-77-

a~ 

949 
2:7 
693 
6S\l 
631 
534 

86 
209 
2H 
516 
413 

1,1:6 
1·,126 

.500 
287 
80S 
8114 
714 

343 
177 
791 
764 
36) 
)03 
721 
21 s 
203 
306. 
)48 
s 39 
t.H 
91o4-
U1-· 
986 
saa-.
S71· ·· 
46>--
424'' ·" 

US.'> 
199. 
281. ~ 
1~!. ; 
294,-.: 
2H·· 
3ii . 
u:1 · 
67.5 
744 
620 
1&69 
4.20' 
605 
251 .. ..... 
uo 
.591 
634 
340 

72 
eo 

lSO 
lH 

17 
_t2 

70,5~ 

111 
135 

33 
96 
92 
90 
a 
12 
30 
)I> 

71 
67 

1Sio 
156 

7CJ 
4o0 

117 
127 

. 107 
49 
26 

113 
1:>'1 

S1 
71 

103 
31 
29 

"" .. 9 
7" 
1;4 

135 
1 .. 0 
1 )7 
t'll 
1:l8 

too 
61 
loS 
29 
.. o 
26 
42 
33 
1.3 
38 
9~ 
10~ 
u 
58 
so 

'" 36 
63, 
atl 
84 
90 
48 
10 
II 
20 
25 

2 
a 

9, 9 J.;. 

• 

'j 

., ~ . '· • 

••• 
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Table 1. '1. Facili~y Rcceir~ Rates for Scennrio 
Shipping to an ~RS Facility 

Invo! "Jir.::, 

/ 

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

------------------------------------···· 
All R~actors .P.?.S t.o ------'~"-'.?=.s to F."~u;;it~_::;.-:_ ____ ··-· _ 

to M!<S Reposit.ot"y Ha:-c· ... arc : .1-{i~~ Activi:y 
~~e~a~r~-~(~M~T~U~>----~(M~:~·u~>~--~(;c~a~n~i~s~t~e-~.s~)~~W~astc (ca~i$t~~~) 

1996 400 
1997 1,800 
1998 3,000 400 35 33 

··1999 3,000 400 35 33' 

2000 3,000 400 35 33 
2001 3,000 900 79· 74 
2002 3,000 1,800 158 147 
2003 3,.000 3,000 264 246 
2004 3 ,'000 3,000 264 2A6 
2005 3,000 3,000 264- 246 
2006 3,000 3,000 2611 2116 
2007 3,('100 3,000 264 246 
2008 3,000 3,000 .264 246 
2009 3,000 3,000 264 246· 
2010 3,000 3, ,oo· 264 246 
2011 3,000 3,000 264 246 
2012 3,000 3,000 264 246 
2013 3,000 3,000 .264 . ·' ·' 246 
2014 3,'000 3,000 26~ 246 
2015 3,0(10 3,000 :. 264 246 
2016 3,000 3,000 ._: :..2'64.,., . 246 

2017 2,t!OO 3,COO ·:···26~·,·· ... 246 
2018 3,000 264:. -. '!246 
~019 3,000 · .•. 264 .. 246 
2020 3,000 .. 264';. . ' 246 
2021 3,000 .264 246 
2022 1.100 ' '. :., 97.·::. 90 

~ _;. . : ;: ...;..:-::.. 
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c:-:. :·:.:; 
(.: :-·..:~ _:' 

7:. 
74 
7~ 

1 t•., 

3.H 
c r: I :J.•. 
< < ., 
.I .... 

552 
552 
552 
552 
552 
S52 
552 
552 
552 
552 
552 
552 
552 
552 
552 
552 
552 
L02 

. ! 
, .. 

::0 .: .:. 

-: ',{ '·1 

" 

.. 

BEST.AVAILABLE COPY 
.... "- .... 



Table 1.5. FacilU:.y Receipt Rutcs for Sccna:.·io Involvin~ E~~~te~-. i-{;· ~: . .:.: : : 

Shipping to an MRS ~::o.cility .) 
S'Dent Fuel 

Eal::te1·n Weste1-n Secondary W::~stP. Pre .!'l': ~:: 

Reactors Reactors to MRS to P.:tS to ~~:;.~ i~..::~.:· ·-··. -· 
to MRS ·Repository Repository Ha-r1ware High ;,;;,t i..-i.:.y. -··-

Year or::u) (M'!'U) (M!U) (canisters) Waste (C;}Tli!;~ •:,!.:~·--~-~ ··: . ' 

1996 370 
1997 1,665 
1998 2,'175 30 370 32 31 f,f .. 

1999 2,715 30 370 32 
.,. 

6~ • .J. 

2000 2' 775 30 370 32 31 63 
.. . 2001 2,775 : 6i .5 832 .'5 7;. 68 1 ~l ,, 

·2002 2,775 135 1,665 146 228 30':> 

2003 2,775 225 2. 7 75 244 228 511 

2004 2,775 225 -2,775 244 228 ~. 11 

2005 2,775 225 2' 775 244 228 s·1 l. 

2006 2,775 225 2' 7 75 2114 228 511 

2007 2,775 225 2, 775 24-\ ~28 511 

2008 2,775 225 2' 775 244 228 ·'· 11 

2009 2,775 225 2,775 244 228 Sl'l 

20.10 2,775 2~5 2,775 244 228 511 

2011 2,775 225 2, 775 ·.24<\ 228 511 

2012 2,775 225 2,775 . 244 .. 228 511-

2013 2,775 225 2,775 . . . ..... 244 228 ':ill 

2014 2,775 225 2,775_'· ·. ~ .. . . .' .244' 228 '2 .511 .f 2015 2,775 225 2. 775 .. 244 228 s.n 
2016 2,590 225 2,775 244 228 S'il 

2017 2,800 225 2,775 244. 228 511 

2018 2~~ 2,775 .. ~- . - ':244 .. 228 ·511 

2019 225 2,7/5 . 244 .·· 228 511 

202C 225 2,775 . -24'4 ''. ··= .... 228 ·511 

2021 225 2,7i!> •. .. 244': 228 ~1:1 

2022 82.5 1,017.5 90 83 187 

.. 
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Table 1.6. One-Way ':'n:c".< Hiles to· Richton E·~;-;;;i:~:·:; 

/ Po~ulat!t·:-: :--::·:·:··:-" ____ __;_;::...; . -----· .. -----. 

Site Na:":'.P. 

Reactot"s 

Bellefonte NP, AL 
Browns Ferry NP, AL 
Farley NP, AL 
At''lcansas NP, AR 
Palo·verde NP, AZ 
Diablo canyon UP, CA 

Humboldt Bay N?, CA 
R~ncho Seco NP,· CA 
San Onofre NP, CA 
Connecticut Yankee NP~ CT 
Millstone NP, CT · 
Crystal River NP, FL 

St.. Lucie NP, FL 
Turkey Poiut. NP, FL 
Hatch NP, . GA 
Vogtle NP, GA 
Arnold NP, IA 
Braidwood NP, IL . · 

Byron NP, IL 
Clinton Nr, IL 
Dresden !1P, IL 
G.E. R~pro·Plant.,. IL 
La Salle NP, I:.. 
Quad Cities NP, IL 

Zion NP, IL 
Wolf Creek NP, KS 
River Bend NP, LA 
Wate~ford NP, LA 
Pilgritt1 NP, MA 
Yan'lcee-Rowe NP, MA 

Calvert Cliffs NP, MD 
Haine Yaukee t-:?, ME 
Big Rock Point N?, HI 
·c·:ok NP, HI 
Fermi tlP, HI 
!:id land NP, HI 

Palisades N?, H! 
M.:>nticello liP, H.'l 

Rut"al 
Hiles 

273 
259 
241 
1157 

1,608 
2,037 

2,1;1~ 

2 ,'159 
1,846 

820 
823 
1168 

601 
632 
425 
408 
827 
720· 

733 
651 
729 
i31 
731. 
776 

703 
757 
156 

99 
85'3 
86 7 

~97 

889 
783 
624 
606 
639 

634 
998 

-80-
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7 ~-
70 -· 
69 .. 

12.3 ~ 

286 16 
369 26 

432 Jj 

377 2v 
34 7 "' 
517 4 
5119, 13 
110 0 

130 0 
205 37 
152 A 

]1,9 .. 
220 0 
158 0 

256 6 
148 0 
173 0 
173 0 
16 7 0 
182 0 

246 e 
232 0 
55 '4 
60 10 

598 10 
563 . "' ... _ 

311 1 .. 
666 l.'t 

440 1.: 
265 :.: 
::121 
422 

205 
.341. 



Table 1.6. One-Way Truck Miles to Richton r..:;:.c.r.i..tc:-y \·::.::-~:.~:~· .. 

Potlu lat !.v.!'1_~::..::..:::;:_"::·:___ ... / • / 

Rural Subur·~;:1 '/ 

Site Na:t~.e Mila!: ~i le::; 

Prairil:l !sland U?, Mil ~96 303 

Calluw;,y NP, ~0 5'<i l 7 7. 

Grand G1...~f NP, xs ".93 46 

Brunswick NP, uc 592 223 

Harris NP, NC '.6">0 349 .. 
McGuire NP, NC 395 227 

Cooper NP, NE 792' 231 0 

Fort Calhoun NP, NE ' . ' 854 251 0 

Seabrook NP, NH 846. 604 l.:O 

Hope Creek NP, NJ 6P.5 403 ... 
! -

Oyster Creek NP, NJ 785 415 . -· 
Salem NP, NJ 685 .403 1·. 

Fitzpatrick NP, NY 861 -450 '1 

Ginna NP, NY BOB 415 1.:. 

Indian Point NP, NY 815 A37 /; 

Nine Mile Point NP,. NY 862 450 .. 
Shoreham NP, NY 827 513 33 

West Valley RP, NY 777 371 
oavis-Besse .. P, or 615 311 b 

Perry NP, OH 6 7S: .· 308 
Trojan NP, OR 2,346~:: 442 '· • ·aeaver Valley NP,' PA 695 313 8 

Limeri...:k NP, PA ~~::tis·: .. - ... 
373 4 

Peach ar.ttot:\ NP., PA .. n4. · 357 s 
Susquehanna 

. . . -· . .. ' .. ~ .·.·• 
NP, PA '· 7.54 •. 377 .:. 

Three Hile Island NP, PA ' 
697 341 ,, 

Catawba NP, sc '~9·4 . ' 223 3 

Oconer. NP, sc 357 157 3 

Robinson NP, sc ·. 463 205 :, 

Summer NP, sc 427 177 

Sequoyah NP, TN 283 108 ·' 
Watts Bar NP, TN 337 115 .. 
Comanche Peak NP, TX 674 246 v 

South Texas NP, TX 8SO 287 1 '; 

North Anna NP, VA 654 262 

Surry NP, VA 569 369 

Vermont Yankee NP, VT 834. 5S9 j' 

WNP 1;2;4 NP, WA 2,218 404 

Kewaunee NP, WI 765 305, 

La Crosse BWR UP, WI 870 295 
Point Beach NP, WI 761 305 

-81-
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Table 1.6. T ~. ck Hil~s to Ricr~o~ One-\o:dy 

te Sites Hi?,'f)-Lr:v~l \-:as 

Hanford · 
Idaho 
Savannah River 
West Valley 

2,201 
1,829 

394 
778 

-·.· ·: '..; 

., ... · 

-S2-

...... 

h.C7 
328 
179 
371' 

i :~ .: :~: .. : . . 

; ... ':, 

-· .:._ .. 
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Table 1.7. One-Way Rail Miles to Richton Do!:l~ ;..---::=it::-; 
/ 

Site Name 

Reactors 

Bellefonte NP, AL 
Browns Ferry NP, Ai. 
F,arley NP, AL 
A'!:t<ansas NP, AR 
Palo Vat•de NP, AZ 
Diabl:~ canyon NP, CA 

Humboldt Bay NP, CA 
Rancho Seco NP, CA 
5an Onofre NP, CA 
Connecticl!t Yankee l-:P, 
Millstone NP, CT 
Crystal River NP, FL 

St. Lucie N"P, FL 
Turkey Point.NP, FL 
Hatch UP, GA 
VogUe NF, GA 
Arnold NP, IA 
Brairlwocd NP, IL 

-Byrct'\ NP, 1L 
.:linton NP, IL 
Dres~en NP, .IL 
G.E. Fepro Plant, IL 
La S:.lle NP, IL 
Quad nties Ni', lL 

Zion NP, IL. 
wr.lf C :-~ek UP, KS 

Rive:- E1e~ad NP, LA 
Waterford iH', ~A 

Pi l;;rirn IIi , HA 
'ianl-'e•:· FCWP. r;p' MA 

Calvert Cliffs NP, HD 
M~ine Y an:-<er. :;?, ME 
i:!lt RocY. Point NP, HI 
Cc.f.\k N?, MI 
Fer-mi t-P, MI 
Hi-1 lelia.! :JP' HI 

Palj,;.d•'!S t;: • Ml 
Hon~i:·,.,l~c ~~ p .., .. . ...... 

CT 

Rcral 
Mile:s 

342 
327 
437 
410 

1,514 
1,935 

2,320 
2,074 
1.818 
l.Oi4 
1,078 

462 

530 
537 
447 
485 
877 
694 

709 
636 
676 
674 
~96 

797 

t~o 

.685 
172 
180 

1,107 
851 

612 
950 
916 
7 1 ' 
eJ3 
7, ') .. _ 

727 
9 (~ C', 

83-

Pcr>ulatio~ ~:~...:.:_·_:..::·. 
Su~•J r:..::.:-. 

t! i 1 ~:.:..._ 

1.17 
95 

154 
c;g 

374 
.482 

627 
532 
111.1: 
601 
618 
104 

233, 
:354 
184 
181 
251 
153 

217 
133 
198 
19r3 
215 
2t.O 

206 
150 

9'• 
83 

6b8 
7 4 7 

502 
922 
Joe; 
332, 
~;:, 

4: . .:. 

.:;. 

.3 
:, 
1 
0 

~(. 

l('t 

c , 

~q 

6' 

~·3 

5&. 
3 

8 
38 

9 
r 

i •. ·~ 

~ '\ 

·' ~) • 5 
~ 

•· 
•' 

: .J 

• ..... ~ 
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!able 1.7. One-Way R~il Miles to Richton Dc~e ~~?=zito~y tr~~~i~~~~; 

Site t:a:-.e. ___ _ 

Prairir Island N"0 , Y.~l 

Callaway ~iP, HO 
Grand Gulf NP, HS 
Brunswic~< NP, UC 

Han·is NP, NC 
McGuire NP, ilC 

Couper NP, NE 
Fort Cclhoun NP, UE 
Seabrook NP, NH 
Hope Ct"eek liP, NJ 

Oy~ter Cr~ek NP, NJ 
Salem N?, NJ 
Fitzpatrick NP, NY 
Ginna UP, liY 
tndian ro:nt N?, NY 
Nine Mile Point N?, NY 

·sno•eham "NP, NY 
We~t Valley RP, NY 
Oavis-Besse ·N?, OH 
Perry NP, OH 
!raj at; NP, OR 
Beaver v·alley NP, PA 

Limerick UP, PA. 
Peach Bottom NP, PA 
Susquehanna,NP, PA 
Three Mile Island NP, PA 
Catawba t-lP, SC 
Oconee NP, ~C 

· Robinson NP, SC 
Summer NP, sr. 
Sequoyah NP, TN 
Watts Bar NP, TN 
Comanche ?e'k NP, TX 
South Texas NP, TX 

Anna N?, VA 
··~ .. 4' • •. n. 

tq .... 

PC'oula~.ic:~ C.~·:·.:-·· 
-----=-~ ·-----.... -- ---- ... 

:__·_:..· ... 

:. J: 
. (; 

·l 4 

15 
17 

7 
5 

46 
46 

52 
46 
44 
43 
48 
44 

87 
4.3 
25 
~2 

13 
zo 

28 
45 
23 
28 
:!,') 

~ :, 



Table 1. 7. One-Way Rail Y.iles to Richlcn 

/ 

Hig~-Level W~~te Site~ 

Hanfor-d 
. Idaho 
savannah River
\oles:t Valley 

R:..tral 
Y.i l~_L 

2,30. 
1,89~ 

460 
926 

·._. GS-

2~L.' 

205 
l6b 
4il4 ... 

·.· .. ' ...... 

• 

• 

•• 



• Table l.e. 

Reactor$ 

Ru.-al 
Hiles __ 

::c::.~ ':"'-- ... ,, ·""; ....... . .. - •· -. -... - .. 

l 

j! 

·' 
(' 

!_". 

~·.··· 
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Table 1.8. One- Way Truck Miles to Vacherie Do::-.a F.epo!: ~ t.c:-y '~\ ~-

Ponulatic:1 r.~..::..:.:.:::··.-__ ..... . 
Rurd Sub·.J:-:'.:~. I. 

5i.te i:la:11e Hiles Hi.lP.:-: --·-· 

Prairie Island NP, M!l 947 255 . 
Callaway tlP, ~0 5i9 195 i..' 

Grand Gulf NP, HS 148 30 " ,. 

Brunswick· NP, NC 73'9 272 3 

iiarris NP, NC ·s9s 398 4 

McGuire. NF, NC 542 276 3 

Ccoper NP, NE 694 205 1 

Fort Calhou:'l NP, NE 756 225 
Seabrook NP, NM 994 &52 l.:J 

Mope Creek NP, NJ 833 45.2 b' 

Oyster Creek NP, NJ 933 ~6L: s 
Salem NP, NJ 833 453 H. 

Fitzpatrick NP, UY 1,034' 474 4 

Ginna NP, ~y 964 us 9 

Indian Point NP, NY 963 4~!6 .4 
Nine Hile Point NP, NY 1,035 474 4 

Shoreham NP, NY 976 562 32 

West Valley RP, NY 934 404 ~ 

Davis- Besse NP ,· OH 772 3~4 1~ 

Perry NP, OH ,83 .. 342 ; 
1'rojan NP, OR -2.03~ 364 !. 

Beaver Valley NP, PA 851 347 :.I 

Limer-i:k NP, PA 883 422 to 

Peach Bottom NP, PA 837 415 1!> 

Susqueha~na NP, PA 902 426 J 

Three Mile Island NP, PA 845 390 3 

Catawba 1;p, sc 541 ~73 4 
Ocon<:!e NP, sc 504 207 ,, 

Robin~on NP, sc 611 255 .. 
Summer.NP, sc 574 227 •. 

·se.q_uoyah NP, Ttl 430 iss ' 
Watts B3r NP, TN 485 ::.~4 

Comanche Peak NP, TX 214 107 
S.:mth Texas NP, TX 390 .148 

florth Anr.a UP, VA 801 312 
Surry U?, 'JA 717 4LS 

V~r.nont Yan:-:·--£, Ill-'. VT 982 6. ·: 

... 11P 1; 2 ;.II l\? .• -.,;r, 1,906 3~" 
Y.ewa:.m~e UP, f<l 773 - , 1 • 

.> •• -

L-a Cr-o~s: 1· ... ::: t;r, ... S3H .1! ·" ... 
P.J! ~t. B,:a:::-. ';? • . , .. 

"~ 
j(; 

-S37. 

~[E~Y ~~/0Jl~~l~ ~©~V 

• 

• 

• 
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la':lc 1.5. C~c- ·,.;:: i' 7. .-.: c k 

Sit.·~ '·.·-~ .. ----------------··--··--·--------

Hanfor-d 
Idaho 
sav .. nnt~.~: Ri "Jc:
West Valley 

~:- .., •,. "'!-: L~ .. .:.. ... ··- .. --

... ,E:$5 
1,513 

541 

9.3~ 

...... 

:~~ .: •. .:. ·. 

4U5 

.•. :--- ... 



'' 

Table 1.9. One-way Rail Hil£s to '.'ac~.e:::'ie i:i:~e f .. ~~ .. ·'.: 

Site ~ • .:~e 

Bellefonte NP,.A~ 
B~owns Fe~~/ NP, AL 
Fa ::-ley UP, AL 
A~ka.1sas Ni, 1\R 
Palo Ve~de ·NP, AZ 
Diablo· Canyo~ NP, CA 

Humboldt Bay N?, CA 
Rancho Seco N?, CA 
San Onof::-e NP, CA 
Connecti~ut Yankee NP, CT 
M1llsto;"~e l!P, t:T 
Crystal Rive~ N?, ~L 

St Luc ic ta', FL 
Tu~key Point ~?. FL 
Hatch tlP, GA, 
vogtle NP, GA 
Arnold 1:?1 Ift 
B~aidwoo:! N?, lL 

By~on NP 1~ 

Clinton r;p, I:. 
Dresden NP I IL 
G.E. Repro Plant, IL 
L.a Salle NF I r.L 
Quad Cities NPI IL 

Zion NP 1 IL 
Wo~f C~e~~ H?, KS 
River oe~d N? 1 LA 
Wate:-fJ~c! N?, t..A 
F- 1 l t, , ... 1 -; !J!, , .~A 

~~t:k£e i\uw" UP, MA 

~alv?rt,Cliffs ~P 1 MD 
H4ln~ Yanf.P.e NP, ME 
Big Roc~ PoicL NP, HI 
Coo;... IJP, !'{:i: 
t'F·~mi !i?, r'I 
Mid land ~ii'. ~I 

P:1li sa des II?, ~:: 

Monticello HP 1 M~ 

Ru::-aJ. 
tlil~::: 

&57 
575 
753 . 
220 

1;.325 
1,747 

2,132. 
1,885 
1,H6 
1,020 
1,024 

733 

798 
804 
763 
801 
793 
744 

834 
686 
622 
620 
830 
76~ 

910 
. ·113 7 

242 
267 

1,05~ 

988 

935 
1,094 

862 
f, 18 
.'i~ 

7'J"j 

C!3 
1,041 

-'~ .. -

pr "::U !.1 ~ ~-~~----~"': • • 

Subu::-: .. ,:. 
\1; ' 1 .. ··-.L.· .. _ 

220 
2'~ ... 
26:) 

61 
234 
343 

487 
392 
286 
617 
634 
255 

385 
~Oi 

~96 

2c;3 
136 
181 

168 
161 
218 
218 
122 
148 

242 
St, 
57 
&C 

€.34 

522 

.. 

-· 
...... 

l' .• 

.· .. 

;.:=-. 

4> 
4. 

) . -··· 
·' ... , . 
J.l 

20 

2~ 

~\) 

'. ~ .. 
:!C. 

'.i 

1 ., 
··'' 

:.2 , .., .. ,. 
~ 

... 

1· 
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____ s""'i te ~;a;:'e 

Prairie I:ilar.d t:P, I'll 
Callaway ~P, MO 
G:and Gulf li?, ·MS 
B~~nswic~ NP. NC 

Harris Nl', NC 
McGuire UP, NC 
Cooper NP, NE 
Fort Cal~oun N?, NE 
Seabrook NP, NH · 
Hope Creek N?, NJ 

Oyster C:ee': NP, NJ 
Salem t:P, NJ 
Fitzp~tt"ick NP, N~ 
Ginna NP, N~ 

Indian Point NP, N~ 

Nine Hllc Point N~, NY 

Shoreham NP, NY 
West Vall~y RP, N~ 

Davis-Besse NP, OH 
Perry NP, OH 
T.rojan NP, C'P 
Beaver Valley NP,·PA 

Limeric; .. NP, PA 
Pea~h ~ottom NP, PA 
Susquehanna NP, PA 
Three Mile Island NP, PA 
Catawba NP, SC 
oconee N?, SC 

Rob:., .. on N°. S\. 
Summer NP, SC 
Sequoyah NP, TN 

Watts Bar NP, ·IN 
Cowanche P~ak NP, TX 
South Texas NP TX 

NorLh A~na UP, VA 
~ur:-y N?. •r;.. 
v c r;.11 Jrl t Y. .~:-: ~:.,_.,- ·? , ·<~·: 

~HP 1;2;4 MP. ~A· 

La c:r-.os::(' :. ·· -~ ~:?, WI 
Po.ir.t :"~:-at:~• .·;·· '· ~~r 

Pot:ulaticn r;~:-~~-·.----·-··-
Rut"al Subt..rt.;:-: 
Mil-a£_ MJ.!"'.:; - -·~ ·-

996 201 ~ 

589 101 0 
115 29 (l 

924 394 32 

874 :373 32 .. 
795 369 3~ 

760 162 5 
824 146 9 

1,042 644 4c; 

896 57 7 40 

'91)1 693 47 
901 579 41 
898 454 38 
870 429 38 
989 576. Laj 
898 454 38 

999 645 81 
.. 9S3 451 La7 

-1,048 240 14 

•' .. 1,056. 27 7 -~1 

:.::: ·.:2 .• 395'. .304 10 
:_1,144:- 307 

.,, 

.<.~ 

. 890. 554 z:, 
906 S15 .1'4 
922 521 23 
888 490 :.:J 
709 449 27 
665 319 .,. 

~o 

794 354 3'.:. 

733 404 '7 
·~ . 

626 248 ~~ .. 

654 256 -. ... 
272 81 , '· 

.~ 

311 118 17 

1,0.20 4?3 ' -'· . 
. 1,0114 417 '· 
1,0~ 1 577 
2,1:.!6 210. 

972 2t):; 
952 1 C.!.. 

9f.l :l.:.··,· 
-90-
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Table 1.9. One-Way Rail Miles to Vach~rie r·c::-;e :i\.:;:;osi':.~r-:• ::..:.:.·.:· · 

Site tia::-.o 

High-Level Wnste Sites 

Hanfo:-d 
Idaho 
Savannah River 
West. Valley 

/ 

____ __:...P=.O.::.'='.::U..::.l~~•..:.':...:.:_ C·!'l C,:~ ~· ·:_: ~:.:.: . .' __ ... 
Rural 
Miies 

2,120 
1,659 

727 
955 

-'11-

219 
187 
319 
452 

.; ... 

•• 
.. 

-::: 
l;'J 

•• 

·-· 



• 

• 

~• 

Reactors 

Bellefonte NP, A~ 

or-owns Ferry NP, AL 
Farley NP, A!. 
Arkansas NP,.}-{ 
Palo ·Verde NP,. AZ 
Di~bio Canyon NP, CA 

Humboldt Bay NP, CA · 
Rancho Seco NP, CA 
San Ot1:>fre NP, CA 
Connecticut Yankee NP, 
Millstone NP, CT 
Crystal River NP, FL 

St. Lucie NP, FL 
Turkey Point NP, FL · 
Hatch 'NP, GA 
VogUe NP, GA 
Arnold NP, IA 
Braidwo~d NP, IL 

Byron NP, IL 
Clinton NP, IL 
Dresden UP, IL 
C.E. Repro Plant, IL 
La Salle NP, IL 
Quad Cities NP, IL 

Zion NP, IL 
~olf Creek NP, KS 
River Bend NP, !.A 
Waterfo~d NP, LA 
Pilgrim NP, t'.A 
Yankee-Powe NP, HA 

Calvert Clifts NP, MD 
Maine Yankee NP, ME 
Big Rock Point NP, HI 
~-;,ole NP, HI 
Fern.i NP, HI 
Midland UP, HI 

Palisade~ UP, HI 
M~~t~~ello 9?, H~ 

CT 

R:.ral 
Hiles 

925 
912 

1,'111 
485 
699 

1,128 

1,509 
1,250 

937 
1,310 
1,313 
1,284 

,1,418 
1,448 
1,118 
1,099 

818 
803 

903 
760 
812 
814 
814 
852 

828 
506 
731 
76.0 

1·,343 
1,273 

1.303 
1,379 
1,053 

824 
967 
910 

834 
909 
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Pooula~ion Ca~~~-~v ·--------· 
, ... . 
. ... . 

195 
1134 1:. 
270 1~ 

87 0 
73 1~ 

15 7 26 

219 33 
1,65 2~ 

134. 21 
600 8 
6'33 , , .. , 
377 10 

~96 10 
471 48 
318 10 
324 10 
173 0 
244 3 

20A 0 
219 3 
249 3 
249 3 
242 3 
187 0 

320 l -~ 

83 '· 
315 ~ j 

361 ;>a 
6133 .: ·"' 
634 

388 ., . .. . 
350 l :: 
SOta ' . 
.132 
375 . ' 
A ~36 • i 

3.'>2 '' 

223 
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Table 1.10. One-'r:ay Truck Miles t.o Dea~ Sr.1i.th Cvur~ty :-:c·?::,::: ·· 
(Continued) 

Prairie Island t<?, 1~1 

Callaway tiP, HO 
Grand Gulf NP, MS 
crunswick NF, NC 

Harris NP, NC 
McGuire NP, NC 
Cooper NP, NE 
Fo~t Calhoun NP, NE 
Seabrook NP, NK 
Hope'Creek NP, NJ 

Oyster Creek tlP, NJ 
Salem NP, NJ 
Fitzpatrick NP, NY 

Ginna NP, N'i 
Indian Point NP, NY 
Nine Mile Point NP, NY 

Shoreharr. NP, NY 
West Valley RP, N~ 

Davis-Besse NP, OH 
Perry NP, OH 
Tro,3.m NP, OR 
Beaver Va~ley NP, PA 

L i rnA r i c k NP , P A 
·.•ea~h Bottor: NP, PA 
Su~qu.,h·m~a NP, PA 

ThrPe HLle l£land NP, PA 
Catawba NP, ~::: 

Oconee tlP, SC 

Robinson N?, S1.. 
Summer NP, SC 
Seq~oyah NP, Ttl 
Watts Bar NP, TN 
Comanche Peak NP, TX 
South TeX3S N?, TX 

North A~na NP, VA 
Surry NP, VI;. 
Vet"''l".ont Ya:tkl;!e tiP. VT 
W'!lP 1; 2; II UP, WA 
Kewattn'er.: liP, wl 
La Cro~se B~R U? .. Wl 
Point Beach U?, Wl 

Rut"3l 
Miles 

902 
b78 
849 

1,287 

1,135 
1,073 

&!>0' 
712 

1,335 
1,208 

1,289 
1,208 
1,205 
1,135 
1,305 . 
1,706 

1,318' 
1,105 

976 
1 ;"01)5' 
i ;590: 
,1,0,24 

1;239 
1,219 
1·, 222 
l ,'20'1 
1. 0111 
1,048 

1,158 
1,107 

918 
944 
459 
616 

1·,.261 
1,291 
2,312 
1,463 

~88 

946 
ses 
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?ot~ulat ::.-:-: C~:-~- ~· :_~~.~~··----
SU~'.!:··-::3:'~ 

~:i ~·~~-

U.3 
:.:;5 
209 
3Sb 

412 
340 
132 
152 
&.88 
554 

.. !:63 
554' 
539 
5!4 
520 
539 

::)96. 
469 

'31:15. 
407 

240 
42i:, 

.·;;'. ~. ·~ 

~\~ 1 
-~·-,c, 

4 ,j:_, 

.t:8':1 

3·~9 

J06 

339 
308 
21<:: 
10" .;) 

115 
231 

J9q 
~ _:.! 

'· :·6 
201 
37q 
1•1"> 

Jl=l 

• . -

~-

-· 
iS 

~: 

~. 

·~ 

~ l 

• 

••• 
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Table 1.10. One-Way TLUck Miles to Oc?.f Smith Cou;'lty P.~;,o::it.o~·:· 
(Continued) 

Site Name 

High-Level Waste Sites 

Hanfor-d 
Ida':1o 
Savan·nah River 
West Valley 

Rur-al 
Hiles 

1,447 
1,074 
1,08.3 
1,105 

/ 
Popul3tion C2t~c~~v 

Subur-t-a;'l 
Hiles 

203 
125 
327 
471 

13 
15 

.11 
3 

-· , ... 
. ' 

. ~ '. .• ":·.'t 

~. 7:::. ;:. .~ .... . . :.. ~ 

. - .· 

-,,·:_, .·.:. 



Sita Name 

Reactor-co 

Bellefonte NP, AL 
Br-owns Ferr-y NP, AL 
FarlP.y UP, AL 
Arkansas NP, AR 
Palo Verde NP, AZ 
Dia~lo Canyon NP, CA 

Humboldt Bay NP, CA 
~ancho Seeo NP, CA 
San Onofre NP, CA 
Co~necticut Yankee NP, CT 
Millstone NP, CT 
Crystal River NP, FL 

St. Lucie NP, Ft. 
Turkey Point NP, FL 
Hatch NP, CA 
Vogtle N~, .CA 
Arnold ~rp, IA 
Braidwood HP, IL 

,Byron NP, !L 
Clinton !lP, IL 
Ot'esden HP, IL 
G.E. Re?ro Plant, IL 
La Salle NP, IL 
QuQd Cities NP, IL 

·· Zion tlP, IL 
Wolf Ct"P.~k NP, KS 
River' B~nd NP, U. 
WaterfoC'c'. NP, LA 
Pi:to •. irri NP, MA 

. Yankee-r..o~:e NP, 1-'.A 

Calvert CHH!l NP, M:.. 
H~ine Yankee NP, ~~ 

Bir, Rock Pciut :w, !'!::. 
Cook UP, MI 
F'et'!r.i HP, Hl . 
Hidlanc! ~l?, MI 

Palisa1~~ NP, H! 
t:ontic.<>llo ::p, !:.! 

Rur-al 
~iles 

1,229 
1,013 
1,441 

oB1 
836 

1,173 

1,507 
1.2~3 

1,0S7 
1,32<1 
1,296 
1,260 

1,327 
1. 334 
1.~07 

1,445 

. ·:..: 

832 
857 

874 
~11 
SO' 
e.::., 
Boil 

'10') 

951 
1168 

7 31· 
n:: 

1, 3:"', 
1 •. ·· 

1.3~S 
1 • 3 ,, ;; 
.. ! ~ !l 

... :, 

• 4 i ~. ! .. ,., 
'• ·' 

2i4 
255 
409 

88 
.. 87 

22.5 

305 
232 
!56 

'&59 
().9J 
4,~~ 

5J9 
660 
3BS 
3S: 
u..: 

, ., . ·-

...... ~ 

:: i 

IJ 

.:6~ 

... 
•··•• .J 

1'• •. ·• 

33 
0 
9 

60 

= 
2') 
£.2 
7 3 

. J 1 

-~ .~ 

•• 

• 

• -· :.. ... 



•. ) Table l.ll. Cnl!-.:cy Rail Milos to Dc:tf :~ith Cc~nty.cc~c~itn~y 

/ 
{Continued) 

Ponul~t~c~ c~~~-o~v 

l:.ural ~:ubu.-b:::l t::-:.:.:1 

Site_'ti~!!':~ Hiles ~i le.!: 1 ~ i ~. :' ~ 

Prairie Island ~7, 1:.1 1,036' 177 2 

callaway UP, MO 700 6.2 0 
Grand Gulf llP, KS 654 179 12 
Brunswick liP. HC 1 '3 7 7, 389 23 

Harris liP, uc 1,391 
. i 

464 31 
1- KeCuire UP, uc 1,474 396 37 

Coope:- t..'P, liE 777 113 4 

Fort C;.lhoun liP, NE 863 122 2 
Seabrook HP, HH 1,315 . 700 66 
Hope Creek ~, UJ 1,275 558 ~5 

Oyster Creek ~P. NJ 1,281 654 52 
Salem liP, HJ 1,280 560 43 
Fitzpatrick liP, UY 1,20:.. 496 48 
Ginna 'llP, HY 1,143 486. 58 
Indian Point !.'P. Tt ·1,293 618 52 
Hine Kile Po'int ,""",> HY 1,202 496 ~8 ... 

• S':loreham liP, HY . 1-;271 701 102 
r West Valley RP, .HY . 1,3,11 350 24 

Davis-Besse liP, OH 1,088 216 7 
Perry UP, OK .1,097 252 23 .· ... 
Trojan liP, oa ,1,9$4 203 22 
Beaver Valley HP, PA ~ i_~1~( 281 15 

;.',,)',), 

',•\ 

Limoariek liP, PA ,1,269 535. 27 
Peach Bottom HP, PA .. i ,25~ .. 504 46 ........ 

'1,302 
.. . '• 

Susqueh:tnna HP, PA 501 27 
Three Kile Island UP, PA 1,268 HO 27 
catawba UP, sc 1,318 399 28 
Oeonoe liP, SC· 1,279 388 27 

Robinson liP, sc ·t,310 us 33 
SU:IrrDo r IP , sc 1,346 351 28 ... ~ ... ' . 
Sequoyah UP, nr 1,194 244 25 
Watts Bar liP, ·nt · 1,173 231 25 
Comanche Peak llP, n: 414 47 0 
South 't(:XQS HP. 'r% 666 167 22 

..... .· } 
Borth Anna liTP, VA .1, 421 3~2 35 
SUrry UP, VA .. 421 382 9 

Vet"mOnt Ys.nkee UP, V'l' 1,324. 633 67 
WP 1;2;4 3P, WA 1,538 179 15 
!:ewaunee !TP, WI 992 2:8 2~ 

La Crosse BM.'R liP, WI .. 969 142 2 
Point Beach ~~. WI 985 288 2~ 

~-) -96-
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'!o.blo 1.11. 

Hanford 
lcS•ho 
Savannah River 
West Valley ·· 

Cne-\:;>y r.ai.1 t:ilco to <···::.~ 
(C.:~ t. :_ :-:.~.: ,_:) 

r'" ·-: • ·
.... - ~ l c.:·.;:-:· .... 

-----'-~..;..'"'" .. ; ,.. ~ : •. .... .- . : 
r:·..::- ::11 
l::.: .~ .. ~ 

l,53i 
1,060 
1,180 
1,311 

-97-

-~·-~:..: 

17'? 
12£: 
315 
351 

lC. 
-~ 

~6 

25 

• 

• 

• 



.) Table 1.12. Onc-\-:ay Tx-..1ck Hi lc:; to Davi~ R~~~:;itory 

PClT'Illl.:-t.in-;, C.;tr·£!_·v ____ 

Rural Su~ur!:li!n l: :<- .:. :l 
Site N:::::e ·Hill'!l !! i 1 ('-: ~: : ~ ,·- -: 

Reactors 
\ 

Bellc.fonto UP, AL 1,432 326 9 
Browns Ferry UP, AL 1;4~1· 315 11 
Farley HP, AL 1,617 L02 18 
Arkansas Ill', AR t·,oss 119 .. 5 
Palo Verde RP, AZ 457 51 10 
Diablo Canyon NP, CA 893 126 27 

Humboldt Bay Ill', CA 1,555 184 12 
Rancho Seco NP, CA 915 129 23 

San Onofre Vl'. CA 702 104 22 
Connecticut \an\cee NP, CT 1, 744 573 19 
Millstone HP, CT 1, 745 605 28 
Crystal River NP, FL 1,789· 510 9 

St. Lccie Ill', FL 1,924 528 .9 
Turkey Point NP, FL 1,952 604 47 
Hatch Ill', CA 1,624 451 9 
Vo&tle Ill', CA '1,604 457 9 

• '· 
Arnold Ill', IA 1,106 132 9 
Braidwnod NP, IL 1,.244 176 9 

Byron Ill', IL L 1.~0 165 9 
Clinton Ill', IL 1,259 183 9 
Dresden llP, IL 1',229 171 9 
C.E. Repro Pbnt, IL 1,231 171 9 
La :>alle !lP, IL 1,230 U3 9 
Quad Cities NP, IL 1,139 147 9 

Zion HP, IL 1,242 241 17 
Wolf Croe\c Ill', KS 970 95 7 
River Bend llP, t.A 1,302 3~9 18 
Waterford Ill', t.A 1,3:S1 395 26 
Pil&rim Ill', HA 1,775 656 25 
Yankee-Rowe HP, HA .... ~97 612 23 

Calvert Cliffs HP, MD 1,672 517 20 
Maine Yankee HP, HE 1,811 724 30 
Bi& Rock Point NP, ~T 1,465 428 ~3 

Cook HP, H.! 1,239 254 19 
Fermi NP, hi 1,302 384 1c; 
Midland HP, HI 1,3?.~ 410 23 

Palisades NP, HI 1,248 274 19 
Monticello HP, IDl 1,195 194 10 

-98-... ) 
.... 



'!able 1.12. Cno-lol.l)" ";:_;:c~~ 1:: :.·:• to : ,:•.-: ~ 

( Cv:-.t ~:-.-..;• :·:) 
/ 

........ ' .. 

Prairio I~:land L7, l:::.l 
ca lla..-:~y ~"P, 110 
CraneS Cul£ RP, ~~ 

·~nmswick UP, t.:c 

Harris w, He 
HcCuire JJP, liC 
Coop or L"'P, NE 
Fort Calhoun ~7. HE 
Seabrook L't', l!H 
Hope Creek HP, HJ 

Oyster Creek h~, NJ 
Salem liP, WJ 
Fit:patrick h7, UY 
Cinna HP, JJ'Y 
Indian Point L"P, t.""i 
Hine Hile Point h"'P, HY 

Shoreham 5P, UY 
West 1alley RP, UY 
Davis-Besse k"'P,· OH 
Perry liP, OH 
Trojan HP, OP. 
Beaver Valley HP, PA 

Limerick VP, PA 
Poach Bott~ HP, PA 
SUsquehanna HP, PA 
Three Kile.Island 5P, PA 
Catawba rJP, SC 
Oconee liP, SC 

Robinson tiP, sc. 
summer llP • sc 
Sequ,.,yah HP, Tll 
Watts Bar i.·1', TV 
Comanche Peak HP, TX 
South Texu 1lP, TX 

Uorth Anna 5?, VA 
Surry 1.;7, VA 
Ve~nt Yankee t.."P, VT 
lo:W 1 ; 2 ; 4 S'P, WA 
J:ewauneo !<1', WI 
La Crosse E~~ L"'P, WI 
Point Beach L"'P, ~I 

:·: ]··. --· .. _ 
1,1QO 153 
1.0~~ HI 
1,421 242 
1,793 41:!9 

1,640 545 
1,578 472. 

9U 904 
890 93 

1,768 661 
1,655 579 

1,744 535 
l t 655· 580 
1,629 517 
1,559 491 
1,739 492 
1,630 517 

1~751 .568 
·1,530 U7 
1,379 305 

., .. 1,431· 384 
·" . ' . ~: . ~57 . ·" . 226 
- • .a • .-:: 

l,-~66 389 

_. ___ }',6~-~: ... 493 
l! 

1,674 ·- 484 
1,656 416 
1 ,·656 458 
1,566 483 
1,553 438 

1,663 471 
1,613 441 
l,A24 350 
1,451 328 
1,033 147 
1,267 124. 

.. 
i, 743 . U4 
1,772 478 
1,735 634 

f\30 lSS 
1,302 301 
1,233 153 
1,298. 301 
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9 
Q 

7 
30-
15 

21 
15 
20 
26 
19 
20 

~9 

l9 
19 
19 

4. 
19 

19. 
22 
19 
19 

9 
9 

9 
q 
9 
9 
5 

11 

12 
17 
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Tablo 1.12. One-way Truck Ki lr.:; lo r.:wi;. :·.·;c!: i lcr:: 
(Conlinuct!) 

Hich-L.,·•ol \o:ast.a Si_+-.P9 

Hanford 
Idaho 
Savannah River 
Wut. Valley 

817 
~69 

1,59~ 

l,53J 

... .. . . . ... . :~! 

··:.:· . .... ., ... _· 

-100-
'i, 

190 
130 
~60 

448 

5 
5 
8 

~0 

: .. -~ 
• • ''II .. -· ,} 

. : . ~. .·, 

.. ) . . :· 

;, .. -- . .: 

'' ;_ 

' - f 1 
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'htlc 1.13. ~P.-lo:'ay F.:d! ?: ~! .. :- r· .· ' .. ·: ~ .. ..... i :. .. ·:::: 

/ • .. ... ' ' ~ .. ·- -----···-· 
f.\;:-;.ll -.. : ! . :. ~~ 

~H" !:.'"'-"' l~ ':. l r· ·~ .. .. ------ ---·--

R"a'=t.ors 

Bellefonte lrP, . /..L 1,7£.1 275 , .. 

Browns Ferry NP, AL 1,5:0 ~61 =~ 

Farley NP, A.L 1,969 412 3~ 

Arkansas; t.~, A.R 1,330 101 0 

Palo vu·de NP, AZ 1,397 359 31" 

Diablo Canyon ~P, CA 1,007 284 JA 

Hu•~boldt. Bay NP, CA 1,127 2R7 ~, 

4 I 

Rancho So!CO tiP, CA 863 151 23 

San Onofre t.'F, CA 863 130 27 

Connecticut Yankee NP, CT 1,657 710 f-0 

tti.llstone NP, CT 1,661 728 so 
Crystal River l.'"F' FL 2,008 413 30 

St. Lucie NP, FL 1,982 531 3~ 

Turkey Point HP, FL 1,985 656 f7 

Hatch HP, CA 1,9~6 389 :\q 

Vo&tle NP, CA. 1,975 385 19 

Arnold NP, 1A 1,369 110 b 

Braidwood NP, IL 1,391 120 11 

Byron N?, IL 1,410 141 6 • Clinton llP, IL 1,347 92 11 

Dresden· NP, IL 1,280 145 to 

C.E. Repro Plant, IL l' 26 7 155 6 

La Salle NP, IL 1,366 166 22 

Quad Cities NP, IL 1,345 122 6 

Zion NP, IL 1,481 219 D 

Wolf Creek HP, KS '1,082 47 0 

River Bend NP, LA 1,830 320 17 

Watorford NP, LA 1,781 193 0 

Pil&ri:n NP, MA 1,690 ps 78 

Yanke.e-Rove !lP, KA 1,974 459 37 

C~lvert Cliffs NP, HD 1,651 610 59 

Ka \ne Yankee HP·, ME :.,078 629 39 

Bi& Rock Point ~~. KI 1,518 298 30 

Cook NP, KI 1,276 221 23 

Fermi N'P, KI ·1,435 3:!0 50 

Midland 1.7, Kl 1,389 413 32 

Palisades 'In', HI 1,288 ~57 :3 
Monticello liP, ~ 1,242 J.29 17 
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• 
~~~tr ~~l~~l~~l~ ~©~V 

·-



.) 

• 

• 

Table 1.13. One-~~y Rail ~iles to Davis Rc~csilo~y 
(Continued) 

S i tP. U a::-.o 

Prairie Island ~~. HN 
Callaway uP, MO 
Grand Gulf HP, ~S 

Bn.mswick NP, NC 

Hards HP, NC 
McGuire NP, NC 
CoopE!r NP, NE 
Fort Calhoun N?, NE 
Seabrook UP, NH 
Hope Creek N?, UJ 

Oyster Creek NF, NJ 
Salem HP, llJ 
Fitzpatrick NP, NY 
Ginna HP, llY 
Indian Point NP, NY 
Hine Mile Point NP, NY 

Shoreham HP, NY 
Wes~ Valley RP; UY 
Davis-Besse HP, OH 
Perry bTP, OH 
Trojan bTP, OR 
Beaver Valley HP, PA 

Limerick HP, PA 
Peach Bottom NP, PA 
Susquehanna HP,· PA 
Three Mile Island HP, PA 
Catawba llP, sc 
Oconee HP, SC 

Robinson HP, sc 
Swn:ner· HP, sc 
Sequoyah liP, nr 
Watts Bar HP, TH 
Comauehe Peale lilP, TX 
South Texas HP, TX 

North Anna liP·, VA 
Surry HP, VA 
Vermont Yankee NP, VT 
\.'}:p 1 ; 2; .- NP, WA 
Xevaunee liP, WI 
La Crosse DWR NP, WI 
Point ~each HP, WI 

-----'P-'o'"'-n-"u:..:..l ~ U en C: :" ~,.. • • , •. _. __ 
Rural 
HilP.s 

1,571 
1,400 
1,747 
1,946 

1,896 
1,844 

937 
886 

2,025 
2,511 

1,614 
1,615 
1,538 
1,509 
1,627 
1,537 

... ·, .1 •. 4_34 ,,.-
1,684 

.. 1,619 . 
"' ·. ~ -. ;l .. £12.6. 

.. 1,_!)62 .. 
1, 714. 

1,60,5 
1,623 
1,640 .. 
1,606 
1,847· 
1,808 

1,815 
1,878 

,1,727 
1,706 
1,190 
1,701 

1,794 
1,950 
1,690 

911 
1,520 
1,378 
1,511 
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Subu:-b;l:-1 c,;, .:: 
t'( i 1 r.!l 

176 
117 
237 
495 

473 
369 

56 
tlS 

585 
604· 

702 
606 
545 
521 
668 
545 

738 
380 
218 
256 
172 
286 

581 
537 
545 
514 
403 
393 

1155 
353 
244 
230 
224 
254 

~12 

387 
669 
165 
170 
129 
205 

6 
8 

lb 
32 

32 
23 

9 
7 

39 
66 

72 
66 
65 
64 
69 
65 

10.9. 
30 
1:1 .. ·: ., 
2,8 ::.: •. 
13 ...... 
'20, :·," 

48 
52 
118 --.. 
48 
3_4 
33 

34 
33 
31 
31 
29 
22 

3:7 
13 
73 

4 
20 

... 7 
29 



To.ble 1.13. One-w:;y Hailr:~lc-r. to::':;·.·:::- i:-.';:~s:.~'':'J 
(Conti:-.~::-.:) 

r~-·!':'::.7"~ c .... ~ ...... :- ... 
----~ -----·--·~-----

Hanfod 
Idaho 
Savannah River 
Weat. Valley 

·· ..... ~ 

F:.!r-;·l 
t: :. ! /"·-

904 
.a26 

1,750 
1,682 

··•:. 

-103-

r • .• ..... -·~ .••• ··-· -... ~ ... 

165 
123 
419 
381 

4 

6 
35 
31 

·' .. 

·' .,l.l' 1 

•.. ) 
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Table 1.14. 

.) / 

SitA 17:?.~ t:: 1 , .. ~ 

ReAc:tor-g 

Bellefonte HP, AL 1,762 270 23 
B'rowns Ferry NP, AL 1,750 25~ 24 
Farley N?, Al. 1,948 345 30 
Arlcansas llP, AR 1,322 263 13 
Palo Verde HP, AZ 512 . 83 10 

. Diablo Canyon HP, CA 490 108 28 

" Humboldt Bay HP, CA 870 171 36 
Rancho Seeo HP, CA 613 116 28 
.San Onofre HP, CA 299 86 24 
Conneetieut Yanlcee NP, CT 2,170 626 17 
Millstone HP, CT 2,173 659 26 
Crystal River HP, FL 2,121 452 23 

St. Lueie HP,' FL 2,255 472 23 
Turkey Point HP, FL 2,284 548 61 
Hatch HP, CA. 1,955 394 23 
Vottle NP, CA. 1,937 400 23 
Arnold HP, IA 1,529 189 7 
Braidwood HP, IL 1,668 232 7 

.. 

• Byron HP, IL 1·,613 221 7 
Clinton HP, IL 1,_683 240 7 
Dresden HP, IL 1,652 227 7 
C.E. Repro Plant, IL 1,655 227 7 
La Salle HP, !L 1,653 220 ? 
Q'uad Cities llP, IL 1,563 204 7 

Zion HP,· IL 1,667 296 15 
Wolf Creek HP, K.S 1,372 116 7 
River Bend HP, LA 1,567 391 26 
Waterford HP, LA . ~,596 438 33 
Piltrim HP, MA 2,203 . 708 L3 
Yanlcae-Rowe I1P, HA 2,1.24 665 21 

Calve.rt Cliffs HP, MD ·2,076 538 20 
Kaine Yanke£ I1P, ME 2,238 776 28 
Bis Roek Point HP, MI 1,891 482 20 
Cook HP, MI 1,664 309 17 
Fermi HP, Ml 1,729 438 17 
Midland HP, t!I 1,748 464 20 

Palisades HP, MI 1,673 329 1/ 
Montieallo JlP, ~ 1,619 240 8 
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T;.blo 1.14. Cr.r.--1.t'C:.)" ~::"\.:~k l!i.l!."r. t'~ Yucca t:.:.~i..:: ... :~i:l r.~r ...... ·~~'.:.~·.-
< CC':-.t i:;;.; ·~· .: ) • F.;;.-.1 l Suh1.. :-:.,.; :1 .... 

Sitn : ~: ~·.., r: 1 :o __!lil_:: .:__ --- .. ·---
Prairie lsl&nd l:P. Y.:l 1,613 210 7 
Calla'w·ay t:P, ~!0 1,~51 1SB 7 
Crand Culf l1P, MS 1,686 285 13 
Brunswick liP, NC 2,1::5 431 2:. 

Harris NP, NC 1,974 48~ . 23. 
KcCuire NP, uc 1,911 .614 23 
Cooper riP, UE 1,367· 151 7 
Fort Calhoun NP, NE 1,313 .150 5 
Seabrook NP, NH 2,195 713 2S 
Hope· Creek NP, NJ 2,059 599 15 

Oyster Craek NP, UJ 2,170 ·sa~· 18 
Salem UP, UJ 2,059 6.00 15 
Fitzpatrick NP, NY 2,055 571 1a 
Cinna h"P, NY 1,986 545 24 
Indian Point NP, UY 2,165 546 1'7 
Nine Mila Point UP, UY 2,056 571 .18 

Shoreham tlP, NY . 2,178. 621' 46 
West Valley RP, NY 1,956 500 17 
Davis-Besse tlP, OH 1,aos· '360 
Perry tlP, OH _1,S57 438 
Tr.oj an bTP, OR .: 1~~,8~.: 239 
Beaver Valley liP, PA . 1 892: 443 ·.-.. ~ ... ;·i 

17 • 17 
4 

,. 
:.·.·') 

17 ,_ .. 
Limerick NP, PA -~.].21, 5'46 

~ . . 
17 

Peach Bottom !r'"P, PA .. ~2.}0_1· ·. . 538 
Susquehanna NP, PA 2~081 

... ". 4 71 
20 
17 

··-: . 
Three Kile Island NP, PA ,2,083 512 17 
Catawba tlP, sc 1,899 424 23 
Oconee UP, sc 1,885 381 23 

&obinscn HP, sc 1,996 413 23 
Str.m~er HP, sc 1,94~ 383 24 
Sequoyah UP, nr 1,755 293 23 
Watts Bar UP, nr 1,782 272 23 
Comanche Peak L."'P, 'rX 1,297 1?0 13 
South Texas tlP, '!X 1,511 149' 35 

North Anna NP, VA _2;_c99 414 23 
su t"ry t."P, VA '2,128 447 28 
Vannont Yankee t:P, v-r 2,::..s2 687 20 
WllP 1;2;4 UP, W.\ 957 200 . 4 
Katoraunee NP, WI 1,7:'8 356 27 
La Ct"osse B~a l1?, WI :..,&Sfi 209 7 
Point Beach U'?, WI 1,724 356 27. 
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'!able 1.14. One-l.iay Truck t!~les to Yucca !:~t.:~t~:.n. i:c?o;.itot·:,· 
(Continued) 

High-Level Waste Sites 

Hanford 
Idaho 
Savannah River 
West Valley 

Rural 
Hile~ 

940 
594 

1,922 
2 ~ 171 

-106-

su::ur'b:In 
~:il'-"~ 

203 
142 
us 
554 

U:-':i.::'\ 

5 
4 

23 
1Q 



Site !l.:··; 

Reactors 

Bellefonte UP, l.J.. 
Bro~oms Ferry UP, AJ.. 
Farley N'P, AL 
Arkansas 'tiP, AR 
Palo Verde lo"?, AZ · 
Diablo Canyon NP, CA 

,. 
Humboldt Bay NP, ~A 

A&ncho Seco 'tiP, CA 
San'Onofro ·NP, CA 
Connecticut '!anl~ee uP, CI 
Millstone NP, CT 
Crystal River NP, FL 

St. Lucie ~~. FL 
Turkey Point NP, FL 
Hatch UP, CA 
Vog tle NP, CA 
Arnold UP, IA 
Braidwood NP, IL 

Dyron NP, IL 
Clinton 'tiP, T.L 
Dresden 'tiP, IL 
C.E. Repro Plant, IL 
La Salle N'P, IL 
Quad cities t."P, IL 

Zion llP·, IL 
Wolf Creek NP, KS 
River Bend NP, LA 
Waterford UP, LA 

. Pilgrim UP, 'uA 
Yankee-R~we NP, !~ 

Calvert Cliffs UP, MD 
Maine Yankee U?, HE 
Big Rock Point UP, HI 
Cook HP, HI 
Fenli HP, HI 
Midland HP, HI 

Palisades 'tiP, MI 
Monticello NP, Y.3 

/ 
____ ...:?...:·~::-~"". :.~~ ,_ ,~ ... : i o,., c_- "- .:_-_.:.,_":' ·_· __ _ 
Rural =~~ur~~~ 

l:i 1 ,;::; 

2,2-:.1 
1,992 
2,422 
1,830 

585 
402 

788 
545 
289 

2,288 
2,291 
2,482 

2,458 
2,463 
2,388 
2,426 
1,608 
1,798 

1,856 
1,793 
1,c.l~3 

1,921 
2,078 
1,?91 

1,725 
1,580 
2,280 
2,283 
2,321 
2,427 

2,2co 
2,534 
2,161 
1,918 
2,081 
2,034 

1,932 
1, 712 
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~40 

323 
475. 
200 
58 

167 

314 
214 

96 
713 
730 
472 

588 
711 
451 
448 
157 
258 

209 
161 
275 
275 
176 
190 

263 
149 
384 

. 291 
:so 
521 

675· 
688 
389 
313 
393 
503 

349 
183 

,,_ .. ..... .. · .. 

..JJ 
35 
47 
21 

8 
66 

l4 
16 
25 
89 
83 
43 

L.S 
78 
h.7 
47 
12 
38 

15 
20 
37 

. 37 
7 

15 

19 
21 
26 
21 
87 
45 

69 
H 
49 
42 
68 
51 

42 
23 
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Table 1.15. Cme-\.i~y r.ail l!ilc~ to Yuccn ~:oun~;:.:.n f.cpo!; ilo:-:,• 
( cor.tinucd) 

Site Ua~e 

Prairie Island ~. ~J 
Callaway !lP, MO 
Grand Gulf UP, H.S 

· Brunswick !lP, NC 

Harris UP, NC 
HcGuire 'tiP, NC 
Cooper NP, NR 
Fo~t Calhoun NP, Nr. 
Seabrook !lP, NH 
Hope Creek NP, NJ 

Oyster Creek NP, UJ 
Salem NP, NJ 
Fitzpatrick NP, NY 
Ginna NP,· NY 
Indian Point NP, NY 
Nine Mile Point NP, NY 

Shoreham NP, NY 
West Valley RP, NY 
Davis-Besse NP, OH 
Perry NP. OH 
Trojan NP, OR 
Beaver. Valley NP, PA 

Limerick NP, PA 
Peach Bottom NP, P~ 

Susquehanna HP, PA 
Three Mile Island NP, 'PA 
CP.tawba HP, SC 
'Jeonee !lP, SC 

~~·oinson SF, sc 
Summer k?, SC 
Sequoyah NP; TH 
Watts Bar NP, TN 
Comanche Peak NP, TX 
South Texas NP, TX 

North Anna NP, VA 
Surry NP, VA 
Vermont Yankee NP, VT 
W!lP 1 ; 2 ; 4 NP, WA 
Kewaunee NP, WI 
La Crosse BWR UP, WI 
Point Beach NP, WI 

Rural 
Miles 

2,018 
1,660 
2,196 
2,422 

2,372 
2,318 
1,428 
1,379 
2,480 
2~166 

2,172 
2,171 
2,165 

. 2,136 
2,256 
2,164 

2 ,266' 
·- 2~280 .. 

~~· .. -.)~·06f. 
2,076 
.1.,295 

.... 2:~164' 

.. 2~.161. .. . 2,119 . 

.. 2 ,.195· 
. 2 '16i 

2, 00 
. "2,261 

1. ,291 .. 
2,329 
·2 ,176 
2,155 
1,520 
2,205 

2,322 
. . 2,401 

. 2",319 
1,145 
1,821 
1,870 
1,758 
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Subut"bo::n 
HilP.~ 

2~3 

163 
303 
551 

531 
428 
124 
123 
645 
670 

766 
672 

. 550 
521 
612 
550 

740 
524 
284 
321 
143 
351. 

646 
605 
611 
580 
464 
454 

512 
416 
310' 
296 
124 
350 

408 
450 
672 
136 
340 
106 
336 

U;:-";.::.n 

Li 1·.·~ 

15 
21 

45· 
.. 36 

15 
13 
47 
76 

83 
76. 
74 
73 
78 
74 

us.~ .. ·' .. 
59. · .. 
~o .... 

i . .. ' 37 . 
22. 
28_: :;;:;; 

58 . 
I .' •. 

59, 

58; .. • . 
58 

46 
41· 
39· 
39 

5 
43 

.: •· 

44: .~;. "j 

22, ... · .. 
83; ; . : 
13 
35. 
13. 
34 



'It.blc 1.15. C'r:n-F~:: r.::.il Hil::!J to Yuc::o. l~:.u:-.:::!:-, :::::;:-c:i~:::·:· 
(Contb~,~-.~) 

Hanford 
Idaho 
Savannah r.iver 
West. Valley 

1,142 
674 

2,133 
. 2,225 

.. -:· :- ·' .... 

-lOS-

13~ 

BO 
5!19 
596 

12 
9 

1.7 
43 

. .. --:..·..:. • 

• 



•. ') Table 1.16. Cne-\.iay Truck Hiles to H~::fo•d R-.:po~i.to:-y 
/ 

POtiU b. ti on c~t~ -.'.:.':-"'· 
Ru!'al SUOUt"03-:1 ti r'~' ... ;. 

Site U:1..•:u~ Hiles !Hlc:-.s 1:i.lC'~ 

Reactors 

Bellefonte NP, AL 2,057 391 " Browns Ferry NP, AL 2,045 380 6 
Farley NP, AL 2,242 466 13 
Arkancas U?, Aa. 1,824 241 4" 
Palo Verde NP, AZ 1,148 353 32 
Diablo Canyon NP, CA 778 333 10 

Humboldt Bay NP, CA 504 165 5 
Rancho Seco NP, CA 629. 233 13 
San onofre L~, CA 940 303 56 
connecticut Ya~kee NP, CT 2,196 669 18 
Millstone NP, CT 2,198 702 27 
Crystal River NP, FL 2,415 573 4 

St. Lucie HP, FL 2,550 592 4 
Turkey Point ~~. FL 2,579 668 41 
Hatch NP, CA 2,250 514 4 
Vogtle NP, CA 2,231 521 4 

• Arncld NP, IA 1,689 171 1 
Braidwood NP, IL 1,697 309 ,. 9 

Byron NP, IL 1,662 248 3 
Clinton NP, IL 1,842 222 1 
Dresden NP, It. 1,700 304 9 
G.B. Repro Plant, IL 1,702 304 9 
La Salle NP, IL 1,e12 202 2 
Quad Ci ~ ies NP, IL 1,722 186 1 

Zion HP, IL 1,677 252 8 
Wolf Creek !lP, K.S 1,583 191 0 
River Bend NP, LA 2,069 476 17 
Waterford HP, LA ~.098 522 25 
Pilgrim HP, MA 2,228 752 24 
Yankee-Rowe HP, MA 2,150, 708 22 

Calvert Cliffs NP, MD 2,218 631 28 
Maine Yankee HP, HE ·2,264 820 29 
Big Rock Point NP, MI . 1,918 525 a 
Cook NP, HI 1,689 352 18 
Fermi NP, HI 1,755 481 1A 
Hid land NP, HI 1, 774 507 21 

Palisades NP, HI 1,699 372 18 
Monticello HP, HH 1,382 142 1 
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T~ble 1.16. Cne-t-:.::;' T~.JC~ ~:i!t":~ to !: -.:·ot"d . . :- ~·:: i ':.o:-:' • .. 
(Con t.ir.~cd) 

/ 

'"'·"~~·~!~ :··J: ~:.~:..L:.:~-=.:__ ___ 
t:-..: t"Oll ~u::~~ ::::.·.:• L:; • :: f. it(" ,•!;~:"'1 
mlrc _l:i! ·~~ 

---.--
Prairie Ial&:"'d 141', l:J 1,417 !~.! :> Calla~ay UP, Y.O 1,673 233 2 Grand Gulf UP, l:S 2,138 402 2 Brunsw' clc UP, uc 2,356 614 18 
Harris UP, ·He· 

2,206 670 18 KcCuire HP, HC 2,142 5~8 18 Cooper UP, NE 
1,455 '171 2 Fort Calhoun ._., 

1 NE 1,467 141 1 Seabrook UP 1 NH 2,221 757 29 Hope Creek UP, NJ 2 '112 692 23 
Oyster Creelc NP, UJ 2,196 .. 

632 19 Salem NP, tlJ 2,112 692 23 Fitzpatrick h'"P, yy 
1,081 614 .19 Ginna llP, tn' 
2,012 588 25 ·Indian Point UP, NY 2,191 590 . 18 Nine Kile Point h'"P, uY 2,082 614 19 

.. Shoreham UP, NY 2,204 665 47. • 
West Valley RP, !lY 1,982 -544 18 Davis-Besse llP, OK 1,830 403 18 Perry HP, OH' ·' :· ·:·,·-·1 ';882 .. 481 18 Trojan HP, OR .,. : :_-,·_.-.-194'' 

106 1 .. Beaver Valley UP, PA . . ,'1,917 486 ~8 
Limericlc !iP, PA . 2;146. 590 18, Peach Bottom !lP, PA 2,126 582 21 Sus-quehanna L.P, PA 2,108- 514 18-Three Kile Island L"P, PA 2~108 ·555 is Catawba HP, sc 2,.131 608 18 Oconee L'"P, sc 2,120 502 4 

:.ubin&l)r& HP, sc 2,227 597 18 Summer llP, sc 2,176 567 18 Sequoyah L"P, 'nl 2,050 414 4 Watts Bar UP, T!i 
2,077 392 4 Comanche Peak NP, '1'X 1,798 275 4 South Texas HP, n \1 '955 392 23 

!lorth Anna llP, VA 2,136 655 23'-Surry UP, VA 2,180' 691 27 Vermont r· .A 1e uP, V'l' 2,188 731 21 WP 1;2;4 UP, WA . 29 0 0 Klvaunee liP, WI 1,672 243 3 La C:-osse BWR ~'"P. WI 
1,601 146 1 Point Deach UP, WI 1,668 243 3 
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Tabla 1.16. One-Woy Truck Hilc:. to H;;.~!:" ere; r.c;;c:: i ~::: r~· 

(Continued) 

Hi~h-LevP.l ~n~te Site~ 

Hanford 
Idaho 
Savannah River 
West Valley 

/ 

'· 

Rural 
Hil~s 

25 
517 

2,214 
"1,983 

· .... ; 

. .-... . .. - .•.. · ..... ·~· . -... 
· ... - ·:--·. : . . . . ~~ .. 

. ·' ·::.···.:·· 

:.· -~1.1.2-::' -· •.. -..:.· 

1 
93 

524 
545 

,._ ...... 
'- • ._ ,I 

!. : ~ .. -

0 
0 
5 

18 

i": 

. . ... ~. . 
~ >~ .. , 

1 . 



• :~ ~ ·. ' . :""! ... : ·. '. 
~ : :, ~ , ....... 

-··--·-··--

Rr.~c:tcr!': 

Bollefont(\ t:?, AL 2,295 303 ., 
Browns FeL~Y ~T. AL 2,124 417 ~., . -
Farley la'P •. AL 2,533 405 13 
Arkansas 171', AR 1,984 205 8 
Palo Verde UP~ AZ 1,228 421 41 
D~ablo Canyon NP, CA 837 347 .n 

H~~boldt Bay l~, CA 955 352 34 
Rancho Sec:o NP, CA 693 213 30 
San Onofre NP, CA 894 445 91 
Connecticut Yankee NP, CT 2,152 777 S2. 
Millstone NP, CT 2,156 794 e2 
Crystal River NP, FL 2,615 566 30 

St. Lucie NP, FL 2,608 597 35 
Turkey Point NP, FL 2,612 720 66 
Hatch NP, CA 2,543 435 21 
Vo!tle NP, CA 2,581 432 21 
Arnold NP, IA 1,709 2H 11 
Braidwood NP, IL 1, 755 269 3:1 • Byron !lP, IL 1,738 210 11 
Clinton NP, IL 1,834 270 55 
Dresden tiP, IL 1,763 2J3 11 
C.E. Repro Plant, IL 1, 761 233 11 
La Salle NP, IL 1,786 266 12 
Quad Cities !lP, IL 1,731 238 11 

Zion.liP, IL 1,7~3 232 24 
\iolf Creek NP, JCS 1,734 154 8 
River Bend !."P, LA 2,432 391 13 
Waterford ... , , LA ~.437 296• 8 
Pil&rim l:."P, HA 2,185 844 81 
Yankee-Ro~e NP, ~~ 2,119 683 73 

Calvert Cliffs NP, MD 2,144 678 62 
Kaine Yankee NP, MX 2,227 849 75 
Bi~ Rock Point UP, MI 2,005 372 33 
Cook NP, HI 1,762 296 27 
Fermi t."P, MI 1,923 394 53 
Midland t."P, MI 1,879 484 ~5 

Palisadcq U?, HI 1' 775 331 27 
Monticello UP, HH 1,476 150 !.5 
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• Table 1.17. One-Way '1\.&il ~ilcs lo li;!:'f ord :\.0j'CS~ lc::y 

) 
(Continued) 

/ 

Fo-:-~•1 ~l i_c_~C:: ~ .. :·:;~_::..:..:... -· ·---
r.u t";ll ~t:t"u~~ :;n i':·: 

Sitn Ns:o~e Hilt's ~: i. 1 ('~ ? • ! ~ ' 

Prairie Island NP, Hbl 1,470 153 1: 
Callaway NP, MO 1,814 163 7 

Grand Gulf tiP, Ms 2.~49 308 u 
Brum .... ' r.k NP, NC 2,~70 5C3 ll3 

Harris NP, NC 2,420 563 43 
McCUir<! NP, NC 2,338 496 41 

Cooper NP, NE 1,585 lll2 2 
Fot"t Calhoun NP, NE 1,534 127 0 
Seabrook !1'1', NH 2,\73 805 7.'.!. 

Hope Creek NP, NJ 2,104. 672 68 

Oyster Creek NP, NJ 2,110 76 7 75 
Saleti' lJP, NJ 2,108 674 69 
Fit.zpatt"ick NP, NY 2,030 615 68 
Ginna NP, NY 2_,000 5')2 67 
Indian 'Point. NP, NY 2,121 . 736 72 
Nine MilE:! Point NP, NY 2,029 615 68 

Shoreham NP, NY _2 ,130 804 111 

• West V:alley RP, NY 2,172 453 33 
D;;~\.· · :;-~C!sse NP, OH 1,975 310 35 
}'(!:;"'(")' NP, OH i~984 346 52 

.. 

Trojan NP, OR . ~ ~ .. 235 .. S8 7 ·:·i:.\ 

Beaver Valley NP, PA . 2 •. ~14 420 33 ., 

Limerick NP, PA 2_-~o9s·, 649 50 
.·,:·.1 

Peach Bottom NP, PA 2,115 606 55 
Susquehanna NP, PA .. 2 '132 614 51 
Three Mile Island NP, PA : .. -~;,09~ 583 51 
catawba NP, sc 2,452 472 29 
Oconee NP, sc 2,413 461 28 

Robinson NP, sc 2',425 605 33 
Summer NP, sc .. . 2,482 423 28 
Sequ(!yah NP, TH 2,319 315 26 
Watts Bar NP, TN 2,308 301 26 
Comanche Peak NP, TX 1,943 316 25 
south Texas NP, TX 2,358 356 30 

worth Anna NP, VA. 2,282 485 40 
Sut'ry !lP, VA 2':'39 7 499 47 - ~: .:. 

Vet":Dont Yankee NP, VT 2,183 737 76 
ii!fP 1;2;• NP, WA. 1C 0 0 
Jravaunec ITP, WI 1,758 191 11 
u C:-osse B\iR NP, WI ,1,557 176 :o 
Po~nt. 2-eaeh llP, WI 1,762 239 '2.7 
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Hanford 
Idaho 

!Able:! 1.17. 

Savannah. 1\.iver 
West Valley 

~<t !.1 I:~ 11' ~ t. ::
(Cc:--.:.i:-.u~ .. ~) 

!·:. :: f :-:-- -~ • ... :: 

_____ r-_.:.t~ ~ ••• -: ~. ••• ,. 

~~:-.:1 

Mil"-: 

18 
613 

2,374 
2,172 

. - ~- . ·' 
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0 
63 

~86 

452 
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R":tctors 

Bellefonto 
Dro~s Ferry 
Farley 
At"lcanslis 
Palo Verde 
Diablo Canyon 

Humboldt Bay 
Rancho Seco 
San Onofre 
Connecticut Yankee 
Millstone 

. Crys~al River 

St. Lucie 
Turkey Point 
Hateh 
VogUe 
Arnold 
Braidwood 

Byron 
Carroll County 
Clinton 
Dresden 
La Salle 
Quad Cities 

Zion 
Marble Hill 
Wolf Creek 
River Bend 
Waterford 
Pilgrim · 

Yankee-Rowe 
Calvert Cllffs 
Maine Yankee 
Big Rock Point 
Cook 
Fermi 

Midl'\nd 
Palisades 

'' 

Rural 
~i.l '"'~ 

111 
206 
279 
456 

1,608 
2,037 

2,389 
2,150 
1,846 

500 
503 
436 

569 
601 
269 
250 
533 
366 

392 
504 
357 
370 
381 
481 

362 
191 
598 
488 
o\31 
534 

546 
378 
569 
439 
363 
261. 

295 
372 
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54 0 
57 2 

135 0 
113 10 

. 275 26 
359 37 

424 21 
369 3l 
337 32 
393 32 
426 8 
203 0 

222 0 
296 37 
145 0 
152 0 
270 0 
231 10 

271 15 
238 0 
1'3S .o 
225 10 
233 10 
232 0 

262 16 
122 2 
227 2. 

178 8 
182 15 
474 6 

440 11 
186 11 
542 10 
390 4 
229 0 
272 12 

374 4 
249 0 

_; ·: 



Tsble 1.18. 

tlonticollo 
Prairie Island 
Callaway 
Grand Gulf· 

Brunswick 
Harrh 
HcGuit'e 
Cooper 
Fort Calhoun 
Seabrook 

Hope Creek 
.Oyster Creek 
Salem 
Fitzpatrick 
Cinna 

·Indian Point 

Nine Hile Point 
Shoreham 
West Valley 
Davis Besse 
Perry 
Zin:ner 

Trojan 
Beaver· valley 
Limerick 
Poach Bottom 
Susquehanna 
Three Mile Is~and 

Catawba. 
Oconee 
Robinson· 
Surnrner 
Sequoyah 
Watts Bar 

Comanche Peak 
South Texas 
Ncrth Anna 
'!:ut'ry 
Vet"r.\ont Yankee 
lr.11P 1, 2' 4 

One-H:.ly T~c~: Di~t~:·.cc-; to 
(Gont~:-.\.:~c!) 

t :-. ~-~ (.. :: r:: :: .- .. 

_____ i'_,:-_~~--!l_~_~_: .~:· ... r .:_· _·· .· .. -6~-::.~ ___ _ 
nur-al 
t:i.lr>!'l 

657 
654 
.no 
401 

361 
206 
144 
632 
695 
526 

366 
466 
386 
542 
465 
495 

543 
. ;. . 507 

435 
270 

·. ·;-··.' 3-36. ' 
·:-~ 190 

. 2,189 
.. 3.52, 

416 
395 
435 

.37.8 

133 
132 
231 
180 

71 
46 

672 
848 
335 
365 
513 

2,061 
-117-

r.,• ......... · .. _.., .. , .... , .. ~ ..... 

35'> 
31!3 
173 
156 

155 
214 
141 
226 
245 
480 

278 
290 
278 
n5 
364 
313 

·325. 
388 
320 
262 
257 
116 

435 
263 
248 
232 
252 
216 

150 
148 
13E. 
109 

49 
10 

238 
278 
137 
171 
435 
397 

' , .. , 
15 

... 
L 

o· 
0 
0 
2 
2 

10 

12 
18 
12 
5 
6 
0 

5 
29 . 

0 
8 
0· 
Q,_ .. : 

..... 
4 ·'. 
0 
0 
1 
0-
0 

0 
0 
0 
0 
0 
0 

10 
29. 

0 
<\. 

11 
4 

• 

•• 

• 
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Table 1.19 . 

Site t:;;.:-:-n 

Kewaunee 
La Ct"osse 
Point. '~>each 

0;1o-Wa:r Truer: Dictances to th~ c::: 
(Continued) 

r ..•. 
ta• ...... ,•• 

/ 

-----'F'-'c"--•.: ~ .. ~j ~~ (. .. ~·~·"""r._:-_v ___ _ 
Rut"al 
~ilt:-s 

.,23 
527 
41Cj 

. .. ·: . -·· 

. ·. ;., 

-118-

,· 

3~1 

312 
320 

23 
15 
2C 

... ! 

··: :: 



Tsble 1.19. One-Way r.nilroad Oict~nc~z to 

Site P.-:.<:":"' 

Rene tor!; 

Bellefonte 
Bro,.-ns Ferry 
Farley 
Arkansas 
Palo Vercie · 
Diablo Canyon 

Humboldt Bay 
Rancho Seco 
San Onofre 
Connecticut Yankee 
Kills tone 
Crystal River 

St. Lue-ie 
Turkey Point 
Hatch 
Vogtle 
Arnold 
Braidwood 

Byron 
Carroll County 
Clinton 
Dresden 
La Salle 
Quad Cities 

Zion 
Marble Hill 
Wolf Creek 
River Bend 
Waterford 
Pil&rim 

Yankee-Rowe 
Calvert Cliffs 
Kaine Yankee 
Big Roek Point 
Coole 
Fenni 

Kid land 
Palisades 

.. 

/ 
---- P~:-'~.:~-!~~-_:.~..:_~-~_:~.:_:::.:._ __ _ 
Rur:.l ~-.~:·.-..:::-~*:.:-l ~~:~:::a 

t'!i.:!..C'-9 ; :; ~ 0 ·' 

89 59 0 
134 70 0 
302 191 8 
U2 17& 6 

. 1,917 341 27 
2,340 450 77 

2,725 593 27 
2,478 499 30· 
2,057 452 31 

572 560 79 
464 66: 103 
509 181 7 

486 319 u 
493 440 42 
268 168 7 
305 166 8 
700 201 7 
552 121 8 

531 164 34 
655 116 7 
495 100 8 
419 239 ]8 
440 226 41 
618 208 3': 

400 225 so 
252 59 9 
717 228 6 
460 254 5 
431 201 16 
490 714 101 

611 555 37 
372 309 2l 
710 730 39 
SOB 335 26 
371 166 11 
366 210 lS 

221 307 27 
385 201 ll 
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Tuble 1.19. •.. ) 
Site t:c>.::-a 

Monticello 
Praide Island 
Callaway 
Grand Gulf 

Et"'..:nswick 
Hat"t"iS ... HcGuit"e 

l Cooper' 
Fort Calhoun 

j Seabt"ook j 

I 
·Hope Ct"oek I 

J Oyster' Creek 

I 
Salem 

. Fitzpatrick 
Ginn a 

! Indian Point 

Nine· Mile Point 
Shoreham 

• West Valley 
Davis Besse 
Perry 
Zimmer 

Trojan 
Beaver Valley 
Limerick 
Peach Bottom 
SUsquehanna 
Three Mile Island 

Cata .. ·.a 
Oc:oraee 
Robinson 
Summer 
S~quoyah 

Watts Bar 

Comanche Peak 
South Texas 
llorth Anna 
Surry 
Vermont Yankee 
WllP 1, 2, 4 

• ) 

One-W:>.y nailt"O<ld Di~t:.~;cc:; 

(Conti ~:.:cJ i 

Rut"al 
Hiln~ 

896 
707 
505 
376 

303 
. 256 . 
172 
946 
910 
661 

373 
378 
382 
455 
429 
542 

455 
4.34 
534 
405 
413 

- 226-
•• •• : j~ ~.. • 

.. ... .. 2 ,5.34 
-... :SOl 

'442 
387 
47~, '. 

.. 442. 

172 
132 
24~ 

195 
54 
32 

7U 
795 
356 
395 
495 

2;322 
-120-

Po-::ul;:tic~ ~--~·": ':'":".! 

Subu::-:.::-:-1 U!·"::l::::-: 
!!i.lc~ !::..1.~::-_ 

190 25 
277 1;5 

153 1~ 

172 3 

221 3 
199 4 
134 2 
242 11 
230 7 
682 39 

397 51 
497 58 
399 51 
393 64 
367 63 
518 69 

393 64 
673 134 

'338 23 
192 21 
228 3e 

98 10 
-; 

~35 26 -
25t: '. 

30 
443 48 ' .. 

360 '32 
'408 49 
377 49 

170 3 
161 2 
152 3 
128 2 

28 0 
15 0 

243 11 
312 

.. .. 22 
232 2 
158 2 
599 96 
311 lS 



'r~.ble 1.19. 

Kewaunee 
La crosse 
Point Beach 

. / 

One-t.::1y r:a!.l:-ocd D:..::t:.r:.:~~ 

(Ccn·::ir:..!:.:~) 

~-. i '. 

____ __,F...;r.~ .... ...;~::...,1:.:_.~:-.:.~'!": I;::_,.-------· 
R:Jt":l.l 

~~il-:':; 

-121-

581 
773 
~33 

~~·:ur-::~ ... ;1. 

239 
136 
297 

... : 

• 

' . •••• 

.~ 
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Table 1. 20. O:le-~'ay Truck Di::;tz.nces to the H.:rtsvU lt:! ::;:s ::. t.e 

Reactor:; 

Bellefonte 
· Browns Ferry 
Farley 
Arkansas 
Pa1overde 
Diablo Canyon 

Humboldt Bay 
Rancho Seco 
San Onofre 
Coran!'cticut. Yankee 
Millstone 
Crystal River 

St. Lucie 
'TUrkey Point 
Hatch 
Vottle 
Arnold 
Braidwood 

Byron 
Carroll County 
Clinton 
Dresden 
La Salle 
Quad Cities 

Zion 
Marble Hill 
Wolf Creek 
River Bend 
Waterford 
Pilgrim 

Yankee-Rowe 
Calvert Cliffs 
Maine· Yankee 
Big Roclc Point 
Cook 
Fermi 

Midland 
Palisades 

: 
. l 

Rural 
Hilc:: 

152 
140 
339 
390 

1,542 
1,971 

2,322 
2,082 
1, 779 

587 
591 
512 

646 
671 
346 
326 
550 
309 

335 
521 
374 
313 
324 
498 

305 
161 
531 
513 
456 
621 

635 
466 
656 
463 
306 
285 

318 
315 

-122-

PO":ltt l :-;t.ir:-::'1 C.;':.,-~ ..;.:0~~"-'. ·._· ----

43 0 
36 2 

122 8 
93 11 

255 26 
338 38 

404 22 
350 3:2 
317 32 
415 2 
448 8 
225 0 

243 0 
318 37 
166 . 0 
173 0 
174 2 
187 15 

227 20 
141 . 2 
102. 2 
182 ·15 
189 16 
136 2 

218 22 
51 6 

205 2 
148 11 
153 17 
197 7 . 

462 11 
209 11 
566 n· 
361 5 
186' 5 
244 13 

345 5 
205 6 



Table 1.20. 

Monticollo 
Prairie Island 
Callaway 
Grand Gulf 

·Brunswick 
Harris 
McGuire 
Coo~er 

Fort Calhoun 
Seabrook 

Hope Creek 
Oyster Cre~k 
Salem 
Fitzpatrick 
Ginn a 
Indian Point 

Iii.n,, Mile Point 
Shor'!ham 
West Valley 
Davis Besse 
Perry 
Zimner 

Trojan 
Beaver Valley 
Limerick 
Peach Bottom 
Susquehanna 
Three Mile Island 

Catawba 
Oc:lnee 
Robinson 
Swnmer 
Sequoyah 
Watts Bar 

Comanche Peak 
South Texas 
North Anna 
Surry 
Vermont Yankee 
WHP 1, 2, 4 

Cne-W<=.y '!.-.Jc~ Dict.~:-.c.::::; t.o 
(Conti~:.::-~) 

F.:n·al 
!::. ) .. -~ 

6GO 
597 
344 
~36 

450 
295 
233 
567 
628 
613 

454 
554 
454 
559 
489 
584 

560 
596 

. - 458· 
294 
359 

,,: '213 

2,122 
375 
504 
484 
524 
466 

221 
220 
320 
268 
145 
108. 

61 
782 
424 
454 
602 

1,995 
-123-

312 
27t< 
152 ... 
111 

177 
236 
163 
204 
224 
503 

301 
312 
302 
360 
336 
335 

360 
411 
:92 
233 
229 

87 

'414 
235 
271 
255 
275 
239 

... 73 
171 
160 
131 

66 
16 

217 
257 
159 
193 
458 
375 

~.· : . . 

22 
21 

2 
4 

0 
0 
0 
2 
3 
ll 

13 
2 

12 
2 
7 
0 

2 
29 

0 ., 

9 
o· ·.· 
0 . '· 

5 - . 
0 
0 

148 
0 
0 

0 
0 
0 
0 
0 
0 

11 
30 

0 
5 

11 
5 

• 

• 

•• 
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Table 1.20. 

Kewaunee 
La Crosse 
Point Beach 
CE 

One-t.:ay Tr-uck Distt.nce:s to the Hartsville' 
(CcnHnu·:?.c!) 

Rural 
llilc!l 

366 
470 
362 
314 

-124-

.. ; ~.: : 

Su'l::urb::.n 
Mil~:-:-: 

277 
268 
277 
182 

. . 

i..'::-':1::::-. 
,.: , :"'!,... 

~ 

35 
21 
34 
16 

i ~.: :·: 

· .. :·· / 



Rcnct.or-s 

Bellefonte 
Browns Forry 
Farley 
Arkansas 
Palo Verde 
Diablo Canyon 

Humboldt Bay· . 
Rancho Seco 
San Onofre 
Connecticut Ycnkee 
Millstone 
Crystal River 

St. Lucie 
Turkey Point 
Hatch · 
Vogtle 
Arnold 
Braidwood 

Byron 
Carroll County 
Clinton 
Dresden 
La Salle 
Quad Cities 

Zion 
Marble Hill 
Wolf Cre"k 
River Bend 
Waterford 
Pilgrim 

Yankee-Rowe 
Calvert Cliffs 
Maine Yankee 
Big Rock Point 
Cook 
Fermi 

Midland 
Palisades 

Pc..,u1:--.'".~':i r.··· 
----~·---··----
Ru:-;::1 

109 
es 

323 
. 343 

1,112 
2,137 

2,522 
2,274 
2,016 

553 
558 
573 

550 
555 
332 
369 
491 
425 

363 
451 
367" 
312 
332 
449 

295 
141 
497 
483 
438 
584 

526 
468 
626 
490 
351 
346 

303 
365 

-125-

... ; ' .... -----

58 
59 

146 
137 
297 
404 

547 
454 
338 
557 
575 
211 

326 
450 
199 
196 
197 
114 

185 
119 

94 
178 
188 
229 

180 
60 

186 
200 
238 
626 

458 
470 
630 
332 
164 
208 

304 
199 

0 
0 
4 

11 
37 
84 

37 
39 
46 
93 
91 

8 

"12 
43 

8 
9 
1 
0 

25 
1 
0 
3 

12 
25 

34 
9 

26 
14 
20 
91 

82• 
73 
84 
3CI 
24 
32 

39 
24 

. 
~~~y·~~fo\~U\~~~ ~©~Y 

• 

., 

• 



.) 
_ .. ·· 

·~. 

Table 1.21. Cne-Wo.y ·Railt"o;:l.1 Dt:.tance:. to the Hortsvi!.lc !~:-:: 

Monticello 
Prairie Island 
Callaway 
Grand Gulf 

Brunswick 
Harris 
McGuire 
Cooper-
Fort Calhoun 
Seabr-ook 

Hope Creek 
Oyster Creek 
Salem 
Fi~zpatrick 

Ginna 
Indian Point 

Nine Mile Point 
Shoreham· 
West Valley 
Davis Besse 
Perry 
Zimmer 

Trojan. 
Beaver Valley 
Limedck 
Peach Bot.tor.1 
SUsquehanna · 
Three Mile Island 

Catawba 
oconee 
Robinson 
Summer 
Sequoynh 
Wath Bar 

Comanche Peak 
south Texas 
North Anna 
Surry 
Vermont Yankee 
WP 1, 2, 4 

(Continue~) / 
,•' 

-----'F'-'c:..;~c...;.u:...:l:...;;:-;;..:. t.:..:.i c.n r. :-. t ~~ ...;.·.;;..cr::...v.__ __ _ 
Rur-al 
Hi l.r:::: 

694 
542 
296 
J98 

505 
455 
374 
770 
699 
577 

430 
433. 
434 
438 
411 
524 

437 
529 
514 
385 
394 
205 

2,327 
356 
424 
581 
456 
423 

31S 
233 
374 
340 
1::1 
149 

616 
69~ 

:- ... 4 
539 
586 

2,C57 
-126-

Sucu:-':).m 
Hil <::-: 

191 
295 
150 
118 

298 
278 
275 
169 
227 
583 

463 
562 
465 
391 
364 
514 

390 
586 
336 
190 
226 
.96 

341 
304 
440 
234 
406 
375 

276 
224 
259 
.234 

98 
105 

202 
271 
223 
266 
515 
305 

6 
12 

10 
10 
12 

2 
1 

83 

80 
86 
79 '. 
76' '' 
75 
82 

76 
121 

36 
34 
51 
2~ 

19 
37 
61 
.30 
62 
62 

3 
9 

12 
2 
0 
0 

lG 
27 
15 

2 
as 
21 



Tc;.ble 1.21. 

Kewaunee 
La Crosse· 
Point Beach 

(Con~ i IIU!?.<!) 

Rut"al 
~~i lt>:> 

-127-

399 
569 
330 

/ 

H~rt~,:illll .. -.... ..., 

Po~ul~t.ic~ c~-: ---~-!"'-·.·----

263 
~9. 

251 

L':-
! : ~: .. ~ 

32 
1 

-48 

• 
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• 

t'-'\!> I 
F.~ro~itc.rv L~cntion 

Richton 
·vacherie 
Deaf Smith 
Davis 
Yucca Hountain 
BWIP 

Hartsville 

Richton 
Vacherie 
Deaf Smith 
Davis 
Yucca Mountain 
BWIP 

· Rut"al 
liil£>:; 

Pc!'ul·~-~:~~ C::--' ···~~::;_· ---·-

360 1:;o 5 
6 75 ' 270 2l 

1,160 230 26 
1,690 "230 31 
2,140 290 39 
"2,290 200 26 

413 155 r 
439 125 10 
936 229 21 

1,445 237 22 
1,91!.1 297 36 

.2 ,046 392 22 

·:,::..· • :.._,z' 

-128-
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HRS Case~ 3 th::'o\.:.;h G. P.Z::S Cn!;c~ l ar.d 2 a :or: cc;•~' ic!·.n·..-··l •.• t =~·: 

Brief description~ of all case~ arc li=led below. 

Reference Ca~e (Hain Tcxl) 
o unconsoli~atcd 5-year-old spent fuel (SF) from reactors 

all reactors ship directly to repository 
- HLW shipped directly to repository 

MRS Case 01 (Main Text) 
o Oak Ridge is MRS location 
o unconsolidated 5-yesr-old SF from reactors 

- all reactors ship to MRS . 

... ' .... .. . ... '-" .... . 

- 10-year-old overpacked, consolidated SF shir?ed frcr:'l ll::S 
lOOT dedicated r£il cask used from MRS to repos]tory 

- HLW shipped direc~ly to repository 

MRS Case 02 rHain Text) 
o Oak Ridge is MRS location 

y unconsolidated 5-year-old SF from reactors 
o all reactors to MRS 
o 10-year-old consolidated SF shipped from HRS 
o l50T dedicated rail cask used from HRS to repo~itory 
o HLW directly to repository · 

MRS Case 03 (Appendix 3.A) 
o Oak Ridge is HRS location 
o unconsolidated 5-year-old SF from reacto~s 
o eastern reactors ship to MRS 
o western reactors ship dire~tly to repository 
o 10-year-old overpacked, consolidated SF from HRS 
o lOOT dt'ldicated rail cask used from kRs·to repository 
o HLW shipped directly to repository 

MRs Case 'q4 (Appendix 3.B) 
o Oak Ridge "is HRS locati.:>n 
o unconsolidated 5-year-old SF from reactors. 
o eastern reactors ship to MRS 
o western reactors ship directly to repository 
o 10-year-old overpacked, consolidated SF from HRS 
o 150T dedicated rail cask used from MRS to repository 
o HLW shipped directly to repository 

-129-
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l~S Ca5c 05 (Appendix 3.C) 
o Hartsville i5 l·:i:!; l.:>cati.C'n .) / 

o uncnn5olldat~d 5-ycar-ol~ S7 fro~ reactor5 
- a 11 rl!act.o:-5 ~hit' to !~:; 

o 10-yct..:r-old c\·ctt'ac1'cd, con~oliC~tc~ S? fr-c~, r::::; 
o lCO! dedicated rail cask u~0d fro~ ~~s to r~~osi~C'r~ 
o HLW shipped directly to rqosilo::-y 

tffiS Case 06 (Appendix 3.0) 
o Hartsville is ~~S location 
o unconsolidated 5-ycar-old SF fro~ reactors 
o all reactors ship to KR5 
.o 10-ycar-old consolidated SF fc-om MRS 
o 150T dedicated rail cask used from MRS to repositoc-y 
o HLW shipped di'rcclly to repositoc-y 

HRS Case 07 (Appendix 3.E) 
o Hartsville is MRS location 
o unconsolidated 5-year-old SF from c-eactors 
o eastern react.ors ship to KRS . 
o western reactors ship directly to repository 
o 10-year-old overpacked, consolidated SF from MRS 
o lOOT dedic.ated rail cask used from KRS to repositot·y 
o HLW shipped directly to repository .. 

~ Case 08 (Appendix 3.F) 
o Hart~ville is HRS location 
o unconsolidated 5-year-old SF from reactors 
o eastern reactors ship to KP~ 

• 
o western reactors ship directly to repository 
o 10-year-old overpacked, consolidated SF from KRS 
o lSOT dedicated rail cask used from HRS to reposilcry 
o HLW shipred directly to·repository 

I 
I 

I 
I 
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1:..;-:.s c: ... :;: 3 - L:~:; r.t cc:: r .. :.~~~:; ........ . 

~:::::£.~:.._!~~~ "., 
l!C':101'--:--:: t 0 !'-"":'"'•""~ C::'I~ \~: ... -~".:"".t":..~ .;) '"'.:-:·.~-~;'! :· ·- ... ------------. 

Truck f ro~.l C'dt;~n 
sr to l:T-:3 38.0 3:3.0 38.0 3fLO 

~.., ,.. 
.;:.. .• v 

SF to l?..C?O~. 10.9 9.4 6.0 3.9 2.::i 
DnLW to R~j)OS. 23.0 28.0 26.0 ::a.o Z:.L" 
\oNHL~ to F.cpos. 1.0 1.0 l.O 1.5 2.0 

Rail from Ori&in · 
' 

SF to KRS 6.2 6,2' 6.2 6.2 6 ,, ... 
SF to RCiiOS. '1.8 1:5 l.O 0.6 0.5 
DHLW to Repos. 6.5 6.5 6.1 6.5 7.6 . 
\o.~w'HLW to Repos. 2.0 2.0 2.0 ' 2.0 3.0 

Rail from lffi.S to Repository (1001'' overpacked SF) 
Dedicated Rail 0.8 

TOTALS 
Truck from Origin 

lOOT from Y.RS . 78.7 
Rail from Origin 

lOOT from tms 17.3 

1.1 

'77 .5 

17.3 

2.1 2.8 3.5 

73.1 74.2 79.3 

17.4 18.1 20.8 

: .:. •• : ,•, ': • -~ ! :. '· .:, '· 

~ 

' ...'. J 

:.s. 0 
:.o 

6.2 
0.~ 

5.4 
3.0 

3.2 

81.7 

21.4 

: .. ,·. 
TABLE 2.2 TOTAL TRANSPORTATION PACKAGING REQUIREKENTS 

(number of casks) MRS CASE 3 - KRS at Oa~ Ri~~e; 
East-West spl;tl · . , · · :· '-i ._; .'. 

. :.· .... ' . :· : .. 
Reno~itori Location 

Mode/Wasto Type GIR Vacherie Pc:-::~inn Pari:' do:>: 
Truck from Origin .. 

SF to MRS 97 97 '97-.: '. 97 
. .. 

·: 97 97 
SF to Repos. 14 13 11 9 8 9 
DHLW to Repos. 40 41 44 -48 51 56 
w"VHLW to Repos • 2 2 2 2 4 4 

Rail from Origin 
SF to MRS 61 61 61 61 61 •' 61 
SF to Repos. 9 8 8 6 6 6 
DHLW to Repos. 34 37 37 38 42 47 
WVHLw· to Repos. 2 2 2' 2 2 2 

Rail from r.RS to Repository (lOOT with overpacks) 
SF 50 50 60 70 70 sc 
HAW/Hdw 4 4 4 4 4 ~ 

CH-TE.U 2 2 2 2 2 ., .. 
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TABLE 2. 3 TC':'.".L l:?J.:::;rc:::r:.TIC:: CC5TS (: ::) 
t~S CAS! 3 - ~~S at C3k Ri~~~; ~~~t-~.·=t :?li~ 

__ . F.l'tlO!l~_tor-·~ ·Lo::~':.ir..;.,;-,'----------
HodP./i.!astP. Typa 

Truck fro~ Reactors, 
. CAPITAL 

GlR Vacherie · P::-::7.'\i:::~ 1r-:::.-'lc:: ';':·:c:o ·- 1!,·.~:~:--:! 

OPERATIUG · 

HLW Sites 
208.2 
599.3 

Rai: from Reactors, HLW Sites 
-: .. ?ITAL 239.8 
OPERATI~C 630.9 

209.3 
593.7 

245.2 
633.3 

586.7 

243.4 
634.7 

217.0 
601.4 

247.0 
631.4 

~ail from KRS to Repository (lOOT with Overpacks) 
CAPITAL 136·.6 136.6 161.6 . 186.6 
OPERATING. 320.9 371.5 515.5 607.6 

TOTALS 
Tr.uelc from Origin 

lOOT from MRS 1265.0 . 1299.9 1439.4 1560.7 
Rail from Origin 
lOOT from MRS 1328.2 1378.5 1537.4 ~ ;'.40.3 

221.4 
624.6 

254.2 
655.1 

186.6 
702.2 

1674.9 

1760.9 

22 ~. 7 
638.5 

257.£ 
651.6 

161.6 
592.3 

1562.8 

1628.3 

--·-···-·-----~·--·- ... .. ··-- ~:'~:2.:2:.;...=.:_.:::~:.:.. 
---· ::.-~~.: __ .. _...:: : .. -. --~- .: ... ---··--·· · .. ~:.··.'? '·:.~· .. ·.:.: .. -~:. :~. · ....... ~: ~,.;::;."~ -~:1 .. 

,..._. , r- .. ·.t;t. ;,"',r~: ... 

:1 

.. ·. 
··:) ·: i, • ·-. t ' - ••• 

... l.•.•t . '·· ': \ 

·'· 

. :• 
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__________ ..;_:- ~~·.'.:..~:. t.~~·:_!.:I:_..._~.::. ___ .. _~-- ...... 
Hodc/•.I.;"1::;t~ CIP. V .":.c1:r; ri e 
100':. T::iJCK . .. 021G i~i 
SF to Rcpo~~:.vr-:r 

Radiolo:;ical 
Non:-adiolo~;ical 

SF to l::RS 
Radiological 
Nonradiological 

HLW to Repository 
Radiological 
Nonradiolosical 

100~ RAIL FROM ORIGIN 
SF to Repository 
Radiological 
Nonradiological 

SF to MR3 · 
Radiological 
Nonradiolosical 

HLW to Repository 
Radiological 
Nonradiol00 ica1· 

.75 
2.5 

2.8 
6.7 

1.8 
6.2 

.018 
~18 

.12 

.73 

.062 

.63 

MRS TO REPOSITORY; lOOT Caskl 
Radiological . .032 
Nonradio~ogic~l 5.0 

TOTALS 

. 61 
2.0 

2.8 
6.7 

1.7 
5.8 

.016 
. ~ 16 

.12 

.73 

.067 

.69 

.048 
9.2 

I 

:42 
1.5 

2.8 
6. 7 

1.7 
6.2 

,011 
· .. u 

.12 

.73 

.063 

.64 

.o:S5 
14 

;::~:--;: :.~---·-·- :.:.._. _____ _ 

.2':l 

.97 

2.8 
6.7 

1.8 
6.1 

.Oll 

.oc;2 

.12 

.73 

.066 

.66 

.059 
19 

.n 

.37 

.2 .8 
6.7 

2.1 
7.11 

.0016 

.096' 

.12 

.73 

.079 

.84 

.075 
24 

Truck to Repository/MRS; Dedicated Rail fr-om MRS; lOOT Cask 

• J •• 

2 '~. 
' , 0, I 

2.1 
7./l 

· . ocq:' 
.070 

' ... . """ 
• 7:-, 

.074 

.79 

.069 
20 

Radiological 5.4 5.2 5.0 5.0 5~2 5.2 
Nonradlological 20 24 28 33 39 35 

Rail to Repository/MRS; Dedicated Rail frol'l'l MRS; lOOT Cask 
Radiological .23 . 25· . :!5 . 26 
Nonradiological 6.5 11 16 21 

ltncludes risk value's for SF and secondary wastes. 
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. . 28 
26 

• 2 7 

/ • 

• 

• 



• 

• 

TABLE 2 <. TOTAL s;~~?!:"-=~iT-l~!LZS (:::il!.ic:-:. :-:~~~:..:) 

MR~ CASC: 4 - l·~S at Oaf~ ::iC~c; ~2.:: :.-· :..:~5t 

'Kode/\!aste T•r·pe GlR V:.?r:~:P.rie ?.::!:-:--i;-:1 
Truck f::-o;n Cri~;in 

SF to H~S 38.0 38.0 Jll.O 
SF to Repos. 10.9 9.4 6.0 
DHLW to Repos .. 28.0 28.0 26.0 
WVHLW to Repos. 1.0 1.0 1.0 

Rail from Origin 
SF to MRS 6.2 6.2 6.2 
SF to Repos. 1.8 1.5 1.0 
PHLW to Repos. 6.5 6.5 6.1 
WVHLW to Repos. 2.0 2.0 2.0 

Rail from ~~KS to Repository (150T, nonoverpacked) 

38.0 
3.9 

23.0 
1.5 

6.2 
0.6 
6.5 
2.0 

Dedicated Rsil 0.2 0.3 0.5 ·o.s 

TOTALS 
Truck from Origin 

150T from MRS 78.1 76.7 71.5 71.9 
Rail from Origin 

1SOT. from lrRS 16.7 16.5 15.8 15".8 

' .. 

38.0 
2.Fo 

33.0 
2.0 

6.2 
0.5 
.7. 6 
3.0 

1.4 

77.2 

'1.8.7 

TABLE 2. 6 TOTAL TRANSPOnTATION PACKAGING REQUIR:::HENTS 

..... ,.::.. .... : .... _ .... 

3S.O 
3.5 

35.0 
2.0 

6.2 
0.6 
8.4 
3.0 

0.9 

:'9.4 

19.1 

(number of packagings) KRS CASE 4 - HKS at Oak Ridge; 
East-West split 

Mode/Waste Type 
Truck from Origin 

SF to MRS 

G!R 

97 
SF to Repos. 14 
DHLW to Repos. 40 
WVHLW to Repos. 2 

Rail fr0111 Origin 
SF to MRS 61 
tF to Repos. 9 
DHLW to Repos. 34. 
WVHLW to Repos. 2 

Rail from MRS 
SF 
HAW/Hdv 
CH-TRU 

to Repository 
20 

8 
2 

Repositorv Locaticn 
Vacherie Pe~ian Paradox Yucc& 'Kt Hanford 

97 
13 
41 

2 

61 
8 

37 
2 

(150T, 
20 

8 
2 

97 . 
11 
44 

2 

61 
8 

37 
2 

nonoverpacked) 
20 

8 
2 
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97 
9 

48 
2 

61 
6 

38 
2 

20 
8 
2 

97 97 
8 ~ 

51 56 
4 4 

61 61 
6 6 

42 r: 
2 2 

·30 20 
6 8 
2 2 



/ 

TADLE: 2. 7 TOT A!. 'r?~·~:SPO~'!'.'.TIC:! CC~:::; ( ;· ') 
~::R:> C,\S:!: ~ - ::.::; at c.:·r. ~:~..::-,:.::; :....:.:: _ .. ·. · o • I. 

l!ode/Waste Type GIR Vacherie P.~c:-~7.~":1 ":"""' .... -:-:- .:·:-·: , .. -':.~ .. .. .... - -. 
-·-· -· -~----·-·-Truck fr:-om Reactors, HLW Sites 

CAPITAL 2013.2 209.3 211.5 217.0 221.~ :~ ·~. 7 
OPERATING 599.3 . 593.7 586.7 601.4 6:.!~.6 6:.:::::.5 

Rail fr:-om React:ors, Hr~w Sites 
CAPITAL 239.8 . 245.2 243.4 247.0 25~.2 :57.8 
OPERATit;G 630.9 633.3 634,.7 631.4 655.1. 651.6 

Rail from MRS to Repository (150T, nonoverpackcd) 
CAPITAL 78.6 . 78.6 78.6 78.6 100.6 7e.6 
OPERATING 159.8 189.6 243.4 264.8 ~22.C 318.0 

TOTALS 
Truck from Origin 

150T from MRS 1046.0 1053.9 10~34 .5 1126.5 1308.9 1205.7 
Rail from Origin 

150T from MRS 1109.2 1132.5 1182.5 1206.1 1394. g· 1271.2 
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TABLE 2. a SU1~!..~~': OF !HZ nrs:~!; o:: I:t' .. :::?:r!TA'!'!::: 
OF S?E!~ FU=L A.:.;~ H:G:! t:·::::L \:: .. ::::; 
lrn.S C~.SE 4- Onk 1 RiC:.~ :::::; :~zt-r;ast r.:-,li~; 1.::·~· 

/ 

--------------~--~R~~~no~:tc~v t~~~ticn 
V<:~ chet"i e F.~:-:--.:.- :1 P 11::-:-. .. ::- :·: ~:.::::::. "• : · ··, :· .- ·• ·'. GIR 

100~ TRUCK FF..OU ORIGI!i 
SF to Repository 
Rndiologicnl 
llont'adiolo~;ical 

SF to MRS 
Radiological 
Nonradiolo~;ical 

HLW to Repository 
Radiological 
Nonradiological 

100~ RAIL FROM ORIGIN 
SF to Repository 
Radiological 
Nont-adiological 

SF to·KRS 
Radiological 
Nonradiological 

HLW to Repository 
Radi.:-1:,& ical 
NonrP.diolosical 

.75 
2.5 

2.8 
6.7 

1.8. 
6.2 

.018 

.18 

.12 

.73 

.062 

.63 

MRS TO REPOSITORY; 150T Cask1 
Radiolqg ical • 016 

. NonraJiolcgical 1.-3 

TOTALS 

. 61 
2.0 

2.8 
6.7 

1.7 
5.8 

.016 

.16 

.1~ 

.73 

.067 

.69 

.033 
2.4 

.42 
1.5 

2.8 
6.7 

1.7 
6.2 

.011 

.11 

.12 

.73 

.063 

.64 

.032 .· 
3.5 

.29 

.97 

2.8 
6.7 

1.8 
6.1 

.011 

.092 

.12 

.73 

.066 
.. 66 

.036 
4 •. 9 

Truck from Origin; Dedicated Rail from HRS; 150T Cask 
Radiological .5.4 5.1 5.0 4.9 
Nonradiotogical 17 17 18 19 

Rail from Origin; Dedicated Rail from Y.RS; 150T Cask 
· Rndiological · . 22 . . 24 . 23 

Nonradiolo0 ical 2.8 4.0 5.0 

ltncludes. risk values for SF and se~o~dary vastes. 
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.23 
.6.4 

. 27 
• 87 

2.8 
6. 7 

2.1 
7.1l 

.0016 

.096 

.12 

.73 

· .C79 
.~4 

:: ... 049 
9.3 

5.2 
24 

.25 
11 

., . . .,, 

2.8 
6.7 

2.1· 
7.4 

.0097 

.070 

.12 

.73 

.074 

.79 

.' -:039 
5. 7 . 

5 •. 2 
21 

.24 
7.~ 

-------··-·----[ ~=·=·=====·~·===========~====··====~~=:==~=======~--.----.~.-------------------.__ - ~- -- ____ .. ..;._-_ ... __ . ___ ··--· .. ---··--:-·--



TADLZ 2.9 !07.\L r.:il<":::::::---:·::.:~ (;-.1illi:::o :7.:.: 
l':Lt3 CA!::: 5- L:::.~ a~ H:;.rt~··,:ill~; e~:: .-~-

-.::..:.:.£:2~- t.r -:-·.:..J. ~~--- . . ::._~_-- -- ----·-·-----· 
Hod"!/\:.,~t~ T:c::!~ G!R \'...,,..~ ...... -.: n ::...· -:-· ; -, .. ............ . -----·-· ·- ·--

Truck fr:-om nc;:ctor:-s, HLW Sitr~s 
··-;-· 

SF to tffiS 49.2 -49.2 49.2 l! i) ") .: q. 2. ... . , ....... . .. 
DHL'rJ to RC?OS. 28.0 28.0 :~.0 2:3.0 1"": ". 

.. -·. \oo : ~ . ( 
'NYnL\ol to R~pos. 1.0 1.0 1.0 1.5 :.o :.o 

Rail fr:-om Rc3ctors, l!~W Sit:cs 
SF to URS 0.1 8.1 S.l 8.1 S.l i:.l 
DHLW to Rcpos. 6.!; 6.5 6.1 6.5 7. 6 " ""' ... ~ 
\o1VHLW to Rcpos. 2.0 2.0 2.0 2.0 3.0 3.') 

Rail fr:-om HRS to ~epository (lOCT with overpacks) 
Dedicated Rail 

TOTALS 
Truck fr:-om Origin 

lOOT fr:-om l!RS 
Rail from Origin 

lOOT fr:-om MRS 

0.8 1.0 

79.0 79.2 

17.-4 17.6 

2.0 2.8 3.6 3.2 

78.2 81.5 87.8 89.4 

18.2 19.4 22.3 22.7 

TABLt~ 2.10 TOTAL TRAlJSPORTATIO~ PACKAGII:iG P.EQU1 RC::!!EUTS 
(number of casks) MRS CASE 5 - MRS at Hartsville; 
all SF shipped to MRs 

ReEositorr ~ocation 
Mode/Waste TVTie GIR Vacht'ria Pet"r.'lian Pat';; do:< Yuccn Ht Eanfo:--d 

Truck from Reactor:-s, HLW. Sites 
"' ·.:·:;;,.· ·. -.:-

SF. to KRS 106 106 106 106 106 106 
DHLW to Repos. 40 41· 44 48 51 56 
WVHLW to Repos. 2 2 2 2 4 4 

Rail fr:-om React«?rs·, HLW Sites 
SF to MRS 67 67 67 67 67 67 
DHLW to Repos. 34 37 3-7 38 42 47 
WVHLW to Repos. 2 2 2 '2 2 2 

R&.i 1 from MRS to Repository (lOOT wit.h OVet"pSCKS) 

SF 50 55 65 65 80 70 
HAW/Hdw 4 4 4 4 4 4 
CH-TRU 2 2 2 2 2 2 
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.) 

.) 

c:=· 

/ 

Hoc:\e/Waste 'Ivpe 

'I ABLE 2.11 'IO'IAL 'I::.t-::S?C'7::;:;,nc:; CC~:' (~::) 
U?.S Ci;S: 5 - i:::::: at. Hartr.villc; 
all SF shipped L? i~::i 

R0~o!':it.ory Le>c:'ltic:n 
GlR VachcLi~ ? c rr.": :. ::0.:1 Pat"a:!ox 

'Iruck f~om Reactors, HL'.J Sites 
CAPITAL 201.0 202.1 204.3 209.8 
OPERA'IING 615.7 610.1 603.1 617.8 

Rail from Reactors, HL"W Sites 
CAPITAL 232.3 237.7 235.9 239.5 
OPERA'IING 648.2 650.6 652.0 648.7 

Rail from HRS to Repository (lOOT with overpacks) 
CAPITAL 136.6 149.1 174.1 186.6 
OPERA'IING 34~.3 385.2 545.1 652.4 

'IO'IALS 
Truck from Ori~;"in 

lOOT from liRS 1295.6 1346.5 1526.6 1666.6 
Rail from Origin 

lOOT from HRS 1359.4 1422.6 1607.1 1727.2 

-~ ·:-·.: · .... 
. . • ... :.· . . ) 
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Yc:.c~ ?:t z.: ~7'\ :: (:!."'~ 

214.2 217 .. 5 
641.0 654.9 

246.7· 250.3 
672.4 665.9 

211.6 186.6 
739.6 666.5 

1806.4 1.725.5 

1870.3 .11,72.3 

.-.. ·:· .. :. .. 



TADL!:: 2.12 S•••...,.•lf'\V u • ....:.~a..; .... 

OF Si'I:::-r FU:L .'.:·'J :::.":·; :.. ·:· :. 

,,./ 

. . _, . 
---------'---:-----.:::-_ '.· -~ ---~-=~-:_ ~ .. ~--~ ~-~:.:..:.:~-----·----

Horln./W:"l:;te !.\-.,C G!n \'AC''r.·~r~" r'"·:~-~~: .. : ... : __ ::~_ .. _· ____ ·· -~--...:.__ ..... :. .... _ 
lOOt TRUCK FKO~ OniGIU 

SF 
Radiolo:;ical 
Nonradit-loriic.al 
HLW 
.Radiolor;ical 
Nonradiolo~;ic.al 

10~ RAIL FROM ORIGIN 
. SF 
Radiological 
Nonradiological 
HLW . 
Radiological 
.Nonradiological 

MRS TO REPOSITOUY; 
Radiological 
Nonradiological 

TOTALS 

lOOT 

3.6 
S.4 

1.8 
6.2 

.14 

.92 

.062 

.63 

Caskl 
.035 

5.9 

3.6 
9.4 

1.7 
5.8 

.14 

.92 

.067 

.69 

.032 
5.9 

3.6 
9.4 

1.7 
6.2 

.14 

.92 

.063 

.64 

.059 
12 

3.6 
9.4 

1.8 
6.1 

.14 

.92 

.C56 

.66 

.063 
18 

Truck from Oritin; Dedicated Rail to Repository; lOOT Cask Radiological 5.4 5.3 5.4 5.5 Nonradiologic.al 22 21 28 34 Rail from Origin; Dedicated Rail from MRS; lOOT Cask 
Radiological .24 .• 24 .26 .27 Nonradiological 7.5 7.5 14 20 

1rncludes risk values for SF and secondary wastes. 
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3.6 
9.<4 

2.1 
7.4 

.14 

.92 

.079 

.84 

.0130 
23 

s.a 
40 

.30 
25 

9,.:; 

2.1 
7.4 

.14 

.92 

.074 

. 79 

.082 
21 

!i.8 
38 

.30 
23 

• 

• 

•• 
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'rf.!lt.t:: 2.13 TO:';'.t. :::!~:p;:::::i!-lllL:~ (::-.illicn :.::.1,.:::) 
ll?.S CA>::: 6- 1~-:::; nt H._r-tsvi.llc; o::: ~·::i~·.- .. ~ ~::-

P<"-.:>n:d ':0:-·.r L':'c~t.:. -.-. 
'Hodell.i:!!:tc Tr.~ C:!R • .. ' .... ~:~~~ !" i. ~ ?::-:-::d.:"n r~.~-~!.-:-~: -·---·-·- --

!ruck fi."O:;! F.~;.~ctors, m.:-1 Sites 
SF to ~:3-S t.9.2 49.2 4'J.2 49.2 .';:;. 2 .:; ·:·. ~ 
DHL':ol to Repos. 28.0 28.0 26.0 2d.O 33.0 ., r ~ 

-:.J ... 1 

WVHLW to Rcpos. 1.0· 1.0 1.0 1.5 2.0 :.o 

Rail from Reactors, HLW Sites 
SF to KRS 8.1 8.1 8.1 8.1 8.1 8.1 
DHLW to Repos. 6.5 6.5 6.1 ·6 .5 ~.6 8.4 
WVHLW to Rcpos. 2.0 2.0 2.0 2.0 3.0 3.0 

Rail from lOS (lSOT, nonoverpacked) 
Dedicated RaU 0.2 0.3 0.~ Q. 7 1.4 0.9 

TOTALS 
!ruck from odsin 

150T from MRS 78.-!i 78.5 76.7 79.4 85.6 87.1 
Rail from Origin 

150! from HP..S 10.8 16.9 16.7 17.3 20.1 20.4 

TABLE 2.14 TOTAL TRAl~SPORLA!ION PACKAGI~G ~EQUIR~~~S 
(nu~ber'of casks) MRS CASE 6 -HaS at Hartsville;. 
'all SF shipped to U?.S. 

·--

:.:: '. ~. :. · .. , . :: · .. ·. ~- :: .. ! ~ .. . .. ~.: ... ·. · .... ; . '.:.:. '· .. · .. ' • '. ' . " ; 

··· .. · Repository Location ·, · · .. , 
~Waste Type GIR Vacherie Pe~ian· Para~ox Yucca Mt 'n~nfc~d 

Truck from Reactors, 
SF to KR:> 
DHLW to -:tepos. 
WVHLW to Repos. 

Rail fro·.c Reactors, 
SF to KRS 
DHLW to Repos. 
WHLW to Repos. 

HLW Sites 
1C .. 
'40 

2 

HLW Sites 
67 
34 

2 

106 
41 

2 

67 
37 

2 

Rail from HRS to Repository (150!, 
s~ 20. 20 
HAW/Hd~ 8 8 
CH-TRU 2 2 

106 
... o\ :: 

2 

67 
37 

2 

nonoverpaclced) 
20 

8 
2 
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106 
. 48 ' 

2 

67 
38 

2 

'20 
fl 
2 

106 
51 

4 

67 
42 

. 2 

30 
6 
2 

106 
56-. 

I; 

57 
4 7-

2 

20 
10 

2 

,_·.-... · .. : ,·.·.· 
' . .. ·, 

----------=~--------------~-=~==•·~WD&NM~nM~~~~ra.~-=~=~P•~=------------~·----··-~ ~ 



TAtLE 2.15 TOTt..L '!!"~'.~;:r-c-::;\7: :":! C~::~ (::·:) 
lffi.S CAS!: C - :::::; .~t. }!;;:-tr.·\·i.llc; 
all S? !:~.i~?cd t.o :::-:; 

--------------------~r.~~~~r~~~ L~~~~.t~!~~~~~---------------
~H~o-=-d-=~..:../..:.:.W..::«.=.S.;::.t.=.c_.::...o..TY'P.:.."'..:;..-_______ __;:G:..:!~:l=-:--__ ...;.V"'n"""e.:..:...;;. he r::....::..i e=-._,P'-..,-'''--'-' ~c...:.~c...:.~:..__ F ~ ~ -,.,·....:~ "'.:...:.· : . .:..; -".:...."·-::..:· -~;:...;---: _ -_. ·--_. __ ._ .. l 
T~ck from Reactors, HLU Sites 

CAPITAL 201.0 
OPERATING 615 ,"7 

Rail from Reactors, RLW Sites 
CAPITAL 232.3 
OPERATING &~8.2 

202.1 
610.1 

237.7 
650.6 

204.3 
603.1 

235.9 
652.0 

·Rail from MRS to Repository (150T, nonove"Packe~) 
CAPITAL 78.6 78.6 78.6 
OPERATIUG · 166.1 184.1 252.1 

TOT}LS 
T~ck from Ori~in 

150T from MRS 
Rail from Orig~n. 

150T fc·om HRS 

1061.4 

~125.2 

1074.9 1138.1 

1151.0 1218.& 

• ... 
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209.8 
617.8 

239.5 
&~8-7 

78.6 
293.6 

1199.8 

1260.4 

21~.2 

6Al.O 

24G 7 
6i2.4 

100.G 
453.7 

1409.5 

1473.4 

n7.5 
f.54.9 

250.3 
658.<l 

S4.1 
334.:' 

1291.2 

1330.0 

·--. 

• . . . ... 

• 



• 
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'£}DLE 2.16 St::~!t\=:Y o: TH!:: !:!~!:S OF ~:-'.\::sro~~T.~.7:~·: 

Or S?S:!T FU;::L !l.:lD HIGH LS\"::L i:;,s:::;:: 
~:; c; .. s~ 6 - Hart.~villc ~:~:;t all S? •.n t: .S; 

p.,.,o~i4:.n:-v t.nc~~.:.':.:':.._ ______ _ 

~!.!.:::.C.:::.:!::..~~I>:.:.;,J~~s~t::.:~c:...· -''r:-'...:."':"..;.;~:._ ____ .;:;.G..:..B:.!.: __ 'li:....:.'·~~.c:.:.'h.:..·'....:::"...:.i...:.:('!c_c:...?_···.:...•.....:.··"-'--i ·;;.:.;~·n:.:..____;~...;-'"_;·:":...::".:,:,:_~:.:C'l.:.::·.:...: _....;·:··:~-~:·_ .... ...; ...... . 

10()';.. 7I!UC:< FRC<l OTI.IGW 
Sf: 
"Kadiolo&ical 
llonradiolo&ic.al 
HLW 
R.ldiolocical 
Nonradiological 

lC~ RAIL FROM ORIGI~ 
SF 
Ro:diolor,ical 
Nonradiolo&ical 
HLW 
Radiolor,ical 
Nonradiolo~ical 

:!.6 
9.4 

1.8 
6.2 

.14 

.92 

.062 

.63 

HRS TO REPOSITORY; lSOT Cask1 
Radio log ic~l · . 018 
Nonradiolor.ical 1.5 

TOTALS 

3.6 
9.4 

1.7 
5.8 

.14 

.92 

.067 

.69 

.Ol7 
1.5 

3.6 
9.4 

1.7 
6.2 

.14 

.92 

.063 

.64 

.012 
3.2 

Dedicated Rail to·Rerository; 
5.4 5.3 5.3 

17 17 19 

3.6 
9.4 

1.8 
6.1 

.14 

.92 

.066 

.66 

.034 
4.6 

150T Cask 
5.4 

20 

Truck fro~ Ori&in; 
Radiologiccil 
Nonradiolocical 

aail from Orir,in; Dedicated Rail from MRS; 150T Cask 
Radiolosical 
Nonradiological 

.22 .22 .24 
3.1 3.1 4.8 

1rncludes risk values for ~~ and secondary vastes. 
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= rm4 " ::smw.w::cc;: .o 

.24 
6.2 

3.G 
~ • .!! 

2.1 
7.4 

.14 

.92 

.079 

.84 

.052 
9.2 

5.8 
26 

.27 
ll 

2.1 
7.4 

.1~ 

.92 

.C7't 

.79 

.048 
5.7 

5.8 
23 

.26 
7.4 

/ 



'l'ADLC 2.17 ':'07/.L ::!1:?:::~·::-::::.:::; (:-:-.~l15..c7'! r.:.:i.:-;:) 
; ..• : ~. 

r.:-('·~·.:._!._:.:·~~!:..1~ eo I·!'"'-, ·-·- . - ·-
Ho~a /'.:n. s tr. w· r.:::: v .... rh"' ~:.·.~ ;."-.: F·- ~:- .: ... ·: .,., ....... 

_: ---·--
O~ruck from RcactoL·::;, I'' . , ·-·· ::iitc£ 

SF to K~~ 38.9 33.-} 33.9 30.9 
... ,.._ ,.. ~ ~ 

.J.;. •. , -
s~ to Rcpos. 10.9 9.11 6.0 3.9 2 <' 

·~ -. -
DHLW to Rcr:os. 28.0 2!3.0 ;:~:.o 2C.O 3~.0 

.,r ·' 

WVHLW to Rcpos. 1.0 1.0 1.0 1.5 2.0 .., r • ... . ... 

Rail fco~ Reactocs, HLW Sites 
.SF to h'RS 6.4 6.4 6 .4· 6.4 6.4 6.1; 

SF to R~pos. 1.8 1.5 1.0 0.6 0.5 0.6 
. DHLW to Repo:l . 6.5. 6.5 6.1 6.5 7.6 8.4 

WVHLW to Repos. 2.0 2.0 2.0 2.0 3.0 3.0 

Rail fcom U?.S to Repositocy (lOOT with overpacks) 
Dedicated Rail 0.8 1.0 1.9 2.6 3.4 -3.0 

TOTALS 
Tcuck from O~igin 

100'1' fcom HRS 79.6 78.3 73.8 ·74. 9 80.1 82.4 
Rail from Origin 

lOOT fro·,n KRS l7 .5 17.4 11.4 18.1 20.9 21.4 

TABLE 2.18 TOTAL TRANSPORTATION PACKAGING REQUIREMEU!S 

Mode/Waste Type 
Tcuck from Reactors, 

SF to MRS 
SF to Repos. 
DHLW to Repos. 
WVHLW to Repos. 

Rail fror.l Reactors, 
SF to KRS 
SF to Repos. 
DHLW to Repos. 
WVHLW to Repos. 

(number of packaging.s) KRS CASE 7 - ems at Hartsville; 
East-West split 

G!R Vach-erie 
HLW Sites 

97 97 
14 13 
40 41 

2 2 

Repository Locaticn 
Permian Paradox Yucca-Mt 

97 
.11 
44 

2 

97 
9 

48 
2 

97 
8 

51 
4 

Hanfo:-c! 

97 
9 

56 
4 

HLW Sites 
'bl 61 61 61 61 61 

9 8 8 6 6 6 
34 37 37 38 42' '47 

2 2 2 2 2 2 

Rail from HRS 
SF 

to Repository (lOOT with overpacks) 

HAW/Hdw 
CH-TRU 

50 50 60 70 
4 
2 

4 
2 
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4 
2 

750 
4 
2 

60 
4 
2 

4 

2 

.) 

-----------------·-···) 
BEST AVAILABLE COPY 



• 

• 
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TABLE 2.19 TOTAL 7P.J.:!SPC:rt,".':ICll COST!> (t.:·l) 
!ffiS CASE 7 - 13S at Ha:-t:::v\llc; E~-~t-·.:~::~ :;:·1 !.:. 

r.~.,<'~ L<""c:1tic:1 
1-!odc/\.hntt' 'I''-~(l! GIR Vach~r-ie Pr.~.i~n 

Truck fro::\ RP.octors, HLW sites 
CAPITAL 208.2 207.9 207.2 
OPERAU~G 603.8 588.4 559.6 

Rail from.Reactors, HLW sites 
CAPITAL 239.8 242.7 240.9 
OPERATING 636.2 633.0 624.7 

Rail fro~ Y.RS to Repository (lOOT with overpacks) 
CAPITAL 136.6 136.6 161;6 
OPERATHIG · 308.4 342.9 488.7 

TOTALS 
Truck from Origin 

lO')T from MRS 1257 .o 1275.8 1417.1 
Rail from Origin 

lOOT from KRS 1321.0 1355.2 1515.9 

...! •.• ·• .... : . ~' 
.. · 
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Per-ad e-x 

209.7 
561.3 

239.5 
611.9 

186.6 
583.1 

1540.5 

1620.9 

. ~ : 

Y\:CC'~ r~ 

212.7 
.577. 9 

246.7 
630.7 

186.6 
680.2 

1657.4 

1744.2 

I, i ·~ 

' .. ; ::., i .. 

.·. 
.·• 

E:. ;~ :_..::.:..1 

217 .I. 
596.~ 

250.3 
629.4 

16 i. 6 . 
572.4 . 

1547.2 

1613.5 

,; . 

···J 

...,.\1 ''·' 

'- ... 



\'·' ... ':' • - .... , 17- -· i ~ • . . . . • . • ••. ·- .. 
•• '"'~- ••••• ···'-'·• -· • ··~ 1 ......... _, 

··-' .... . ; -- -. ... 

-----------'-~ .._ ~F' .. .: ~-:--:::~__;_:.;:_:_~..,:.7_: -''...:.'---....,..::'-· ----·-·-. 
t!~~o.!.!rt~~:....l\.:...· '-"!~.:..:.!':.:.t"::..;. .. _-~, ·----·"'..:..· ____ .....:.:-~. :'-. --:-,__. __ v .. " ... > ··· .... -!,.. 
10C~ TRi.iC;~ Fr~ca o:::i.GI~l 

S~ to Repository 
nadioi.o~ical 

Honrildiolosicnl 
SF to HRS 
Radiological 
Nonradiological 

HLW to Repository 
Radiological 
Nonradiological 

10~ RAIL FROii ORIGIU 
SF to Repository 
Radiolo;;ical 
Nonradiological 

SF to K:lS 
·Radiological 
Nonradiolot;ical 

HLW to RepoRitory 
Radiological 
Nonradiolotical 

HRS TO REPOSITORY;. lOOT 
Radiological 
Nonradiological 

TOTALS 

.75 
2.5 

2.9 
7.1 

1.8 
6.2 

.018 

.18 

.12 

.74 

.Of2 

.63 

Cesk1 
.032 

5.5. 

Truck from Ori~in; Dedicated Rail 
Radiological 5.5 
Nonradiolosical 21 

Rail from Origin; Dedicated Rail 
Radiological .23 
Nonradiolo~;ical 7.1 

lrncludes risk values for SF and 

.61 
2.ll 

2.9 
7.1 

1.7 
5.8· 

.016 

.16 

.12 

.74 

.067 

.69 

.o~~· 

5.~ 

from MRS; 
5.2 

20 
from MRS; 

.23 
7.0 

secondary 
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. . -.:1 . ;:-~~~~: __ . =----'-·- .... -·-. 

.t.: .29 • -:.7 .. :, 
1.5 . ~7 . G7 . /';, 

2.9 2.9 2.9 2.9 
7.1 7;1 7.1 7.1 

1.7 1.8 2.1 2.1 
6.2 6.1 7.4 7.4 

.on .011 .0086 .0097 

.11 .092 .069 .OiO 

.12 .12 .12 .1:? 

.74 .74 .74 .74 

.063 .066 .079 .074 

.64 .66 .84 .79 

.054 .058 • 074 .076 
11 16 21 19 

lOOT Cask 
5.1 5.1 5.3 5.4 

26 30 36 34 
lOOT Cask 

.25 .26 .28 .28 
13 18 22 20 

wastes. 

• 

• 

• 
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TABLE 2.21 ":~'!'AL Si!::::::.::-r-c:IL:S (:-:\illh::1 :-.i~··:-:~ 
h'RS C.\S::: B-E::!S ot E~:-t:;·,:illc; i:;.;::t, .. ". 

/' ~n~c!"'.i torv LC'c:.:.! :-:1 __________ ,!;.....~:..:..!..:..:::.:_.:_..!:::..::.:..::.::.:.::..=~:__------ ··---.. --

H!.!~o.!,!d:::,C:..,:IW~3:!,;!'::.,:· t:..:e-:..:-'..!T:...:".J;.'T':.!:c:..._ ____ .!::C..:.!.!.!R __ 'Ii;:,;' a;:.:c:.!h.!.!c:..!:r-=:..:..::e:..._.!..r.:..:.".:~.-::.!··•::,;l·:.;c· nc:._.....!i'..:.· :1:_::"..;.:·:..:.· ·:'_·..:..:··'-. _·.· .... • .. _. ___ •• • ... ~· 
Truck from r..eactors, HLW Sit.es 

SF to Y~S 
S? to Rcpos. 
DHLW to Rcpos. 
WVHLW to Rcpos. 

Rail from Reactors, 
SF to HRS 
SF to Repos. 
DHLW to Repos. 
WVHLW to Repos. 

1.0 

HLW 

2.0 

38.9 
10.9 
28.0 

Sites 
6.4 
1,.8 
6.5 

38.9 
9.4 

28.0 
1.0. 

6.4 
1.5 

. 6.5 
2.0 

38.9 
& • (I 

.:6.0 
l.O 

33.9 
3.9 

2ELO 
1.5 

6.4 6.4 
1.0 0.6 
6.1 6.5 
2.0 2.0 

Rail from MRS to Reposilory (150!, nonoverpacked) 
Uedicated Rail 0.2 0.2 0.5 0.7 

TOTALS 
Truck from Origin 

150! from MRS 79.0 77.5 .72. 4 73.0 
Rail from Origin 

lSOT from MRS 16.9 16.6 16.0 16.2 

- .. 
:!.:: 

~ ~ . 
.:.: • .1 

:!.0 

6.4 
0.5 
7. 6. 
3.0 

1.3 

78.0 

18.8 

TABLE 2.22 TOTAL TRANSPORTATION PACKAGING REQUIRE~E~S 

(, .. 
.. . :l 

:·.:) • !'; 

:.o 

6 . ... 
o.c 
8.4 
3.0 

0.8 

80.2 

19.2 

(number of packagint;s) !ffiS CASE 8 - HP.S at Hartsville: 
East-Wes.t split. 

Repository Loea.tion 
Mode/Waste Type GIR Vacherie Permian Paradox Yucca Y.t 

Truck from Reactors, HLW Sites 
SF to MRS 97 97 ·97 
SF to Repos. 14 13 
DHLW to Repos. 40 · 41 
WVHLW to Repos. 2 2 2 

Rail from Reactors, 
SF to MRS 
SF to Repos. 
DHLW to Repos. 
WVHLW to Repos. · 

HLW· Sites 
61 

9 
34 

2 2 

61 
8 

37 
2 

Rail from MRS to 
SF 

Repository 
20 

(150! t 
20 

8 
2 

HAW/Hdw 8 
CH-TRU 2 

97 97. 
11. 9'. 
44 48

1 

2 4' 

61 
8 

:p 
2 

61 
6 

38 
2 

nonoverpacked) 
20 20 

a· 
2 

8 
2 
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97 .. 
. 8. 
51: 

4 

61 
6 

42 
2 

30 
6 
2 

61 
6 

47 

20 
0 
2 

. .. ·• ;. 



Truck f~om Reactors, 
CAPl!AL 
OPERATING 

HLW sites 
20:1.2 
603.8 

Rail f~om Reactors, HLW sites 
CAPITAL 239.8 
OPERATING 636.2 

V:>.ch~:-i-e 

207.9 
588.4 

242.7' 
633.0 

F~i."'i :"~1 

207.2 
559.6 

240;9' 
624.7 

Rail f~om KRS to Repository (150T, nonoverpacked} 
CAPITAL . 78.6 78.6 78.6 
OPEP~TIHG 148.4 170.2 231.8 

TOTALS 
Truck from origin 

150T f~om KRS 
Rail from Origin 

lSOT from MRS 

lv44. 7 

1108.7 

1045.1 1077.2 

1124.5 1176.0 

-147-

p-..::"'::~:c 

209.7 
561.3 

239.5 
611.9 

·l'·.:::-:: :"~ ··: .. 

~1.2.7 

577.9 

246.7 
630. 7· 

,. 

106.1 
409.2 

----·-· 
.,'": ~ &. 
.;..;..I ... 

s9~.c 

250.3 
629.4 

78.6 
307.2 

111'9.3 ·1300.4. 1199.2 

1199.7 1387.2 1265.5 

• 

•• 

• 
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TP.BL~ :! . 24 Slr.~-\.!l.Y OF Ti1::: nr:;::z 07 r:::.·.:·::-c:::::::.:::: 
OF S!'::rr FUEL :.::D J:IG:-1 L::·.'::L ~:.2::: 
C!RS CAS!: 8 - H:;.::t:;vi llc 1::-:.:; i:a5 t-~;·JS ~ r.:-· ~it, 15 C:' c .. -~ 

r.~nos1 to:-·: r..cc-.':.i~~ 

GIR Vachc'C'ie Pf!~i~n ~·!"'~'"~.C:·~':~ 

100'~ -rr..:;cK FRmi OaiGIN' 
S? to Repo~itory 
· Radiological 

Uonral!iological 
SF to MRS 

Radiolo&icaJ. 
Uonradiological· 

HLW to Repository 
Radiol.,gical 
Nonradiological 

10~ RAI~ FROK ORIGIN 
SF to Repository 

Radio:&.ogical 
Nonradiological 

. SF to MRS 
Radiological 
Nonradiological 

HLW to Repository 
Radiologic&l 
lionradiological 

.75 
2.5 

2.9 
7.1 

1.8 
6.2 

.018 

.18 

.12 

.74 

.062 

.63 

KRS'TO REPOSITORY; 150T Cask1 
Radiological ' • 017 
Nonradiological 1.4 

TOTALS 

.61 .42 
2.0 1.5 

2.9 2.9 
7.1 7.1 

1.7 1.7 
5.8 6.2 

.016 .011 

.16 .11 

.12 .12 

.74 .74 

.067 .063 

.69 .64 

... ~~ \ .. : : '· .. 
.ou-. ,·: .. , .. ,: .029 

1.4 3 :o 

Truck from Origin; Dedicated Rail from.HRS; 150T 
Radiological 5.5 5.2 . ' 5.1 
Honradiological 17 16 18 

Cask 

.29 

.97 

2.9 
1.1 

1.8 
6.1 

.011 

.092 

.12 

.74 

.066 

.66 

.031 
4.2 

5.0 
18 

Rail from Origin; Dedicated Rail from MRS; 1501' Cask·_ .. .. 
Radiological .22 .22 .~2 .23 
NonracHological 3.0 3.0 4.5 5.7 

:'.Includes risk values for SF and secondar:: wastes. 

-H8-

.. ;:,_~::: .-. ' .. ,.. -·· 

.27 .27 

.87 .76 

2.9 2.9 
7.1 7.1 

2.1 2.1 
7.4 7.4 

.0085 .0097 

.069 .070 

.12 912 

. 74' .74 

.079 .074 

.84 .79 ' 

.'··0~8 ·, ',00\3 
a~5: s·~3: 
... -. - . ' 
: 

'•' •' ., ... , 
.,l .; : 

5.3 '. 5.:J:: 
24 21 

.26 .25 
10 6.9 

.. ~ 

·. 

----- ------------·--

·:_·.\ 

i..2. 
·-~ 

•I 
,, 
''· 

') 

~ 

':! 
}. 

i. 
! 

:~ 



A?PEUDI:l 3 

DSTA 1 LED \;:..sT:::> l! Cu7?U'l' 

TILDLE 3.1A 

su:::.~ ... '1~ OF SPE:-1'! FUEL SHIP~:-::;:::-s DI!'!:C-:: TO RE?0Sl7C::'.: 

100~ TRUCK-(C;..s:: CAPt/::J.TY 07 215) 

COST (:':!!) MILE: 

REPOS LOCATIO!t SHIPPING CAPITAL ~!..UriT TOT"-L ('!-!illif'ns) '~:'.!-.~'':.") 

RICHTOH 
VACHERIE 
DEAF SMITH 
DAVIS 
NNWSI 
BWIP 

442.4 181.0 98.8 722.2 67.4 
466.3 186.9 101.6 754.8 n. i 
595.4 211.7 115.5 922.6 94.4 
717.2 235.1 128.1 1080.3 115.1 
875.6 265.7 145.0 1286.2 141.8 
921.7 274.5 149.2 1345.4 149.7 

TABLE 3.1B 

SUMMARY OF SPEUT FUEL SHIPMENTS DIRECT TO REPOSITORY 

100~ P~IL-(CASK CAPACITY OF 14/36) 

COST ~~H2 MILES 

REFOS LOCA'!'ION SHIPPING' CAPITAL HAINT . TOTAL (Millions) 

RICHTOU 389.7 202.5 107.6 699.8 11.0 
VACHERIE 404.7 . 207.5 110.4 722.6 11.7 
DEAF SMITH· 477.0 232.5 123.4 832.9 15.4 
DAVIS 533.9 250.5 133.5 917.9 18.8 
NNWSI 603.5 275.0 145.9 1024.4 23.2 
BWIP 625.8 280.0. 149.9 1055.7 24.6 

-149-

...... 

121; .. 
128 
145 
161 
182 
188 

CASKS 

p~u::-..b~r) 

81: 
83 
93 

100 
110 

. 112 

• 

• 



• TASLC: 3.2 
/ 

COST ~t-H} CASKS 

REPOS LOCATION §HIPPING CAPITAL }:/I!IIT T:1TAL C!lui:':~er-) 

'• 

RICHTOH 33.6 22.0 12.0 67.6 20 

;. VACHERIE 39.0 24.2 13.2 76.4 22 
DEAF SMITH 63.4 30.8 16.8 111.0 28 
DAVIS 97.1 39.6 21.6 158.3 . 36 

NNWSI 110.0 41.8 22.8. 17.!1.6 38 
BWIP 135.2 48 . .!1' 26.4 210.0 44 

'fo'ROM l\A.'ITORD TO 
RICHTON 24.5 5.!' 4.5 34.5 5 
VACHERIE 21.6 5.5 4.5 31.6 5 
DE.~ SMITH 15.1 4.4 3.6 23.1 4 

DAVIS 9.4 3.3 2.7 15.4 3 
mlWSl 9.8 3.3 ·. 2.7 15.8 3 
BWIP NA NA' NA NA NA 

• . . 
FROM IN.~ TO 
RICH1'0N 74.5 16.5·. 13.5 104.5 15 
VACH~RIE 65.9 15.4 12.6 93.9 14 
DEAF SMITH 39.8 12.1 9.9 61.8 11 
DAVIS 23.0 9.9 8.1 41.0 9 
NHWSI 29.0 9.9 8.1 47.0 9 
BW':P 26.1 9.9 8.1 44.1 9 

FROM WlST VALLEY TO 
RICHTrJN :,.9 2.2 1.2 7.3 2 
VACHY.RIE 4.1 3.2 '1.2 7.5 2 

DEAF SMITH 5.3 2.2 1.2 8.7 2 
DAVIS 6.7 2.2 1.2 10.1 .2 
HNWSI 8.2 4.4 2.4 15.0 4 
BWIP 8.7 4.4 2.4 15.5 4 

-:so-
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• TJ.5L: :~. 3 

sr::·:..~ .. :::'f. c.: r.:::::::~:~ r.:m co:·::·:::.:::t.r. Hrc:-: t.:: '~! ::L ........... ::::! :· 

DIR!::C': 70 R::PO~I:O~:.'-lCC";. !--·-':..L ~:~:?:::::::-: 

cosr_c_:.:) c.-..~·:::; 

FRO~ S2P TO· SHIPPI~!G C!:?IT.\L :·. ·.-::-r. ..... ,.~ .... 
~ L.:..:.:- ...: .:.~ 

RICHTON 56.5 32." 16.2 105.1 18 
VACHERIE 64.1 39.6 '19.8 123.5' 22 

DZAF SUITH 92.5 43.2 21.!. 157.3 24 

DAVIS 117.7 50.4 25.2 193.3 2S 
NNWSl 126.5 54.(l 27.0 207.5 30 
BioiiP 142.4 64.8 32.4 2:9.6 36 

FROM P.A.'-'FO?..D TO 

R!CHTO!i 26.1 7.2 5.4 38.7 I. 

V!CHP.RIE. 24.7 7.2 5.4 37.3 4 

DEAF SMITH 4:0.1 5.·4 4.1 '29.6 3 

DAVIS 14.4 5.4 4.1 23.9 3 
Nll'WSI 15.3 5.4 4.1 24.8 j 

BWIP HA NA biA tlA NA 

FRO['t IHEL TO ~ ·, ..: . • i2s·~·6 
~ .. :...:. 

RICHTON 90.8 21.6 16.2 12 
VACHERIE 64.7 j .8 14.9 119.4 ll 

DEAF SMITH 63.8 16.2 12.2 9~.2 9 
DAVIS 39.~ 12.6 9.5 61.4 7 
Nb!WSI 48.1 1'6.2 12.2 76.5 9 
BWl.P 43.9 14.4 10.8 69.1 8 

FROM WEST VALL?~'! TO 

R!CHTO'!l 4.4 3.6 1.8 9.8 2 
VACHERIE 4.4 3.6. 1 - 9.8 2 
DEAF SMITH 5.1 3.6 1.8 10.5 2 

DAVIS 5.9 3.6 1.8 11.3 2 

l:lNSWI 6.'j 3.6 1.8 12.0 .2 

BWIP 6.8 3.6 1.8 12.2 2 

-151-
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TABl-E 3.4 

SUHHAR'i FOR SHir'iE~ITS FROH ALL F.i:~CTORS TO ,&.~i 1:?.3 

(SFE.NT FUEL) 

COST ~~M} CASKS 

~H!PPIUG MODE §ill7NG CAPITAL ~AIN7. TOTAL U7!.!mbcr.-) 

1001. Truck 
To Oak Ridge 
To Hartsville 

1001. Rail 
To Oak Rid~e 
To Hartsville 

34~.1 154.8 
345.1 154.8 

318.4 167.5 
322.9 167.5 

102.9 600.8 
102.9 b02.8 

107.9 593.8 
107.9 ' 598.3 

. :j. ·; 
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106 
106 

67 
67 

·, -. 

CASK P.ILE~ 

(Mi 11 i cr.5) 

48 .·8 
49:.2 

··. 

8·.0 
8.1 . 

l ... 

·:. 'i 

: .. . ' : 

' ., 

-----------=-----------::m:::s~m=~m~Mw_, ___ "" ________ ._. -~~~-~-. 



/ .) 
TADLE ., ~ 

.; . .) 

SUH~ARY FOR co:;~OLIO,\T!::D S?E:iT FUEL :~1 !?!::~;;·:·~ t·· :..-: r. ~ ~ .. 
; ....... , -,, .. 

REPCSl';O~Y 1:1 FIVE c:,=l D::!).lC/.7:.::) :::.'.r:::: 

(FU:::L FRCM ALL r.SAC~ORS) 

CAS~ 7::::' 
MRS CASK COST ~ ~-~ 2 CASKS HIL1-;S l:I !..::s 

SIZE SH!PPIHG CAPITAL. MA!NT. 1Qill (Nur.-.ber) (Millions) .u-:it:ic-:-:~) 

Oak Ridc.e 
r (lOCI Cask) 

R!CHIOU 213.9 137.5 69.4 420.8 55 4.6 0.9 

VACHERIE 261.0 .150.0 79.4 490.4 60 6.1 :.2 

DEAF SMITH 369.3 17S.C 93.9 638.1 70 11.2 2.2 

DAvtS 443.3 187.5 98.1 728.9 75 15.1 3.0 

NllWSl 491.8 200.0 108.8 800.6 eo 19.2 3.8 

BWIP 425.0 175.0 93.1 b93.1 70 17.3 3.5 

(150T.Cask) 
RICHTON 74.0 55.0 28.1 157.1 20 1.2 0.2 

VACHERIE 90.0 55.0 28.1 173.1 29 1.6 0.1 

DEAF SMITH 128.8 ·55.0 28.1 211.9 20 2.9 0.6 

DAVIS 152.6 55.0 28.1 .235.7 20 3.9 0.8 

NNSWI 287.9 82.5 41.3 411'.7 30 7!6 1.5 

BWIP 164.8 55.0 28.1 247.9 20 4.8 1.0 :.) 
Hartsville 
(lOOT Cask) 
RICh~ON 202.1 125.0 67.5 394.6 so 4.-2 o.8 

VACHERIE 233.8 137.5 70.0 441.3 55 5.2 1.0 

DEAF SMITH 346.8 162.5 83.6 592.9 65 10.1 2.0 

DAVlS 420.1 175.0 95.8 690.9 70 .13.9 2.8 

NNSWI 473.5 200.0 11)8.1 781.6 80 18.1 3.6 

BWIP 407.4 175.0 92.9 675.3 70 16.3 3.3 

(150T Cask) 
RICHTON 70.0 55.0 28',1 153.1 20 1.1 0.2 

VACHERIE 80.8 55.0 28.1 163.9 20 1.4 0.3 

DEAF StliTH 121.3 55.0 28.1. 204.4 20 2.6 (\.5 ._.,._ ... , 

DAVIS 144.9 .55.0 28.1 228.0 20 ~.6 0. 7 

NNS'-II 276.9 82.5 41.3 400.7 30 7.2 , . 
... ·" 

BWIP 158.3 55.0 28.1 241.4 20 4.5 c.q 
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· SUHHARY FOR SHIF?IHG WASTE PP..OOllC':.S Fr.C:! !::·:3 FAClL!'f'Y '!0 R:::o:;ITO:-.~ 

(HARDWARE A!:O HIGH ACTI"l~T':: \...'ASTE~) 

(ALL 1\C:ACTORS 'i'P.?.OUGH I~:=!S) 

MRS CASK COST {~H2 CA~KS CAZ~-HILt-:S 

SIZE ~TKG CAPl T~L H.Al!l!. TOTAL (Nur:~b~r) iHilli.o~:;). 

Oak Ridge 
(lOOT Cask) 
RlCHTOU 63.6 10.0 6.3 79 .·9 4 1.5 
VACHERIE 75.6 10.0 6.3 91.9 4 2.0 
DEAF SMITH 107.8 .10.0 6.3 124.1 4 3.7 
DAVIS 128.6 iC'.O 6.3' 144.9 4 4.9 
NN'WS1 147.8 10.0 6.3 164.1 4 6.3 
B\IIP 157.4 :!.0.0 6.3 173.7 4. 6.9 

Cl5vT cask) 
RICHTON 52.1 22.0 12.5 86.6 8 o:8 
VACHERIE 62.0 22.0 12.5 96.5 8 1.1 
DEAF SMITH 88.·4 22.0 12.5 122.9 8 2.1 
L>A\'IS 105.4 22.0 12.5 139.9 8 2.8 
NN'WSl 121.2 16.5 9.4 147.1 6 3. '. 
BWIP 129.1 '27.5 15.6 172.2 10 3.9 

• Hartsville 
(lOOT Cask) 
RICHTON 60.5 10.0 6.3 76.8 4 1.4 
VACHERIE 68.9 10.0 6.3 85.2 4 1.7 
DEAF SMITH 101.1. 10.0 6.3 11L4 4 3.3 
DAVIS 122.2 '!.0.0 6.3 138.5 4 4.5 
Nl1WSI 143.0 10.0 6.3 159.3 4 5.9 
BWIP 150.9 10.0 6.3 167.2 4 6.5 

RICHTON 49.6 2.0 12.5 84.1 8 0.8 
VACHERIE 56.5 22.0 12.5 91.0 8 1.0 
DEAF SMITH 82.9 22.0 12.5 117.4 3 1.9 
DAVIS l00.1 22.C' ) '.5 134.6 8 2.6 
HNWSI 117.4 16.5 9.4 1113. 3 6 3.4 
BWIP 123.7 . 27.!j 15.6 166.8 10.0 3.7 

·~--· 
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T.t..Bt.E 3 • 7 

· SUtrnARY FOR SHIPPWG WASTE PRODUCTS FRCM h'"RS FACILI'!Y '!0 l.E?CSI:i'0~Y 

(CONTACT W.RDLED TRU WASTE, ALL RE,\CTORS Th'F.OUGH 1-'...:";S) 

REPOSITORY 

Oak Ri~se 
(TRU) 
R'ICHTON 
VACHERIE 
DEAF SMITH 
DAVIS 
NNWSI 
BWIP 

Hartsvi 112. 
(TRU) . 

RICHTON 
VACHERIE 
DEAF SMITH 
DAVIS 
NNWSI 

.BWU' 

(COST (~") 
SHIPPING CAPITAL . MAIN'l'. 

2.2 1.6'. 3.8 
.. 2. 6 1.6 3.8 

3.7 1.6 3.8 
4.4 1.6 3.8 
5.1 1.6 3.8 
5.4 1.6 3.8 

' 

2.1 1.6. 3.8 
2.4 1.6 3.8 
3.5 1.6. 3.8 
4.2 1.6 3.8 
4.9 1.6 3.8 
5.2 1.6 3.8 
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CASKS CASY.-!H!..t::S 
(Uurr.b~r) (!Hllic~:;) 

7.6 '2 0.2 
8.0 2 0.2 
9.1 2 0.4 
9.8 2 0.6 

10.5 2 0.8 
10.8 2 0.8 

1.5 2 0.2 
7.8 2 0.2. 
8.9 2 0.4 
9.6 '2 0.5 

10.3 2 0.7 
10.6 2 o. 7 

• 

• 

• 



TABLE 3.!3 

SU'HHA.R'i. OF JrEUT FUFI. smP!:;::r::s, 
DIR:CT TO lm.S 

EASTERH REACTJRS OUL'i. 
MOlJt::/LOC. COST ~~~ 'HILES CASKS KRS SHt~ ·.CAPITAL MAniT. I.Qlli (Uillions) · (l!ur-:b~t") 

~ 
Oak Ridge ~76.4 141.6 76.6 494.6 38.1 97 Hartsville 280.9 141.6 ,6.6 <'199.1 38:9 97 

Rail 
Oak Ridge 273.4 152.5 81.0 506.9 6.2 6.1 Hartsville 278.4 152.5 81.3 512.2 6.4 61 

.) 
~ ... ":"" • ·:: • ~.- •• > 

~ I;~ . ') ~ .. · ~: . (: 
. ··~ .·' . -·· '': ~ .. -· 

'i · .. , :) . ,' ~ '· .. : 
t. ·.i ,, ··.· . . : 

·.; < _; ... ': ~. ... ·. ,: ·.::' • .-J 
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TABI.I:: 3.S 

Sl.JID41\.R y OF SPElfl' FUE!. SHIP:::.:::·.:;; . 

DIRECT TO REPOSITORY 

\o'tSTERl:l REACTORS o::LY 
.· . 

MODE/ COST ~;H} !tiLES CAs~: 

REPOS. LOC. SHIPPING CAPITAL M.\INT. 'LO!AL, n~illion~) ( Eu~'t:'= r )_ 

Iruc'lc 
P.ICHTOH 67.1 20.11 11.5 99.0 10.9 14 
Vf,CHERlE 58.1 19.0 10.7 87.8 9.11 13' 

DEAF. SMITH 38.3 16.1 0.:' 63.1 6.0 11 

DAVIS 26.7 13.1 7.3 .lj 7 .l 3.9 9 
h"tlWSI 20.8 11.7 6.6 39.1 2.8 8 
BWIP 24.6 ' 13.1 7.0 11·11 . 7 3.5 9 

Rail 
RICHTON 46.8 22.5 12.3 81.6 1.8 9 

VACHERIE 42.6 20.0 10.9 73.5 1.5 a· • DEAF SHIT.H 33.0 20.0 10.8 63.8 1.0 8 

DAVIS 25.9 15.0 8.4 49.3 0.6 1:. 

HNWSI 21.1 15.0 8.3 44.4 0.5 . (, 

BWIP 23.5 15.0 8.,1 46.6 0.6 6 

•' 
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TAB!..:: 3.11 

KR.S/REPOS COST ~~H} CASi<S CASK-HlLE3 

LOCATION SHIFPING CIU'li.'AL ~;AIIIT. T07fl!. (!:':.~-.:. ·' t") (11DEc:·.::) 

Hartsville 
(lOOT) 
RICHTON 56.0 10 6.3 72.3 4 1.30. 

. VACHERIE 63.7 10 6.3 80.0 4 1.57 

DEAF SMITH 93.5 10 6.3 109.8 4 3.05 

DAVIS 113.0 10' 6.3 129.3 4 4.16 

NNWSI 132.3 10 6.3 i48.6 4 ·s .46 

BWIP 139.6 10 6.3 155.9 4 6.01 

(150T) 
RICUTON 45.9 22 12.5 80.4 8 0.72 

VACHERIE 52.3 22 12.5 86.8 8 0.91 .-·DEAF SMITH 76.7 22 12.5 111.2 g: 1 .• 76 

DAVIS . 92.6 22 12.5 .127 .1 8 .2~41 

NNSWI· 108.6 16.5 9.4 134.5 6 3.15 

BWIP 114.4 22 12.·5 148.9 8 3.42 
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SPF.::ADSHE'i:::' RESUI..'IS FOR SHIPP!!7G '.:AS7:: r;:.:::::.:c::: 

FROM ~S F:\CIL!!Y !0 r.:::?OSI!OR~ 

( CON'l'AC! HJ.l;DLED !:i:.U 'o!AS!C) 

( EASTEP~'l P.EACTOP..S ON""wY THROUGH m-:s) 

MRS/REros COST ~$~12 'CASKS CASK-1:1 LES 

LOCAT!C!t SHIPPIUG CI\Pl!AL Yi.AUTT.' TOTAL (!!u:7!ber2 onlli..cr.<:) 

Oak Rithe 
(TRUrAC) 
RICHtON 2.04 1.6 3.8 7.4 2 '0.17 
VACHERIE 2.41 .1.6 3.8 '7.8 2 . 0.22 
DEAF SMITH 3.42 1.6 3.8 8.8 2 0.41 
DAVIS 4.07 1.6 3.8 9.5 2 0.56 
HN\JSl .4.72 1.6 3,8 10.1 2 o. 70 
BWIP s.oo 1.6 3.8 10.4 2 0. 78 

Hartsville 
(TRUPAC) 

• RICHTON 1.94 1.6 3.8 7.3 2 0.15 
VACHERIE 2.22 1.6 3.8 7.6 2 0.·19 
DEAF SMI'IH 3.24 1.~ 3.8 8.6 2 ·0.37 
DAVIS 3.89 1.6 3.8· 9.3 2 0.50 
NNWSI 4.53 1.6 3.8· 9.9 2 . 0 .. 67 
BtflP 4.81 1,6 3.8 10.2 2 0. 72 

·· ....... --· 
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Inclua.cd 1.'n th1.'r. "P..,·"'nc'l.'>: a.-~ ta""le.., ot=. '''1 c··--········~·~ o:: .-.L .... ~-·-''····· _ ~~;,;. t'.... \;;;; i.J - C..'\o&. ""'· ., Jo•'·~'""'""' ,;,. \..; .-.,,.:·;'V .......... • •. •• 

risk for the ca.:::ee analy:::cd in this repor-t. For t:.:::h c;1sc, th·~=-·c ~.=~ t··. • .. · ·· 

of units-risk fcctors: iadiolo;ical and n~~r~diol~~~c~l. ~~~ r3~icl~~i~~: 

unit-rh:i< factoC's (To.blc~ 5-1 to 5-3) were ~·~ner:;::.-:1 by RAI)";:;::'"·.:: Ill; ~:;.::-, 

factor repre:.cnts tho 'risk associated with 1 kilc::-,;::.c::- of lC'avcl of a t::-uc:: ... 

railcar for the sp~cified payload/population d~n~ity zone/etc. co~bin~tion. 

For each logical combination of mode; payload, population density zone, 

etc., three radiological unit-risk factors are siven: normal nonoccupational 

risk, normal occupat.ional risk, and· accident nonoccupational risk. Normal 

nonoccupational risk is,the risk to·members of the general public during 

normal (i.e. incident-free) transport: normal occupational risk is lhe risk to 

occupationally e~~osed persons such as t~ck drivers and rail crew members 

during incident-free transport; and accident nonoccupationai is t~e risk to 

members of the public from accidents of all severitiesi A fourth set of 

radiological unit-risk factors, the Z factors, apply. only, to rail transpprt. 

They represent the risks' associated with the two endpoint stops that occur for' 

each trip and are thus distance-independ~nt. These unit-risk factors are 

multiplied only by the number of shipments, not also. by the trip di~tance as 

are other unit-risk factors, to generate total risks. Note that for dedicated 

rail transport the number of shipments is not Pquivalent to the number of 

railcars because each dedicated rail shipment consists of 10 railcars. Only 

nonoccupational risk is calculated for accidents. One reason is the fact that 

the total population dose to members of the public in severe accidents in 

which a release occurred would dominate the total risk estimate. In addition, 

the chance of fatality from nonradiolosical causes (e.g. mechanical irr.pact) 

for persons such as drivers, who otherwise mi~ht. r·eceive an occupational ·dose 

during an accident, is relatively hi~h and makes radiolbgical acciderit ri~k 

for this group difficult to estimate, 

Nonradiologic~l unit-risk factors. are given in Tables 5-4A and 5-4B. Fo~ 

rail ·transport, nonradiological nonoccupational accidr.nt unit-risk facto~s 
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give the risk of fatality or injury for 1 kilo:r.'::ltcr of t:-~v.;l p:::- .::.:.: 

:-ather than per railc::r. This is because the fc:.taU.tics ~:-.:! 

corr.monly associated \<::.th rail transport, i.e. gt'o.dc-cros~i~~ 

. . . . 
ln..i!..; :-:.-: .; : : .~ ·..:. 

calli::::.~:-.::: 

accidents involvin~ trespassers, e1re independent of train l~:~;th. ·.·: • · ... 

general cor::::crce rail tt"<:.l"S?>'lr~, any'given shipment (i.e. tn:.n) i:: :.:.'.:.::::: .. 

include only one railcar carrying spent fuel or hi&h level l··.::..stc, <.::·.!, 

therefore, a per shipment bas.is is equivalent to a per railc.;;:r b:J!.'i:.: fo:- '.:.:.: 

mode. The two a::-e net equivalent for dedicated rail tran~?ort, 'ho·.;~·:cr, 

becn~se a dedicated rail shipment. a~ already noted, consists of 10 :-c:.ilca"s, 

all of which carry radioactive materials. 

The detailed risk tables (Tables S-5 to 5-19) give the RADCOH-generatec 

risks for· each logical grouping of wa~te forms and origin points (e.g. sp·~nt 

fuel from ·reactors by truck, spent fuel from an MRS in lOOT casks by d~dic~t~d 

rail). For each potential destination, the tables give the occupational, 

nonoccupational, and aecident-related .radi~'logical risks and the 

nonradiological risks for transport of the specified waste form by the 

specified mode from tho spe~ified origin point(si. 

Note that all unit-risk factors give risk per kilo~eter of travel. In 

order to apply these unit factors to a route or scenario not covered in this 

study, the user must be careful to convert distance from shipment~miles, 

railcar-miles, or highway-miles, as appropriate, to their kilometer 

equivalents before multiplying the distance by the unit-risk factors. 
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Table 4.1 

Tahle 4.2 

Table 4 .. 3 

Table 4.4a 

t.ac!io!. :-c; icz.l t::::_ t-:::i.::: z:':;.:;tc=: .. c--~ .. ,_ -' . ... •. -.... ·.:-.:;•.: .: .......... .. ; - .. .- -

r::.ciolo~ical u~it-~is· . .: r~.et~=-~ (pc:· 1-.::::) !~7:3 c.:,",.::: . 
Rcil, 1cv-: 

..... _ .... _ 
"-·,..._~....-

R:.·Jiolo~ica! Urd. t-~~ic:~ :actot":; (?CJ:" :::-.~) - ~~ ... ~ .. ~. 
., ...... , ""'-~·-;... :. . ~ 

r:.:1il, 15VJ: C~s:; 

li::'nt"adiolc;:;ical Unit- ~is'k Facto!:":: (pc:: !::':1) fot" '!t'"'...:Ci{ -

Cases 

.. 
~ ---

Table 61. 4b RonracHolosical Unit-Risk Fact.crs (per b) fot" Rail - All C<lSi:!5 

Table 4.5 Transpor-t Risks: Spent Fuel Dit"ect to Repositor-y Refe::-ence 
Case 

Table 4.6 Tt"ansp.:-r-t Ri!:ks: s.,ent Fuel Direct to Repository 'H?.S Cases ~ .... 
4' 7' and e. 

Table 4.7 Transpot"t Risks: High Level \-laste Direct to Repository ,\11 

Cases 
'. 

Table 4.8 Transport Risks: Spent Fuel to Oak Ridge HR~ 
KRSCases 1 and 2 

·rable 4.9 Transport Risks: ~pent Fuel to Oak Ridr,e HP.S 
MRS Cases 3 and 4 

Table 4.10 Transport Risks: Spent Fuel to Hartsville MRS 
lffiS Cases 5 and 6 

. Table 4.11 Transport Risks: Spent Fuel to Hartsville . HI'.S 

MRS Cases 7 and 89 

Table 4.12 Transport Risks: Spent Fuel fron MRS to Repository (lOOT Cask 
- HRS Cases 1 and 5 

Table 4.l3 Transport Risks: Sec~~dar1 Waste from MRS to Reposito::-y (lOOT 
Cask - MRS Cases 1 and 5) 

!'able 4.14 Transport Risks: Spent Fuel from !-U1S to Repository (lSC. 'I' Cas~~ 

·-MRS Cases 2 and- 6) 

Table 4.15 Transport Risks: Seconrjary Waste from ~S to Repository (15~t 
Cask - MaS Cases 2 and 6) 

Table 4 .16 . Transport Risks: Spent I"Jel from ~S to Rcpsoi tory ( 1007 en:::': 
- h"TTS Cases 3 and 7.) 
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Table 4.17 Tt"ansport Ri:;;cs: 

Table 4.18 Transport Risks: 

Z~c:ond.:1ry ~:.::st.c frc.::-. ;.:~:; · t.·:> 
Car.'r. - 1~:; Ca:-::e::: 3 .:.:-:j 7) 

Spent Fu~l fro:-a 1::::: to !\<:~Hl~-~~:-:·:• 

- l~S Case::: 4 <>ad 0) 

. ' .·• 

/ 

Table 4.19 Transport Ri:;ks: Sccond~ry Waste:; fro~ l!=s t0 :'?c~itc~7 
(150T Cask - 1::\S Cases 4 ;:;,.:: :) 
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Table 4-1. R.a~1ological Ur.lt-Risk 

I 
Factor• <r~r k.,)--Tr uck .and ~1m:nt.•rct~1 R• i I 

Hode Zone ltuarci Crr1u2 SFL'f.l. Dr{!. II WH1.1.1 

Truck l<ural Nona. I Oct"upllt i"nal Fatalitiu 4.70£-09 4.14£-119 4.141::.:.0<1 

Truck Mural llorm•l llon-Occup .. t ional Fatalitie1 2.8.:.[-08 2.5:.£-M :.s.:.t-n8 

Truck Rural Acc1dent !i.:>n-Occu r.a tlonal Fatalitiu J.IOE-IJ 2.~!>1::-1) I, '·lf.-1 J 

Truck Suburban Ho·m~l Occupation&! Fatalitieft l.OJE-QII 9. 10~-QCI 9. I ":.-o1 • 
Trut"k Suburban H.>rmal Non-OccupAtional Fatalitica 4. )bl::-08 ).921::-0l! 3. ~~::--uti 

Truck Suburban Accident Non-Occupational Fatalitie• 7,46E·l0 I.OBE-10 7. 601::-11 

Truck Urban !l.)rDal o~~up.at~onal Fatalitie1 1.72£-08 1.52£-:JI! I. ~~E-08 

Truck Urban "-·roal t;.)n·O.:c:upat ional Fatalitie• 5.9oE-08 5.3&E·Ot 5, )6F.-I'J 

!r••ck Urban A<.c ident Non-Oc:cupat ional Fatalitiea 1.22£-09 2.1(,£-10 1.5~£-10 

Rai I. Rural llor .. al Occupational Fatalitiea 2.14£-09 2.04£-(19 I. OJE-09 

Rai 1 Rural Hor11al Non-Occupational Fatahtiu 1.15E-09 l.OlE-09 1.0 l£-09 

Rai 1 Rural Ac.:ident Hon-O.:cu pat ional Fatali.t-iu 1.34E•l2 5.5bE·l3 5.40£-1) 

Rail Suburban Hol"nlal Oc~ur.ation.al Fatalitiea 2.14£-09 2 .O.:.E-09 :.o.:.!::-09 

Rail Suburban lbrmal lbn·Occ u;>.a tiona i Fa:a\it iea 7.70£-09 6.<10£-09 6. 90£··09 

Rail' s .. burban Ac~ io1ent Non-Occupational Fatali.tiea 2. 78E·o·9 2, 72E·l0 :.llloE-10 • Rail Urban lbr•al Oc:c .. pat ion• I Fatalitiu :.14£-0? 2.04£-Q9 l.C.:.E-0<1 

Rail Urban Normal Non-Occupational ;at.t it iu 2.58£-09 2. 32t.-O'i 2.32£-09 

Rai.l Urban Act"ider.t Non-Occu pat innal Fatalitiu 6.72£-09 5.08£-09 4.9ZE-09 
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Table 4-2. Radiolo~ical l'nit-l<isl< Fa:torll Cp,•r <.-.\--~;~$ C~•··• 
DedicAted Rail--lO•)T C-1•"< 

FnPI ~··:•'r•·~·'.!! io.'.\!.ti"!O 

Rural 
Rural 
Rural 

Suburban 
Suburban 
s.· .. urban 

Urban 
Urban 
Urban 

HA&ard Group 

Not'111al Occupati.,nal Fatal ioes 
Nor~al Non-Occupational Fataliti~s 
Accident Non-Occu?Ationel Fatalities 

fatalitiu Norc:.al Occupational 
Not'111Al Noa.-Occupat ional Fatalities 

Ace id•erot Non-Occu!Ja tiona I Fatalities 

Occup&L ional Fatalities No nul 
Normal Non-Oc~upat ional Fatalities 

Non-Occupational. ~·atalities Acc&dent 

5.1"1~~nt 

SAI.T r::rr ".:O:.!.T ~:..: ~ ·'~ t: • . ..;:<( 

b,68F.-~0 (1.68£-10 l,.b~t-10 2.bfi7.-10 

8.3~£-10 8.32£-10 6.3~1::-10 ),):01::-10 

6.58£-12 4 ;881::-12 b. 5bE-l2 3 .... bt-'lb 

6,b8E-10 b.f>8E-10 b.6tl~-10 -:.6e~-1o 

3.3bE-06 3.3oE-08 3. 3b~-l.l8 1 ;>:.E-08 

.I~ 2 9E-08 9.8SE-09 1.29t-Oil ~. 58E-·i..:. 

6.68E-l0 6.68£-10 6.65::-10 2.&8£-10 

7.98£-09 7.96~-09 3.20£-09 
7.98E-09 
).IOE-08 2,38£-08 3. lOt-08 t.SOE-13 

Table 4-3. Radiological Unit-Risk Factors (per kN)--HRS Cases 
Dedicated Rail--l50T Caak 

~ ..... :.·.{.·,:.; ~ ~ . .. -: : .. 

Lb~I::-IC I. ~t.~-lli 
3. 3;•1::-IC ~ . .:. .. '~-1 ~ 
2.>:-E-11 J.~dt:-17 

:.68£-10 1. 5oE-t o 
1 • >:.E-08 9.f>ct-C.Q 

2.12E-08 2.2.;!.-1 ... 

2. bSE-10 1. 5b7.-l'l. 

),20E-C9 3.2:1:.-09 
).8!>£-07 '4.ld!.-ll 

S2!nt Fuel Second~rv Wastes. 

Zone IU&atd Groul! SAI.'i' TUFF BSI.T HOW HAlO TKU 

Rural hormal Occupational Fatalities 6.68£-10 b.tBE-10 6.68£-10 2 .bSE-10 2.68£-10 I. ~bE-IU 

.-·aral Norm• I Non-Occupation.Jl Fata\itie~ 1!.32£-1 0 8.32£-10 8.32£-10 ).34E.-IO J.).:.~-10 2.40£-1 :> 

Ruul Accident Non-Occupat ion'al Fatalities 1. 7bE-11 1.22E-ll 2.02£-11 8.80E-lb J.9t!E-11 3.Zdt-17 

Suburuan llor•a I Occupational Fatalitin ·6.&8£-IC 6.611£-10 6.6t;E-10 2.68£-10 2.6&£-10 1.~6£-10 

Suburban No>naal Non-Occupatio>nal Fatalities 3.36E-08 3,)bE-08 ).3ol::-08 I. 3-0E-08 l.l!o£-08 9.6~£-09 

Suburban Accident NOn-Occupational Fat~litiea ),46t.-C8 2.38E-08 3.9 .. :.-os '1.80£-14. 3.62£-08 2.2bE-14 

Urban Not'111al Occupa.t iona I Fatalitiu 6.1iiiE-10 6,b8E-10 b.t>St-10 2.b!IE-IO 2.b!IE-10 ! . ~,E.- .c 

Urban Nor•u1 Non-Occupational Fat.1itiu 7.'i9E-09 7.96£-09 7.98£-09 ).20£-09. 3.2~£-o~ ).~~1:-l)q 

Urban Accident Non-Occupational Fatalities 8. JCE-08 5.7bE-08 9. 5o:.-os 2.741::-1) c..iNE-07 4.1SE.-I 3 
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Table 4-.:.A. llolnradiological Unit-Risk Factors (per k•) for Truck -All C..HI 

Hod~ 

Truck 
Tr~;ck 

Truck 
Trucic. 
Truck 

Truck 
Truck 
Truck 
Truck 
':'ruck 

Truck 
Truclr. 
Truck 
Truck 
Truck 

Znn~ 

Rurol 
Rural 
Kural 
Rural 
Rural 

Suburban 
s .. burban 
Suburban 
Subu•ban 
Suburban 

Urban 
Urban 
Urban 
Urban 
Urban 

ILaurd Group 

N,>r,.al Hon-Occ,.pation•l t·ualities 
AccLd~nt Occu~acional Fatalities 
Acctd~nt li<>n-O<.:up .. :i.,nal Fatalities 
Accident Occupational lnJ~ries 
Ace ident N.>n-Occu ;-at ion a i lnjur iea 

Normal r; ...•. ,,aupacional F.calitiu 
Accid~n: .• lpAtinnal FHalitiea 
Accicltn~ !O>n-(occupatic-••al Fataliti~• 
Accid~nt Occupat;on•l Injuries 
Accident Hon-Occupstional lnjuri~• 

Normal Non-Occupational Fatalitiea 
Accident OccupationAl Fatalities 
Accident Non-Occupational Fatalitiel 
Accident O.:cupational lnjurie• 
Accident Non-Occupational lnjurira 
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Sfi.I'EL 

,OOt:+OO 
1. ~OE-OS 
~.)Ot:-0~ 

2 .80E-08 
8.00E-07 

.00£+00 
3.70t-09 
1. 30~-08 
l.JOE-09 
3.80£-07 

l.OOE-07 
2.10£-09 
7.50E-09 
1.30~-08 

3. 70E-G7 .. 

llliL\1 

,OUE+O::' 
I.~UE-08 
5 .JOE.-08 
2.80£-08 
8.001:;-07 

.00£+00 
3.70E-09 
l.:tOE-08 
1. JOE-08 
3.80E-07 

l.OOE-07 
2.10£-0'J 
7.5CE-09 
1.30£ ·08 
3. 70£-07 

lo'VHL\1 

,OOE•ClO 
1.50E-03 
5.3UE-U8 
2. eot:-oo 
1\,Q;)t::-07 

.OOE.•OO 
3. iUt-09 
J,)OE-0.8 
l.JOE-08 
J.SOE-07 

l.OOE-07 
2.LOE-09 
7.5(lt:-09 
!.30E-Otl 
3. 70E-07 • 

• 



··; 

• 

R••r•1 
R:Jral 
Rur~l 
Rural 
Rural 

Suburban 
Subur~n 

Suburban 
Suburban 
Suburban 

u .. ban 
Urban 
Urban 
Urban 
Urban 

.. 

Zone 

Rural 
Ruul 
Rural 
Ruul 
Rural 

Suburuan 
Suburban 
Suburban 
Suburblln 
Suburban 

Urblln 
llrbsn 
Urhan 
Urbu 
Urb~n 

No~•1 Non-Occup~tio:1A1 ~~t,l:l:~3 

Accident Occup~tion~l f•ta1iti~~ 
Accident Non-Occup~tion•l F•t•l1ti~~ 
Acci:111nt Ocou;>ation11t" In.iuri"s 
Accident Non-Occ'.lp.stio:.A 1 Injune:~ 

No mal Non-Occupational Pat1li ti~s 

Accident Occup01t1onal Fst!lli ties 
Accident Hcn-Occupetio~~: Patl!lities 
Accident OccupAti.oM l Injuril'!s' 
Accident Non-Occupational Injuries 

Normal Non-Occupational !'~la1ities 

A,:ident Occup_e t ional l'atalilies 
Accident Non-Occupation•\ F~tAlit!.e:5 

Accident Occupational Injuries 
Accident Ken-Occupational In,juri~s 

Hazard Crout 

llor.~~al ~on-Occupstional P11tlllities 
Accident Occupational P'stalities 
Accident N~n-Occupational l'u tali t 1es 
Accident Occupational Injuries 
Acci"dent Non-Occupational Injuries 

M:!MI&l Non-occupational l'ahlities 
Ao:cUant Occupational P'ahlities 
Accident Non-Occupa t ioM 1 Pa ~s li ti~s 
Accident Occupational 1 njuries 
AccUent Hon-Occupation•l lnJUt'Ull 

~o!"llal Hon-!)cc~p~tiona) htalities 
.\~ci1ent Occupa tlon11l r. t•ll t iu 
Acci.ient Non-Occupation~l !i'a~lllities 

Ace l<lent .Jcc:1pUion.d In.\urir' 
Accident ~on-Occupattonal Injuries 

) ··~:· ';) •. \. . .'\ ' ':.:·· ·.• 
I .~' :-.- ' I .... .· - .' i ,., ·,· l 

~ ,.; 1. -:~ .' • .:. .1 ~: .. :.1 • •,-.1-:- · . ., 
~ ~.,·:-i: : '· ,•. I •. ! .. ~:- ·., .. 
~- 1?::-~'1 <,. !."::-. :·i ., ~ ~::- ) 

.oo::•:., ,'))'::•;).) ,-':)~: )j 

1. ·il ~:-::> l 1. -=\: :::.;.,:"\:~ 1.~:;;.;'1'1 

?..64'::-0:1 ;?,oq;: • .)i .? .~.:~:- "-=3 
2.46E-07 2.:~~-J'; ? • 4~•:-07 
').12!:-0i ~.1n-vi 'j .1:::-:>'3 

\. 1\)F.-')7 ; • ,.:••: -·}7 l. -~.E-·.li 
l.'!E-~1 l.·ll <;-.)·) l.'i\':-(\'1 

:?,1)4f.-O~ 2 .6.!.~-·')n. 2,.;JF.-O"l 
2. 46~-·:)7 2.4:.;:-07 :?.,h!":-·Y' 
r;.l2E:..()~ ').12!::-·::>1 5 .12;:-05 

HDiiR' 
Ded!.cate1 il.,ll 

Hf;T--':'H:i• 

.OJE:•OO .oo::•':>? .oo::•oo 

.oo::•oo ,JO<:•OO • oo-:: •.:>O 

.OOP.•u'l .')Ol::•OO .O:>E•OO 

.oor.•oo .~;::·oo .OOE••X 

.OC!::•()1 ,Qjf.•OO .oo::·~J 

.'>')£••):) . ·':')~•·')() . ().);; . .,., 

. oo::•M .!)::>::•00 ·' "·0::•)') 

.oo~·:>J •. ')JF;•JV ,r. "·:•.:>.) 

.00£~,')1) .O::l!:•i').') : .0::>::•00 

.00£•00 .·:>a::•vo • .})~·-:>0 

2.60::-07 2.ov::-o1 1.~::>::-o; 

.oor.•n ,()-)•:·· . .) .. ,)J::•·').) 

.oor:•oo .?.Jc:•·Jl • '))~ .. • ,jj 

,r.1o;:•:Y> .~~E·~) • Jl;:•.)) 

.c.u;:•oo .~f.·OO • !)::>::• ).) 

'~> 
. 

~ 

; ! .· . ;i 
.. .,:. ·.- ~ ·j 

! '- -~ ·~ 
'· • .;.:~:-;I) 

• "'"::~·i)'"" 
1. ;?7::-i)"'Y 

1. :1;:::- ~~ 
~. 74~-,.,.., 

J.oOE-.)6 

,; ,rt,')r~-07 
t.n;:- n 
I .~'>F:-Q6 
l.7.1f.-·')'i 
}.60!::-0? 

~ .. ·• . -·., 
' ~ ·;- ., 

'. ··. 1!:- .... ., 

. ":.;·:·~~ 
1 .. ~7~- )? 

}.; .. ::-·)~ 
t. 7!'::-?') 
J,•,v::-:iO 

h. ~--:~-(J~ 
1. :-:-::-::>7 
1. -.~;:-:.·. 
l. 1:::-;,c; 
~.~:,::-~.; 

, . '• .·-. ' 
' ., ... . . . .- .. 

• ";·)~:• :".I 
1 .. ' ;::- • .• 
1 . .., ... ~:-.)•, 
·l. ;.!:·:-·:·, 
1. ;J,,::- ~·\ 

~· ...... ,:.:.·y; 
l. ~ ·-:..,:.-
1. -1'\~:-;.-
l . 7! :~-(:··! 
3. •,j;;.,)~. 

·~onra11o1o~ic~l ri~ks, except for nor~~1 n~n-occup~(l~n~1 r~tql\ti4~ 1n ~~~qn qre~~. ,r~· l:t~r~n·~~~ >~ 
tr~in ~nn~th. Ther~r~re, this nnnr~ticl~~l=•l riHk is •~s~~~·l to tho ~pRnt f~q1 i~ ~h~ ~~=-r\: 11-:•r 
1e.1ie~tt'l~ tr!lin (c; 3!"J;:L c•rs, 2 H:lll!l ~9r,., 2 Hh cars, and l 7!1:.l Cdr), ""j ::.;r_, r\:J( i<l ·-;,.~· ~"·•1 ~~ .\: l ~,-. 
other vaste type~ :arr1ed in t~e s•me tr~in. · 

.-1 6 e-



Table 4...-S. Tra:uport Riaka: Spent Fuel Direct to Ref'.)sitoriro - ~~i.,ron::c O:u~ • ----- ··-
GIR \'.;c.herlt! h· r·:~\1.\:'\ f'.1r .1.~.nt • ,;. ~ .1 ... 

:>o r:aal Occupational r.otal itieA 7.JE-Ol 8. lE-01 9.~E-UI l.~f.+l''J l • .:. !~•0::: .. .. .. 
NoJ r01al t:On-Occupa t ion.1l F•talitiea 3.t-E+00 4 .2£+00 S.2E•OO 6. ~!::+0\) i.: to•;..•.) ... ·-. 
o\cc:ident Ho n-Oc c u pa ~ ional Fatalitiea ~ ~ ~ ~ JS:.-·~~ .. · ... ----
Total Fatalitiea '• .6E+00 5.0!:+00 6. 2 E+OO 7. /f.+OO 9.:!~·00 l.t::•.H 

Radiological - Rail 
ClR Vacherie P~r11 ian Paradoa. Yuc'a Mt. .H.anlf'rd 

Nonaal Occurat ional Fatalitic:a 6.4£-02 6.7£-02 7. 5£-02 9. lE-02 l.lE-01 1.1~-01 

Nor•al Non-Occupational Fatalities 7.8E-D2 s.ot.-o2 8.4t.-02 9.6£-02 I.'E-01 1.1:=.:-0! 

·Accident Non-Occupational Fatalitiea J.8E-D2 ~ ~ l:..Q!:22. 2.3£-02 ~ 

. Total Fatalities 1.6£-Dl 1.7£-01 l.SE-01 2.1£-01 L"E-01 2.~f:-(ll 
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Table 4-6. Tr~nsport Risk.a: Srent Fuel ::;irect to R~t"sitories - ~itS C.H·:s 3, .:., 7, an.l c 

~l~ \',,.:h,• r 1 .. i'·· r~ ~ "::"'o 

Norn>a I Occu P": ion a I Fatalities 1.2£-(;1 s.5~-o~ b • .:.t:-v; 
Nor=al Non-Occupational Fatalities 6.U-OI 5.ZE.·Ol ).hi::-CI 

Accident 'Non-Occu~tional Fatal itiea ~ ~ ~ 

4.5l-::-2 -:. .::a:-c~ .:. . ):.- .. : 
2.!1::-o; ~.3£-lJl ~. ~ :.-• .. : 
.!..:.~ !. lf.-·)J 1. ', ~·- .· ' 

Total Fatalitiea ·7, SE-01 6. 1!:-01 4.2E-:H 2.9!:-01 2.7£-01 2. n-.-.: 

Radiot'usiol - Rail 
CIR Vacherie Permian Par.1do" Yu~~a Ht. H.1 o, i" rd 

Nor=al Occupational Fatalitiu 8.u:-o3 7 ,4£-0) 5.7£-03 5.0£-0) 4.2£-03 .:..uE-03 

Normal Non-Occupational Fatalitiu 8.1£-Q) 6.111::-1)3 5.0£-03 4.9t:-03 J.9E:-03 4,b!::-03 

Accident Non-Occupational Fatal it iea ~ ~ ~ ~· ~ 
1.01::-U) 

Total Fatalitiea 1. 8t:-02 1.6£-o, !. lt:-02 1.1!:-02 S.6E-03 9.7E-Ol 

Non-R>diolosical - Truck. 

------------~------------------------G~·~r~R ____ v~~~c~h~~~r~i~e ____ ~re~r~m~i~•~n~--~P~a~ra~a~o~x~--~Y~u~cca· Ht. H.lnlorc1 

Normal Non-Occupational Fat,litiea 
Accid~nt Occupatio.nal Fatal. it iea 
Accident Non-Occupational Fatalitiea 
Accident Occupatlonal lnjuriea 
Accident· Son-Occupational lnjuriea 

Total Fatalitiea 

Noi"'D&l Non-Occupational Fata\itiu 
· Accident OccupH ional htalit iea 

Ac:c:idut Non-Occupational Fau1itiu 
Accident Occupational lnjuriea 
Accident Non-Oc c!' pa uonal lnjuriea 

Total Fataliti~• 

2.4£-02 
5 • .:.£-ot 
1.91::+00 
1.1£+00 
~ 

2.5!'.+00 

CIP 

. 1.4E-Q2 
1.1£-Q2 
1. b£-01 
'1. ~£+00 

h!!:::2!. 
1.8£-ol 

3.2£-02 
4.3£-01 
I. 5£+00 
8.4£-01 
~ 

2.0!'.+00 

Vacherie 

1.1£-02 
9. 5£-03 
1.4£-01 
1.3t:+OO 
!..:.ll:.Q.!. 

1. 6£-01 
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3.2£-02 
3. 1£-0l 
1. 1£+00 
6.0£-01 
~ 

1.5£•00 

2.3£-02 
7.1£-01 
7.4£-01 
4.0£-01 
1.2£+01 

9. 7£-01 

Nn~-R,diclosical -Rail 
P~rmi an Paradox 

5.6£-Q) 6.4£-oj 
6. 6£-03 ~. ~E-03 
9.6E-Q2 8.0£-02 
9.01'.:-01 7.~£-01 

~ 1.6E-Ol 

1.1!:-01 9.2£-02 

2.~£-02 
1.'1£-01 
6.11£-01 
3.6£-01 
1.0£•01 

8.7£-ol 

Yucca Ht. 

6.5£-03 
4.0£-03 
5.9£-02 
5.5£-01 
.!.:.ll::£!. 
6.9£-02 

).2£-02 
1.6£-01 
5.7£-01 
).2£-01 
9.3£+00 

7.6£.,;01 

Han!o>rd 

1.0£·0~ 

3.8t:-0) 
~.6£-02 

5.2£.-01 
1. l!:-01 

7. OE-02 

Bt:3T AV~ILABLE: COPY 
·· ..... 



Tobie 4-7. Tronorort Riok1: 
(:.· ·. ": 

----·-----.....::.R:~~~~:i:•l - 7~·-'":.-;..;;.kc..;._ ____ . ___ , ••...• 

------------------~G:..!l::.il'----\:.:'•..::<..:.:~~·..:.:r..:.:i;;..' _ __::_· •r,.., ... , ,, '- .: _. •:.___.:... .. , - -·--· ·-· --
t;omal O.:eu;>otional roralitiel 
t;<>noal t;.)n-Oc"u;>oltioinal f1t1!ities 
Accident Hon-Oecupatlonol fatalltlea 

2. 1E-OI 
l.~E+Ofl 

l.:.l;.:_Ol 

1.8£+00 

~.H:-Oi 

\,I.L•OO 

~ 

:. 7£-0l 
I. 5::.•00 

~ 

l.it•OO 

~. ::::-·li 
l. ~:· .... ) 

~ 

~ ... 
I.. ::· 

--~~-~~~~-~R~o~iolo~icol - R.~·~il~-~----~ 
--~--~--------------~~--------~C~I::.R'--___ V:.:•:.:c~h.!.e..:.:r..:.:i~e--~r..::e~re~i~•n~. -~P~•.!.r~a.!.c~o;x __ Y~u~c~.:~a~~·..::·l..::· __ ..:.:: •. ~: 

o tlo'nul Occurational Fatal itiu 
Normal Non-Occupational Fatali'ti.u 
Accident Non-Occupational F.talitieo 

Total Fatalitita 

).2E-02 
. 2.11E-Q2 

~ 

6.2E-Q2 

3.4!-Q2 
;.a-o2 

~ 

b. 7.E-Q2 

).2E-Q2 
3.0£-1.2 

~ 

6.)£-02 

3. n-o2 
3.:£-02 

~ 

6. 6E-02 

3.9c.-o: 
3.eE-O:!· 

~ 

7.9::-0~ 

3. ;z.-:.: 
).~~-.: 

t.:··-··3 

Non-Rodiologic~l_-__:T~r~u~<..::~'----------
-----------------------------.!:G:..!I::.R ____ V:.;:a~c~h~e..:.:r..:.:i::.,e --~P'-!r'-!m.::..:.i:.• n~_..!P.!!~r ~<:ox ·, u.:.: ·' ~t • · : n: .• rd 

0 

Horftal Non-Occupational Fatalitle& 
Accident Occupational Fatalitie1 
Accident Han-Occupational Fatalitiea 
Accident Occupational lnjuriea 
Ac~ident Non-Occupational lnjuriea 

Total Fatalitie• 

Nonaal Non-Occupational Fatalitie• 
Accident Occupational ratalitiea 
A~cident Non-Occupational Fatalitiea 
Accident Occupational lnjuriea 
Accident Hon-Occupationol Injuriea 

total Fatalitie• 

2.SE-Q2 
1.4£+00 
4.8£+00 
2.7E+OO 
lill.!2!. 
6.2&•00 

CIR 

2.8E-02 
!.9E-Q2 
5.7E-Ol 
5.3E+OO 
~ 

6.3E-ol 

4.0£-Ql 
l.JE•OO 
4.S£+00 
2.5E 00 
l:..ll!.Q!. 

5.8!+00 

Vachtne 

4.SE-D2 
4.l.E-Il2 
6.0E-Ol 
5.6E+OO 
~ 

6.9E-Ol 
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9.5E-Q2 
1. 3E•00 
4.7E+OO 
2.6£+00 

~ 

6.2E+OO 

lo.OE-Il2 
3.9E-02 
5. 71::-01 
5. 3E+OO 
~· 

6.4E-01 

5.4£-02 
t.;E•OO 
4. 7t•OO 
2.6E•OO 

I~ 

6.1E+OO 

4.1.£-02 
4.0t-02 
5.8£-01 
5.4E.+OO 
1. lE+OO 

6,6E-Ol 

1.\E:-ol 
1.6£•00 
~.1!';+1)0 

3.1£•00 
9.0£•01 

7 ,4E•OO 

5.,7.£-0~ 
5.0E-O~ 

. 7.4£-01 
o.9£+00 
\,4£+00 

8.4£-01 

2. ~E-O~ 
I .llt.•i") 
5.S!.•\')Ij 
3.2t:-OO 
Q, tE•ul 

3.~~-02 

1.11::-ot · 
b.bf.•:..o'J 
I ,4l.••.lJ 

7.9E-Ol 

• 

• 

• 
·· ..... 



• 

Table! 4-8, Transport Risks: Sp~nt ·Fuel Dir~ct to v•< Ri~~c !G.i - 1-l~S .:.;._ .• 1 3:>~ 
// 

/. 

H.:>nul Occur-uional Fatditiea ~.!IE-01 
Normal to>n-Occupational Fatalitiea ),1)!;+1)0 
Accident ~n-Occupationa: Fatalitiea 2.:~-02 

Total Fatalities ),b£•00 

Nor&al Occupational Fatalitiet 
Ho""al Non-Occupational Fnalitiea 
Accident Non-Occupational Fataliti~• 

Total Fatalitiee 

Normal Non-Occupational Fatalitiee 
Ace iden t Occupational Fatalit iea 
Accident Hon-Occu p.a t ional Fatalitiu 
Accident Occupational lnjuriee 
Accident Non-Occupational lnJuriea 

Total Fatal it in 

Nonaal Non-Occup.at iona1 Fatalitiea 
Accident Occupational Fatalitiea 
Accident Non-Occupational Fatditiea 
Accident Occu p.a t ional injurin 
Accident Non-Occupational lnjurin 

Total Fatalitiea 

ClR 

S.~t£-02 
6.7£-01 

~ 

1.4£-01 

CIR 

1.7£-0l 
2.0£.00 
7.0t+OU 
4.1£+00 

~ 

9. 1£+00 

CIR 

1.2£-01 
S.lE-D2 
7.5£-01 
7.0£+00 
1.4£+00 

9.2£-oi 

~.-.l::.-01 

J.U!.•JO 
2.~£-C2 

),b£•00 

).Ct:•U(l 
2 .:!::-02 

).b£•00 

~. :s~-:Jl 

).C~•OO 

2 .~::-·)~ 

J.t>~=:•uo 

Radiological- R~il 

Vacherie P ... r.,ian 

S.4E-02 S.4£-Q:! 
b,7E·O~ • 6.7~·02 
~ }.b!-:-02 

1.4£-01 1.4£-01 

Para.Jux 

s.r.t-02 
6; 7E-Q2 
~ 

1.4£-01 

': •• ·: ',1 .... 

).::::-,li 
3 .u:.•Vll 

).bE•\lO 

Yucca ~t. 

5.4£-0Z 
6, H:-02 

~ 

1.4£-01 

Hon-Rad io los i ca 1 - Truck 
Voch~ri<' Peroian Paradox Yucca Ht. 

1.7£-01 1.7~·01 1.1E-01 1. 7£-01 
2.0£+00 2.0~+00 2.0£+00 2.0£+00 
7 .0£+00 7.0~+00 7.0£+00 7.0£+00 
4.1£+00 4. lE+OO 4 .1£+00 4; 1£+00 

~ .!.:1!!.Ql ~ ~ 

9.1£.00 9.1£.00 9. 1£+00 9.1£+00 

Hon-hdiolosical - R~il 

\<~chl.'ri" Permian Paradox Yuc~a Ht. 

1'.2£-01 1.2£~01 1.2£-01 1.2E-01 
5. 1E-'C2 5.1£-02 S.l£•02 5.l£-Q2 
7.5£-01 7.SE-Ul 7.SE-Ol 7.5£-01 
7.0£+00 7 .OE•OO • 7. OE+OO 7.0~+00 

~ ~ ~ ~ 

9.2E-Q1 9.2£-01 9.2£-01 9.2£-01 
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~ ... ::-1.! 

5.:.E-02 
"· n-u: 
1 .,~:-u: 

l.:OE-01 

H.l:":lord 

1. 7£-01 
2.0E+OO 
7 .0£+00 
4 .1£+00 
1.2£•02 

9. 1£•00 

l' .. n ford 

1.2£-01 
5. lF.-0'2 
7.5£-01 
7 .OE+OO 
1 • .-::•00 ---
9.H-Ol 

~t3T AV~ILABLE COPY 

............. 



T•bh 4-9. Tranaport Rialr.a: 

No>r=.al Occupa:ional Fatalitiea 
Hor•ul Hon-Occupation.•l Fatalities 
Accident li.>n-Occ .. pational Fato~litiea 

Total Fatalitiu 

No~l Occupational Fatalitiea 
Nor•al Non-Occupational Fata1itiea 
Accident Non-Occupational Fatalitita 

Total Fatalities 

Nor=al Non-Octupational Fatalitiea 
Accident Occupational Fatalitiea 
Accident Non-Occupational Fata1itiea 
Accident Occupational lnjuriea 
Accident Non-Occupational lnjuriea 

Total Fatalitie~ 

No1"11lal Ho~-Occupational Fatalitiea 
Accident Cccupational Fatalitiea 
Accident Non-Occupational Fata1itiea 
Accident Occupational lnjuriea 
Accident Non-Occupational lnjuriea 

Total Fatalitieo 

Spe~y.ru~l Dir~~t to O.>i< R1.!;• 

-=.,---,.,--,--·--...;~::.:·•;,;d:.;i:,::;'.~i~':_:; :_··---------·. ·-· 
GlR Va.:ht'rlc i't:r:-.~i.t·t :•.H.t-~ "; ' ·- '--'---

4. 7E-01 
2.3!::+00 
~ 

2.8£+00 

'ClR 

4,5E-o2 
).9£-02 

1:.&2! 
1.2£-01 

GlR 

1.4£-01 
1.5£+00 
5.1£+00 
).0£.+00 
~ 

6.7£+00 

Glil 

1.1£-01 
),9£-o2 
5.11£-01 
5.4£+00 
~ 

7. 3£-01 

4. 7E-Ol 
2 .ll::•vo 
2.CE-02 

2.1!£.+00 

Vacher it! 

4.5£-02 
).9£-0l 

1:.&2! 
1.2£-01 

1.4£-01 
1.5£•00 
5.1£.+00 
3.0£+00 
~ 

6.7£+00 

1. 1£-01 
).9£-02 
5.8£-01 
5.4£+00 
~ 

'. )E-01 
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4. 7~-ti: 
2. )~:·ih) 
2.t)l::-\)~· 

1.2£-01 

1 ,4£-01 
I. 5£•00 
5. 1£+00 
3.0£•00 
~ 

6. 7£+00 

.... ;~-Ul 

4.51::-02 
5.91::-0l 

1. 2£~01 

l.:OE-01 
1.5£•\lO 
5. lE•OO 
).0£+00 
~ 

~.7£+00 

~. :::·.- .. ~ 

'iucc • t'4t. 

4.)£-02 
5.~1:.-0Z 

~ 

1.21::-01 

1.4£-01 
1.!.1::•00 
!». IE•OO 
l.OE•OO 
8.7£.•01 

&.1£+00 

Non-RaJiological - Rail 
Per•ian 

1 .• 1£-01 
).9£-02 . 
5.11£-01 
5.4£+00 

~ 

7. )E-01 

1.1£-01 
3.9£;..02 
5.8£-01 
5.4£+00 
~ 

7.3£-01 

1. 1£-0l' 
),9t:-U2 
5.1l£-Ol' . 
5.4£+00 
~· 

7.3£-01 

...... · 

.:. • ~t:-vz 
5.~c.-u: 

~~ 

l.ZE-01 

!:.Jn:~..,Td 

I • .:.E-0; 
I. 5f.•ll•J 
5. l:.•llG 
3.0£••~•) 

11.1l::•u I 

6.7t:+OO 

I.IE-:•tl 
3.'11:.-•JZ 
S.llt:-ol 
5.iol::+<l!• 

.!.:...!!:.!:.! 
7.31::-UI 

• 

• 



.) 
/ 

Table 4-10. Transport Ris:.s: Spent Fud Direct to H • .rtsvi lie HRS - !'!::S C.1S~IIt .1nd :. 

r..~cliolu~ical - T""·:'w. 
.;rR \'.1..::h\'r1~ i'\•rr:":iA:'l ?.1r .~.:·.'); I \: ~· t . ~ "' ~-' • ., : '. !' ~ 

N_,r,.;al Occup•t ion a I Fatalities ~.d&-01 5.8&-01 5.81::-01 5.11!:-!ll 5.~;;:-,~i 5. :•::.-• .. : 
N.lrmal Non-Occupational Fatdities 3.0£+00 3.01::+00 J.OE+OO 3.0:::•110 3. OE•;)O 3 . ..: ~- •11'.1 

· Accid.mt Non-Occupati~nal Fa tal it in ~ ~ 1.~£-02 2.2E-U2 ~ 2 .:::.-J~ 

' 
Total Fata1itie• 3.6£+00 3.61:+00 3. 6E+OO 3.bt:•OO );bl::•()\) 3. b!:+\)11 

Radiolosical - Rai I 
CIR Vacherie Permi:1n Parad~x Yucca !1t. Han i.>ro 

Norma 1 Occupational Fatalities 5.3£-02 5.3£-02 5.3£-02 5.3£-02 ~.3E-Q2 5.JE-Q2 
Normal Non-Occupational Fatalities b. 7E·"l2 b. a:-02 6. 7£-02. 6.7£-02 6. 7E-02 b.7t:-02 
Accident Non-Occupational Fatalities 1.!>~-.Ql l.t>t:-02 l.bE-02 ~ l.bE-02 1. ~>E-o: 

Total Fatalities 1.4E-Q1 \.4E-Ol 1.4£-01 l.:.E-01 1.4£-01 1.4£-01 

llon-!!3diolo!!ical - Truck 
CIR Vac-tu~r! e Permian Parad~x Yucca Ht. IIAnt~rd 

Normal Non-Occupational ratal.itiu 2.0E-Ol 2.C'Jf.•Ol 2.0E-Ol 2.0E-Ol 2.0£-01 2 .OE-01 
Aocident Oc:cu pat ion a 1 Fatalitiu 2.0£+00 2.0£+00 2.0E+OO 2.0£+00 2.0£+00 2.0£•00 
'Accident Non-Occupational Fatalities 7 .2E+OO '7 ,2E+OO 7 •. 2E+OO 7 .2£+00 7.::£+0(1 7.2£+01) 
Acc:id~nt Oc:cu pa donal lnju'l'iea 4.2£+00 4 .2E+OO 4.2£+00 4.2h00 4 .2£+00 4.2£+00 
Accident Non·Oc:cupatlonal lnju'riea ~ 1.2£+02 ~ 1.2£+02 1.2£+02 l.:!E+O: · • ---
Total Fatalities 9.4£+00 . 9.4£+00 9.4E+OO 9.4E•OO 9.4£+00 9.4£+00 

Non-Radiolosical - Rail 
ClR Vacherie Permian Paradox Yucca Ht. Hanford 

Non~~& I Non-Occupational F.nali•.iea 1.4F.-Ol 1.4£-01 t.:.E-01 1.4E-Ol 1.4E-Ol 1.4E-Ol . 
Accident Occupational Fatalitiea S.OE-02 5.0£-02' 5.0£-02 s.o&-o2 5.0E-Q2 S.OE-02 
Accident Non-Occupational Fat'alitiu 7.3£-01· 7 .3E-Ol 7.JE-Ol 7.3£-01 7 .JE-01 7.JE-Ol 
Accident Occupational lnjuriea 6.8£+00. 6.8£+00· 6.8£+00 6.8£+00 6.8£+00 6.8£+00 
Accident Non-OccuFat•onal lnjuriu h!!!!.Q£ 1.4£+00 ~ ~ l • .OE•OO ~ 

Total Fatalitiea 9.2E-Ol 9.2£-Ql 9.2£-01 9.2E-Ql 9.2E-Ql 9.2E-01 
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/ 
Table 4-11. !rans?Ortation Riakt: • -..,.---......,.,.-,...---~P.:.::d.:::d.:..l"::..:..l ~. ': "l - 7_:_ ________ ·--------

i' ~ ... ----------------- -~ 

...... - : 
:- .... ::··. : .- : . . . .-.-. 

Radiolo,icAI - ~~:~ 

cu Vacn~rie Ptr:'lun Far.-~J•' :- ',\.;(: .~ ~· :-: .. H\: • .,r~ 

Norwal Occupational Fatalitiu 4~~!-02 4.~£-02 4.~£-02 4.~t-o~ 4. ~E-O-~ 4. ~E-OZ 

Nor•al Non-Occupational Fatalitiu s. 9t-o2 S.9£-o2 ~.9£-02 ~.9~·0Z ~.9!:-02 ~- 9<:-02 

Accident Non-Occupational Fatal itiea ~ .!.:.1!.:2.! . ~ l. 5!:-0: 1. ~!:.-OZ ~ 

Total Fltal itiu 1.2£-ol 1.2!:-01 1.2£-01 1.2E-Ol 1.2£-01 1.2t-oi 

Non-Radio1~sical - Truck 
Clll Vacherie Perr.n.Jn rara.i~x Yu:c.t Ht. ~.2r: t .. ,r 1 

Nor11al Han-Occupational Fatalitiu 1.1E-Ol 1. 7£-01 l. 7£-01 1.7£-01 1. 7£-01 1. 71::-01 

Accident Occupational Fatalitiea 1.5£+00 l.~E+OO 1. 5£+00 1. SE+uO \.SE+OO I.SE+OO 

Accident Non-Occupational Fatalitiu 5.4£+00 ~.4£+00 5.4£+00 ~ .4E+CO ~ .4£+00 ~ • .:.E•UO 

Accident Occupation~1 Injuriea 3.2t+OO 3.2£+00 3.2£•00 3.2£+00 3.2£+00 ),:!£+00 

Accident Non-Occupational Injuriu ~ ~ ~ 9.1!:•01 !:..!!!21 ~ 

Total Fatalitiu 7.1!+00 7 .1£+00 7. 1£+00 7. 1£+00 7 .1£+00 7.1£+00 

/ 

Non-R.tdiol~sic•t - Rail 
GIR Vacn,rie Per,.i.tn Par.ad~'C. Yu.c C& Ht. lt.an!ard 

Mor-al Non-Occupational Fatalitiee 1 ;)£-0_1 1.3£-01 1.3£-01 1.3£-01 1. 3£-01 1. 3£-01 

Accident ·Occupational Patalitiu ),9£-o2 3.9t-o2 3. 9~-02 3.9&-0:! 3.9t-v2 3.9£-02 

Accident Non-Occupational Fatditiu s.n:-01 s. 7£-01 S.7E-DI ·s. 7E-Ol ~.7£-01 s.n-ot 

Accident Occupational lnjuriu .5.3&+00 s. 3£+00 S.3E+OO s. 311!:•00 S. 3£+00 S.)t+OO 

Accident Non-occupational lnjuriu .!.:.!~ ~ ~ 1. IE•OO 1.1£+00 ~ 

Total Fatalitiee 7.4!-ol 7.4!-ol 7.4£-01 7. 4E-o1 7.4 E-01 7.4£-01 
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• OAK Rl IX:!:: Hl!S 

Noroul Occup~tional f'atali:iu 
Ncnul N.ln-Occ·~pllt i;,nal F.talitiu 
Accident Non-Occupa t ioo&l F.ttalitiu 

Total Fatalitiea 

Nor1nd Non-Occupational Fa.tal it iea 
Atcident Occupational Fata1itiea 
·A.::cidelll Non-Occupational Fatalitiu 
Accid~nt Occupational lnjuri:• 
Accident Non-Occupational lnjuriea 

Tot~l Fatalities 

HARTSVll.l.E HRS 

Normal Occupational Fatalitiu 
Normal Non-Occupational Fatalitiea 
Accident .Non-Occupational F;~talitiu 

Total Fatalitiea 

Normal Non-Occupational Fatalitiea 
Accident Occupational Fatalities 
Accident Non-Occupational Fatalitiea 
Accident O.::cupational lnjuriea 
Accident Non-Occupational lnjuriea 

Total Fatalities 

G!~ 

·2.u:-o3 
1.5E-02 
~ 

2; 3!:-02 

l.2E-D2 
3.4£-01 
5.0£+00 
4.7£+01 
~ 

5.4£+00 

ClR 

2.2£-03 
1.5E-D2 
l:1!.:.Ql 

'2,3E-C2 

· ClR 

2.3£-0:! 
).81::-01 
5.5E+OO' 
5.2£•01 
1.1£+01 

~.9£+00 

VAcher it! 

2.9C:-03 
::!.t>!::-\)2 

.!.:.ll:9l 
4.0£-02 

7.2£-02 
6.41:::-0l 
9.31:::•00 
1!.71:::+01 
l. 8£•01 

1.0£+01 

Vacherie 

2.2£~3 

1.3£-02 
5. 0£-:>3 

2.0£-02 

Vacherie 

3.5£-02 
3.8£-01 
5.5£+00 
5.2t:+Ol 
1.1£+01 

5.9£+CO 
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?•!T~l .~:1 f'.tr.J: .. 

3. 7t:-()3 lo.oE-03 
1 .:.E-ll~ ::. ~~-·J~ 
9. 7!::-0) ~ 

3. 7£-02 ~..o::-o: 

Non-Radioiogical - Rail 

8.6£-02 
9.3E-01 
t..:.£•01 
1.)£.+02 
~ 

.1.5£+01 

·1.u:-c1 
1.3£+00 
1.9t:•Ul 
1.81:::+0~ 

~ 

2.0£+01 

Radiological - R~il 
Permian ?aradn~ 

3.3£-03 
2.3£-02 
~ 

J.bE-02 

4.2£-03 
2. 5!:::-02 
~ 

3.09:-02 

·,· ~:.:: 1 .. 
5.~:::-~~ 

3.2~:-~~: 

1 • i.~::-t·~ 

.:. • 7::.-">: 

1. 31:::-(ll 
l.b~+l)~) 

2 • .:.::+ill. 
2.~~·\}2 

~ 

2.5£+01 

5.1£-0J 
3. lE-02 
9.1S!::-03 

.J:",,; ... •• 

.. -·---
- • I :.• ·i 
:. ::· ... 
! .I . • : 

.... l:. -·.': 

1 • ..! £--J: 
l ... ::•:J I 

.:.. 5E-C l 
).~E-ll~ 

---.. ~ 
4.6£-02 

Non-RadioloEical - RAil 
P~r.,ian 

7.2£-02 
7.tlt:-Ol 
1.1£+01 

. 1.1£+02 

~ 

1.2£+01 

Paro11dox 

7.5£-02 
l.·lE+CO 
1.6£+01 
1. 5£+.02 
~ 

1.1!£+01 

Yucca Ht. 

1. 21::-01 
1.5.::+.:10 
2.2t:+Oi 
2 .CE+62 

~ 

b. lE-02 
1.3£••:0 

' l-9~•Jl 
1".3::•u~ 

BEST AVAILABLE COPY 
-;-··~ ... 



-----'----:--...:!(.:.:'·•:.:.·':..:.·! ., ! J ;:_:. ·._ .• _: ::._ •• 

--------------------=G:.:Ic:;;{--'--·'-'·'·;,;' <c.. . .;.:''::..:r..:i:..:•---'c..'·...:' r:...::::.:ic..':.:."-- .• ,;_ _____ .... _ .. _ 

llormal Oc~u;>-Hi.>nal F'.tt~lities 
N~rm.tl N~n-Occupational Fatalities 
~ccident Non-Occupational Fatalities 

Normal Non-Occupational r~talitie~ 
~ccid~nt Occu~ational Fatalities 
Accident Non-Occupational Fatalities 
Accldent Occupational Injuries 
Accident Hon·Occupat•~nal lnjuriea 

Total Fatalitiu 

KARTSVlt.I.E HRS 

Honod Non-Occupa tiona 1 Fatalities 

Accident Occupational F'atalitiu 

Accident Hon-Oc.cu,Pation.sl F&talitie~ 
Accident Occupational lnjuriea 

Accident Non-Occupational Injuriea 

Total Fatalitiea 

Hor11al Occupational Fltalitiu 

Norlllal .~n-Occupat ion'al Fatalities 

Accident Hon•Occu pa_t ional Fatalities 

Total Fatalities 

: .4£·04 
~.:.t:·Ul 

~ 

1. 1~·02 

CIR 

4. 3E-o3 
.0~+00 
.OE•OO 
,0£+00 

~ 

4 .J~-o3 

GlR 

8.1£-03 
.0£+00 
.0£+00 
.0£•00 

~ 

a. u:-oJ 

ClR 

7. 7£·04 
~.3E-Ol 

~ 

1.2£-02 

1. o::-cJ 
9.:E·U) 

~:2l 

Vacherie 

2.5£·02 
.~£+00 
~OE•OO 

.0£+00 

~ 

2.~£-02' 

Vacherie 

1.2£-02 
.OE+OO 
.0£+00 
;0£.+00 

~ 
1.2t:-02 

Vacherie 

7.7E-04 
4.~E-O:l 

~ 

1.2E-Il2 
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· ........ 

I. 3:-.-u J 
lj. J!:.-•d 

~ 

~ ... ~- ... ~ 

.... :.::.. ... ·,., 

Non•R.1..l "' 1.' .~1-'A I - i\.,; I 

PP rcu an i'd r _a,j.)x. 

).C•E•vZ J.bl-u2 
.01::+01.1 .llt.•tll) 
.01::•,)0 .O!:.•v\J 

.OE+UU .ut.-..•ll 

~ .IUl-.•0,1 

).OE·O~ ).b!:.·U~ 

~n-R.1dio 1 o~i~a l - R.1i I 

P~rmun ParaJ,lx 

2.~£-02 2 .bF.-02 
.0£.+00 .UJ::.U\J 

.o&•Ol' .u!:.•u-l 

.O!::+VIl • UE•OL' 

~~ .0!-:·00 ----
2.~J::-C2 2.b~-vz 

Ra..tinln~ical - R.<tl 
· P~rmi an ra r ad\lx 

t.I£·03 l. ;~:;-OJ 
8. 1£-ll) ·~~. ~t.-ul 
!.:]!.:Q! ~ 

2.J!:.·Ul 1 ... ~-u.! 

! . .;."' 

....... -. -

: o:~· ~·A '-4: .. !--..-1 :\ :· 'f J 

..... £-0: l. lt.-o: 

•''~•,JU .Ut.' •·'·l 

.u:..••)·.' .ut•d•l 

.u~·vu .u:.•,h.: 
~ .lH~·O(• ----
:..bl::-02 3. lL·C~ 

Yu..:-:-a ~t. ti.t:-:: •<J 

.:. .2L·02 2 .fJ~:-:J:: 

.ut::•·Ju ,IJ~•,JJ 

.u~•t•o .o.;~•Ot• 

.U:.•vu .1.)!:: •fll1 

~- .-~ 

... :n:.-,,.:· ::.~~-0.' 

't' oJ~-:-a-:--.c-:·-- ... E~n: ,r.i 

l. !li:.•\JJ I • ~;,_ •\! • 
1. n.-.;~ 1 ... :-.-~/: 
2. 1:::-o~ t'. ::.~,,~ 
-~ 

J •• t-,:,J . • t:.-u." 

• 

........... 

.... 



• 

• \..._,. 

// 
t .. bl .. t.-1~. Tr.:r.sp.Hta:i·>n Kto~s: S~i•!nl Fu~l- HK:i to H~t'Hil•'f)" (l~·'i .:.n<- ~::.: .'J,•· • •·:.: · 

OA.: Ill !).;i:. ~~S 

Hnrm .. t Cc~•·p.lli,,n.\1 Falalitits 
NtJ•m•l :.;,,n·U~.:u;»dthln'll ~·atalilk.~s 

~oc.:id~n: Nur.-Oc.:upat ''""'' ·ratal&tits 

Toltal Fatllltie• 

,_,,~~~I Non-0\:.:u;>dt i•lll~ I Fatalitiu 

Ac" •·'~nt l•C' . .:u p.a ~ hJna 1 ~·alAI it j.,s 
Acc&d~nt ~n-Occurdt , .•... tl r'uaUtiu 
A~Clcl~nt t,..:cup•t h'na 1 '''Juries 
/I.CCldo!nt tt.Jn-lkcuva:. ,,, .. _. ~ In june• 

Total F~talillu 

HAF.TSV lLLE HRS 

C,;IK 

S. SE·U~ 
l.•n:-oJ 
l~ 

I! .4E·.U) 

GIll 

3.21::-0) 
1!. 91::•U2 
I.Jt:+Oil 
1.21:.+UI 
2.SI::+Uil 

1.<+1:.+00 

v,.,;t.t!':-s e 

7.Si::·O~ 

b.lll:.-tl) 

~ 

1 .• SE·O~ 

Vach~rie 

1.9E-v2 
1. 7t:-ul 
2 .t.E•O•l 
2.ll::•lll 

~ 

2. c-t:•OO 

9.sr:-o.:. 
(J 1'.1-0) 
1). 11~:-111 

1.21::-\l) 
b. ~1:.-·d 
7. 1¥. -~IJ 

I.H.-1.12 

k>n·k•.!t.>l.ld~al - Rdi I 
Pt!'rtni•n !-',a r.,,foJx 

2.-!t::-0~ 2. 7l-1i.2 
2 .:.E-1.11 J .~:.-·Jl 
).)1::+\JCl ... 91::+1}1) 
J. Jt:'+tll .:..'li::•Ul 
b.'i~·ou ~~ 

).di::+Oil ~.l:::•uo 

~ .. ~f:-(1' 

I. li -•·.· 
9.D:0·1~1 

·,u.:c.J ~:. 

s. 3•:-o~ 
b • .:.~-ul 
~.0:.1::+•10 

I! .I!;. ••H 
1. ot.•l•l 

i.llt+Ol 

l . i:.-

.. ::-

I. lt.-u: 

E.s·~: q .i 

:.t..:t..-..;: 
.3. '1!:. -!Jl 

~. i~· I I 

!>· ... :.. " 
1. H.•··~ 

b. t:.•u;J 

ka d i ,, los i c & I .--_..:~:.:';.:: i:..;l,___....,. __ ....,., ___ _ 

---------------------...;G=t R::.,_· __ v.:.;~:.'::.h~".:.r..:.i.::.~-- P~ rm i ·'" r a r ado x \'u.: c a ~t. r..o .ll·.or J 

Horat~l Occu,..ti.\,,,1· Fataliu .. ~ 
N<>ratal N<>n-Oc.:up'\'.lona! F~to1lati~s 
Acc:i~o!nt Nr>n-Ot.:•>;•atlonal Fo1t•l1tir1 

Tutal Fatalitlrs 

----.. ----· 
Normal NL..n·u~c."'pathl.,.ll r ..... ltttes 
Ac.:idl!nt L<<u?&lloJnal falal1t1~• 
.t.c .. ·id~nt N...u-u.:.:•jp•t\.ln..tl F•t.tlltiet 
A~CIJI!nt Uc:up&tlln•i lnJ~•t~J 
A~ttd..-nC.. N.Jn-Oc•· ,.,atlun•l JnJ•.Ift~s 

~. 7t:-•J.:. 
J. 'lt:-UJ 

~ 

~lR 

o. H.-:ul 
~. 'lt.-l•: 
1 .... ~ •o·, 

I ... t:•ul 
~. t' ~-. ,,, 

l.l~·.tJ 

5. 7E·04 
).)E-03 

~. 

'/a~hO!Tir 

9. \t-O' 
9.~t.-ll2 

I • .:.E.<OO 
1 .... t.•l'l 

:.tn:•OO 

! . )~+Ul) 
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S.SE-04 
b.IJE-Ol 

~ 

I.)E·O~ 

1.91::-0~ 

2.0'1:.-UI· 
j.Ut:•OO 
2.111::+1.11 

~ 

J. ~ t. ~-..... 

I.IE·Ol 
1>. ~1:-tl) 
b.llf·O) 

l • .:.t:-02 

2.0£-02 
~.~1::-01 

.:..)t:+OO 

.:..lll:.•!JI 
d. j::, •l)~t 

... bE.•UU 

2 .01~-0l 
1.2E·'.l1 
9. :.•:-tl) 

... • "b!-.. -01 
~. 'it:-i:l 
6. ~~ ·~i,~ 
~.;.;:.·~: 

1 • it. .. ,: 

.... .:,:_., .. ,) 

·--....:;..-·_ .... ·-·-----·· ....... 

! .li:.-:J I 
'9.0!:.-~.:l 

t .o~-.·~ 

., • !: .•. •·· 

"- • • .'. 6 I • 

. ;. .. • 

-·:-: ... 



/ 
. ..a: .,. . . . • ~ 

------------"·1:1_:.~-~~--~·- ·----·--
------------:-----------';.:•..:.i.;.~ ___ . .;.. .. ..:.•··; ... r 1 ... :•,.: -~: ,\., r 2,_ ______________ ·.:..· .:..:._:_: 

t.•rrn:J I 0..:: CLI;'I~ r i~'n.tl fd t •• it lt!S. 

N,tr!:~.al ~,,n'-tO~'up•t lt.Jn•l t".Jtalat L~• 
A..:.:&J~nt ,..,.-Oct.:ui'~tio~.tl Fat.a&ill ... 

r •• ul F.at.alitiu 

"'""''"' 'N.,n·Occup.>t i,,n.a\ Fat.ala: i~s 
A.:cad.,'\t ll~cupat&~>n.al Fat.alll ;.,.. 
Accid·•nt Notn·O~,u~.a,ion.tl f.,: d 1ti~a 
A~~•d~nt u.:cur .. ta,n•l !uJU'''"'"' 
A~ca.J.,nt Non·V..~u;>H ion.al I:: juri~• 

HAkTS\'lLLt. HilS 

,..,r .... l O..Cuf•Cion.ll Fat•liti~• 
H..1rw.al H.Jn·Occu~llt.llal F.at.1l iti~• 
A.:cad.,nt p;.,n-Occu~.ation.ll F.at .. iiti~a 

To>UI .F.atelitiu 

..,,,~mal p;.,:.-V.:, upat i"n"l F.1tal ill"' 
A.·-:••t.:"":.t- tkt.;.,•)·tthu •. ~tl fatai tt a..-i 
A.,:Jt•nt :tnr.-tic.:u;'J'.l:-i.,:'l.\ r.r~littt!S 

A..:( 1.1~-•t U.;cu~At 1r.-rr~l lnJuf 1.;.~ 
A. ... ·c&-h•n" Nt. .. ~·l•t:Cu;".Jt aon..al lr:juries 

lo • .:.r.-0·· 
J,Jt;·UJ 

~ 

2. ~~.-0) 
.ut•Uu 
·''~··)\) 
.ut•uu 
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Battelle Pacific Northwest Laboratories 
Battelle Blvd. 
P.O. Box·999 
Richland, WA 99352 
Attn: G. McNair (10) 

Weston Co~oralion· 
2.3n1 Research Blvd. 
Roc;:vi 11'", ·)iO 20850 
A~~n: P. Bo~ton (5) 

Baltell~ .Project Management Division 
505 King Avenue 
Columbus, OH 43201 
Attn: c. Kimm 

R. Fisher 

Battelle Project Hanage~cnt Division 
Office of Crystalline Repository Cevelopment 
9800 S. Cass Avenue 
Argonne, IL 60439 
Attn: W. P~rdue 

SAIC 
101 Convention Center Drive 
Las Vegas, ~~ 89109 
Attn: c. Scardino 

Rockwell Hanford Operations 
P.O. Box 800 
1100 Jadwin 
Richland, WA ?9352 
Attn: K. Henry · 

31111 s. A. Lander. berger 
3151 w. L. Garner (3) 
6000 E. H. Beckner 
6300 R. w. Lynch 
6310 T. o. Hunter 
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.) 6311 l.. w. Scully 
. 6320 J. E. Sticsler 

Attn: TTC l~as tcr File / 
6320 TTC l.ibrat"'y (200) 
6321 R .. E. l.una 
6321 J. w. C::~shwcll (10) 
6321 )(. s. Neuhaus~r (10) 
6321 P. c. Reardon (10) 
6321 R. H. Ostr:~cyer 

6321 ·T. A. Wolff 
6322 J. H. Freed::-:an 
6323 G. c. Allen 
6323 H. H. Madsen 
6324 B. D. Z.ak 
8024 P. w. Dean (l) ... 
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