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ABSTRACT

This report is a part of the interim report documentation for the Giobal
Spent Fuel Logistic§ System (GSFLS) study. The technical and financial
considerations underlying a global spent fuel logistics systems have.been
studied and are reported herein. The Pacific Basin is used as a model
throughout this report; however the stated methodology and, in many cases,
considerations and conclusions are applicable to other global regions.

Spent fuel discharge profiles for Pacific Basin Couniries were used to
deterﬁfne the technical systems requirements for alternative concepts.
Functional analyses and flows were generated to define both system design
requirements and logistics parameters. A technology review was made to
-ascertain the state-of-the-art of relevant GSFLS technical systems. Modular
GSFLS facility designs were developed using the information generated from
the functional analysis and technology review. The modular facility designs
were used as a basis for siting and cost estiiiates for various GSFLS alterna-
tives. Various GSFLS concepts were analyzed from a financial and economic
perspective in order tu provide total concepts costs and ascertain financial
and economic sensitivities to key GSFLS variations. Results of the study
include quantification of GSFLS facility and hardware requireménts; drawings
of re]eVant GSFLS facility designs; system cost estimates; financial reports -
including user service charges; and comparative analyses of various GSFLS

alternatives.
KEY WORDS
Air Cooled Vaults Modules Siting
Casks Nuclear : Spent Fuel
Concepts Reactor Water Basin Storage
Financial Analysis Reprocessing '

Geologic Storage Ships
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APPENDIX A

This appendix contains the functional flow sheets for the operations to be

performed in a Global Spent Fuel Logistics System. The following legend

delineates the symbols used in these flow sheets.

— _
OPERATION
- —

{44

X.X (Y)

OPERATION

YES

\/

Reference only function - not analyzed

= And gate, all paths taken

= Or gate, only one path taken

= Collection or summing point

= Function block; first number, x.x, is the block
identifier, the number in parenthesis (Y), is the
estimated time to accomplish that particular

operation or function

= Decision block, one or the other path taken based

on some particular constraint

= On page connector

= Off page connector

special note symbol
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For each of the flow sheets there is a 1006 equation which defines the
critical path times. In most instances these equations are given in
terms of the number of casks being handled.
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STORE SPENT
FUEL AT
REACTOR
(2EF)
1.2 (81/205) 1.3 (1417120 1.4 (299/537) 1.5 (19) 1.6 .(282/300) 1,7 (46/295)
» UNLOAD PLACE CASK LOAD FUEL REMOVE CASK nggg}:ngﬁgk ZNS?AZc_?; CASK
S CASK INTO POOL INTO CASK FROM POOL OPLHE TRAN3PORTER

YES

NO

£-v

1.10 (T})

»{ TRANSPORT
SPENT FUEL

BOTES: 1) THIS FLOW 1S FOR THE SOLE CONDITION WHERE A DEDICATED TRAIN, WITH X
CASKS, ARRIVES AT A REACTOE SITE TO CAMPAIGN THE YEARLY DISCHARGE
2) NUMBERS IN () ARE (PWR/BWR) TIMES IN MINUTES
3) PWR CRITICAL PATH TIME = 3.1 + (C) (15.8) + Il (HOURS) (HOURS)
BWR CRITICAL PATH TIME = 3.1 + (C) (20.3) + T1 (HOURS) (HOURS)

C = NUMBER OF CASKES INVOLVED
T = TRAVEL TIME
FUNCTION 1.0

TRANSPORT SPENT FUEL FROM REACTOR STORAGE POOL TO AN
INTERMODAL SHIPPING TRANSPER POINT (PWR/EWR RAIL CASKS)



STC2Z SPENT
FULL AT
2IACTOR
(25F) .
TT R E D ] 2.2 (817105) 2.3 (10/119)] * 2.4 (169/203) 2.5.(9) 2.6 (1967218)] (2.7 (62)
. o1 1 uvoap PLACE CASK LOAD FUEL ,RENOVE CASK P;;:URTF&% IC\AGGK INSTALL CASK
g N L FROM POOL b N - OoN
P . CASK INTO P00 INTO CASK OPERATIONS TRANSPORTZE
2.8 (29) .
X
[ IS
-~

2.10 (T)°

4. TRANSPORT
SPENT FUEL

THIS FLOW IS FOR THE SOLE CONDITION WHERE TRUCK MOUNTED CASKS ARE USED TO
CAMPAIGS A REACTOR DISCHARGE.

2) TIME IS 121 MINUTES FOR THE FIRST CASK, 72 MINUTES POR SUBSEQUENT UNITS
3) -NUMBERS IS ( ) ARE (PWR/BWR) TIMES IN MINUTES

4) PWR CRITICAL PATH TIME (HOURS) = 13.5 + T (HOURS) POR THE FIRST CASK LOAD ‘ FUNCTION 2.0
PWR CEITIZAL PATH TIME (HOURS) = 12.7 + T (HOURS) FOR ALL SUBSEQUENT LOADS

-y TRANSPORT SPENT FUEL FROM REACTOR STORAGE POOL TO AN
BWR CRITICAL PATH TIME (HOURS) = 15.1 + T (HOURS) FOR THE FIRST CASK LOAD
: ( ) ( ) . INTERMODAL SHIPPING TRANSFER POINT (PWR/BWR TRUCK CASKS)
. BWR CRITICAL PATH TIME (HOURS) = 14.25 + T (HOURS) FOR ALL SUBSEQUENT LOADS
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® IF THIS IS A PORT AT A REACTOR SITE AND THE SHIP WILL
BAVE TO WAIT ON THE CASK, THEN THE WAIT TIME MUST BE
INSERTED SERIALLY AT THIS POINT.

3.5 (90) 1.6 (13)
DISPATCH TRANSPORT
DEDICATED EMPTY PRALL
TRALN T CASKS
3.2 (60) REACTOR SITE
PREPARE HEAVY
LIFT CRANES - - -
3.1 (180) 3.4 (120) 3.7 (160) 3.8 (120)
L R HOTST. EXPTY YES YEs @ LNCOVER
| DOCX sHIP ) G AND PiACE O LOWER DECK
: 3.3 (120) TRANSPORTER
UNCOVER o
UPPER DECK
3.12 (30)
ESTABLISH
COOLING
3.9 (120 3.13 (180) N 3.14 (120)
WOIST FULL Y FAIST FLil
RUCK CASK AN Ve enE A RATL CASK AND
PLACE INTO ) { PLACE O:10
SHIPS HOLD DECK WALN DECK
A7
3.10 (60) 3.11 (TD 3.15 (45)
DLSTAT TRICK TRANSPORT ,__,D ESTARLISH
FRANS PORTE EMPTY TRUCK LING
TV RFEACTOR CASKS
SiTE
3,16 _(180) 3,17 (240) 3.18 (60) 3.19 (T2)
PORT
COVER LPPER PREPARE SHIP DISPATCH SHIP TRANS
DECK FOR DEPARTURE 0 KPR ETC.

FUNCTION 3.0

SHIP TRANSPORTER QPERATION -
CASK LOADING/UNLOADING. FUNCTION
FOR A REGIONAL PORT OR A REACTOR

SITE PORT

SHT 1 of 2




FUNCTION 3.0
(Con't)

Ship Loading/Unloading Time at the Reactor Intermodal Transfer Point +

One Way Travel to the AFR Dock

For the condition where the ship docks at the reactor site, unloads a single
cask which is trahsported to the reactor, loaded and returned to the ship

for the number of times necessary to load the ship the system equation is:

13+ T2+ 4 (C) + W (C)

T2 = Boat travel time from reactor to AFR site dock (/v)
Where W = 3.1 + 15.8 + T3 + T3 + 90/60  PWR
=20.2 +2 T3
Or W= 3.1+ 20.3 + 23 + 1.5 BWR
=24.9 + 2 T3

Where T3 = Absolute travel time of transportef & cask to & from

reactor (D/V) (hours)

EQpug = 13+ T2+ 4C+ (C) 20.2+ 2713 -
: =13 +T2+C 24.2+ 2T3 PWR
EQuup =~ 13+ T2+ 4(C) 24.9 + 2 T3

13 + T2 + (C) 28.9 + 2 T3 BWR

For the condition where the ship docks at the intermodal shibping point and

loads casks sequentially; then depérts. There is no waiting for casks.

Rail Only
EQ = 180 + 120 + (240) (C)/(CR) + 180 + 240 + 60 + T2
T2 = Travel time from intermodal point to AFR dock (hours)
C = Total number of casks loaded onto the ship (both empty and full)

CR = Number of cranes loading the ship

EQ 13 + 4(C/CR) + T2 (hours)

Aab



EQ

FUNCTION 3.0
(Con't)

Rail and Truck

180 + 120 + (120) CR/CR + 160 +(120) Ct/CR + (120) Cr/CR + 180
+ (120) cR/cR + 180 + 240 + 60 + 12
1120 + 240 Cr/CR + 240 Ct/CR + T2

18.

+ %R (Cr + Ct) + T2 (hours)

Rail Casks Carried on the Ship

Truck Casks Carried on the Ship

Ship Travel Time from Intermodal Point to AFR Dock (Hours) .

A-7



4.8 (30)

* THIS COULD ALSO BE
W,
STOR.. SPEN I s*’r‘g;{AEGEANISTER

MOVE NEXT
| RSN
v TER 5 > NLO:
g A At SPOT
A23 NO
4.1 (30) 4.2 (150)* 4.3 (114) 4.4 (106/204) 4.5 (85) 4.6 (156) 4.7 (100)#
RICEIVE UNLOAD CASK ] PLACE cask [PERFORM CASK mrsm.L CASK |
"EPTY RAIL FROM INTO POOL >4 LOAD CASK R onr OUTLOADING *
K TRANSPORTER " OPERATIONS TRASFORTER
* 45 MIN NOT CPT — * 45 MLy NOT CPT YES
%.9 (69) 4,10 (10 11 (50) 4.12 (20 4.14 (40) ‘15 (1) 4-16 (71)
TRANSPORT CKIN CHECK CASK INSPECT & . THANSFER UNLOAD CASK
»  CASKS TO #| VATER 38518 @ A ATION UASH N "4 RECTIVING TRANSPOKTER
EXT WAT NTAMINA A 3
NEXT WATER co T TRANSPORTER STATION
1
i
| 4.13 (10)
’ {____ﬁ COOL CASK
EXTERSALLY
4.19 (17) |} 4.20 (6) E.21 (198) 4.22 (80) 4,23 (9) 4.24 (8) -
NO CONNECT CASK SAMPLE, PURGE,| | PREPARE FOR HOLST & LOWER REMOVE CASK
> > SAMPLING coot. & INNER CLOSURE CASK T0 NNER “CLOSURE
PLRCING & DEPRESSI!RIZE REMOVAL UKLOADING & SPACER
COOLING LINES CASK POSTTION
4,17 (23) 4.18 (100) "
TRANSFER CASK
T0 DECON PIT DECONTAN
4,25 (167/3911 4.6 (283/582 -
PLACE STORAGE SEE
BASKET INTO NOTE
WATER BASIN
4.27 (14) 4.28 (7) 4.29 (114) %.30 (8) FUNCTION 4.0
RAIL TRANSPORT OP SPENT FUEL OR WASTE FROM
: y HOIST &
REPLACE §£§f RE%%@E%S LSy asg&ﬂ TRANSLATE —¢E> ONE WATER BASIN TO ANOTHER WATER BASIN.
AND SPACER CASK FROM [ (AGNS - TO - WEST VALLEY - TG ~
J WATER BASIN

OAK RIDGE - TO - HANFORD - TO - ETC)

FROM THIS POINT THE SPENT FUEL ASSEMBLIES
OR wASTE CANISTERS CAN GO TO ANY OTHER

- SHEET | OP 2
PROCESS STATION 3
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b T AN CHECK CASK FOR
E>_";DEC°'\C;"§{“”E CONTAMINATION {

1 CLOSURE AREA

j —

fs.31 5D [e.32 20)

SYSTEM LOOP EQUATIONS:

& WBl - LOAD EMPTY CASKS

PWR LOOP = 2,25 4+ 10.4 ("1-"1)
BWR LOOP = 2.25 + 12.0 (C/P))

€ W32 - UNLOAD FULL CASKS

PWR LOO? = 3.25 + 15.3 (c,/Pz)
BWR LOOP = 3.25 + 19.0 (CTIPZ)

_ TRANSPORT FRUM WB1 TO WB2 = T4 (HOURS)
TRANSPORT FROM WB2 TO WB | = T5 (HOURS)
WBl = WATER BASIN 1
WB2 = WATER BASIN 2
Qr = CASKS/TRAIN

Py

P2

@ NUMBER OF UNLOADING PORTS AT WB2
= NUMBER OF UNLOADING PORTS AT W82

> INSTALL

4,36 (126)*

4.33 (14) 4.34 (77) 4,35 (55)

HOIST & PLACE DECONTAMINATE HOIST CASK
CASK INTO b CAS FROM
DECON AREA K AREIECON

CASK ON
TRANSPORTER

* 45 MIN NOT CPT

YES

4,37 (60)

4.38 (T5)

DISPATCH
CASK &
TRANSPORTER

TRALSPOR >
ALk 2O —o a
WATER BASIN

FUNCTION 4.0
“CONTINUED"

SHEET 2 OF 2
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5.6 (60) 5.7 (11)
ESTABLISH DISPATCH
CASK COOLING — mm')mn.
5.2 (60) A P TRALSPOVER
. TRANSPORTER
PREPARE
BEAVY LIFT
CRANES
5.1 (180) 5.4_(120) 5.9 (160)
r y ROIST RAIL N
! > pock > #1 CASKS FROM UNCOVER
A . SHIF 'Y 5 SHIP & PLACE LOWER DECK
; 5.3 (120) TRANSPORTER
NCOVER ) - 20
LPPER DECK : ?’Lll (T‘_)_Y_
* ° LSPOk
INTO POSTTION
TO RFCEIVE
o AlO %0
5.15 (180) 5.15 (120) 5.17 (120) 5.18 (249)
: ST UMPTY COVER THE TS YT YES YES | COVER UPPER PIPATE
! YE. » f :, -
TR @ Sot touER DEck (SRt G pecx DEpanTiRE
AND PLACE INTQ ON DECK
L SHIPS HOLD
NO
| {5.14 (18)
TRAYSPORT
CAZKS T
I WATER BASIN
o
X 5.19 (60) 5.20 (T1) .
: PATCH TRANSPORT -——
DIZH';P » EMPTY CASKS
i !
SYSTEM LOOP EQUATIONS (BOAT ONLY)
. FUNCTION 5.0
RAIL ONLY = 13 + & (cglcn) + T CR
AFR DOCK - SHIP
i = 18. 4
BAIL AND TRUGK = 18.7 *-c— Cg+c)+17 . LOADING AND UNLOADING OPERATIONS
R

CR = NUMBER OF RAIL CASKS PER SHIP
C' = NUMBER OF TRUCK CASKS PER SHIP
CR = NUMRER OF CRANES

- T7 = TRAVEL TIME TO REACTOR OR
INTERMODAL SHIPPING POINT



6,2
CCOL CASK
EXTERNALLY
a2 >—s [6.1 (6.3 5.5 6.6
! i HIX T CRECK TRANSFER UNLOAD
WATER BASIN AND | CASK FOR > CASK TO Pl casK rRoM
| * CONTAMLNATION RECEIVING TRANSPORTER
STATION
6.9 H 6.10 6.11 6.12 6.13
N TRANSFER CAS% PNECT CASK SAMPLE, PURCE, PREPARE FOR HOIST 6 LOWER
TO LAY DOWR [~  SAMPLING cool, & INKER CLOSURE CASK TO
b 9 AREA | PURGCING S DEPRESSURIZE REMOVAL NG
' ! {COOLING LINES CASK POSITIUN
— 6.8
— i DECONTAMINATE
DEtok Pl [ CASK

6.16

: PLACE i @ FROM THIS POINT, THE SPENT FUEL ASSY'S
b A $PENT FU @ SPENT FUEL W3 1 CAN GO TO ANY
NRER €05 TiT0 _J INTO WATER f
! Ak 'STORAGE BASKE 1 BASIN

ANY OTHER PROCESS STATION

6.17 6.19 6.20 6.21 | 622
; g N Cllb.
REPLACE CASK _ nﬁhﬁ‘(‘;sb > TM\RsﬁLAIS'Fa Kc ASK DECOC?.?;I\ATE cx Pc».sx
CLOSURE SEAL CASK CAVITY PRO;‘IAEJNER CLOSUKE AREA r'O\‘vav.A:m
RAIL
6.2% 6.27 6.28 | ALO
N INSTALL CASK YES DISPATCH ‘rRAWPORT
S TRASSPORTER TRANSPORTER Rx( ¥
. : AlL
6.23 6.26 6.25 | st
HOIST & PLACE ROIST C NO
ok 150 - nscon&g}tmrs ol ESHeleN
DECON AREA AREA

TRUCK
[> TIMES ARE SEOWN OF SHT 2 .

FUNCTION 6.0

RECEIVE SPENT FUEL AT WATER BASIN, UNLOAD FUEL INTO STORACE AND RETURMN
EMPTY TRANSPORTERS AND CASKS TO INTERMODAL SHIPPING POINT

SHT 1 of 3



FUNCTION 6.0

(Con't)
RAIL TRUCK
BLOCK PWR BWR PWR BWR
6.1 50 50 40 40
6.2 10 10 ‘ 0 0
6.3 40 40 35 35
6.4 40 40 ‘ 30 30
6.5 11 11 8 8
6.6 A 71 56 56
6.7 23 23 18 18
6.8 100 100 95 95
6.9 17 17 17 17
6.10 16 16 6 6
6.11 198 198 154 154
6.12 80 80 50 50
6.13 9 9 9 9
6.14 8 8
6.15 167 ' 391 25 39
6.16 283 582 91 13
6.17 14 14 0 10
6.18 7 7 7 7
» 6.19 114 114 23 23
- 6.20 8 8 : 8 8
6.21 51 5] 51 5]
6.22 20 20 20 20
6.23 14 14 14 14
- 6.24 77 77 77 77
6.25 . 55 55 45 45
6.26 126 126 71 71
6.27 69 60 30 30
6.28 T9 T T10 T10

A=12



FUNCTION 6.0
(Con't)

-System Loop Equations

At Water Basin

RAIL
PWR = 3.25 + 15.3 (Cr/P,)
BWR = 3.25 + 19.0 (Ct/P,)
i ROAD
‘ PWR = 1.8 + 9.3 (Ct/p,)

BWR = 1.8 + 9.5 (ce/p.)
Transport

Transport empty train from WB2 to intermodal point

Transport empty truck from WB2 to intermodal point

Transport full train from intermodal point to WB2

Transport full truck from intermodal point to WB2

At Dock Side

2.2 + 2 (r/CR)"
0.5+ 4 Ct/CR (1st truck cask)

RATL
ROAD

A=13

T9

T10

T6
T8



wBl

L=V
I__.

o

SOTE:

IS 135 MIN.

THIS IS AN ASSEMBLY LINE TYPE OF OPERATION.

THE FUNCTION SEQL'BC!.

THE LONGEST SINCLE PROCESS FLOW
A 135 MIN, DELAY IS BUILT-IN BEFORE TUBE NEXT CANISTER BEGINS

NO
7.1 (60) 1.2 (39) 7.3 (10) 7.4 (20) 7.5 (10) 7.6 (60)
TRALSFER TRANSLATE TRANSFE DRY FUEL RETCRN EFPTY
SASKET TO $&—»{ FUEL HANDLING FUEL ASSY TO ASSEMBLY AND T ASSY BASKET TO
20T CELL MACHINE TO YING N BASKET?
{ N STATION STORAGE POOL
7.7 (10) 7.9 (20) 7.10 (10) 7.11 (30) 7.12 (20) 7.13 (20) 7.14 (75)
INSPECT FLik o)  TRANSFER PLACE PWR FILL TRARSFER TP TT r;:
ASSY: READ & RE FUEL _ASSY TO FUEL ASSY D ¢ CANISTER WITH CANTISTFR TO | —I6NTO T
wconn PACYAGING PACKAGING 1810 SAND WELDING & WELD c_,osg;,
serre o, CELL PEvieE CANTSTER MACHINE l
1.15 (‘0) 7.16 (60) 17 (20) 7.18 (10) 7.19 (30) 7.20 (20) 7.21 (20) 7.22 (15)
. . i PLACE CANISTE FIT1. CANTSTER TRANSFER EIACE
g QTR0 |emito oVt TAl—e) QUETTACE | AT o L
. PACKING DEVICE CANISTER e 6 WELD c'ios'zn
7.23 (20) 7.24 (60) 7.25 (20) 7.2; (c?) 7'12&\'(;05)::
TRANSFER “ToIFY WELD TRANSFER ECON ° F '_..
NTST 2l 2 TF, CANTSTER CANTSTER TO
(ii\r_ls]_’\*m‘r\o INTEGRITY A 10 SURFACE VNP LAY 4
STATION STATION (REMOTE) DOWN AREA
7.28 (10) 7.29  (10)
55 1 T )
ER I3 3
CANISTER CANISTER PUNCTION 7.0
[ | . SPENT PUEL PACKAGING FOR STORACE TN AN AIR COOLED VAULT
OR GEOLOCIC STORAGE SYSTEM
7.30 (30) 7.31 (60) 7.32 (20) 7.33 (75) 7.34 (60)
NSFER VACHINE TRANSFER REWELD VERIFY WELD
it ain »  oLD WELD CANISTER TO CANISTER CAP INTEGRITY
VILLING AWAY WELD
DEVICE MACHINE



8.4 (30)
HOTST RETURN
SURFACE
8.1 (20) 8.2 (10) 8.2 (30) 8.5 (50) 8.6 (5) 8.7 (10) 8.8 (5)
! 4 LOWER™ TRANSFER TRANSPORT ALICN REMOVE TRANSLATE
TRANSFER LOWE RANSF S
CASISTER TO s )4 CANISTER TO BURTAL AT STORACE SHIELD sLGASK OVER
MINE KOIST EVEL TRANSPORTER BURTAL SRR PLUC
8.9 (10) 8.10 (5) 8.11 (10) 8.13 (60)*
LOWER TRANSLATE RE-INSTALL INSTALL
. |> CANISTER CASK OFF OF SUIFLD @ MONTTOR,
— INTO SLEEVE SLEEVE PLUC EQUIPMENT
o
* AT THIS POINT IT DOESN'T MATTER HOW LONG
8.12 (50) IT TAKES THIS IS THE TERMINAL POSITION
RETURN ' ’
TRANSPORTER
FOR NEXT
CANISTER

CRITICAL PATH TIME (CPT) = 155 MIN/CANISTER
= 2,6 HOURS/CANISTER

. - FUNCTION 8.0

GEOLOGIC REPOSITORY OPERATIONS EXCLUDING
RECEIVING BASIN AND PACKAGING FACILITY
FUNCTIONS
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9.9 (10)

9.2 (30) 9.3 (50) 9.4 (5) 9.5 (10) 9.6 (5) 9.7 (10) 9.8 (5)
TRANSFER TRANSPORT ALLGN REMOVE TRANSLATE LOWER N TSTAL
p— %Qﬁigﬂrgﬂ o CAngrosgAsra_ro ! J{‘{‘S?}’&‘K& SHIELD PLUG > CASK OVER L CANISTER CISR{/‘ 3%’5; usfugi'z}“
: 2ACE SEVE INT a4 :
CHAVBER. SLEEV VATE O SLEEZVE SLEEVE . PLUC
9.10 (50) 9,11(60)
RETURN
A o FE
L EQUIPMENT
*
CONTINUVES ONLY WHEN SPENT PUEL IS REMOVED
FROM VAULY FOR REPROCESSING OR THROW AWAY
CRITICAL. PATH TIME = 145 MIN
FUNCTION 9.0

AIR COOLED STORAGE VAULT OPERATIONS




LL=Y

Pt

10.1 (60) 10.2 (30) 110.3 (10) 10.4 (20) 10.5 (10)
RETRIEVE TRANSFER ¢ TRANSLATE TRANSFER FUEL DRY FUEL
STORAGE FROM BASKET TO — FUEL HANDLING ASSY TO ASSY
WATER BASIN HUT CELL I MACHINE TO bRYXXG STATION
{ BASKET
10.8 (20) 110.9 (60) 10.10 (CONT) 10.11 (CONT)
TRANSHE © SEGMENT LEACH FUEL REMOVE
—*; FUEL ASSY ASSY'S L & P
[}

10,14 (CONT)
FLUSH WITH |

—®1 . WATER & DRY

METALTC
ELEMENTS

& PUEL FEED INPUT CAN BE DERIVED FROM
EITHER A WATER BASIN FACILITY
(WB1), A DECANNING PACILITY (DC-1) OR BOTH.

AND

10.16 {CONT)

PLACE METALIC

‘ OR ELEMENTS_INTO
INTERTN
STORAGE
10.:5 (CONT)

PARATE
D WASTE A
FEOM METALIC

WASTE

FOR THE PURPOSES OF THIS STUDY, THE REPROCESSING PLASY WILL BE CON§!DERED

T0 BE A "BLACK BOX".

SIZING OF PROCESS FUNCTIGNS WILL NOT BE ACCOMPLISHED,

BOTH LIQUID AND SOLID WASTE STREAMS AS WELL AS PRODUCT CUTPUT WILL BE

ESTIMATED FOR PLANT SIZES OF 2500 AND 5000 MTi/YEAR.

o

AND

10.6 (60)

TORACE

RETURN _EMPTY
BASKET TO

TO_INY
STOKAGE

TF
ERTM ‘

10.17 (coNT)

10,18 (CONT)

PROCESS Pu TO
SOLID FORM

SHIP
TO MIZED
OXILE FUEL

PLANT

10,19 (CONT)

10.20 (CONT)

FUNCTION 10.0

* REPROCESSING PLANT OPERATIONS

PROCESS SRI?

L 10 UF
€Oy ERSTON

PLNY
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11.1 (50) 11.2 (5) 11.3 [10) 11.4 (5) 11.5 (10) 11.5 (5) 11.7 (10) 11.8 (50) 11.9 (39)
ALICY REVOVE SHIELD ITRANSLATE CAS HOTST : : TRANSPORT
NSPORTER REMOVE 'ET ? CANTSTER INTD 1 RE-INSTALL VTSTER T
o FLUG OVER SLEEVE RAR S Ay SHIELD PLUG CAZISTER TO
i . & MATE TRANSPORTER 47 SLEEVE 3 SNLeADTN
STORACE 'St CASK P b 17, g
11.11 (30) 11.12 (20) 11.13 (20)
POSITION REMOVE
) CANISTER CAP AND
] . TaAY 4 cAlL
DOWN "AREA LACHTNE 11 @
11.15 (20) 11.16 (20) 11.17 (30) 11.18 (20) 11.19 (20) 11.20 (20) 11.21 (30)
£ INNER TRALSFER N REMOVE AND REMOVE - TRANSFER
A e g M 8 carisiE ca BE L] Bk
f i1ER PR G & i
DEVICE OVER-PACK PACHINE MACHTSE DEVICE DEVICE
27 (15) 11.23 (10) Do .
VIBRATE TRANSTER
. (ANISTER AND | FUP Y
A O & I Gy
STAT10% CANISTER & @
OVER PACK 9
11.25 (29) 11,26 (10) LMACHINE SHOP |
TRANSFER -
X T0 »| REMOVE SAND AND
I ‘
.38 (oo FUNCTION 11.0
__ [TRARSFER SAWD
10 SPENT FUEL DECANNING OPERATIONS IN SUPPORT OF REPROCESSING;
WASTE PROCESS ;
11.24 (20) AREA INCLUDING CANISTER AND OVER-PACK REWORK
o] TRANSTER OVER
PACK CANISTER
TO SAN
By ] SHT 1 OF 2
HOVAL DEVICE NOTE: THIS IS AN ASSEMBLY LINE TYPE CF OPERATION.

AFTER

BECTNS,

THE LONGEST SINCLE PROCESS FLOW IS ABOUT 140 MIN.
A DELAY OF 140 MIN THE SECOND CANISTER
THES WOULD ALLOW 10.3 CANISTERS/DAY/LINE
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MILI. END
‘ER

A

CONFILU

LNAL
RATION

INSPECT MILL

FINISH WORK

<

&)

11.29 (30) 11.30 (60) 11.31 (10) {1132 G0y
NS FE MILL END OF INSPECT [TRANSFER INNER

MILL FINISH t CANISTER

WORK TO WASTE
PROCESS AREA

11.34 (60) 11.35 (10) 11.36 (30)

TRANSFER
OVER PACK

RSTE Fihctss
ASTE, §FYCES

11.40 (30)

[TRANSFER INKNE
CANISTER CAP

11.44 (30)

NO
11.37 (30) 11,38 (60) 11.39 (10) o YES
TREN REWURK CAP INSPECT
CANES TO ORTGINAL REWORK AT ISFACTOR!
T M1l CONFIGURATION ?

11.41 (30) 11,42 (50) 11.43 (10)
TRALS OVER REWORK CAP TO
T N ORICINAL Roik.
" O MILLING F1CU

MACKINE & CONF1GURATION

TRANSFER OVER

PROCESS AREA

TO WASTE . b
PROCESS AREA @

FUNCTION 11.0
CONTINUED

SHET 2 of 2
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12.1 (CONT) 12.2 (CoNT) 12.3 (CONT) 12.4 (45) 12.5 (20) 12,6 (75) 12.7 (20) 12.8 (60)
TRANSFER REDUCE TRANSFER %4 WIX WASTE TRARSFER R 5 o% TRANGF -
w2 VITALTC WASTE METALIC WASTE WASTE TO o Wi CANISTFR TO >0~ PLACE car X h—el  WHURR VERIFY WELD
TO PROCESS TO $MALL CANNTNG | ¢ RECOVERRD. Cap WELDING WELD CLOSED TO WELD INTECRITY
STATIUN PARTICLES STATION TNTO CAN TETER DEVICE INSPECIAON
I 12.10 (10) 'g 12.11 (30) 12.12 (20) : 12,13 (75) 12.16 (20) 12.15 (60)
TR BIACE ¥ TRAVSFER PLACE CAP TRAVSYEY VERTFY SiLD
PO 4 CANISTFR TNTO—pl OVER PACK »@—{ ON OVER PACK OVER PAiK o S
PACKING DEVICH ChRIsTER GElo KlutRe A aELy ey T
NC ¢ CANISTER LD} CLOSED RVOVe IR
12.16 (20) 12.17 (60) 12,18 (30)
TRANSFER DECONTANTNATE TRARSFER
~CANISTFR TO GVER BACK | CANTSTER TO —¥ A0
DECONTAY CASTSTER _ VITEMPORARY LAY . :
STATLON SURFACE P DOWN AREA -
12.19 (30) 12.20 (60) 12,21 (20) |} 12,22 (75) 12.23 (60)
' b TRANSFER MACHINE TRANSFER RFWELD
/x\ sd—»! CANISTER TO OLD WELD CANISTER  +——#| CANISTER CAP o N D |
LLING BEVICH AWAY T0 Wiip
3 MACRIXE
FUNCTION 12.0
NOTE: THE LONGEST FUNCTION TIME IS APPROXIMATELY 115 WIN (ZSTIMATED). THIS MEANS SOLID WASTE PROCESSING
THAT A MAXIMUM OF 12 CANISTERS/DAY/LINE COULD BE HANTLZD. HOWEVER, THE (FROM REPROCESSING)
" NUMBER WILL ULTIMATELY DEPEND UPON THE QUANTITY GF METAL FROM
REPROCESSING. )
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13.1 (CoNTY, ‘3-;£ii217)
ALCRERAIE ECONTAMINATEY
THLE RAD LIQLiDs To
WASTE PROCESS w
13,2 (CONT) 13.3 (CONT) 13.4 (CONT) 13.5 (CONT) 13.6 (CONT) 1 13.8 (CoNT) 13.9 (120) 13.1C (120)
MIX LOW 6 . ASH FROM CONCENTRATE CONCENTRATE CALCINE 4 VITRIFY _[PLACE ciass oL
x.\'ri?\\!sm,gTE ixi"i‘?“”l\‘g »{LIQUID/SLURRY LIQUVLD/SLURRY LIQUID/SLURRY] "V CAL}E&_&{SE\ND >o lhr&\;»!'rsquéx{.z CANISTER
LIJ0ID WA Gl LTo . . : :
170 HLLW WASTE STREAM 10: 1 1.5: 1 TO SOLIDS
13,11 2oy = 13.12 (75) 13.13 (20) 13.14 (60) 13.16 (10) a 13.17 (3%)
EMPLACE CAP PIACE. INGER b4
>4 K CANTSTER VERLEY EP CASTSTER 1570 @
& WELU CLOSED OVER PACK
CASISTER
13.19 (75) 13.20 (20) 13.21 (60) 13.23 {60) 13.24 (30)
PLACE CAP ON TRANSFER DECONTAMINAT
OvER PACK AND OVER PACK TO VR Y LD R eRTE —{ oz
WELD CLOSE weBEr . CANISTER
THEL AN SUKFACE
13.25 (30) 13.26 (60)
TRANSFER TRANSFER _@
X STORAGE
H BASKLTS
i INIO POOL
13.27 (30) 13.28 (60) 13,29 (20) 13.30 (75) 13.31 (60)
9 TRANSIER y TRANSFER REWELD VERIFY WELD
1 » CANISTER »{ MACHINE AWAY CANISTER TO CANISTER I
TODE'H'(';‘;ENC OLD WELD WELD VACHINE CAP NTEGRITY

THE PROCESS FUNCTIONS IN THIS FLOW ARE ESSENTIALLY

CONTINUOUS OPERATIONS.

THE LONGEST MECHANICAL TASK WILL

BE TO EMPLACE THE GLASS INTO THE CANISTERS AND TO COOL THE
CANTSTER SUFFICIENTLY FOR IT TO BE TRANSFERRED TO THE WELDING

STATION,

THIS TIME IS ESTIMATED TO BE 4 HOURS TOTAL. SIX

CANISTERS PER DAY COLLD BE HANDLED PER OPERATING LINE.

FUNCTION 13,0

LIQUID WASTE PROCESSING - CALCINIAG,
VITRIFICATIORN, CANNING AND OVER PACKING



APPENDIX B1
FUNCTIONAL REQUIREMENTS

The data contained in this appendix are the functional requirements
which are imposed upon the functional flows in Appendix A. In the
"FUNCTION" there are references, on a one-to-one basis, to the func-
tional flows in Appendix A. Any special equipment requirements are
‘shown opposite and include any special notes.

B1-1
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FUNCTION ‘ EQUIPMENT REQUIREMENT -

1.0 SHIP SPENT FUEL FROM REACTOR SITE BY
RAIL 'fO INTERMODAL TRANSFER POINT

1.1 RECEIVE CASKS

1.1.1 PROVIDE ACCESS THROUGH OUTER GATE 1.1.1 NONE REQUIRED

—

.1.2 LOG INTO PLANT & PROVIDE SECURITY 1.1.2 A LOG BOOK IS RIQUIRED. SPECIAL I.D. BADGES FOR ALL

PERSONNEL; BADGES MAY BE PUNCH OR MAGNETICALLY CODED.
ALL PERSONNEL M{ST SIGN IN.

1.2 UNLOAD CASKS

1.2.1 WASH CASKS DOWN TO REMOVE ROAD GRIME 1.2.1 a) A SINGLE WASH DOWN STATION IS REQUIRED
_ b) A HIGH PRESSURE HIGH VOLUME WATER SUPPLY IS %EQUILRED
NOTE: THIS OPERATION IS NORMALLY c¢) A STEAM SUPPLY IS REQUIRED TO REMOVE ACCUMULATED
ACCOMPLISHED BY THE SITE GREASE DEPOSITS
PERSONNEL. : d) HAND CLEANIXG EQUIPMENT IS REQUIRED
e) A RAD-WASTE DRAIN SYSTEM IS REQUIRED
f) WEATHER PROTECTION FOR PERSONNEL IS REQUIRED
NOTE: THE REQUiREMENTS ABOVE ARE NORMALLY MET BY
THE REACTOR AND WILL NOT BE PRICED.
1.2.2 REMOVE CASK TRANSPORTATION BARRIER 1.2.2 a) A PALLET TO PLACE THE BARRIER ON IS REQUIRED
(THIS STEP REQUIRED ONLY IF CASK b) A BARRIER SLING IS REQUIRED; TWO POINT LIFT,
ARRIVED FROM AN OVERLAND TRIP APPROXIMATELY 2 TONS CAPACITY
THROUGH PUBLIC DOMAIN) c) A HOIST IS REQUIRED TO REMOVE THE BARRIER
: d) HAND TOOLS 4RE REQUIRED
NOTE: a) and c} ARE NORMALLY SUPPLIED BY THE UTILITY
1.2.3 REMOVE CASK IMPACT LIMITERS 1.2.3 a) TWO PALLETS 8' x 8' ARE REQUIRED TCQ SET THE IMPACT
(THIS STEP REQUIRED ONLY IF CASK - LIMITERS OKTIO
WAS. TMMEDIATELY OFFLOADED FROM b) AN IMPACT LIMITER SLING IS REQUIRED, ONE LIFT POINT,
SHIP OR AIRCRAFT) 5 TON CAPACITY '

c) A HOIST IS REQUIRED TO REMOVE THE IMPACT LIMITERS
d) HANDTOOLS ARE REQUIRED
NCTE: a) and c¢) ARE NORMALLY SUPPLIED BY THE UTILITY
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FUNCTION

EQUIPMENT REQUIREMENT

1.2.4 REMOVE CASK FROM TRANS?ORTER

.2.5 TRANSFER CASK TO FUEL LOADING
POSITION

.3 PLACE CASK INTO STORAGE POOL

.3.3

.3.4

.3.1 CONNECT CASK COOLING & PURGING SYSTEM

REMOVE CASK CLOSURE FASTENERS

ATTACHE CLOSURE SLING TO CLOSURE

HOIST CASK & LOWER INTO STORAGE

POOL

I.

2.4

.2.5

.3.2

.3.3

3.4

a)

b)
c)

d)

A CASK LIFT SLING IS REQUIRED. THIS SLING MUST

“HAVE FULL REDUNDANCY. IT MUST BE CAPABLE OF

LIFTING 125 TONS ON ANY TWO OPPOSITE ARMS.

A CASK LIFT SLING ADAPTER TO CRANE HOOK MAY BE
REQUIRED.

A MINIMUM 125 TON CRANE IS REQUIRED TO LIFT THE
CASK, DOUBLY REEVED.

HAND TOOLS ARE REQUIRED.

NOTE: «c¢) PROVIDED BY UTILITY.

a)

a)
b)

c)

125 TON CRANE WITH X, Y TRANSLATIONAL CAPABILITIES
IS REQUIRED.

NOTE: CRANE PROVIDED BY UTILITY.

HEAVY WALL, HIGH PRESSURE HOSES, TO MATE WITH

THE CASK CAVITY ISOLATION VALVES ARE REQUIRED.

AN AIR SUPPLY IS REQUIRED; 100-120 PSIG, OIL FREE,
4 SCFM MIN.

HAND TOOLS ARE REQUIRED.

NOTE: ALL ITEMS SUPPLIED BY UTILITY

a)

b)
c)

a)
b)

a)

HIGH STRENGTH SOCKETS & BITS REQUIRED, SIZES
2I' CO 3"

AN AIR TURBINE WRENCH IS REQUIRED 0-1250 FT-LBS.
A TORQUE MULTIPLIER IS REQUIRED, 4:1

A CASK CLOSURE SLING IS REQUIRED, 3 POINT LIFT,
10 TON CAPACITY
HAND TOOLS ARE REQUIRED

SEE 1.2.5 a)
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FUNCTION

ats

EQUIPMENT REQUIREMENT

1.3.6

1.3.7

1.4

1.4.1

1.4.2

1.4.3
1.4.4

1.4.5

1.5

1.5.1

DISCONNECT SLING FROM CASK

HOIST MAIN SLING FROM POOL

HOIST CASK CLOSURE FROM CASK

LOAD SPENT FUEL INTO CASK

REMOVE CASK FUEL ELEMENT SPACER

RETRIEVE SPENT FUEL FROM WATER BASIN
STORAGE RACK & PLACE INTO CASK

REPLACE CASK FUEL ELEMENT SPACER

REPLACE CASK CLOSURE

' COOL CASK INTERNAL CAVITY AND
FUEL ASSEMBLIES

" REMOVE CASK FROM STORAGE POOL

ATTACH SLING TO CASK

1.3.

a) PNEUMATIC OPERATION OF SLING ARMS IS REQUIRED

b) A PNEUMATIC CONTROL BOX IS REQUIRED TO OPERATE THE
SLING

¢) AN AIR SUPPLY IS REQUIRED, 100-120 psi, OIL FREE

d) CONNECTING AIR HOSE WITH Q.D.'s ARE REQUIRED

NOTE: «c¢) IS SUPPLIED BY UTILITY

SEE 1.2.5 a)

a) 10 TON HOIST IS REQUIRED.
TIONAL CAPABILITY
NOTE: THIS IS SUPPLIED BY THE UTILITY

MUST HAVE X,Y TRANSLA-

a) A HOIST IS REQUIRED TO REMOVE THE SPACER. SPACER
WEIGHT LESS THAN 500 LBS. USUALLY SATISFIED BY
FUEL HANDLING MACHINE.

a) A CRANE IS REQUIRED TO HOIST AND TRANSFER SPENT
FUEL IN THE STORAGE POOL.

b) VISUAL OPTICAL AIDES ARE REQUIRED TO INSURE PROPER
FUEL ELEMENT TO HOIST ATTACHMENT

c¢) PHOTO OPTICAL SYSTEM REQUIRED TO RECORD THE FUEL
ELEMENT SERIAL NUMBERS.

NOTE: THIS EQUIPMENT USUALLY SUPPLIED BY UTILITY

a) SEE 1.4.1 a)

a) SEE 1.3.7 a)

a) SEE 1.3.1 a) o

b) COOL WATER, LESS THAN 80 F, 15 GPM MINIMUM FLOW

RATE. WATER SHALL BE DEMINERALIZED
NOTE: WATER IS SUPPLIED BY UTILITY

a) SEE 1.3.5 a) THROUGH d)
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FUNCTION

EQUIPMENT REQUIREMENT

1.5.4

1.6.3

1.6.4

1.6.5

HOIST CASK FROM STORAGE POOL
TRANSFER CASK TO LAYDOWN AREA
DISCONNECT SLING FROM CASK

PERFORM CASK OUTLOADING OPERATIONS

PERFORM HEALTH/PHUSICS CHECK

DECONTAMINATE CASK

RE-INSTALL AND TORQUE CASK CLOSURE
FASTENERS & REMOVE CLOSURE SLING

PURGE CASK CAVITY

LEAK TEST CASK CLOSURE AND SEAL

1.

1

1.

.5

.5.

.6.

.6.

6.

.6.

6.

.2

3

5.4

1

2

3

4

>

a)
a)
a)

a)

b)
c)
d)
e)

£)

a)

a)
b)

c)
d)

e)

a)

SEE 1.2.5 a)
SEE 1.2.5 a)

SEE 1.3.5 a) THROUGH d)

A RADIATION MONITORING DEVICE IS REQUIRED

LOW PRESSURE DEMINERALIZED WATER IS REQUIRED
A SHADOW SHIELDING SET IS REQUIRED

SPECIAL DECONTAMINATION FLUIDS ARE REQUIRED
CLEANING BRUSHES ARE REQUIRED

A SMEAR TEST SAMPLE KIT & ANALYSIS KIT ARE
REQUIRED

A PORTABLE SCREEN TO PUT AROUND THE CASK IS
REQUIRED

SEE 1.3.2 a), b), c)

AN ATR PRESSURE SUPPLY IS REQUIRED, 100-120 PSIG,
OIL FREE, 4 SCFM IS REQUIRED

A RAD WASTE DISPOSAL SYSTEM AND/OR WATER DEMINERAL-
IZER IS REQUIRED TO TREAT THE CASK EFFLUENTS

A CONTROL SYSTEM IS REQUIRED

STD HELIUM "K" BOTTLES ARE REQUIRED. THESE SHALL
BE A MINIMUM OF 220 SCF @ 2000 PSI.

A HELIUM REGULATOR IS REQUIRED WITH A MAXIMUM
PRESSURE SETTING OF 35 PSIG.

A LEAK TEST SET IS REQUIRED. IT SHALL BE CAPABLE
OF DETECTING LEAKS AS SMALL AS 10"'7 ATM-CC/SEC.
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FUNCTION

EQUIPMENT REQUIREMENT

1.6.

1.6.

1.7.

1.7.

1.7

1.7

1.7.

1.7.

7

.3

N

6

DISCONNECT CASK COOLING AND
PURGING EQUIPMENT

MONITOR CASK PRESSURE AND
TEMPERATURE

INSTALL CASK ON TRANSPORTER

ATTACH SLING TO CASK

HOIST AND TRANSFER CASK TO
TRANSPORTER

LOWER CASK ONTO TRANSPORTER
DISCONNECT SLING FROM CASK

CONNECT CASK COOLING SYSTEM
(IF REQUIRED)

MONITOR CASK INTERNAL PARAMETERS
(THIS OPERATION IS ONLY REQUIRED

"WHEN A PROTRACTED TRANSFER OR

TRAVEL TIME IS TO BE UNDERTAKEN)

1.

1.

6.6

6.7

a)
b)
c)

a)

a)

a)
a)
a)

a)
b)

c)

'ACCURACY AT FULL SCALE.

HAND TOOLS ARE REQUIRED
PLASTIC GLOVES ARE REQUIRED
HIGH ABSORBENCY COTTON RAGS ARE REQUIRED

A MONITORING SET IS REQUIRED TO INTERFACE WITH THE
CASK MONITORING INSTRUMENTS. PRESSERE SHALL BE
CAPABLE OF READING 0-100 PSIG WITH - 5 PSIG

THE TEMPERATURE MONITOR
SHALL BE CAPABLE OF READING 50-750°F WETH A ¥ 10°F
ACCURACY AT FULL SCALE. BOTH TEMPERATURE AND
PRESSURE SHALL BE RECORDED ON A HARD COPY PRIXNTER.
THESE SHALL BE MONITORED FOR A MINIMUM OF 1. HR.

OR UNTIL SUCH TIME AS A DEFINITE PRESSURE/TEMPERA-
TURE PROFILE CAN BE ESTABLISHED.

SEE 1.3.5 a) THROUGH d)

SEE 1.2.5 a)

SEE 1.2.5 a)
SEE 1.3.5 a) THROUGH d)

AN EXTERNAL CASK COOLING SYSTEM IS REQUIRED TO
MAINTAIN THE CASK NEUTRON SHIELD AND SPENT FUEL
AT A SAFE TRANSPORT LEVEL. THIS SYSTEM BE REDUN-
DANT AND SHALL BE MOUNTED ON THE TRANSPORTER.

IT SHALL BE CONNECTABLE BY QUICK DISCONNECTS.

SEE 1.6.9 a)
THE MONITORING SET SHALL BE PERMANENTLY MOUNTED
TO THE TRANSPORTER AND IN SUCH A POSITION TO BE
EASILY SEEN.

AN ALARM SET IS REQUIRED TO SIGNAL AN OUT OF

TOLERANCE CONDITION- WITHIN THE CASK SUPPORT SYSTEMS.

THIS SHALL BE TRANSMITTED BACK TO THE SECURITY CAR
AND SHALL MINIFEST ITSELF IN THE FORM OF A
FLASHING LIGHT AND BUZZER,

prevory
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FUNCTION

EQUIPMENT REQUIREMENT

ATTACH CASK TO TRANSPORTER

INSTALL CASK IMPACT LIMITERS
(THIS STEP REQUIRED ONLY IF CASK
& TRANSPORTER WILL EE REQUIRED TO
TRAVEL IN THE PUBLIC DOMAIN)

INSTALL CASK TRANSPORTATION BARRIER
(THIS STEP REQUIRED ONLY IF CASK &
TRANSPORTER WILL BE REQUIRED TO
TRAVEL IN THE PUBLIC DOMAIN)

MOVE NEXT TRANSPORTER INTO THE
UNLOADING SPOT

(THIS STEP ONLY OCCURS IF A DEDICATED
TRAIN ARRIVES AT A REACTOR SITE.
SINGLE CASK TRANSPORTERS SUCH AS IS
IN USE IN JAPAN WOULD NOT USE THIS
STEP) . ’

ATTACH CAR PULLER (TRACTOR) TO
LOADED CASK/TRANSPORTER AND MOVE
OUT OF THE UNLOADING AREA.

MOVE NEXT CAR/CASK INTO POSITION

DISPATCH TRANSPORTER/TRAIN TO
INTERMODAL TRANSFER POINT

(THESE OPERATIONS WILL BE PERFORMED
ONLY IF A DEDICATED TRAIN IS TO BE
MADE UP & WHICH WILL TRAVEL IN TEE
PUBLIC SECTOR: EXCEPTIONS 1.9.1,
1.9.2, 1.9.3.

1.7.7

1.7.8

1.7.9

1.8.1

1.8.2

THE BUZZER SHALL BE RESET ONLY FROM THE MONITOR
SET IN b).

a) HAND TOOLS ARE REQUIRED

a) SEE 1.2.3. b), ¢), d)

a) SEE 1.2.2 b), ¢), d)

a) A CAR MOVER WHICH HAS THE CAPABILITY TO MOVE
FULLY LOADED RAIL CARS. THIS DEVICE MAY BE A
RUBBER TIRED VEHICLE, A COMBINATION OF THESE
OR A CABLE PULLER.

NOTE: THIS DEVICE IS TO BE SUPPLIED BY THE UTILITY

a) SEE 1.8.1 a)




FUNCTION EQUIPMENT REQUIREMENT

1.9.1 RETURN CASK LOADING EQUIPMENT 1.9.1 a) A CRANE WILL BE REQUIRED TO LOAD THE CASK LIFT
TO SUPPORT VEHICLE SLING & ADAPTER INTO THE SUPPORT VEHICLE.
(LAST OPERATION OF REACTOR CAMPAIGN) NOTE: CRANE SUPPLIED BY UTILITY

1.9.2 PERFORM FINAL HEALTH/PHYSICS CHECK 1.9.2 a) SEE 1.6.1 a)

1.9.3 PERFORM FINAL CASK PARAMETER CHECKS 1.9.3 a) SEE 1.6.9 a)

1.9.4 OBTAIN ENGINE & CABOOSE 1.9.4 a) COORDINATE WITH LOCAL RR FOR EQUIPMENT
1.9.5 INSTALL "RADIOACTIVE" SIGNS ON 1.9.5 a) SIGNS ARE REQUIRED TO WARN PUBLIC OF POTENTIAL
TRANSPORTER (IF REMOVED) HAZARD
1.9.6 OBTAIN FINAL DISPATCH INSTRUCTIONS 1.9.6 a) NONE

"~ 1.10 TRANSPORT SPENT FUEL

+ 1.10.1 TRANSPORT SPENT FUEL FROM THE REACTOR )} 1.10.1 a) THERE ARE TWO CONDITIONS FOR THIS TRANSPORT

SITE TO THE INTERMODAL TRANSFER SCENARIO:

POINT BY RAIL 1) THE CONDITION WHERE THE TRANSPORTER TRAVELS
SOLELY ON UTILITY PROPERTY ONE AT A TIME TO
THE UTILITY WHARF

2) THE CONDITION WHERE THE TRANSPORTERS ARE
ASSEMBLED INTO A DEDICATED TRAIN WHICH WILL BE
REQUIRED TO TRAVEL FROM THE REACTOR SITE (OR
PRIVATE) RAILWAYS WHICH ARE OFF OF UTILITY
PROPERTY.

THE EQUIPMENT REQUIREMENT FOR THESE SCENARIOS ARE:*:":

a)l) A STANDARD 66' FLATCAR CAPABLE OF CARRYING A
MINIMUM OF 125 TONS. THIS FLAT CAR SHOULD BE
MODIFIED TO PROVIDE TIE DOWN POINTS FOR THE
RATIL CASK TRUNNION CRADLE.
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FUNCTION

EQUIPMENT REQUIREMENT

1.10.1

(CONT'D)

a)2)

A RAIL CASK TRUNNION CRADLE WHICH IS CAPABLE OF
SUPPORTING A 100 TON RAIL CASK AND WHICH WILL
PROVIDE TIE DOWN SUPPORT FOR THE CASK. THIS UNIT
MUST INTERFACE WITH THE STANDARD MODIFIED FLATCAR
AND THE RAIL CASK & MUST ALLOW THE CASK TO BE
ROTATED FROM THE HORIZONTAL TO VERTICAL (90°).

AN EMERGENCY COOLING SYSTEM IS REQUIRED. THIS
SYSTEM MUST BE MOUNTED ON THE FLATCAR WITH THE

CASK TRUNNION CRADLE. 1IT MUST BE CAPABLE OF
REJECTING A MINIMUM OF 25 KILOWATTS OF HEAT
CONTINUOUSLY. THIS SYSTEM MAY BE EITHER ONCE
THROUGH OR CONTINOUSLY CIRCULATING. 1IT SHOULD BE
POWERED BY INTERNAL COMBUSTION DEVICES. TIT MUST
INTERFACE WITH THE CASK OUTER JACKET COOLING SYSTEM.
IT MUST DISCONNECT RAPIDLY.

A RAIL CAR "CAR MOVER" IS REQUIRED. THIS UNIT MUST
BE CAPABLE OF MOVING THE RAILCAR AND CASK,
APPROXIMATELY 450,000 LBS., FROM THE REACTOR SITE
TO THE DOCK SIDE. 1IT MUST BE CAPABLE OF STOPPING
THE RAIL CAR IN A MINIMUM DISTANCE. THIS UNIT

MAY BE RUBBER TIRED OR RAIL MOUNTED OR BOTH.

AN ALTERNATE TO THE FLAT CAR & CAR MOVER SYSTEMS
IS A RUBBER TIRED FLAT BED AND TRACTOR CAPABLE OF
TRANSPORTING 125 TONS. THE CASK TRUNNION CRADLE
MUST INTERFACE WITH THE FLATBED IN THIS CASE. THE
EMERGENCY COOLING SYSTEM MAY BE MOUNTED ON A
SEPARATE VEHICLE BUT MUST INTERFACE WITH THE CASK.

A STANDARD 66' FLAT CAR CAPABLE OF CARRYING A
MINIMUM OF 150 TONS. THIS FLAT CAR SHOULD BE
MODIFIED TO RPOVIDE TIE DOWN POINTS FOR THE RAIL
CASK TRUNNION CRADLE, THE CASK COOLING SYSTEM, AND
THE ANTI-PERSONNEL TRANSPORTATION BARRIER.
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FUNCTION

EQUIPMENT REQUIREMENTS

1.10.1 CONT'D

A RAIL CASK TRUNNION CRADLE WHICH IS CAPABLE OF
SUPPORTING A MINIMUM OF 125 TONS AND WHICH WILL
PROVIDE TIEDOWN SUPPORT FOR THE CASK. THIS UNIT
MUST INTERFACE WITH THE FLAT CAR TIEDOWN POINTS.
IT MUST FIT WITHIN THE CONFINES OF THE TRANSPOR-
TATION BARRIER. IT MUST ALLOW ROOM FCR THE CASK
IMPACT LIMITERS TO BE REMOVED AND RE-INSTALLED.
SUFFICIENT ROOM MUST BE ALLOCATED FOR CASK NUETRON
SHIELD EXPANSION TANKS AND CASK OUTER JACKET
COOLING SYSTEM CONNECTIONS.

A CASK OUTER JACKET COOLING SYSTEM IS REQUIRED.
THIS SYSTEM MUST BE CAPABLE OF REMOVING 25 KW FROM
THE CASK ON A CONTINOUS BASIS. 1IT MUST BE FULLY
REDUNDANT. INTERNAL COMBUSTION DEVICES MUST BE
USED TO PROVIDE POWER. FUEL FOR 7 DAYS MUST BE
CARRIED. THIS UNIT MUST INTERFACE WITH THE CASK
AND PROVIDE QUICK CONNECTION AND DISCONNECT.

IT MUST INTERFACE WITH THE CASK TRUNNION CRADLE AND
FLAT CAR TIE DOWN POINTS. IT MUST FIT WITHIN THE
ANTI-PERSONNEL TRANSPORTATION BARRIER ENVELOPE.

A SAFEGUARDS PERSONNEL CAR IS REQUIRED TO TRAVEL
WITH THE DEDICATED TRAIN. THIS CAR MUST BE
EQUIPPED WITH MOBILE RADIO-TELEPHONES AND CITIZEN
BAND RADIOS. IT MUST PROVIDE SLEEPING, DINING,
SANITATION FACILITIES FOR A MINIMUM OF FOUR GUARDS.
IT MUST PROVIDE DIRECT VIEWING OF ALL CASKS AND
TRANSPORTERS AT ALL TIMES.
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FUNCTION

EQUIPMENT REQUIREMENT

2

2

.0 TRANSPORT SPENT FUEL (TRUCKS)

.1 RECEIVE CASK AND TRANSPORTER

.1.1 PROVIDE ACCESS THROUGH OUTER GATE
.1.2 LOG INTO PLANT AND PROVIDE SECURITY
.2 UNLOAD CASK

.2.1 WASH CASK DOWN TO REMOVE ROAD GRIME

Note: THIS OPERATION IS NORMALLY ACCOMPLISHED

2.

BY SITE PERSONNEL
2.2 REMOVE CASK TRANSPORTATION BARRIER
.2.3 REMOVE CASK IMPACT LIMITERS
.2.4 REMOVE CASK FROM TRANSPORTER

.2.5 TRANSFER CASK TO FUEL LOADING
POSITION

.3 PLACE CASK INTO STORAGE POOL

.3.1 CONNECT CASK COOLING AND PURGING

SYSTEM

.3.2 REMOVE CASK CLOSURE FASTENERS

.3.3 ATTACH CLOSURE SLING TO CLOSURE
.3.4 HOIST CASK AND PLACE INTO POOL
.3.5 DISCONNECT SLING FROM CASK

.3.6 HOIST MAIN SLING FROM POOL

.3.7 HOIST CASK CLOSURE FROM CASK -

None

See 1.

See 1.

See 1

See 1.

See 1

See 1

See 1.

See 1.

See 1

See 1.

See 1

See 1.

See 1

2.2

2.3

.2.4 except minimum crane size is 30 tons

.2.5(a) except minimum crane size is 30 tons

3.2

.3.3 except sling capacity is 5 tons

2.5(a) except crane size is 30 tons minimum

.3.5

2.5 (a) except crane size is 30 tons minimum

.3.7 except crane size is 5 tons minimum
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FUNCTION

EQUIPMENT REQUIREMENT

.4 LOAD SPENT FUEL INTO CASK

.4.1 REMOVE CASK FUEL ELEMENT SPACER

.4.2 RETRIEVE SPENT FUEL FROM WATER BASIN

STORAGE RACK AND PLACE INTO CASK

.4.3 REPLACE CASK FUEL ELEMENT SPACERS
.4.4 REPLACE CASK CLOSURE

.4.5 COOL CASK INTERNAL CAVITY AND FUEL

ASSEMBLIES

.5 REMOVE CASK FROM POOL

.5.1 ATTACH SLING TO CASK

.>.2 HOIST CASK FROM STORAGE POOL
.5.3 TRANSFER CASK TO LAY DOWN AREA
.5.4 DISCONNECT SLING FROM CASK

.6 PERFORM CASK OUTLOADING OPERATIONS

.6.1 PERFORM HEALTH PHYSICS CHECK

2.6.2 DECONTAMINATE CASK

2

.6.3 REINSTALL AND TORQUE CASK CLOSURE

FASTENERS AND REMOVE CLOSURE SLING .

2.6.4 PURGE CASK CAVITY

2

2

.6.5 LEAK TEST CASK CLOSURE AND SEAL

.6.6 DISCONNECT CASK COOLING AND PURGING

EQUIPMENT :

.4

b,

4.

.5,

.5.

.6.
.6.

.6.
.6.
.6.

.6.

.1

.2

.3

4

5

.1

2

3

2.5.4

1

2

3

4

5

6

See

See

See
See

See

See
See
See

See

See
See

See

See

See

-See

1

1

2

2.

1

4.2

N/t

3.7

1.3.5

1.

2

1

1.

1

1

1

1

.4.1 except spacer weight approximately 100 pounds.

.4.5 except water flow rate approximately 3 GPM

2.5(a) except crane size 30 tons minimum

.5.2

.3.5

.6.4

.6.5

.6.6

.3.2 and 1.3.3
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FUNCTION

EQUIPMENT REQUIREMENT

.6.7 MONITOR CASK PRESSURE AND TEMPERATURE

.7 INSTALL CASK ON TRANSPORTER

.7.1 ATTACH SLING TO CASK

.7.2 HOIST AND TRANSFER CASK TO

TRANSPORTER

.7.3 LOWER CASK ONTO TRANSPORTER
.7.4 DISCONNECT SLING FROM CASK

.7.5 MONITOR CASK INTERNAL PARAMETERS

.7.6 ATTACH CASK TO TRANSPORTER

.7.7 INSTALL CASK IMPACT LIMITERS (ONLY IF

TRANSPORTER TO TRAVEL OVER PUBLIC
ROADS AT ROAD SPEEDS)

.7.8 INSTALL CASK TRANSPORTATION BARRIER

(ONLY IF TRANSPORTER TO TRAVEL OVER
PUBLIC ROADS)

.8 MOVE NEXT TRANSPORTER INTO UNLOADING

SPOT

.8.1 DRIVE FIRST COMPLETED TRACTOR

TRANSPORTER OUT OF AREA

.8.2 MOVE NEXT TRANSPORTER INTO UNLOADING

POSITION

.9 DISPATCH TRANSPORTER TO INTERMODAL

TRANSFER POINT

.9.1 RETURN CASK HANDLING EQUIPMENT TO

See 1.6.

See 1.3.

See 2.2.

See 2.2.

See 1.3

See 1.7
tractor

See 1.7

See 1.2.

See 1.2.

None

None

4

.5

.6 except monitor alarms shall be located in

transporter

.7

3

2
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FUNCTION-

EQUIPMENT REQUIREMENT

9.

4

.10.

(Con't)

SUPPORT VEHICLE (ONLY WHEN REACTOR
CAMPAIGN IS OVER)

PERFORM FINAL HEALTH PHYSICS CEECK

INSTALL "RADIOACTIVE" SIGNS IN
TRANSPORTER

OBTAIN FINAL DISPATCH INSTRUCTIONS

.10 TRANSPORT SPENT FUEL

TRANSPORT SPENT FUEL FROM THE REACTCR

SITE TO THE INTERMODAL TRANSFER
POINT BY TRUCK

~o

.9.2

N
O

.3

~N

9.4

1

2.10.1

See 1.9.1

See 1.6.8 (a)

See 1.9.5

None

a) A special cask transporter is required. This
unit must be capable of carrying a 30 ton load.
This unit will be the cask trunnion support
cradle. It must interface with the cask trans-
portation barrier. It must provide access room
for the cask impact limiters.

b) A standard tractor capable of moving the trans-
porter down public roadways at maximum legal
speeds.
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FUNCTTON

EQUIPMENT REQUIREMENT

3.0 SHIP TRANSPORTER OPERATION - CASK
LOADING/UNLOAIDNG FUNCTION FOR A
REGIONAL PORT OR A REACTOR SITE PORT

3.1 DOCK SHIP

3.2 PREPARE HEAVY LIFT CRANES

SHIP MOUNTED

3.2.1 SECURE THE SHIP TO THE DOCK

3.2.2 DE-RIG THE CRANES FROM STORAGE
POSITION

3.2.3 SWING JIB OVER INTO POSITION TO
PICK UP CASK SLING

3.2.4 PICK UP SLING FROM STORAGE POSITION

3.2.5 PROOF LOAD THE CRANE

DOCK MOUNTED

3.2.6 PICK UP SLING FROM STORAGE POSITION

1

Tugboat services may be required.

There are two different scenarios. The cranes may be
dock mounted or ship mounted. The equipment requirements
are described below.

A dock mounted system which will couple to the ship
to prevent ship rotation about its longitudinal axis
during cask loading. This may be a four bar linkage
(watts) which will allow the ship to rise and fall
with the tide, but prevent rotation.

None
None

The crane hook must be a fully redundant sister hook.
It must interface with the cask hoisting sling.

Prior to loading or unloading at eaeh dock site, the
cranes must be proof loaded to insure that the system
is safe. The crane and sling will be tested to 150%.

A 200T dynamometer shall be used to measure the applied
load. The proof load attach points shall be located

on the dock and shall be located at the maximum exten-
sion of the crane jib.

See 3.2.4




9L-14d

FUNCTION

EQUIPMENT REQUIREMENT

14

-2.7 PROOF LOAD THE CRANE

w
~o

3.3 -UNCOVER UPPER DECK

w
(s}

.3.1 REMOVE WATER-PROOF COVER FROM HATCH

3.3.2 REMOVE AND STORE THE HATCH COVERS

3.4 HOIST EMPTY RAIL CASK AND PLACE ON
TRANSPORTER

3.4.1 MOVE EMPTY TRANSPORTER INTQ POSITION
TO RECEIVE CASK

3.4.2 REMOVE CASK TIE DOWNS AND PRERARE CASK
FOR TRANSFER

3.4.3 TRANSLATE CASK SLING TO CASK AND
ATTACH TO CASK

3.4.4 HOIST CASK FROM SHIP AND TRANSFER
TO THE DOCK SIDE TRANSPORTER

3.2.7

3.3.1

3.3.2

3.4.2

3.4.3

3.4.4

See 3.2.5

A tarpolin or other water-proof covering is required
to be put over the hatch covers to prevent water

inclusion into the cask storage hold during inclement
weather situations.

A small ship mounted crane and sling are required to
remove the upper hatch covers. The crane must be
able to access all hatch covers and must be capable

of placing the hatch covers on the dock and out of
the way.

A rail car "car mover" is required. This unit must
be capable of moving the rail car and cask,
approximately 450,000 pounds. It must be capable
of stopping the rail car in a minimum of distance.
This unit may be rubber tired or rail mounted or
both.

Hand tools are required to remove the cask trunnion
tie-down fasteners and cooling hoses.

Hand tools may be required to attach the sling to
the cask.

a) The crane must be reeved redundantly for safe
operation.

b) The crane must be capable of transtating the cask
from the ships hold and over to the dock side for
placement on the empty transporter.
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FUNCTION

EQUIPMENT REQUIREMENTS

3.4.5

3.4.6

NOTE :

DETACH SLING AND TRANSLATE TO THE FULL
TRANSPORTER

ATTACH CASK TO TRANSPORTER

The following 2 steps will not be
required #f the cask and transporter
are traveling from a reactor dock to
an on-site utility.

STORE CASK IMPACT LIMITERS ON FLAT
CAR TRANSPORTER

PLACE ANTI-PERSONNEL TRANSPORTATION
BARRIER ONTO TRANSPORTER

DISPATCH DEDICATED TRAIN TO REACTOR SITE

3.5.1
3.5.2

OBTAIN ENGINE AND CABOOSE

OBTAIN FINAL DISPATCH INSTRUCTIONS

TRANSPORT EMPTY RAIL CASKS

3.6.1

Provide safeguards

Hand tools may be required to detach the sling from
the cask.

a) Hand tools are required to attach the cask to
the transporter

b) See 1.10.1 a) 1) for cask trunnion support cradie.

A torklift with 15,000 pounds 1ift capacity will be
requirec to put the impact limiters on the transporter.

a) A dock side crane with 5 ton capacity is required
to hoist the transportation barrier onto the
transporter. . '

b) Hand tools are required to fasten the barrier
to the transporter.

c) A transportation barrier sling will be required,
two point Tift with 5 ton capacity.

Coordinate with local RR for equipment

None

A safeguards personnel car is required to travel with
the dedicated train provided that the train is traveling
in the public sector. This car must be equipped with
mobile radio-telephone and citizens band radio. It
must provide sleeping, dining and sanitation facilities
for a minimum of four guards. It must provide for
direct viewing of all casks at all times. Safegquards

personnel are not required to travel with empty rail
casks. :
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FUNCTION .

EQUIPMENT REQUIREMENT

3.7.1

3.8.1

UNCOVER LOWER DECK

REMOVE MAIN DECK CASK SUPPORT EQUIPMENT
FROM HATCH COVERS

3.7.2 REMOVE HATCH COVERS

HOIST EMPTY TRUCK CASKS AND PLACE ON

TRANSPQORTER

MOVE EMPTY TRANSPORTER INTC POSITION
TO RECEIVE CASK

REMOVE CASK TIEDOWNS AND PREPARE CASK
FOR TRANSFER

TRANSLATE CASK SLING TO CASK AND ATTACH
TO CASK

HOIST CASK FROM SHIP AND TRANSFER TO
THE DOCK SIDE TRANSPORTER

DETACH SLING AND TRANSLATE TO THE FULL
TRANSPORTER

ATTACH CASK TO TRANSPORTER

IHSTALL CASK IMPACT LIMITERS

a) See 3.3.2 as required
b) Hand tools are required

See 3.3.2

A standard road tractor (truck ) is required to move
the transporter into position.

Hand tools are required to remove the cask trunnion
tie down fasteners.

Hand tools may be required to attach the sling to the
cask.

a) See 3.4.4 a), b)

b) The sling and crane msut be capable of supporting

40 tons. The sling and crane must be proof loaded
prior to unloading the first truck cask on every
loading or unloading operation at each dock.

Hand tools may be required.

Hand tools are required to bolt the trunnion caps
on and torque.

a) A jib crane or forklift is required to hoist the
impact limiter into position to be mounted. This
unit must be capable of supporting at least two
tons.

b) Hand tools are required to fasten the impact
limiters to the cask.
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FUNCTION

EQUIPMENT REQUIREMENT

(X

.8.8 INSTALL ANTI-PERSONNEL TRANSPORTATION

BARRIER

HOIST FULL TRUCK CASKS AND °LACE INTO
SHIPS HOLD

.9.1 REMOVE CASK TRANSPORTER TRANSPORTATION

BARRIER

.9.2 REMOVE CASK IMPACT LIMITERS
.9.3 DETACH CASK FROM TRANSPORTER
.9.4 ATTACH SLING TO CASK

.9.5 HOIST CASK FROM TRANSPORTER AND

TRANSFER TO THE SHIPS SECOND LEVEL
DECK

.9.6 DETACH SLING FROM CASK AND TRANSLATE

TO NEXT EMPTY CASK

.9.7 ATTACH CASK TO SHIP-BOARD CASK

TRUNNION SUPPORT CRADLE

.10 DISPATCH TRUCK TRANSPORTER TO REACTOR

SITE

.10.1 OBTAIN ROUTING INSTRUCTIONS
.10.2 OBTAIN ESCORT VAN

.8.8

9.1

.9.2
.9.3
.9.4
.9.5

.9.6

.9.7

.10.1
.10.2

a)

b)

See

See
See
See

See

See

See

A jib crane or forklift is required to hoist

the transportation barrier into position on the
transporter.

Hand tools will be required to fasten the barrier
to the transporter.
3.8.8 a), b)

3.8.7 a), b)
3.8.6
3.8.5

3.8.4 a), b), and ¢)

3.8.3

3.8.2

None required

An
in

escort van is required to travel with the casks
its return trip. This van shall have space for

four guards two of which must have the transporter

(or

transporters) in sight at all times. It shall

be equipped with radio-telephone and citizens band
radio. Range shall be 500 miles.
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EQUIPMENT REQUIREMENT

3.11 TRANSPORT EMPTY TRUCK CASKS

3.11.1 TRANSPORT CASKS TO REACTOR

3.12 ESTABLISH COOL ING

3.12.1 PROVIDE COOLING

3.11.1

3.12.1

a)

a)

A special cask transporter is required. This
transporter shall interface with the cask lifting
and rotation trunnions. It shall provide space
for the cask impact Timiters at each end of the
cask. It shall interface with an anti-personnel
transportation barrier. For U.S. transport, the
vehicle, when combined with the tractor and cask,
shall weigh no more than 73,200 GVW.

A standard tractor is required for each transporter.

A transportation barrier is required for each
transporter to prevent access to the cask. This
unit shall have 1ift or forklift points for removal.
It must interface with the transporter and cask.

A mobile radio-telephone is required for each
tractor.

A citizens band radio is required for each
tractor.

A cask pressure/temperature monitor system is
required for each cask. This unit shall provide
for continuous recording and shall provide a
visual and audible alarm in the tractor cab.

The truck casks are not cooled by any circulating
water. Regulations require that the cask surface
temperature be no more than 82°C (1809F) during
shipping phases (foreign only). Each cask will
generate a certain amount of heat (5 year old fuel):
1 PWR = 1200 watts (4100 BTU/HR)
2 BWR = 1000 watts (3400 BTU/HR)
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~ FUNCTION

EQUIPMENT REQUIREMENT

.13
.13.
.13

.14
.14.

.14,
.14.

.14,
14,
14.

.14,

COVER THE LOWER DECK

1
.2

RE-INSTALL HATCH COVERS

RE-INSTALL MAIN DECK CASK SUPPORT
EQUIPMENT ONTO HATCH COVERS

HOIST FULL RAIL CASK AND PLACE ONTO

MAIN DECK

1

MOVE CASK TRANSPORTER AND FULL CASK
INTO POSITION

REMOVE CASK TRANSPORTATION BARRIER
REMOVE CASK IMPACT LIMITERS

DETACH CASK FROM RAIL TRANSPORTER

TRANSLATE CASK SLING TO CASK AND
ATTACH TO CASK :

HOIST CASK FROM TRANSPORTER AND

TRANSFER TO SHIP

DETACH SLING AND TRANSFER TO NEXT
CASK

2.

.13.
.13,

.14,

.14.
14,

.14,
.14.
.14.

.14,

1 (Con't) (a)

It is required that the heat removal system
maintain the cask transport area at a nominal
250C (779F) for personnel comfort.

1 See 3.3.2

2 a) See 3.3.2 as required

o
~—

Hand tools are required

1 See 3.4.1

2 See 3.4.8 a) through c)

3 See 3.8.7a except crane capacity at least 5 tons

See 3.8.7b

4 Hand tools will be required to remove the trunnion

tie downs and otiter jacket cooling hoses.

5 Hand tools may be required.

6 See 3.4.4

7 Hand tools may be required to detach sling from

cask. - '
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3.14.8

INSTALL CASK TIE DOWNS

3.:5 ESTABLISH COOLING

3.15.1

PROVIDE COOLIWG

3.16 COVER UPPER DECK

3.16.1

REPLACE MAIN DECK HATCH COVERS

3.14.8 a)
b)

3.15.1 a)
b)

3.16.1

Hand tools are required to install cask tie downs.

A special cask support cradle is required to
handle the rail cask. This unit must securely
hold the cask and must provide load spreading
structural members to prevent overloading the
ship main deck. It must be small enough to
allow close fitting of other casks in the hold.

“A neutron shield cooling system is required to

prevent the aqueous shield from overpressurizing
the cask outer shim or boiling off. This cooling
system must be capable of removing sufficient
heat from the cask such that the water in the
neutron shield remain below 90°C. This system
must interface with the cask outer jacket cooling
fittings. The system shall be closed loop and
shall use demineralized water in the primary loop.
An air cooled or sea water cooled heat exchanger
may be used. The system must be fully redundant.

Heat load for 5-year old fuel is:

10 PWR = 12,000 watts (40,000 BTU/hr)
24 BWR = 12,000 watts (40,000 BTU/hr)

for each cask transported.

Regulations require that the cask surface
temperature remain at or below (Foreign) 82°¢.
This is a safe cask requirement, but it is much
too high for personnel comfort. It is required
that heat be removed from the cask compartments
to maintain the cask compartment at or below
250C for personnel comfort.

See 3.3.2
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FUNCTION

EQUIPMENT REQUIREMENTS

.16.2 REPLACE WATER-PROOF COVER OVER HATCH

.17 PREPARE SHIP FOR DEPARTURE .

.17.1 RETURN CASK SLING TO STORAGE POSITIONS
.17.2 RIG CRANES INTO TRANSPORT POSITIONS

.17.3 REMOVE THE DOCK/SHIP STABILIZERS
.18 DISPATCH SHIP

.18.1 OBTAIN ROUTING
.18.2 TRANSFER SHIP OUT OF HARBOR
.19 TRANSPORT CASKS TO AFR, ETC.

.19.1 PROVIDE SHIP TRANSPORT

3.16.2

3.17.1

3.17.2

3.17.3

3.18.1
3.18.2

3.19.1

See 3.3.1

See 3.2.4
None

See 3.2.1

None

Tugboat services may be required.

The following additional requirements are placed
on the ship transporter

Q

) lingitudinal bulkheads placed at 1/5 the
headth of the ship at both sides

) double hulled

) transverse bulkheads

) personnel decontamination facilities

) emergency flooding and firefighting equipment
) controlled discharge of effluents in drains with
)

)

)

)

)

-0 0O O

subsequent health physics monitoring

redundant navigation equipment

increased hull strength

fully redundant cooling and electrical equipment
minimum 3000 OWT for overseas transport

size dependent upon optimum number of casks
carried

-

x
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EQUIPMENT REQUIREMENT

4.

4.1

4.

RATL TRANSPORT OF SPENT FUEL OR WASTE

FROM ONE WATER BASIN TO ANOTHER WATER

BASIN

L.1

RECEIVE EMPTY RAIL CASKS

PROVIDE ACCESS THROUGH OUTER GATE

4.1.2 1LOG INTO PLANT AND PROVIDE SECURITY

4.

4.

4.

4.

4.2 UNLOAD CASK FROM TRANSPORTER

2.1

2.2

2.3

2.4

- WASH CASKS DOWN TO REMOVE ROAD GRIME
REMOVE CASK TRANSPORTATION BARRIER
REMOVE CASK IMPACT LIMITERS

MOVE CASK/TRANSPORTER INTO CASK
UNLOADING AREA

None

a) A log book is necessary to list'data;

b) Special I.D. badges are required for all personnel.
Badges may be either punch or magnetically coded.
Badges must show face picture.

See 1.2.1 a) through f) except delete note.

See 1.2.2 a) through d) excepﬁ delete note.

See 1.2.3 a) through d) except delete note.

a) See 1.8.1 a) except delete note.

b) An air-lock system is required. Either one or the

‘o)

other-of the air-lock doors may be open at any one
time, but not both. All doors to be operated

from a master control room. Alarms and indicators
shall be installed to indicate when doors are

open and closed. The air-lock may serve as the
washdown station.

A cask unloading area is required. This area
should allow direct-easy access to the cask/
transporter. It must provide a positive means
of preventing the transporter from moving during
cask hoisting operations.
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b

b,

.4

.5 REMOVE CASK FROM TRANSPORTER

.6 TRANSFER CASK TO FUEL LOADING
POSITION

PLACE CASK INTO POOL

.1 CONNECT CASK COOLING AND PURGING
SYSTEM

.2 REMOVE CASK CLOSURE FASTENERS
.3 ATTACH CLOSURE SLING TO CLOSURE
.4 HOIST CASK AND LOWER INTO POOL
.5 DISCONNECT SLING FROM CA3K

.6 HOIST MAIN CASK SLING FROM POOL
.7 HOIST CASK CLOSURE FROM CASK
LOAD CASK

1 REMOVE CASK FUEL ELEMENT SPACER

.2 RETRIEVE SPENT FUEL FROM WATER
BASIN STORAGE

a)
b)

a)

a)

a)
a)
a)
a)
a)

a)

See 1.2.4 a) through d) except delete note.
See 1.2.5 a) except delete note.

See 1.2.5 a) except delete note.

See 1.3.1 a), b), and c)

See 1.3.2 a), b) and c)

See 1.3.3 a), b)

See 1.2.5 a)

See 2.3.5 a) through d) except delete note.
See 1.2.5 a)

See 1.3.7 except delete note.

See 1.4.1 a)

a)

b)

A 15 ton crane is required to hoist the storage
basket from its storage rack and translate it

to the storage pool-to-cask loading pool transfer
device. This crane shall be remotely controlled
from an operators console.

A stiff link from the crane hook to the storage
basket bail is required. This unit shall be

of sufficient length to prevent the hook on

the crane from entering the storage pool.




9¢-18

FUNCTION
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4.4.2 (Con't)

BASKET

4.4.,3 RETRIEVE SPENT FUEL FROM STORAGE

4.4.4 PLACE SPENT FUEL INTO CASK

4.4.5 ESTABLISH COOLING WATER FLOW IN CASK

4.4.6 RE-INSTALL CASK FUEL ELEMENT SPACER

4.4.3

4.4.4

4.4.5

4.4.6

c)

a)

b)

a)

a)

b)

a)

A basket transfer device which will support a fully
loaded storage basket and move it from the storage

pool into the basket loading/unloading area is
required.

A fuel handling device is required to reomve the
fuel from the storage basket. This device must

be capable of lifting a minimum of 3000 1lbs.

The fuel element grapple must have ninety degree
rotational capability for alignment to the fuel

elements. Automatic and manual grapple latching
shall be incorporated. The grapple heads shall

be replaceable and interchangeable.

An underwater device for viewing the condition of
the spent fuel element is required. The serial
number of the spent fuel element shall be read

and permanently recorded through the viewing

device using either video tape or photographic means.

See 4.4.3 a)

A 15 gpm demineralized water source is required.
Operating pressure should be approximately 10 psig
at the cask. The water shall be delivered through
the cooling and purging system.

The cooling water shall be returned to a holding
tank after filtration for subsequent clean-up

if necessary. This tank (or tanks) shall have
agitators to prevent particulate matter from
settling out. This water shall be passed through
particulate filters and subsequently deionized in
a resin exchange system. Filter backwash will be
sent to a rad-waste holding tank (with agitator)
until such time as final clean up can be effected.

See 1.4.1 a)
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S~

w

.7 RE-INSTALL CASK CLOSURE ON CASK

REMOVE CASK FROM POOL

.1 ATTACH SLING TO CASK

.2 HOIST CASK FROM STORAGE POOL

.3 TRANSFER CASK TO LAYDOWN AREA

.4 PERFORM HEALTH PHYSICS CHECK

PERFORM CASK OUTLOADING OPERATIONS

.1 RE-INSTALL AND TORQUE CASK CLOSURE
FASTENERS AND REMOVE CLOSURE SLING.

.2 TRANSFER CASK TO DECONTAMINATION PIT
AND REMOVE CASK SLING

.3 DECONTAMINATE CASK

4.

4

4,

4

4

4,

4.7

5.1

5.2

5.3

5.4

.6.1

.6.2

6.3

a)

a)
b)
a)

b)

a)
a)

b)

a)

a)
b)
a)

b)

See 1.3.7 except delete note

See 1.2.4 a) through d) except delete note

See 1.2.5 a) except delete note

See 1.2.5 a) except delete note

A low pressure high volume water rinse system is
required. This system shall be used to flood the
cask as it is being withdrawn from the storage
pool. It shall be placed as near the surface

of the pool water as possible. 50-100 GPM flow
at 2-5 PSI. .

See 1.2.5 a) except delete note.
A portable radiation monitoring device is required.

A smear test sample and analysis kit is required.

See 1.3.2 a), b), and c)

"1
See 1.2.5 a) except delete note

See 1.3.5 a) through d) except delete note
See 1.6.2 a) through e)

A special decontamination pit for the cask is
required. This pit shall be located near the
cask unloading/loading pool. Steam at 90-120
PSI, 3/4 inch line is required. Water at 90-100
PSI is required (3/4 inch line) and must have




FUNCTION EQUIPMENT REQUTREMENT

8¢-18

4.6.3 (Con't) 4.6.3 b) (Con't).

capability of being regulated. It is estimated
that 500-1000 gallons of water will be required
to decontaminate a single cask. It is expected
that decontamination will occur only on 1% of
the casks. For a 2500 MTU/year receiving basin
(outgoing only) this would be approximately

6 casks per year. If both incoming and outgoing
cask are considered, the 12 casks per year could
require decontamination. This is one cask every
25 days. The worst case would be when two casks
would require decontamination in the same day.
This would require disposition of about 2000
gallons of rad-waste drain water per day. This
water shall be passed through a filter system
and subsequently on to a holding tank. This
holding tank shall be equipped with agitators to
prevent particulates from settling out. Filtered
water will be passed through a demineralizer and
returned to use. Filter backwash is pumped to

a holding tank with an agitator until such time
as final clean up can be accomplished.

4.6.4 PURGE CASK CAVITY 4.6.4 a) See 1.6.4 a) through e)

b) See 4.4.5 b)

4.6.5 LEAK TEST CASK CLOSURE AND SEAL 14.6.5 a) See 1.6.5 a)

4.6.6 REMOVE CASK FROM DECONTAMINATION PIT 4.6.6 a) See 1.2.5 a) except delete note

b) See 1.2.4 a) through d) except delete note

4.6.7 DISCONNECT CASK COOLING AND PURGIXNG 4.6.7 a) See 1.6.6 a), b), and c)
EQUIPMENT

4.6.8 MONITOR CASK PRESSURE AND TEMPERATURE 4.6.8 a) See 1.6.7 a)
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EQUIPMENT REQUIREMENT

6¢-14d

’

4.7 INSTALL CASK ON TRAﬁSPORTER

4.7.1 HOIST AND TRANSFER CASK TO TRANSPORTER

4.7.2
4.7.3
4.7.4

4.7.5

4.7.6
£.7.7

4.7.8

LOWER CASK ONTO TRANSPORTER
DISCONNECT SLING FROM CASK
CONNECT CASK COOLING

MONITOR CASK INTERNAL PARAMETERS

ATTACH CASK TO TRANSPORTER
INSTALL CASK IMPACT LIMITERS

INSTALL CASK TRANSPORTATION BARRIER

4.8 MOVE NEXT TRANSPORTER INTO UNLOADING
SPOT ‘

4.8.2

MOVE CASK/TRANSPORTER INTD AIR-LOCK
AND INTO FINAL PREPARATION STATION

MOVE NEXT TRANSPORTER INTO CASK
UNLOADING SPOT

4.9 . DISPATCH TRANSPORTER/TRAIN TO NEXT

WATER BASIN

4.9.1

4.9.2

4.9.3

4.9.4

PERFORM FINAL HEALTH/PHYSICS CHECK

PERFORM FINAL CASK PARAMETER CHECKS

OBTAIN ENGINE AND CABOQOSE

INSTALL "RADIQACTIVE" SIGNS ON
TRANSPORTER

a)
a)
a)
a)
a)

b)

See 1.2.5
See 1.2.5
See 1.3.5
See 1.7.5
See 1.6.7

See 1.7.6

a) except delete note

a) except delete note

a) through d) except delete note
a)

a)

b) and c¢)

Hand tools are required.

a)
a)

a)

a)

a)
a)

See 1.2.3

See 1.2.2

See 4.2.4

See 4.2.4

See 1.6.1

See 1.6.7

b), ¢), and d) except delete note

b), c), and d) except delete note

a), b), and c¢)

a), b), and c)

a)
a)

Coordinate with local RR for equipment.

a)

See 1.9.5 a)




oe-14

FUNCTION

EQUIPMENT REQUIREMENT

4.10

4.11

4.10.

4.11.

4.11.

4.11.

4.11.

1

1

4.9.5 9BTA1N FINAL DISPATCH INSTRUCTIONS

TRANSPORT CASKS TO NEXT WATER BASIN

TRANSPORT SPENT FUEL FROM WATER BASIN
1 TC WATER BASIN 2 BY RAIL; INCLUDING
SAFEGUARDS PERSONNEL SUPPORT

CHECK INTO WATER BASIN SITE

COMMUNICATE ARRIVAL TO WATER BASIN
COMMUNICATIONS CENTER

INITIATE GROSS RADIATION SURVEY OF
CASKS AND TRANSPORTERS

INITIATE PHYSICAL DAMAGE SURVEY

PROVIDE ACCESS THROUGH OUTER GATE

DISPATCH TRANSPORTER TO HOLDING .
AREA

PROVIDE TRANSPORTER SECURITY

4.9.5 None
4.10. a)
4.11.1 a)
4.11. a)
b)
4.11. a)
4.11. a)
4.11 a)
4.11. a)

See 1.10.1 a) 2)

The mobile radio-telephone in the dedicated
train safeguards car satisfies this requirement.

A portable radiation monitor is required. It
shall have an extensible prove such that no
personnel will be required to come within

10 feet of the unit under checkout.

A smear test sampling and analysis kit is
required to verify surface contamination

are below DOT allowable transportation levels.
Photographic recording equipment required

to document any damage to either transporters
or casks.

None

See 1.8.1 a) except delete note.

Site size requirements

1) Site must be large enough to prevent line-
of-site viewing of production facilities.

2) Site observation should preferably be ob-

structed by natural terrain features.
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FUNCTION

EQUIPMENT REQUIREMENTS

4.11.6 (Con't)

4.11.6 b)

c)

d)

e)

Site boundary definition

1)

2)

Site must be clearly delineated

Unauthorized entry easily detected

Plant fence criteria

1

2)

3)

Plant shall have a double fence system.
Outer fence shall be at least 300 ft. from
the building in all directions. The inner
fence shall be at least 200 feet inside the
outer fence.

Both fences should be at least 7 ft. high
chain link, topped with twisted barbed wire
selvage.

Both fences must be capable of detecting a
poaching action.

Isolation area equipment

1)

Each area should be equipped with highly
redundant intrusion detection systems. These
may be microwave line of sight, buried
magnetic sensors, closed-circuit television
and a redundant illunination system that

provides sufficient lighting for TV obser-
vation.

Isolation area guard posts

1

Hardened guard posts shall be provided as
necessary adjacent to, and part of the area
between the fence systems. Access to these
posts should be strictly controlled. Access
should be via tunnel from inside the operating
plant. ’
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FUNCTION-

EQUIPMENT REQUIREMENT

4.11.7 LOG SHIPMENT INTO MATERIAL CONTROL

4.12.1

4.13

SYSTEM

CHECK CASK FOR CONTAMINATION

REMOVE CASK/TRANSPORTER PERSONNEL
BARRIER

PERFORM RADIATION SRUVEY OF CASK
AND TRANSPORTER

REMOVE CASK IMPACT LIMITERS
DISPATCH CASK AND TRANSPORTER TO
INSPECTION AND WASHDOWN TO REMOVE
ROAD DIRT AND GRIME.

COOL CASK EXTERNALLY

4.13.1

DISCONNECT CASK COOLING AT CASK

4.13.2 CONNECT PLANT CASK COOLING SYSTEM

4.11.7

b)

a)

a)

a)
a)

a)
a)

Bill-of-lading documentation showing part no.,
serial no., and other pertinent data such as
initial fuel enrichment, specific power levels,
burnup time in reactor, discharge date, time
in reactor cooling basin.

Computer accounting system for maintaining
traceability of above data.

See 1.2.2 a) through d) except delete note.

See 4.11.2 a) and b)

See 1.2.3 a) through d) except delete note.

See 1.8.1 a) except delete note.

Hand tools may be required.

A plant cooling system, for the casks, is required.

Each cask will be generating about 25 kw (5 year
old fuel). The plant cooling system must be

able to remove this amount of heat from each

cask waiting to be unloaded. This system should
be a closed loop system. It shall use demineral-
ized water. Since this water will not come into
contact with any nuclear material or contaminants,
it need not be especially filtered or treated.
Enough locations for supply and return must have
flex hose and Q.A.'s to mote with the cask outer
jacket cooling system. Two trains shall be
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.14

oy

~

4.15

NOTE:

| 4a1s.

4.15

4,15

.14,

.2 (Con't)

.3 VERIFY CASK TEMPERATURE WITHIN
MANUFACTURERS LIMITS.

INSPECT AND WASHDOWN CASK AND
TRANSPORTER

1 WASH CASK/TRANSPORTER TGO REMOVE
DIRT AND GRIME

.2 RE-INSPECT CASK/TRANSPORTER FOR DAMAGE
AND RECORD RESULTS

TRANSFER CASK TO RECEIVING STATION

.1 OPEN OUTSIDE AIR-LOCK DOOR

.2 TRANSFER CASK INTO AIR-~-LOCK

THE AIR-LOCK CELL MAY BE UTILIZED
AS THE WASHDOWN STATION FOR THE
CASK AND TRANSPORTER

3 CLOSE OUTSIDE AIR-LOCK DOOR AND OPEN
INSIDE AIR-LOCK DOOR

.4 MOVE CASK AND TRANSPORTER TO CASK
RECEIVING AREA

.5 CLOSE INSIDE AIR-LOCK DOOR

4.15.°F

a)

a)

a)

b)

a)

a)
a)

a)

a)

a)

(Con't)

serviced in this manner. (Currently a train

will have 4 casks, but this may be as high as
20).

See 1.7.6 a), b), and c)

See 1.2.1 a) through f) except delete note.
The cask receiving station air-lock system may be
used for the washdown station. One washdown

station is required for each set of rail
‘tracks leading into the cask unloading area.

See 4.11.3 a)

See 4.2.4 a)

See 1.8.1 a)

See 4.2.4 a)
See 1.8.1 a)

See 4.2.4 a)
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FUNCTION
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4.:6 UNLOAD CASK FROM TRANSPORTER

4.16.1 INSTALL CASK TRANSPORTER TIE-DOWNS

4.16.2 REMOVE CASK FORWARD TRUNNION
TIE-DOWNS AND STORE

.4.16.3 INSTALL CASK LIFTING SLING

4.16.4 LIFT AND ROTATE CASK TO VERTICAL
4.16.5 REMOVE CASK AFT TIE-DOWNS
4.16.6 HOIST CASK FROM TRANSPORTER

4.17 TRANSFER CASK TO DECON PIT

4.16.1

4.16.2

4.16.3

4.16.4
4.16.5

4.16.6

a)

a)

b)

c)

d)

e)
a)

b)

a)
a)
a)

A transporter tie-down set is required. This
set shall be used to secure the cask trans-
porter to the facility structure to prevent
inadvertent movement of the transporter during
cask hoisting operations. This requirement
may be satisfied by a mating half of a car
coupler embedded in facility structure.

Hand tools are required.

A shadow shielding set may be required. This
shall consist of a two foot wide x 5 foot high
4 inch thick section of lead sheathed in 1/4
inch stainless steel. This could be required
during off-normal unloading conditions.

Asbestos gloves may be required due to heating
of components by cask payload (25 kw per cask).

A hand operated water spray may be required to
keep worker hands cool during trunnion cap re-
moval.

A storage box for trunnion bolts is required.
See 1.2.4 a) through d) except delete note.
See 1.3.5 a) throughbd) except delete note.
See 1.2.5 a) except delete note

See 4.16.2 a) through e)

See 1.2.5 a) except delete note.
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17,

.17

.18

.18

.18.

.18.

.18.

.19

.19

.19

1 TRANSFER AND LOWER CASK INTO DECON
PIT

.2 REMOVE CASK LIFTING SLING

DECONTAMINATE CASK

.1 PERFORM RADIATION SURVEY TO FIND
HOT SPOTS

2 ACTIVATE WATER FLUSE TO REMOVE
CONTAMINANTS

3 HAND CLEAN HOT SPOTS

4 HOIST CASK FROM DECON PIT

TRANSFER CASK TO LAY DOWN AREA

.1 TRANSLATE CASK TO PREPARATION

STATION

.2 REMOVE CASK SLING FROM CASK

7.

17,

.18.

.18.

.18.

.18.

.19.

.19.

a)

b)

a)

b)

a)

a)
b)
a)
b)
c)
a)

b)

a)

a)

b)

See 1.2.5 a) except delete note.

An impact limiter at the bottom of the decon
pit is required. This unit shall be capable
of absorbing the kinetic energy of a 100 ton
cask falling from a free height of 30 feet
without damage to facility integrity.

See 1.2.4 a) through d) except delete note.

See 1.3.5 a) through d) except delete note.

See 4.11.2 a)

See 1.6.2 a) through e)

See 4.6.3 b)

Protective personnel clothing is required.
Cleaning brushes are required.

Acid (pitric) is required.

See 1.2.4 a) through d) except delete note.

See 1.3.5 a) through d) except delete note.

See 1.2.5 a) except delete note.

See 1.2.4 a) through d) except delete note

See 1.3.5 a) through d) except delete note.
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EQUIPMENT REQUIREMENT

4.20 CONNECT CASK SAMPLING, PURGING AN
COOLING LINES

4.23.1 CONNECT COOLING, SAMPLING AND
PURGING LINES

4.20.2 PRESSURIZE LINES WITH AIR TO EQUAL
CASK PRESSURE

4.21 SAMPLE, PURGE, COOL AND DEPRESSURIZE
CASK

4.21.1 SAMPLE CASK CAVITY: RECORD PRESSURE,
TEMPERATURE, AND ACTIVITY LEVELS

4.21.2 PURGE CASK CAVITY

4.20.1

4.20.2

4.21.1

4.21.2

a) See 1.3.1 a), b), and c)

a)

a)

b)

c)

d)

a)

See 1.3.1 b) above

A pressure/temperature recording device is
required to connect to the cask instrumentation.
This device should be a two channel recorder and
shall operate off std. power.

Air shall be passed through the cask cavity.

Air pressure shall be maintained at cask shipping
pressure. This air shall be sampled by mass
spectrometric means to determine the presence of
noble fission gas products: levels shall be
recorded.

The air flow of b) shall be sampled to determine
if either particulate or vaporous fission
products are contained in the cask environment.
This data shall be recorded.

All gases including the sweeping air into the cask
shall be sent to the radio-active off gas control
system.

A radioactive off gas collection and control
system is required. This system must be capable
of handling a total of 2000 ft3 (std. conditions)
per day for a 2500 MTU/year receiving facility.
A 5000 MTU/year will require 4000 ft2 per day

to be handled. This off gas system shall be
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FUNCITON

EQUIPMENT REQUIREMENT

74.21.2'(Con't.)

4.21.3 COOL CASK CAVITY

4.21.2

4.21.3

a)

b)

c)

d)

a)

b)

c)

d)

e)

(Con't.)
designed to recover I1-129, C-14, Kr-85, Ru-103,

Ru-106, and H-3. Quantities of these elements
are trace only.

Cleaned air shall be passed through a final sand
filter prior to atmospheric discharge. Discharge
shall be through a stack tower at least 100 ft.
high.

Prior to air entering the off gas system, the air

shall be passed through HEPA filters to remove
particulate matter.

Each cask will be purged with 3 cask volumes of
air.

Water at temperature and pressure of cask internal
environment is required. A rpessure inside the
cask shall be maintained to prevent the coolant
water from flashing into steam. The effluent
water shall be maintained at pressure until such
time as ‘it is cooled to a point below the steam
flash point. '

Water flow shall be at approximately 15 GPM. The
cask will be filled in 33 minutes.

The displaced cask air shall be passed through
an air/water separator. The air shall be passed
into the radioactive off gas system of 4.21,2.

Cask inlet water shall be lowered at a linear rate
to bring the spent fuel elements to a safe
temperature of approximately 80°F. This shall be
accomplished in a maximum time of 1-1/2 hours.

When cask effluent temperature reaches 80°F, the
cask pressure shall be reduced to ambient.
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FUNCTION

EQUIPMENT REQUIREMENT

£.21.3 (Con't)

4.21.3

£)

g)

h)

i)

See 4.4.5 b)

Water quantity is estimated as follows:

15 GPM x 33 minutes

500 gallons (cask filling)

15 GPM x 90 minutes = 1350 gallons (cask cooling)
15 GPM x 97 minutes

1455 gallons (ccoling main-
tenance)

3305 gallons

This amount is required per cask. For a 2500
MTU/year facility approximately 2 casks/day will
require unloading this, these will require about
6600 gallons of water. Double this amount is
required for a 5000 MTU/year facility.

This cooling water shall be cooled and depressur-
ized to 80°F or less and ambient pressure.

Water shall be filtered for particulate removal.
Filter backwash shall be passed to a holding

tank with agitator to prevent settling. This
water will be sent to a concentrator {(part of pool
clean-up system). Filtered water will be sent

to the water purification and de-mineralizer

(part of pool clena-up system) and returned to
service water supply.




6€-19

FUNCTION

EQUIPMENT REQUIREMENT

4.22 PREPARE FOR INNER CLOSURE REMOVAL

4

.22,

1

REMOVE OUTER LID FASTENERS AND STORE

%.22.2 REMOYE AND STORE OUTER CASK CLOSURE

N

L=

£

.22

W22,

.23

.23,

.23,

.23.

4

.3 DETORQUE INNER CLOSURE FASTENERS

INSTALL INNER CLOSURE SLING

HOIST AND LOWER CASK-TO UNLOADING

POSITION

1

ATTACH SLING TO CASK

HOIST AND TRANSLATE CASK TO CASK
UNLOADING POOL

LOWER CASK INTO UNLOADING POOL -
REMOVE CLOSURE FASTENERS PRIOR
TO CASK SUBMERGENCE

4.22.1

4.22.2

4.22.3

4.22.4

4.23.1

4.23.2

4.23.3

b)
a)

b)

c)

a)

a)

a)
b)

a)

a)
b)
c)

d)

Hand tools are required

A box for storing fasteners is required

A jib crane and hoist capable of lifting 1500 pounds
A sling that attaches to the closure is reﬁuired.

It shall be a three point lift with rated load

capacity of 1500 pounds.

A wooden pallet is required to place the closure
onto for storage.

See 1.3.2 a) through c¢)

See 1.3.3 a) and b)

See 1.2.4 a) through d) except delete note.
See 1.3.5 a) through d) except delete note.

See 1.2.5 a) except delete note.

See 4,23.2 a) above
Hand tools required to remove fasteners
Strap box required to hold closure fasteners

An impact structure at the bottom of the cask
unloading pool is required to absorb the kinetic

. energy of a falling cask. It shall be capable

of preventing a cask of 100 T weight falling
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4.25.3 (Con't)

4.23.4 DISCONNECT CASK SLING AND REMOVE
FROM POOL

4,24 REMOVE CASK INNER CLOSURE AND' SPACER

4.2%.1 REMOVE INNER CASK CLOSURE AND STORE

4.24.2 REMOVE FUEL ELEMENT SPACER

4.25 UNLOAD CASK CONTENTS INTC STORAGE
BASKETS

4.25.1 TRANSLATE FUEL HANDLING MATHINE

(FHM) TO CASK FUEL ELEMENT

4.25.2 LIFT FUEL ASSEMBLY FROM CASK

4.25.3 TRANSFER FUEL ASSEMBLY TO STORAGE
BASKET

4.23.3 d)

b)

b)

b)

4.25.2 a)
4.25.3 a)

b)

{(Con't)

60 feet, through water, from damaging the facility

to a pcint where coolant containment integrity is
lost.

See 1.2.4 a) through d) except delete note.

See 1.3.5 a) through d) except delete note.

See 1.3.7 a) except delete note

A shelf shall be provided at cask height to store
the closure on during unloading operations.

See 1.4.1 a)

See 4.24.2 b)

A fuel handling crane is required. This unit
shall have removable grapples which will inter-
face with specified fuel elements. It should
have a minimum capacity of 3000 pounds. The
crane shall have a load limiting device to
prevent overloading the fuel elements. The
grapple shall have an electro-mechanical or
pneumatic latching mechanism.

See 4.25,1 a) above.

See 4.25.1 a) above.

A fuel assembly storage basket is required.

ot v - a———
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EQUIPMENT REQUIREMENT

4.25.3 (Con't)

4.26 PLACE STORAGE BASKET INTO WATER BASIN

4.26.1 READ AND RECORD rUEL ELEMENT SERIAL
NUMBERS AND PART NUMBERS

4.26.2 SIP FUEL ELEMENTS TO FIND LEAKING FUEL
ASSEMBLIES
" NOTE: THIS OPERATION IS ONLY PERFORMED WHEN
THE CASK ENVIRONMENT WAS FOUND TO
CONTAIN EITHER FISSICON GASES OR
NUCLEAR PARTICULATES

4.26.3 TRANSFER SPENT FUFL STORAGE BASKET
INTO WATER BASIN

4.25.3 b) (Con't)

4.26.1

4.26.2

4.26.3

a)

b)

c)

d)

a)

b)

-a)

This basket should contain enough storage
locations to allow a fully loaded cask to be
emptied. It shall maintain criticality by

geometric means and shall maintain keff at or

below 0.95 for all conditions. This storage
basket shall provide for cooling water flow
around the fuel assembly.

See 4.25.1 a)

A remotely operated TV/optical system and lighting
is required.

A remotely operated cleaning brush is required to
clean the crud from the fuel assembly at the
serial number.

A photographic recording system which can take
pictures of the serial numbers is required.

Sipping canisters and analysis systems are
required. These sippers must be able to analyze
a fuel element in 30 minutes or less. At this
rate, it will take 5 hours to analize a PWR
basket and 12 hours for a BWR basket.

Failed fuel canisters will be required to place
the broken fuel assemblies into. Gas leakers
will be isolated only under an off gas hood.
These canisters will be light guage material and
shall have a pressure relief incorporated.

A device to transfer a single basket from the
cask unloading area into the water basin is
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FUNCTION

EQUIPMENT REQUIREMENT

£.26.3 (Con't.)

4.26.4 PLACE SPENT FUEL STORAGE BASKET INTO

STORAGE RACK IN WATER BASIN

4.26.3

4.26.4

a) (Con't)

a)

b)

c)

d)

required. This device shall interface with

the storage basket in the same manner as the
permanent storage basket rack. The drive
mechanism is to be redundant. The device shall
not transfer the basket any faster than 5 FPM.
It shall be capable of supporting a fully
loaded basket (approximately 28,000 lbs). It
shall not permit a basket to become dislodged
and fall during a seismic event.

A barrier wall enclosing the water basin is
required. This wall shall prevent damage to the
water basin from either natural phenomena or
sabotage. It shall be an air plenum for the
spent fuel off gas from leaking assemblies. It
shall provide the capability to prevent the

main cask lifting crane from falling into the
storage basin.

Basket handling cranes are required. Two units
per storage basin module are needed. Each shall
be 15 T and have redundant reeving. Each shall
be remotely operated from an operators console.

A basket sling is required to provide the
interface between the crane and the basket. It
shall be a single solid (or tubular) device

(as opposed to cable) of sufficient length to
prevent the crane hook from entering the pool
water at any time. It shall have a pneumatic
latch at each end to prevent it from inadver-
tently coming off of the crane hook or the
basket disengaging and falling off.

Basket storage racks are required. The rack
shall support the basket from a point above the
center of gravity of a fully loaded basket. The
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EQUIPMENT REQUIREMENT

4.26.4

{Con't)

4.26.4

d) (Con't)

e)

g)

basket shall disengage the rack when lifted
less than one foot. The number of storage
baskets per rack shall depend upon the pool
size. Racks shall support the baskets and
prevent disengagement during the design
earthquake condition.

The storage basin shall be filled with demineral-
ized or distilled water.

The water basin cooling system shall be capable
of removing 4 (106) BTU/HR for a 500 MTHM

storage pool and 6 (106) BTU/HR for a 750 MTHM
pool. Pool water shall be a nominal 40°C (1049F).
There shall be an emergency cooling make-up

water system. This system shall also be the
supply tankage for normal spent fuel handling.
operations. Make-up from the commercial or

deep well systems shall be piped into the

make~up water tank. A holding pond is required.
This pond shall be sized to fit either a 500

MTHM Module or 750 MTHM Module depending upon the
receiving design used.

The water basin clean-up system shall be capable
of filtering and de-ionizing a 45 curie release
into the pool. Nominal operating value is

2 (107%) ci/M3. Water shall be passed through

a filtration system to remove suspended parti-
culates. Filter back-wash shall be transferred
to a shielded storage tank with an agitator.
This backwash water will be passed through a
concentrator to reduce the volume. The distillate
shall be returned to the make-up water supply.

The de~ionizer must be capable of removing
dissolved solids.
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FUNCTION

EQUIPMENT REQUIREMENT

4.26.4 (Con't)

4.26.4 h)

The pool water concentrator (evaporator) shall

be capable of reducing the water volume 20:1.

In a 2500 MTU/year plant the volume of cask
water to be handled is the backwash from filters
which handle 6600 GPD. 1If the filters are

washed at 15 GPM for an hour this will be about
100 gallons per day. A 5000 MIU/year plant

will generate about 200 gallons per day.
Additionally the wash water from cask/transporter
wash down and decontamination areas will need to
be considered. It has been estimated that
washdown will require 3500 gallons/transporter

and decon will require 300-1000 gallons/cask.

A 2500 MTU/year plant will process two trans-
porter simultaneously and possibly two decon-
tamination per day. If the filter backwash is

at 50 GPM for 30 minutes for each system then this
will amount to

Washdown; 50 x 30 x 2

300 Gallons/day

Decon 50 x 30 x 2 300 Gallons/day

600 Gallons/day

When cask cooling water is included, this amount
totals 700 GPD. A 5000 MTU/year plant will
generate 1400 GPD.

The concentrator-—evaporator will also be required
to handle the filter backwash from the pool

clean up system. It is expected though that

this will amount to 3500 gallons/day for the
smaller pools and 7000 GPD for the larger pools.

The total concentration load then is about
4200 GPD for the 2500 MUT/year plant and 8400
GPD for the 5000 MTU/year facility. If we
maintain the 20:1 evaporation rate, then

the output of the concentrators-evaporators
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FUNCTION

EQUIPMENT REQUIREMENTS

4.26.4

4.27

(Con't)

4.26.5 PREPARE SOLID OPERATIONAL WASTES

FOR TEMPORARY STORAGE

REPLACE CASK CLOSURE SEAL

4.27.1

4.27.2

4.27.3

REMOVE

OLD CASK SEAL AND PLACE INTO

WASTE CONTAINER

OBTAIN

OBTAIN
CASK

NEW SEAL AND PLACE ON CASK

SEAL SPACER AND INSTALL ON

4.26.4 h) (Con't)

4.26.5

4.27.1

4.27.2

4.27.3

a)

a)

b)

a)

b)

a)

b)

will be 210 GPD and 420 GPD.

It has been estimated that a 3000 MTU/year.
facility (SRL estimate) will generate 20 M3
of miscellaneous wastes per year and, 17 M
of HEPA filter waste. The 5000 MR/year plant
will double this amount. This waste shall be
packaged into drums for temporary storage
until such time that the waste facility is on
line. A single 55 gallon drum is about 7.4 ft
20 M3 is about 710 ft3. Therefore, about 100
drums/year of compacted operational waste will
be required. The HEPA filter waste will need
81 drums. A one year's lag storage space is
required. The combustible solid wastes will
ultimately be transferred to the waste packaging .
facility for incineration and disposal with the
calcined waste streams. HEPA filter wastes

will be shredded and packaged into canisters.

3

A grapple is required to remove the old seal.
It will need to be about 40 ft. long.

Waste container is required.
See 4.27.1 a)

New seal is required for each cask. For 2500
MTU/year plant this will be 550 seals. For 5000
MIU/year this will be 1100 units. Seals are

metalic o-rings 3/8" dia. by 50 inches major
diameters.

See 4.27.1 a)

A seal spacer is required. This unit will be
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FUNCTION

EQUIPMENT REQUIREMENT

4.28

4.31

4.31.

.3

(Con't)

REPLACE CASK CLOSURE AND SPACER

.1

.2

REPLACE FUEL ELEMENT SPACER
REPLACE CASK CLOSURE

FLUSH AND PURGE CASK CAVITY

.1

.2

1

FLUSH CASK CAVITY WITH 3 VOLS OF
WATER

PURGE CASK CAVITY (NOTE THIS OPERATION

IS TO BE ACCOMPLISHED AFTER CLOSURE
IS SECURELY FASTENED DOWN.

HOIST AND TRANSLATE CASK FROM
WATER BASIN

INSTALL SLING ON CASK

HOIST CASK FROM CASK UNLOADING
POOL

DECONTAMINATE CASK CLOSURE AREA AND
PERFORM CASK OUTLOADING OPERATIONS

FLOOD CASK CLOSURE WITE WATER ON
REMOVAL FROM POOL

4.27.3 b)

4.29.2 a)
b)

c)

4.31.1 a)

(Con't.)

installed between cask and closure to prevent
plastic deformation of the new seal when the
closure is torqued. An optional method is to
use the old seal until a new load of spent fuel
is hauled then put a new seal on at the

reactor.

See 1.4.1
See 1.3.7
See 5.4
See 6.4
See 4.4.5
See 4.2.1
See 1.3.5
See 2.4
See 4.5.2

a)

a) except delete note.

a), b)

a)
b)

dy

a) through d) except delete note.

a) through d) except delete note.

b)
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FUNCTION

EQUIPMENT REQUTREMENT

4

.31,

.31.

.31,

.31.

.31

.32

.32,
.32,
.33

.33.

.33.

.33.

.34

PERFORM HEALTH/PHYSICS CHECK

INSTALL CLOSURE FASTENERS

TRANSLATE CASK TO LAY DOWN AREA
AND DISCONNECT SLING

TORQUE CLOSURE FASTENERS AND REMOVE
CLOSURE SLING -

.6 DISCONNECT CASK COGLING AND PURGING

EQUIPMENT

CHECK CASK FOR CONTAMINATION

CHECK CASK EXTERIOR SURFACE WITH
MONITOR PROBE

IF 4.32.1 SATISFACTORY CHECK SURFACE
WITH SMEAR TEST KIT

HOIST AND PLACE CASK INTQ DECON

AREA

ATTACH SLING TO CASK

HOIST AND TRANSLATE CASK TO DECON
PIT

REMOVE SLING FROM CASK

DECONTAMINATE CASK

.31,

.31,

31,

.31,

J31.

.32.

.32.

.33.

.33.

.33.

a)
a)
b)
a)
b)
a)

b)

a)-

a)

a)

a)
a)

a)

b)

See 4.5.4 a)

Fasteners stored in 4.23.3 ¢)

Hand tools are required

See 1.7

See 1.

See 1.

2

3.

3.

.5

12

a)
a)

except delete note.

through d) except delete note.

a), b), and ¢)

Hand tools are required.

See 1.6.6 a), b), and c)

See 4,

See 4,

See 1.

See 1.

See 1.

See 1.

£

a)

b)

a)

a)

a)
a)

through d) except delete note.

except delete note.

through d) except delete note.

except delete note.
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FUNCTION

EQUIPMENT REQUIREMENT

4.36

4.36.

4,36,

4.36.

4.36.

4.36.

4.36.

4.36.

4.36.

4.36

4.37

4.37.

4.37

4.37

.1 PROVIDE DECONTAMINATION FACILITIES

HOIST CASK FROM DECON PIT

.1 RE-INSTALL SLING ON CASK

INSTALL CASK ON TRANSPORTER

1 TRANSLATE CASK TO TRANSPORTER
2 INSTALL AFT TRUNNION TIEDOWNS
3 LOWER AND ROTATE CASK TO EORIZONTAL

4 REMOVE CASK LIFTING SLING -

5 INSTALL CASK FORWARD TIEDOWNS
6 REMOVE TRANSPORTER TIEDOWNS

7 MOVE TRANSPORTER THROUGH AIR-LOCK

8 INSTALL CASK IMPACT LIMITERS
.9 1INSTALL CASK TRANSPORTATION BARRIER

DISPATCH CASK AND TRANSPORTER

1 PERFORM FINAL HEALTH/PHYSICS CHECK
.2 OBTAIN ENGINE AND CABOOSE

-3 OBTAIN FINAL DISPATCH INSTRUCTIONS

.34,

.35.

.36.
.36.:
.36.

.36.

. 36.
.36.

.36.

.36.

.36.

.37,
.37.

.37.

a)

a)

b)

a)
a)
a)
a)
b)
a)
a)
a)
b)
a)
a)

a)
a)

a)

See 4.6.3 a), b)

See 1.3.5 a) through d) except delete note.

See 1.2.4 a) through d) except delete note.

See 1.2.5 a) except delete note.
Hand tools are required.

See 1.2.5 a) except delete note.

See 1.2.4 a) through d) except delete note.

See 1.3.5 a) through d) except delete note.

Hand tools are required.
None
See 4.2.4 a)

See 1.8.1 a)

See 1.2.3 b), c) and d) except delete note.

See 1.2.2 b), c¢) and d) except delete note.

See 1.6.1 a)
See 4.9.3 a)

None

[ENgE—
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FUNCTION

EQUIPMENT REQUIREMENT

4.38 TRANSPORT CASKS TO NEXT WATER BASIN

4.38.1

TRANSPORT CASKS FROM WATER BASIN 2
TO WATER BASIN 1. INCLUDING
SAFEGUARDS PERSONNEL SUPPORT.

4.38.1

a)

See 1.10.1 a) 2)
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FUNCTION

EQUIPMENT REQUIREMENT

5.0 AFR DOCK-SHIP LOADING AND UNLOADING
OPERATIONS

5.1 DOCK SHIP

5.2 PREPARE HEAVY LIFT CRANES

SHIP MOUNTED

5.2.1 SECURE SHIP TO DOCK
5.2.2 DE-RIG CRANES FROM STORAGE POSITION

5.2.3 SWING JIB OVER INTO POSITION TO PICK-
UP CASK SLING

5.2.4 PICK UP SLING FROM STORAGE POSITION

5.2.5 PROOF-LOAD CRANES

DOCK MOUNTED

5.2.6 PICK UP SLING FROM STORAGE
5.2.7 PROOF LOAD CRANE

5.3 UNCOVER UPPER DECK

5.3.1 REMOVE WATER PROOF COVERS FROM HATCH
5.3.2 REMOVE AND STORE HATCH COVERS

5.4 HOIST RAIL CASKS FROM SHIP AND PLACE
ON TRANSPORTERS

5.4.1 MOVE EMPTY TRANSPORTER INTO POSITION
TO RECEIVE CASK

~N

See 3.1

See 3.2

See 3.

None

None

See 3.

See 3.

See 3.

See 3.

See 3.

See 3.

See 3.

~ 4



ls-189

FUNCTION

EQUIPMENT REQUIREMENT

REMOVE CASK TIE-DOWNS AND PREPARE CASK
FOR TRANSFER ‘

TRANSLATE CASK SLING TO CASK AND
ATTACH TO CASK

HOIST CASK FROM SHIP AND TRANSFER TO
DOCK SIDE TRANSPORTER

DETACH SLING AND TRANSLATE TO NEXT
CASK ON SHIP

INSTALL CASK IMPACT LIMITERS

INSTALL CASK TRANSPORTATION BARRIER

DELETED

ESTABLISH CASK COOLING ON TRANSPORTER

.1

.2

CONNECT CASK TRANSPORTER COOLING
EQUIPMENT

MONITOR CASK PARAMETERS

DISPATCH TRANSPORTER TO WATER BASIN

Al

.2

.3

PERFORM FINAL HEALTH/PHYSICS CHECK
PERFORM FINAL CASK PARAMETER CHECKS
OBTAIN ENGINE AND CABOOSE

INSTALL "RADIOACTIVE" SIGNS ON
TRANSPORTER

See
See
See

See

a)
a)

a)
b)
2

b)

a)
a)
a)
a)

3.4.

3.4.

3.4,

3.4,

See

See

4 a), b)

1.2.3 b), c) and d) except deltet note.

1.2.2 b), ¢) and d) except delete note.

Hand tools required.

See

See

See

See

See

See

See

1.7.5 a)
1.6.7 a)

1.7.5 b), ¢)

1.6.7 a)
1.9.4 a)

1.9.5 a)
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FUNCTION

EQUIPMENT REQUIREMENT

5.7.5 OBTAIN FINAL DISPATCH INSTRUCTIONS

5.8 TRANSPORT CASKS TO WATEXR BASIN

5.8.1 TRANSPORT CASKS FROM AFR DOCK TO
WATER BASIN

5.9 UNCOVER LOWER DECK

5.9.1 REMCVE MAIN DECK CASK SUPPORT
EQUIPMENT FROM HATCH COVERS

5.9.2 REMOVE HATCH COVERS

3.10 HOIST TRUCK CASKS FROM SHIP AND PLACE
ON EMPTY TRANSPORTER

[~

3.10.1 MOVE EMPTY TRANSPORTER INTO POSITION
TO RECEIVE CASK

5.10.2 REMOVE CASK TIEDOWNS AND PREPARE
CASK FOR TRANSFER

5.10.3 TRANSLATE CASK SLING TO CASK AND
ATTACH TO CASK

5.10.4 HOIST CASK FROM SHIP AND TRANSFER
TO DOCK SIDE TRANSPORTER

5.10.5 DETACH SLING FROM CASK AND TRANSLATE
TO EMPTY TRUCK CASK

5.10.6 ATTACH CASK TO TRANSPORTER

5.10.7 INSTALL CASK IMPACT LIMITERS

5.10.8 1INSTALL ANTI-PERSONNEL TRANSPORTATION
"~ BARRIER

.7.5

.9.1

.9.2

.10.

.10.

.10.

.10.

.10.

.10.

.10.

.10,

a)

a)

a)
b)

a)

a)

a)

a)

a)
b)

a)

a)
a)

a)

None

See 1.10.1 a) 2)

See 3.3.2
Hand tools are required

See 3.3.2

See 3.8.1
See 3.8.2
See 3.8.3

See 3.4.4 a), b)
See 3.8.4 b)

See 3.8.5

Hand tools are required

See 3.8.7 a), b)

See 3.8.8 a), b).




€5-14d

FUNCTION

EQUIPMENT REQUIREMENT

11,

.12

.12,

.12,

.12,

.12,

.12,

.12,

.12,

.13

.13,

.13

.14

14,

.15

1

MOVE EMPTY TRANSPORTER INTO POSITICN
TO RECEIVE CASK

OBTAIN NEXT TRANSPORTER IN LINE AND
MOVE INTO CASK LOADING SPOT.

HOIST EMPTY ROAD CASKS FROM TRANSPORTER

AND PLACE INTO HOLD OF SHIP

REMOVE CASK ANTI-PERSONNEL TRANS-
PORTATION BARRIER

REMOVE CASK IMPACT LIMITERS
DETACH CASK FROM TRANSPORTER
ATTACH SLING TO CASK

HOIST CASK FROM TRANSPORTER AND
TRANSFER TO SHIP SECOND LEVEL DECK

6 DETACH SLING FROM CASK aND

TRANSLATE TO NEXT FULL CASK

ATTACH CASK TO SHIP-BOARD CASK
TRUNNION SUPPORT CRADLE

DISPATCH TRUCK TRANSPORTER TO

WATER BASIN

1

OBTAIN ROUTING INSTRUCTIONS

.2 OBTAIN ESCORT VAN

1

TRANSPORT TRUCK CASKS

TRANSPORT CASKS TO WATEE BASIN

COVER THE LOWER DECK

1.

.12,

.12,
12,
.12.

12,

.12,

.12,

.13,

.13,

.14,

f—

a)

a)

a)
a)
a)
a)

a)

a)

a)
a)

a)

See 3.

See 3

See 3

See 3

See 3.

See 3

See 3.

See 3.

None

See 3.

See 3.

8.1

.8.8 a), b)

.8.7 a), b)

.8.6

8.5

.8.4 a), b), and c)

10.2

11.1 a) through f)
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FUNCTION

EQUIPMENT REQUIREMENT

n

.15.1 RE-INSTALL HATCH COVERS

5.15.2 RE-INSTALL MAIN DECK CASK SUPPORT
EQUIPMENT ONTO HATCH COVERS

5.16 HOIST EMPTY RAIL CASKS FROM TRANSPORTER
AND PLACE ON DECK

5.16.1 MOVE CASK/TRANSPORTEE INTO POSITIONW

5.16.2 REMOVE CASK TRANSPORTIATION BARRIER

%.16.3 REMOVE CASK IMPACT LIMITERS

5.16.4 DETACH CASK FROM RAIL TRANSPORTER

3.16.5 TRANSLATE CASK SLING TO CASK AND
ATTACH TO CASK

5.16.6 ~HOIST CASK FROM TRANSPORTER AND
TRANSFER TO SHIP

S$.16.7 DETACH SLING AND TRANSFER TO NEXT
CASK

5.16.8 INSTALL CASK TIEDOWNS

5.17 COVER UPPER DECK

5.17.1 REPLACE MAIN DECK HATCH COVERS
5.17.2 REPLACE WATER-PROOF COVER OVER HATCH

5.18 PREPARE SHIP FOR DEPARTURE

5.18.1 RETURN CASK SLING TO STORAGE POSITION

.15.

.15.

.16.
.16.
.16.
.16.

.16.

.16.

.16.

.16.

.17,

.17,

.18.

a)
a)

b)

a)
a)
a)
a)

a)

a)

a)

a)
a)

a)

See 3.3.2
See 3.3.2

Hand tools are required.

See 3.4.1

See 3.4.8 a) through c¢)

See 3.8.7 a) except crane capacity
Hand tools required.

Hand tools are required.
See 3.4.4
Hand tools are required.

See 3.14.8 a), b)

See 3.3.2

See 3.3.1

See 3.2.4
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FUNCTION

EQUIPMENT REQUTREMENT

.18.2 RIG CRANES INTO TRANSPOWT POSITION
.18.3 REMOVE THE DOCK/SHIP STABILIZERS

.19 DISPATCH SHIP

.19.1 OBTAIN ROUTING
.19.2 TRANSFER SHIP OUT OF HARBOR

.20 TRANSPORT EMPTY CASKS

.20.1 PROVIDE SHIP TRANSPORT

5.18.2

5.18.3

5.19.1

5.19.2

5.20.1

None

a) See 3.2.1

None

a) See 3.18.2

See 1.19.1 a) through k)
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FUNCTION

EQUIPMENT REQUIREMENT

6.0 RECEIVE SPENT FUEL AT WATER BASIN,
UNLOAD FUEL INTO STORAGE AND RETURN
EMPTY TRANSPORTERS AND CASKS TO
INTERMODAL SHIPPING POINT

NOTE: THE FUNCTIONS ON THIS TASK ARE
IDENTICAL TO THE FUNCTIONS IN 4.0.
AS SUCH, ONLY THE BASIC BLOCK NUMBER
WILL BE SPECIFIED WITH REFERENCE TO 4.0
6.1 CLECK INTO WATER BASIN

6.2 COOL CASK EXTERNALLY

6.3 CHECK CASK FOR CONTAMINATION

6.2

6.3

a)
b)
c)
d)
e)
£)

g)

a)
b)
c)

a)
b)
c)
d)

See
See
See
See
See

See
See

See
See

See

See
See
See

See

o L S

Fi S s

~

I~

.11.
.11.
.11,
JA1.
J11.
.11.

.11.

.13.
.13.
.13,

.12,
.12,
.12,
.12,

[« NNV, I - BRI S

IO

a)

a), b)

a)

a)

a)

a) 1), 2); b), 1), 2); ¢), 1), 2), 3);
d) 1); e), 1) |
a), b)

a)
a)

a)

a)
a)
a)
a)
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6.4 INSPECT AND WASH DOWN CASK AND 6.4 a) See 4.14.1 a), b)
TRANSPORTER :

b) See 4.14.2 a)

6.5 TRANSFER CASK TO RECEIVING STATION 6.5 a) See 4.15.1 a)
b) See 4.15.2 a)
¢c) See 4.15.3 a)
d) See 4.15.4 a)
e) See 4.15.5 a)
6.6 UNLOAD CASK FROM TRANSPORTER 6.6 a) See 4.16.1 a)
b) See 4.16.2 a) through e)
c) See 4.16.3 a), b)
d) See 4.16.4 a)
e) See 4.16.5 a)
f) See 4.16.6 a)
6.7 TRANSFER CASK TO DECON PIT 6.7 a) See 4.17.1 a), b)

b) See 4.17.2 a), b)

6.8 DECONTAMINATE CASK 6.8 a) See 4.18.1 a)
b) See 4.18.2 a), b)
c) See 4.18.3 a), b), c)
d) See 4.18.4 a), b)

6.9 TRANSFER CASK TO LAY COWN AREA 6.9 a) Seé 4.19.1 a)

b) See 4.19.2 a), b)
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FUNCTION

EQUIPMENT REQUIREMENT

U

.10

.11

.12

.13

.14

.15

.16

CONNECT CASK SAMPLING PURGING AND
COOLING LINES

SAMPLE, PURGE, COOL AND DEPRESSURIZE

CASK

PREPARE FOR INNER CLOSURE REMOVAL

HOIST AND LOWER CASK TO UNLOADING
POSITION

REMOVE CASK INNER CLOSURE AND SPACER

UNLOAD ALL SPENT FUEL INTO STORAGE
BASKET

PLACE SPENT FUEL INTO WATER BASIN

.10

.11

.12

.13

.14

.15

.16

a)

b)

a)
b)
c)

a)
b)
c)
d)

a)
b)
c)
d)

a)
b)

a)
b)
c)

a)
b)
c)
d)
e)

See

See

See
See

See

See
See
See

See

See
See
See

See

See

See

See
See

See

See
See
See
See

See

o

s~

Fo . T )

4,24,
.24,

£

Fo R e

.20.
.20.

.21,
.21,
.21,

.22,
.22,
.22,
.22,

.23.
.23.
.23,
.23.

.25,
.25.2
.25,

.26.
.26.
.26.
.26.
.26.

W

[V R = S U I

a)
a)

a) through d)
a) through d)

a) through i)

a), b)
a), b), c)
a)

a)

a), b)

a)

a) through d)
a), b)

a), b)
a), b)

a)
a)

a), b)

a) through d)
a) through b)
a)
a) through h)
a)
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FUNCTION

- EQUIPMENT REQUIREMENT

.17

.18

.19

.20

.21

.22

.23

.24

.25

REPLACE CASK CLOSURE SEAL

REPLACE CASK CLOSURE AND SPACER

FLUSH AND PURGE CASK CAVITY

HOIST AND TRANSLATE CASK FROM WATER

BASIN

DECONTAMINATE CASK CLOSURE AREA

CHECK CASK FOR CONTAMINATION

HOIST AND PLACE CASK INTO DECON AREA

DECONTAMINATE CASK

HQIST CASK FROM DECON AREA

.17

.18

.19

.20

.21

.22

.23

.24

.25

a)
b)
c)

a)
b)

a)
b)

a)
b)

a)
b)
c)
d)
e)
£)

a)
b)

a)
b)
c)

a)
a)

See
See

See

See

See

See

See

See

See

See
See
See
See
See

See

See

See

See
See

See
See

See

&~

4~

o

o L S

Pl

.27.
.27,
.27.

.28,
.28.

.29.
.29,

.30.
.30.

.31.
.31.
.31,
.31.
.31.
.31.

.32,
.32.

.33.
4.33.
.33.

.34.

.35.

o N, TR ~ T UC R | R g

3]

—

a)
a)
a)

a)
a)

a)
a)

a)

a)

a)
a)
a)
a)
a)
a)

a)
a)

a)
a)
a)

a)
a)

through b)
through b)
through b)

through c)

and b)
and b)
and b)
and b)

and b)




09-18

FUNCTION

EQUIPMENT REQUIREMENT

6.26 INSTALL CASK ON TRANSPCRTER

6.27 DISPATCH CASK AND TRANSPORTER

6.28 TRANSPORT CASK TO PRIMARY TRANSPORTER
DOCK

6.

6.

26

27

.28

a)
b)
c)
d)
e)

8)
h)
i)
a)
b)
c)

b)

See

See

See
See
See
See
See
See

See

See
See

See

See

See

O S ST T S S S S )

£~

.36.
.36.
.36.
.36.
.36.
.36.
.36.
.36,
.36.

.37.
.37.
.37.

.38.
.10.

O O N oY B BN

a)
a)
a)
a) and b)
a)
a)
a) and b)
a)

a)

a)
a)
a)
a)
a) and b)
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FUNCTION

EQUIPMENT REQUIREMENT

SPENT FUEL PACKAGING FOR STORAGE IN AN

AIR COOLED VAULT OR GECOLOGIC STORAGE
SYSTEM

RETRIEVE STORAGE BASKET FROM WATER BASIN

.1 REMOVE STORAGE BASKET FROM STORAGE RACK
.2 TRANSFER BASKET TO TRANSFER DEVICE
.3 PLACE BASKET INTO TRANSFER DEVICE

TRANSFER BASKET TO HOT CELL

.1 TRANSFER SPENT FUEL STORAGE BASKET
FROM WATER BASIN TO HOT CELL

TRANSLATE FUEL HANDLING MACHINE TO BASKET

.1 TRANSFER CRANE TO STORAGE BASKET

.2 ATTACH GRAPPLE TO FUEL ASSEMBLY

TRANSFER FUEL ASSEMBLY TO DRYING STATION

.1 HOIST AND TRANSLATE FUEL ASSEMBLY TO
DRYING STATION

.2 PLACE FUEL ASSEMBLY INTO DRYING UNIT

a)
a)
a)

a)

a)

a)

b)

a)

See 4.26.4
See 4.26.4

See 4.26.4

See 4.26.3

A crane is
shall have
spent fuel

b) and c¢)
b) and c¢)

b) and c¢)

a)

required to hoist the spent fuel. It
a grapple which will mate with the
elements. This grapple shall be

interchangeable and shall be remotely operable.
The crane capacity shall be at least one ton

capacity.

It must have translational capability

but shall not move faster than 5 FPM.

See 7.3.1 a)

A means of
mate-up.

viewing‘the grapple/fuel assembly during

See 7.3.1 a)

See 7.3.1 a)
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FUNCTION EQUIPMENT REQUIREMENT -

7.5 DRY FUEL ASSEMBLY

7.5.1 ACTIVATE FUEL ASSEMBLY DRYER 7.5.1 a) A fuel assembly drying station is required.. 0ld

fuel elements which have been in water basin
storage for a long time will have decayed to a
low level of heat generation and will take some
time to dry out. The dryer shall be capable of
receiving one fuel element and then passing air

(argon) over the unit until the assembly is
dried out.

7.5.2 HOIST AND TRANSLATE FUEL ASSEMBLY TO 7.5.1 a) See 7.3.1 a)
INSPECTION STATION .

7.6 RETURN EMPTY STORAGE BASKET TO STORAGE
POOL

7.6.1 TRANSFER SPENT FUEL BASKET FROM HOT 7.6.1 a) See 4.26.3 a)
CELL TO WATER BASIN

7.6.2 TRANSFER SPENT FUEL FROM TRANSFER 7.6.2 a) See 4.26.4 b) and c)
DEVICE TO STORAGE RACK IN WATER BASIN

7.7 INSPECT FUEL ASSEMBLY; READ AND RECORD
SERIAL NUMBER

7.7.1 PLACE FUEL ASSEMBLY INTQ VIEWING 7.7.1 a) See 7.3.1 a)
STATION
7.7.2 PHOTOGRAPH FUEL ASSEMBLY AND NOTE . 7.7.2 a) A photographic device lighting and optics are
' ANY DAMAGE required to permanently record fuel element
condition.
7.7.3 ' READ AND RECORD FUEL ASSEMBLY SERIAL 7.7.3 a) See 7.7.2 a)

NUMBER AND ANY OTHER PERTINENT DATA

b) Computer system for maintenance of inventory is
required.

7.8 TRANSFER FUEL ASSEMBLY TO PACKAGING CELL
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FUNCTION

EQUIPMENT REQUIREMENT

.8.1 HOIST AND TRANSLATE FUEL ASSEMBLY TO
HOT CELL

7.9 TRANSFER FUEL ASSEMBLY TO PACKAGING

DEVICE

.9.1 VERIFY CANISTER READY TO RECEIVE SPENT
FUEL ASSEMBLY )

7.10 PLACE PWR FUEL ASSEMBLY INTO CANISTER

.10.1 LOWER FUEL ASSEMBLY INTO CANISTER

7.8.1

7.9.1

7.10.1

a)

b)

a)

b)

a)

b) -

c)

d)

See 7.3.1 a)

Transfer ports are required to keep the cells
separate.

Visual means are required to verify that the
canister is in place.

Mechanical interlocks are required to prevent
release of fuel assembly when no canister is
emplaced.

See 7.3.1 a)

A load indicating device is required to indicate
when the fuel assembly is in the canister.

A fuel assembly restraint device is required to
temporarily hold the fuel element in position

Canisters are required to emplace the fuel into.
This cnaister shall be 16 inches 0.D. and 15.0
inches I.0. It shall be at least 185 inches

in length inside. The bottom shall be pre-welded
in and shall be sufficiently braced to withstand
the weight of sand and fuel element at a safety
factor of 5 or better. This canister shall be
fabricated of type 304L stainless steel pipe.

For a 2500 MTU/year receiving plant at 60% fuel
being PWR then 5016 canisters per year will be
required. 10,031 will be used per year in the
5000 MTU/year plant. The top edge of the canister,
on the inside, shall have a lifting ring by which
empty or full canisters can be moved about prior

to the end cap being welded on. The weld edge shall
have been previously prepared for welding.
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FUNCTION

EQUIPMENT REQUIREMENT

7.11

7.11.

7.10.2 DISENGAGE CRANE AND GRAPPLE AND RETURN

FOR NEXT FUEL ASSEMBLY

FILL CANISTER WITH SAND

4

7.11.1 MATE SAND FUNNEL WITH CANISTER

7.11.2 FILL CANISTER WITH SAND

7.11.3 PACK SAND INTO CANISTER

REMOVE SAND FUNNEL AND FUEL ELEMENT
RESTRAINT

TRANSFER CANISTER TO WELDING MACHINE

.1

HOIST FULL CANISTER FROM SAND FILLING
STATION

7.10.2

7.11.1

7.11.2

7.11.3

7.11.4

7.12.1

a)

a)

a)

a)

b)

c)

a)

a)

See 7.3.1 a)

A sand filling/transfer device is required to put
sand into the canister. It shall limit the amount
of sand lost over the edge of the canister.

Dry glass grade sand is required for placement
around the fuel assemblies in the canisters. This
will require that the commercial grade sand be
washed and dried on site before being transferred

to the canister. Each PWR canister will require
approximately 15 ft3 of dry sand. Eat¢h BWR canister
will require approximately 12 ft3 of 'sand. For a
2500 MTU/year plant this is about 2600 cubic yards -
double this for 5000 MIU/year throughput.

A canister vibrating device is required. This
shall be used to insure that sand is completely
filled in around the fuel element.

A sand level indicating device is required to
insure that the correct amount of sand is emplaced
in the canister.

A viewing device is required to inspect the sand
level and final position of the spent fuel assembly
in the canister.

None

A crane with a minimum capacity of 5T is required
to hoist the filled storage canister (approximately
6000 1bs).
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FUNCTION

EQUIPMENT REQUIREMENT

.12

.12.
.13

.13.

.13.

7.13.

14

.14

.1

2

(Con't)

TRANSFER CANISTER TO WELDING MACHINE

INTERFACE CANISTER TO WELDING MACHINE

PLACE CANISTER ONTO WELDING MACHINE
ROTARY TABLE

ACTIVATE ROTARY TABLE CLAMPING ARMS

INTERFACE THE WELDING MACHINE TO THE
CANISTER '

EMPLACE CAP ONTO CANISTER AND WELD CLOSED

.1

PLACE CANISTER CAP ON CANISTER

12,

.12,

I3,

.13,

13,

1

2

1

2

3

b)

a)

a)

b)

a)

a)

b)

a)

A special grapple on the crane is required to
engage the canister lifting ring. It shall be
remotely operable and shall have hoist interlocks
to prevent crane movement if not fully engaged:

This information shall be displayed to the crane
operator.

See 7.12.1 a)

See 7.12.1 a)

A viewing device is required to insure that canister
is correctly emplaced.

It is necessary to rotate the canister during the
welding operations. A large ''Chuck” will be
required to accomplish this function. It shall
have arms or latching units to hold the canister
in a centered position.

The 1id will require welding on in an inert
atmosphere. The welding "hood" will require
interfacing with the canister to within 1/4 inch
on the diameter.

Hood shall be capable of both vertical and swing-
away movement.

The cap shall interface with the canister and shall

. have a prepared "J" weld preparation. It shall

have the standard "Oak Ridge" lifting pin located
in its geometric center: It shall be sized to
safety factor of 5 or better.
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FUNCTION

EQUIPMENT REQUIREMENT

7:44.2

" 7.14.3

(Con't)

PURGE THE WELDING HOOD WITH ARGON QR
HELIUM WELDING GAS

ACTIVATE WELDING MACHINE AND WELD
CAP TO CANISTER

7.14.1

7.14.2

7.14.3

c)

d)

a)

b)

a)

b)

c)

d)

The canister caps shall be fed into the weld
hood from a magazine or similar device.

A pneumatic device is required to insure that
the cap is accurately seated on the canister.

A viewing device is required for operator
verification of correct cap emplacement.

Fluxless wire will be used for welding: it will
be necessary to flood the welding area to prevent
bad welds resulting from air. Pressure 1/2 PSIG
above ambient, 1 CFM/Minute flow (75 CFM/canister
will be required; this is 752,250 ft%/jear or 3500
std k bottles). ‘

An operator controlled valve is required.

A MIG welding machine is required to weld the
canister/canister cap. It shall use stainless
steel feed wire. Feed rates, amperage, voltage
shall be operator controlled.

The canister rotoary table shall be activated
upon activation of the welding machine. It shall
also be manually controlled by the operator.

After the first pass it will be necessary to
reposition the weld stinger ‘to make the next pass:
therefore the unit must be adjustable remotely.

A viewing device is required for operator veri-
fication of satisfactory welds.




FUNCTION

EQUIPMENT REQUIREMENT

£9-18

14

.15

.15.

.15.

.15.

.16

.4 TERMINATE WELDING CGAS FLOW AND REMOVE
WELDING HOOD FROM CANISTER

TRANSFER CANISTER TO INSPECTION STATION

1 ATTACH HOIST TO CANISTER STANDARD
LIFTING PIN ‘

2 RELEASE WELD MACHINE ROTARY TABLE
CLAMPING ARMS

3 HOIST AND TRANSLATE CANISTER TO WELD
INSPECTION STATION

.15.4 PLACE CANISTER INTO WELD INSPECTION
STATION

.16 VERIFY WELD INTEGRITY

.16.1 VERIFY WELD WITH -ULTRASONIC NDE DEVICE

.2 * VERIFY WELD GAS TIGHTNESS WITH MASS
SPECTROMETER

.14,

.15,

.15,

.15.

.15.

.16.

.16.

a)

b)

a)

a)

a)

a)

a)

a)

b)

See 7.14.2 b)

See 7.13.3 b)

A crane is required to hoist the canister from
the weld station. It slall be a minimum of 5T.
It shall be equipped with a grapple which mates
to the canister standard lifting pin. This
grapple shall be equipped with interlocks which
prevent crane hoisting if the grapple is not
fully engaged. This information shall be
displayed to the operator.

See 7.13.2 a)
See 7.15.1 a)

See 7.15.1 a)

An ultrasonic device is required to ascertain if
voids or other weld imperfections exist in the
cap/canister weld joint. A '"map" of each canister
weld shall be provided and shall be on permanent
record.

A vacuum chamber with an inflatable seal is
required to interface with the canister beyond the
weld area. A vacuum pump is required to pull a
vacuum of 17-20 PSIG.

- A mass spectrometer is required to test for argon

leaking out of the cylinder.

# v
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FUNCTION

EQUIPMENT REQUIREMENT

.16.3 DISENGAGE VACUUM CHAMBER FROM

.17 TRANSFER CANISTER TO OVER PACKING DEVICE

.17.1 HOIST AND TRANSFER CANISTER TO OVER-

.18.1 LOWER INNER CANISTER INTO OVER-PACK

CANISTER

PACKING STATION

7.18 PLACE CANISTER INTO OVER-PACK CANISTER

CANISTER

7.16.3

7.17.1

7.18.1

a)

b)

c).

a)

b)

c)

d)

See 7.16.2 a)

Visual means are required to verify that overpack
canister is in. place.

Mechanjical interlocks are required to prevent
release. of the inner canister when no over-pack
canister is emplaced.

See 7-.15.1 a)

See 7.15.1 a)

A load indicating device is required to indicate
when the inner canister is in the overpack.

A restraint is required to hold the inner canister
in place during sand filling.

Over-pack canisters are required to emplace the
inner canister into. This canister shall be 17.5
inches Q0.D. 16.5 inches I.D. It shall be 195
inches in length inside. The bottom shall be
pre~welded in and shall be sufficiently braced to
withstand the weight of the inner canister at a
safety factor of 5 or better. This canister shall
be fabricated of type 304L stainless steel pipe.
10,031 will be used per year for a 5000 MTU/year
plant. The top edge of the over~pack shall be
amenable to a hoisting grapple. The weld edge
shall have been previously prepared for welding.
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FUNCTION

EQUIPMENT REQUIREMENT

.19

.19.

.19.

.19.

.19.

. 20.

.21

.21,

.21

.22

.2 DISENGAGE CRANE AND GRAPPLE AND
RETURN FOR NEXT FUEL ASSEMBLY

FILL OVER-PACK CANISTER WITH SAND

1 MATE SAND FUNNEL WITH OVER-~PACK
CANISTER

2 FILL OVER-PACK CANISTER WITH SAND
3 PACK SAND INTO OVER-PACK
4 REMOVE SAND FUNNEL AND CANISTER

RESTRAINT

TRANSFER CANISTER TO WELDING MACHIKNE

1 HOIST OVER-PACK CANISTER FROM SAND
FILLING STATION

.2 TRANSFER OVER-PACK CANISTER TO WELDING
MACHINE

INTERFACE CANISTER TO WELDING MACHINE

1 PLACE OVER-PACK CANISTER ONTO WELDING
MACHINE ROTARY TABLE

.2 ACTIVATE ROTARY TABLE CLAMPING ARMS

EMPLACE CAP ON OVER-PACK AND WELD
CLOSFED

.18.

.19.

.19.

.19.

.19.

.20.

.20.

.21,

.21.

a)

)

a)

a)

a)

b)

a)

a)
b)

a)

See 7.15.1 a)

See 7.11.1 a) except funnel to fit over-pack.

See 7.11.2 a) except that quantity of sand per
over-pack is approximately 3 ft~. This would be
1200 cubic yards per year (4 yards/day).

See 7.11.3 a) through c¢) except read canisters
in lieu of spent fuel elements.

None

Similar to 7.12.1 a) except crane capacity now
6-10 T.

Similar to 7.12.1 b) excpet lifting ring will
most likely have to be on the outside of the

canister and the canister 0.D. is now 17 inches.

See 7.20.1 a) and b)

See 7.20.2 a)
See 7.13.1 b)

See 7.13.2 a) except over-pack canister is used
instead of inner canister.
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FUNCITION

EQUIPMENT REQUIREMENT

~d

.22

~4

.22,

.1 PLACE CANISTER CAP ON OVER-PACK

CANISTER

2 PURGE THE WELDING HOOD WITH ARGON OR
HELIUM WELDING GAS

.3 ACTIVATE WELDING MACHINE AND WELL CAP

TO OVER-PACK

.4 TERMINATE WELDING GAS FLOW AND.REMOVE

WELDING HOOD FROM CANISTER

TRANSFER CANISTER TO INSPECTION STATION

.1 ATTACH-HOIST TO OVER-PACK STANDARD

LIFTING PIN

.2 RELEASE WELD MACHINE ROTARY TABLE

CLAMPING. ARMS

.3 HOIST AND TRANSLATE. CANISTER TO

WELD INSPECTION STATION

.4 PLACE.OVER-PACK CANISTER INTO WELD-

INSPECTION STATION

VERIFY WELD INTEGRITY

.1- VERIFY WELD INTEGRITY WITH ULTRASONIC

NDE DEVICE

.2 VERIFY WELD GAS TIGHTNESS WITH MASS

SPECTROMETER

-3 DISENGAGE VACUUM CHAMBER FROM CANISTER

TRANSFER CANISTER TO DECON STATION

Ay

.22,

"~
(§%]

.22,

.23.

.24,

.24,

.24,

[R%]

4

a)

a)

a)

a)

b)

a)

a)

a)

a)

a)

a)

a)

See

See

See

See

See

See

See

See

See

see

See

See

14,

.14,

.13,

.23,

.23,

.16.

.16.

.16.

a) through d)
a) and b)
a) through d)

L

b)

b)

a) except load is now 6-10T

a)

a)

a)

a)

a) and b)

a)

AV

S Tt e b
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FUNCTION

EQUIPMENT REQUIREMENT

7.25.1 HOIST AND TRANSLATE OVER-PACK CANISTER
TO DECON STATION

7.25.2 LOWER OVER-PACK CANISTER INTO DECON
STATION

7.26 DECON CANISTER SURFACE

7.26.1 ACTIVATE DECON SPRAY AND WASH
CANISTER

7.27 TRANSFER CANISTER TO TEMPORARY LAY-DOWN
AREA

7.27.1 HOIST OVER-PACK AND TRANSFER TO
LAY-DOWN AREA

7.27.2 PLACE OVER-PACK INTO STORAGE RACK

7.28 PLACE BWR SPACER INTO CANISTER

7.28.1 HOIST SPACER AND PUI INTO CANISTER

7.25.1

7.25.2

7.26.1

7.27.1

7.27.2

7.28.1

a)

a)

a)

b)

a)

a)

b)

a)

See 7.15.1 a)

See 7.15.1 a)

A high pressure spray system is required to clean
the canister exterior. This will utilize one of
the commercially available deocn fluids. Pressure
should be about 100 PSIG. Cleaning fluid to

be recirculated.

The canister will require drying upon withdrawal
from the deocn pit. This requirement may vanish
if the canister is placed into a lag storage area,.

See 7.15.1 a)

A storage rack is required to contain the canister
during storage. It shall be designed such that no
canister is hoisted above any other canister during
movement. Canister spacing shall be such that keff
is always .95 or less under all conditions.

Rack shall testrain canisters under the design
basis earthquake.

Lag storage cooling is required. Air sweep system
to remove 100,000 BTU/hr. Exit air must be HEPA
filtered.

A spacer is required for the BWR storage canister
to maintain the correct alignment of' the fuel




FUNCTION

EQUIPMENT REQUIREMENT

753%:

7.28

7.29

7.30

©7.30.

7.30

7.31

7.31

.1 (Con't)

PLACE BWR ASSEMBLY INTO CANISTER

TRANSFER CANISTER. TO- MILLTNG DEVICE

1 HOIST. CANISTER FORM INSPECTION. STATION

.2 ACTIVATE MILLING MACHINE ROTARY TABLE
CLAMP ARMS
. 7.31 MACHINE OLD WELD AWAY
7310 POSITION. MILLING MACHINE AT WELD

.2 ACTIVATE .ROTARY TABLE

.3 ACTIVATE MILLING MACHINE AND MACHINE
WELD AWAY

a)

$7.30.1  a):
AND: TRANSFER TO MILLING MACHINE STATTON.|

L b")\
7.30.2 a)
- 7.31.1 a)
£
s b)
7.31.2 a)
7.31.3 a)
b)

7.28.1 (con't)

(Con't)

assemblies in the canister.

< 7.29 This function is identical to the. requirements of 7.10,
except that there are now three BWR fuel assemblies to
be placed into a storage canister instead of one.

See 7.15.1 a)
See 7.13.L a) and: b)

See 7.13.2 a)

The milling machine cutter head. must be adjustable
by the operator. It must be remotely controlled
such that the cutter can be moved in and out and
up: and down..

Visual means are required so that the operator can
verify the position of the canister/cutter prior
to activation of the milling machine.,

It is necessary for the canister to be turned as
the milling machine cuts the old weld away.
Activation shall be by the operator. Activation
shall be indicated to the operator.

The milling machine must be remotely activated
switched on). Satisfactory activation shall be
indicated to the operator.

The milling machine cutting head must be adjustable
by the operator.

YT errat——

gy

e ovemm v T




FUNCTION EQUIPMENT REQUIREMENT

€L-14

.31.3 (Con't)

s

7.31.3 ¢) See 7.31.1 b)

.32 TRANSFER CANISTER TO WELD MACHINE

.32.1 PLACE WELDING HOOD OVER CANISTER 7.32.1 a) See 7.13.3 a)

NOTE: SINCE THE CAP AND STANDARD
LIFTING PIN HAVE BEEN MACHINED
OFF, IT WILL NOT BE POSSIBLE
TO HOIST AND TRANSFER THE
CANISTER. RATHER THE WELDING
HOOD WILL BE BROUGHT TO IT.

.33 REWELD CANISTER CAP

7.33.1 PURGE THE WELDING HOOD WITH ARGON/ 7.33.1 a) See 7.14.2 a) and b) except yearly quantity of
HELTUM GAS gas approximately 17 of value.
.33.2 ACTIVATE WELDING MACHINE AND REWELD 7.33.2 a) See 7.14.3 a) through d)

CAP TO CANISTER

.33.3 TERMINATE WELDING GAS FLOW AND REMOVE 7.33.3 a) See 7.14.4 a) and b)
WELDING HOOD FROM CANISTER

.34 VERIFY WELD INTEGRITY

.34.1 ATTACH HOIST TO CANISTER STANDARD 7.34.1 a) See 7.15.1 a)
LIFTING PIN

.34.2 RELEASE WELD MACHINE/MILLING MACHINE 7.34.2 a) See 7.13.2 a)
ROTARY TABLE CLAMP ARMS

.34.3 HOIST AND TRANSLATE CANISTER TO WELD 7.34.3 a) See 7.15.1 a)
INSPECTION STATION

.34.4 PLACE CANISTER INTO INSPECTION 7.34.4 a) See 7.15.1 a)
STATION ‘
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FUNCTION

_EQUIPMENT REQUIREMENT

7.34.5

7.34.6

7.34.7

7.34.8

VERIFY WELD WITH ULTRASONIC NDE DEVICE

VERIFY WELD GAS TIGHTNESS WITH MASS
SPECTROMETER

DISENGAGE VACUUM CHAMBER FROM CANISTER

TRANSFER CANISTER BACK INTO MAIN
PROCESS FLOW

7.34.5

7.34.6

7.34.7

7.34.8

a)

a)

a)
a)

See

See

See

See

7.16.1 a)

7.16.2 a) and b)

7.16.2 a)

7.15.1" a)

i S
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FUNCTION

EQUIPMENT REQUIREMENT

8.2 LOWER CANISTER TO MINE WORKING LEVEL

8.0 GEOLOGIC REPOSITORY OPERATIONS EXCLUDING
RECEIVING BASIN AND PACKAGING FACILITY
FUNCTIONS

8.1 TRANSFER CANISTER TO MINE HOIST FROM

PACKAGING FACILITY (OR ACV) INTO
TRANSFER CELL

 8.1.1 PLACE CANISTER INTO TRANSFER DEVICE

8.1.2 TRANSFER THE CANISTERS INTO THE

ELEVATOR TRANSFER CELL

TRANSFER THE CANISTERS FROM THE TRANSFER
CAR INTO THE ELEVATOR CAR

8.1.3

a)

a)

a)

b)

c).

A crane is required to hoist the canister from the
temporary lag storage area and place into the
transfer car. This crane shall be remotely

operated and shall have a minimum of 5T capacity."
This crane shall be a part of the packaging facility.
This unit shall have the standard lift pin connector.

A transfer car is required to move the canisters
from the packaging facility laydown area into the
elevator transfer cell. This device shall be
capable of transporting two canisters. It shall
transfer at a maximum speed of 5 FPM. It shall be
capable of restraining the canisters, in the event
of a design basis earthquake. The transfer car
shall be remotely operated.

A crane is required to hoist the canisters from the
transfer car into the elevator car. This unit is
functionally the same as 8.1.1 a).

An air-lock closure door is required to seal the
transfer car port. This door shall be remotely
controlled. It shall provide both the functions
of an air-lock and a shielding door.

An offset in the elevator cage will be necessary
in order to load the canisters into the cage.




" 9/-18

FUNCTION

&.2.1 PROVIDE AN ELEVATOR CAR AND HOIST
MECHANISM

8.3 TRANSFER CANISTER TO TRANSPORTER

3.3.1 MOVE TRANSPORTER INTO POSITION OVER
LOADING PORT

8.3.2 MATE TRANSPORTER TO PORT
8.3.3 TRANSFER CANISTER INTO TRANSPORTER
8.3.4 DEMATE TRANSPORTER FROM LOADING PORT

" 8.4 HOIST RETURN. TO SURFACE

8.4.1 PROVIDE ELEVATOR CAR SYSTEM AND HOIST
MECHANTSM

- 8.5 TRANSPORT TO BURIAL CHAMBER

i8.5.l PROVIDE TRANSPORT FOR THE SPENT FUEL
CANISTERS TO SPECIFIED LOCATION IN THE
GEOLOGIC STORAGE CHAMBER

8:6..ALIGN TRANSPORTER WITH STORAGE SLEEVE

8.6.1. GROSSLY POSITION TRANSPORTER OVER
" STORAGE SLEEVE PLUG

8.6.2 FINE ALIGN TRANSPORTER OVER SLEEVE
PLUG

a)

b)

c)

a)

a)
a)

a)u

a)

a),

a)

a)

EQUIPMENT REQUIREMENT

The elevator car shall have an automatic braking
system in the event of hoist cable failure.

The elevator cabling shall be redundant.

The elevator should reach the mine working
level in 10 min. or less.

See 9.2.1 a)

See 9.2.1 a)

See 9.2.3 a) through d)

‘See 9.2.3 b)

See 8.2.2 a) through c)

See 9.2.1 a)

See 9.4.1 a) and b)

See 9.4.2 a) and b)




FUNCTION

EQUIPMENT REQUIREMENT

LL=113

8.7 REMOVE SHIELD PLUG

8.7.1 ATTACH GRAPPLE TO SLEEVE PLUG
STANDARD LIFTING PIN

8.7.2 HOIST SLEEVE PLUG FROM STORAGE SLEEVE

8.8 TRANSLATE CASK OVER SLEEVE AND MATE

8.8.1 MOVE SLEEVE PLUG AWAY FROM SLEEVE

8.8.2 MOVE TRANSPORTER CASK INTO POSITION OVER
SLEEVE AND MATE

8.9 LOWER CANISTER INTO SLEEVE
8.9.1 OPEN CASK CLOSURE
8.9.2 LOWER CANISTER INTO SLEEVE

8.9.3 DISCONNECT CANISTER GRAPPLE FROM
CANISTER AND RETRACT INTO CASK

8.9.4 CLOSE CASK CLOSURE

8.10 TRANSLATE CASK OFF OF SLEEVE

8.10.1 MOVE TRANSPORTER CASK FROM POSITION
OVER SLEEVE :

8.10.2 MOVE SLEEVE PLUG BACK OVER SLEEVE

8.11 RE-INSTALL SHIELD PLUC

8.11.1 LOWER SLEEVE PLUG INTO SLEEVE RECEPTACLE

a)

a)

a)

a)

b)

5

a)
a)

a)
a)

b)

a)

a)

b)

See

See

See
See

See

See
See

See

See

See

See

See

See

See

a)

a)

a)
a)
a)

a)
b)

b)

a)

a)

a)
a)

b)

b)

through b)

through b)

and b)

and b)
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FUNCTION

EOQUIPMENT REQUIREMENT

8.12

8.12.1

" Note:

8.13.1

e

T . v oeb ™

$

8.13.2

8.13.3

8.11.2 DISENGAGE PLUG GRAPPLE AND WITHDRAW

FROM PLUG

RETURN TRANSPORTER FOR NEXT CANISTER

DRIVE EMPTY TRANSPORTER BACK TO
LOADING PORT

INSTALL MONITOR EQUIPMENT

THIS PARAGRAPH WILL BE USED TO
DESCRIBE THE FACILITY REQUIREMENTS
IN ADDITION TO MONITORING EQUIPMENT.

PROVIDE. STORAGE SPACES FOR CANISTERS

PROVIDE COOLING AIR TO MINE TUNNELS

INSTALL MONITORS

8.12.1

e fam memw = e

38.13.2

8.13.3

8.11.2

a)

a)

a)

b)

c)

a)

b)

a)

See 9.5.1 a) and b)

see 9.2.1 a)

The canisters shall be emplaced in concrete lined

sleeves whidh are in turn embedded in the geologic
media.

The storage canisters shall. be cooled by conduction
into the geologic media.

A.shield.plug shall be emplaced in the sleeve and
shall limit the radiation to 2 mrem at the floor

level.. This plug shall be stepped to prevent
neutron shine.,

Cooling air is required in the tunnels to limit

the temperature to levels where presonnel can
work safely.

Emergency air fans and HEPA filters are required
to filter the mine air in case canister leaks are

detected. Size of system is estimated at 100,000
CFM.

See 9.11.3 a)

PR T T
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FUNCTION

EQUIPMENT REQUIREMENT

9.0

9.1

9.1.

9.2

9.2.

.
(8]

ATIR COOLED VAULT OPERATIONS

TRANSFER CANISTER TO TRANSPORTER LOADING

PORT

.1 RETRIEVE CANISTER FROM PACKAGING

FACILITY CANISTER LAY DOWN AREA

TRANSFER CANISTER TO HOT CELL
TRANSFER DEVICE

3 TRANSFER CANISTER TO TRANSPORTER
LOADING PORT

TRANSFER CANISTER TO TRANSPORTER

1 MOVE TRANSPORTER INTO POSITION OVER
LOADING PORT

9.

9.

9.

9.

1.

1.

1.

2

1

2

3

.1

a)

b)

c)

a)

a)

b)

a)

A crane is required to hoist the canister from
the laydown area. Capacity of this crane
should be 5T minimum.

An adapter device (grapple) is required. This
shall be the '"Oak Ridge' standard lifting adapter.

This crane and grapple shall be remotely
controlled.

See 9.1.1 a), b), ¢)

A canister transfer car (basket) is required.
This unit shall be sized to carry two canisters.

It shall be remotely operated. Speed of transfer
shall be limited to 5 FPM.

An impact limiting device is required under the
transfer car to prevent damage to the facility
structure in case of an accident. This device
may be made of wood.

A shielded canister transporter is required.
This unit must provide shielding from the spent

‘fuel elements contained in the canisters. This

unit must have translational capabilities such
that accurate alignment over the loading port
can be accomplished. This unit must also have
the capability to raise and lower the cask such
that the cask can mate directly with the port.




FUNCITON

EQUIEMENT REQUIREMENT

08-18

§9.2.2 MATE TRANSPORTER TO PORT

9.2.3 TRANSFER CANISTER INTO TRANSPORTER

9.2.4 DEMATE TRANSPORTER FROM LOADING PORT

9.3 TRANSPORT CANISTER TO STORAGE CHAMBER

9.3.1 PROVIDE TRANSPORT FOR THE SPENT FUEL

CANISTERS TO SPECIFIED LOCATIONS IN THE
ATIR-COOLZD VAULT.

9.2.2

9.2.3

" 9.2.4

9.3.1

a)
a)

b)

c)

d).

a)

a)

See 9.2.1 a)
See 9.2.1 a)

The transporter shall have an integral hoist
inside the cask to hoist the canisters. It
shall have the standard lifting pin grapple.
The hoist shall be equipped with a device for
indicating when the canister  is fully inside
the transporter cask. A cask closure shall
seal the. cask.

The facility- Yoading. port shall be equipped with,-

a shielded' air lock door. This, door shall be
remotely controlled and: shall not be. opened
until the transporter is in place. An, interlock
shall be provided to prevent the transporter
from demating with the transfer port prior to
door closure.

The transporter cask shall have an integral heat
exchanger to which plant water can be coupled.
This, shall be used in case of emergency wﬁeq
the transporter must hold: the. loaded canister
for a length of time greater than the time
required for emplacement.

See 9.2.3 b)

See 9.2.1 a)

L.
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EQUIPMENT REQUIREMENT
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9.4 ALIGN TRANSPORTER WITH STORAGE SLEEVE

9.4.1 POSITION TRANSPORTER OVER STORAGE

SLEEVE PLUG GROSSLY

9.4.2 FINAL POSITION TRANSPORTER OVER SLEEVE
PLUG

9.5 REMOVE SHIELD PLUG

9.5;1 ATTACH GRAPPLE TO SLEEVE PLUG

STANDARD LIFTING PIN

9.5.2 HOIST SLEEVE PLUG FROM STORAGE SLEEVE

9.6 TRANSLATE CASK OVER SLEEVE AND MATE

9.6.1 MOVE SLEEVE PLUG AWAY FROM SLEEVE

9.6.2 MOVE TRANSPORTER CASK INTO POSITION
OVER SLEEVE AND MATE

9.4.1

9.4.2

9.

9.

9.

9.

5.1

5.2

6.1

6.2

a)

b)

a)

b)

a)

b)

a)

b)

a)
a)

b)

An indicator system on the floor of the facility
is required.

Alignment devices on the transporter cab are
required.

Optical alignment targets on the facility
adjacent to the storage plug are required.

Two each shall be provided and shall be at
least 90° apart.

An optical system for the transporter operator
shall be provided. The operator shall be able

to fine align the transporter to the sleeve
plug for removal of the plug.

The sleeve plug shall be equipped with a standard
lifting pin.

The transporter shall have a sleeve hoist capable
of lifting the sleeve. Hoist height distance
shall. be approximately six feet.

£.
See 9.5.1 b) above

Hoist speed shall be 5 FPM or less.

See 9.2.1 a)
See 9.2.1 a)

See 9.4.2 a), b)
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EQUIPMENT REQUIREMENT

¢8- L4

9.7 LOWER CANISTER INTO SLEEVE

9.7.1 OPEN CASK CLOSURE

9.7.2 LOWER CANISTER INTO SLEEVE

19.7.3 DISCONNECT CANISTER CASK GRAPPLE FROM

CANISTER AND' RETRACT INTO CASK

9.7.4 CLOSE CASK CLOSURE

9.3 TRANSLATE CASK OFF-OF-SLEEVE

}9.8.1 MOVE TRANSPORTER CASK FROM POSITION

OVER SLEEVE

9.8.2 MOVE SLEEVE PLUG BACK OVER SLEEVE

9.9 RE-INSTALL SHIELD PLUG

9.9.1 LOWER SLEEVE PLUG INTO SLEEVE

RECEPTICLE

9.9.2 DISENGAGE PLUG GRAPPLE AND WITHDRAW
FROM PLUG

9.10 RETURN TRANSPORTER FOR NEXT CANISTER

9.10.1 DRIVE EMPTY TRANSPORTER BACK TO
LOADING PORT

9.11 INSTALL MONITORING EQUIPMENT

b)-

b)

b)

The cask/cask closure shall be sufficiently
interlocked that the closure cannot be activated
until the cask is firmly resting on the facility.

An air seal shall be established at the cask/sleeve
interface.

See 9.2.3 b)

See 9.2.3 b)

See 9.7.1 a)

See 9.2.1 a)
See 9.4.2 a)

See 9.2.1 a)

See 9.5.1 b)
See 9.5.2 b)

See 9.5.1 a), b)

.10.1 a) See 9.2.1 a)
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FUNCTION

EQUIPMENT REQUIREMENT

9.11 (Con't)

MOTE: THIS PARAGRAPH WILL BE USED TO DESCRIBE
THE FACILITY REQUIREMENTS IN ADDITION
+ TO MONITORING EQUIPMENT.

9.11.1 PROVIDE STORAGE SPACES FOR CANISTERS

9.11.2 PROVIDE COOLING AIR TO CANISTERS

9.11.1

9.11.2

b)

c)

d)

b)

c)

d)

The canisters shall be emplaced in concrete lined
sleeves. The space around the sleeve-to-canister
shall be sufficient to allow natural convection
air flow. Two module sizes shall be considered

a nominal 500 MTHM and 1000 MTHM storage space
size.

The stored canisters shall be cooled by conduction
and natural convection.

A shield plug shall be emplaced in the sleeve and
shall limit the radiation level in the vault

area above the floor to 2 mrem dose. This plug
shall be stepped to prevent neutron shine.

A temporary air shield shall be installed at the

top or bottom of an empty sleeve to prevent loss
of air.

Inlet air ducts are required.
An outlet ducting system is required.

Emergency dampers in the outlet ducts are required.
These shall be automatically and manually activated
upon detection of contamination in the exit cooling
air stream. )

Suction fans with a capability fo 50,000 CFM are
required to provide emergency cooling and drawing
air through HEPA filters. 7Two fans per bay are
required.
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FUNCTION

EQUIPMENT REQUIREMENT

9.11.2 (Con't)

9.11.3 INSTALL MONITORS

e et

[N

"

PO

v A —
o B e e ek ot WA LRI L W T VA R

9.11.2

9.11.3

o A T £, SRR IR, W

e)

a)

HEPA filters are required. These shall match
the fan capacity.

An air sampling system is required. It shall be
capable of detecting either fission gas:prodicts

or particulate contamination in the effluent air
strean.

LA A e S

.-
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FUNCTION

EQUIPMENT REQUIREMENT
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10.0 REPROCESSING PLANT OPERATIONS

NOFE: ONLY THE INPUT STREAMS AND THE OUTPUT
STREAMS, INCLUDING Pu, U, SOLID WASTE,
AND LIOUID WASTES, WILL BE DETERMINED
IN THIS FUNCTION. A BLOCK BY BLOCK
EQUIPMENT REQUIREMENT WILL NOT BE
ATTEMPTED.

PLANT THROUGHPUT

1500 MTU/year
(7 PWR/11BWR/day)

HULLS AND END FITTINGS
60 £t (3800 1bs)

DRUMMED WASTE (TRU) DRUMMED WASTE BETA-GAMMA

40 £t° (240 1bs) 624 £t (3700 1bs)
Combustible Combustible

11 ££3 (700 1bs) 159 £t3 (10,000 1bs)
Non-combustible Non-combustible

LIQUID WASTE URANIUM Pu
25,000 £/day “5 MTU @ .82% .035 mt
(5000 £/mt) Enrichment (28.6 kg)

Each of the values above can be scaled to find the values
for any other plant size.




98-189

FUNCT ION

EQUIPMENT REQUIREMENT

l1.

Il.

11.
- 11.

11.
.

L1.:

11.

il.
11.

1.

11.

It.

SPENT FUEL DECANNING OPERATL1ONS IN
SUPPORT OF REPROCESSING, INCLUDING
CANISTER AND OVER-PACK XEWORK

TRANSFER TRANSPORTER TO STORAGE
CHAMBER

.1 DRIVE TRANSPORTER TO STORAGE SLEEVE

ALIGN. TRANSPORTER WITH STORAGE SLEEVE

.1 GROSSLY POSITION TRANSPORTER OVER
STORAGE SLEEVE

.2  FINAL POSITION TRANSPORTER OVER
SLEEVE PLLUG

REMOVE SHIELD PLUG

.1 ATTACH GRAPPLE TO SLEEVE PLUG
STANDARD LIFTING PIN

.2 HOIST SLEEVE PLUG FROM STORAGE
SLEEVE .

TRANSLATE CASK OVER SLEEVE AND MATE

.1l MOVE SLEEVE PLUG AWAY FROM SLEEVE

.2 MOVE TRANSPORTER CASK INTO POSITION
OVER SLEEVE AND MATE

HOIST CANISTER INTO TRANSPORTER CASK

.1 OPEN CASK CLOSURE

11.1.

11.2.

11.2.

11.3.

11.3.

“1l.4.

1.4,

11.5.

a)

a)

a)

a)

a)

b

a)
a)

b)

a)

See

See

See

See

See

See

See

See 9.

See

See

a)

a)

a)

a)

b):

b)

a)

a)

a)

a)

through b)

through b)-

through b)

and b)

and b)
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FUNCTION

EQUIPMENT REQUIREMENT

11.5.2 LOWER GRAPPLE INTO SLEEVE AND ATTACH
TO CANISTER

11.5.3 HOIST CANISTER INTO TRANSPORTER
11.5.4 CLOSE CASK CLOSURE

11.6 TRANSLATE CASK OFF OF SLEEVE

11.6.1 MOVE TRANSPORTER CASK FROM POSITION
OVER SLEEVE

11.6.2 MOVE SLEEVE PLUG BACK OVER SLEEVE

11.7 RE-INSTALL SHIELD PLUG

11.7.1 LOWER SLEEVE PLUG INTO SLEEVE
~ RECEPTACLE

11.7.2 DISENGAGE PLUG GRAPPLE AND WITHDRAW
FROM PLUG '

11.8 TRANSPORT CANISTER TO UNLOADING PORT

11.8.1 PROVIDE TRANSPORT FOR THE SPENT FUEL
CANISTERS TO THE UNLOADING PORT

11.9 UNLOAD CANISTERS FROM TRANSPORTER .

'11.9.1 MOVE TRANSPORTER INTO POSITION OVER
LOADING PORT )

' 11.9.2 MATE TRANSPORTER TO PORT

11.9.3 TRANSFER CANISTER FROM TRANSPORTER TO
HOT CELL TRANSFER DEVICE

11.9.4 DEMATE TRANSPORTER FROM LOADING PORT

11.

11.

11.

11.

11.

11.

11.

11.

11.

11.

‘11,

11,

a)

a)

a)

a)

a)

a)

b)

a)

a)

a)

a)

. a)

a)

See

See

See{

See

See

See’

See

See

See

See 9.

See

. See

See

b)
b)
a)
é) and b)
a)
b)

b)

a) and b)

a)

a)

a)

a) through d)

b)
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EQUIPMENT REQUIREMENT

88-l8g

11.

11

11.
11.
1.
11
11,

;'_11.
11
11.

11.

11.

11

11.

.10

.10.

10

.11

11.

11

12

2.

12

13

13,

13.

13.

TRANSFER CANISTER TO TEMPORARY LAY DOWN

AREA

1

TRANSFER CANISTER TO LAY DOWN CELL

.2 HOIST CANISTER FROM TRANSFER CAR AND

PLACE INTO TEMPORARY STORAGE RACK

TRANSFER CANiSTER INTO DE-CANNING CELL

1

ATTACH HOIST TO OVER-PACK CANISTER
STANDARD LIFTING PIN

.2 HOIST AND TRANSFER CANISTER INTO

DE-CANNING CELL

POSITION CANISTER IN: CAP REMOVAL MACHINE

.2

1.

PLACE OVER-PACK CANISTER ONTO- ROTARY
TABLE

ACTIVATE ROTARY TABLE CLAMPING ARMS

REMOVE CANISTER CAP

14

.14,

14.

POSITION MACHINE CUTTING HEAD
ACTIVATE ROTARY TABLE

ACTIVATE MACHINE AND CUT CANfSTER~
CAP AWAY

TRANSFER CANISTER CAPS TO MACHINE SHOP

ATTACH GRAPPLE TO STANDARD LIFT PIN
AND PULL CAP FROM CANISTER

TRANSFER CANISTER CAP TO "WARM"
MACHINE SHOP

11.

11.

11.

. 1.

.
11.
1YV,

' 11

- 11.

11.

11.

10.

10.

11.

11.

12.
12.
13.

.13,

13.

14.

14.

a)

a).

a)

a)

a)

a)

a)

a)
a)

a)

a)

b)

See

See

See

See

See

See

See

See

See

See

See

9.1.3 a) and b)

9.1.1 a) through ¢)

7.15.1 a) except load is now 6-10T

11.11.1 a)

11.11.1 a)

7.21.2 a):

7.31.1 a) and b)

7.31.2 a)

7.31.3 a) through c¢)

11.11.1 a)

11.11.1 a)

A transfer port is required between the
decanning cell and warm shop.
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FUNCTLON

EQUIPMENT REQUIREMENT

11.

11.
11.
11.

11.

11.

11.

11.

11.

11.

11

11.

15

15.

15.

16

16.

16.

16

16

17

17.

.18

18.

1

2

1

REMOVE CANISTER FROM CAP REMOVAL DEVICE

HOIST OVER-PACK CANISTER FROM CAP
REMOVAL DEVICE

TRANSFER OVER-PACK CANISTER TO INNER
CANISTER REMOVAL STATION

REMOVE INNER CANISTER FROM OVER-PACK

PLACE OVER-PACK CANISTER INTO INNER
CANISTER REMOVAL STATION

2 ACTIVATE CLAMPS TO HOLD OVER PACK

.3 ATTACH INNER CANISTER GRAPPLE TO

STANDARD LIFTING PIN

.4 ACTIVATE OVER-PACK VIBRATOR AND WITH-

DRAW INNER CANISTER

TRANSFER CANISTER TO CAP REMOVAL MACHINE

1

1

HOIST AND TRANSFER CANISTER TO CAP
REMOVAL MACHINE #2

POSITION CANISTER IN CAP REMOVAL MACHINE

PLACE INNER CANISTER ONTO ROTARY
TABLE

11

11.

11

11.

11.

11.

11.

11.

.15.

.16.

16.

16.

16.

17.

18.

a)

a)

b)

a)

b)

a)

a)

b)

a)

a)

- A vibrator is required to fluidize the sand

See 7.20.1 a) and b)

See 7.20.1 a) and bh)

See 7.20.1 a) and b)

A clamping device which will "grip" the overpack
canister during inner canister withdrawal is required,
An operators console is required to ‘activate the
canister clamping device. Full clamp-up shall
be indicated to the operator.

Visual means are required to verify clamp-up.

See 7.15.1 a)

between the over-pack and inner canister. Unit
is functionally the same as 7.11.3 a).

See 7.15.1 a)

See'7.15.l a)

see 7.15.1 a)
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£

*

11.
, 11
L1.
11.

11.

B

11,

Il

11

11.

11.

18.

19

19.

20

.20

.21,

21

.21

.21,

22

22,

.2 ACTIVATE ROTARY TABLE

.3 ACTIVATE MACHINE AND CUT CANISTER

.1 HOIST CANISTER FROM CAP REMOVAL

.2 PLACE CANISTER INTO FUEL ELEMENT

.3 ACTIVATE CLAMPS' TO HCLD CANISTER

2 ACTIVATE ROTARY TABLE CLAMPING ARMS

REMOVE CANISTER CAP

1 POSITION MACHINE CUTTING HEAD

CAP AWAY '

REMOVE- CANISTER FROM CAP REMOVAL DEVICE

MACHINE ’

TRANSFER CANISTER.TO WITHDRAWAL DEVICE.

I TRANSFER CANISTER TO SPENT FUEL ELEMENT
REMOVAL STATION
REMOVAL STATION |

4 ENGAGE SPENT FUEL ELEMENT GRAPPLE

VIBRATE CANISTER AND.REMOVE FUEL

1 ACTIVATE INNER CANISTER VIBRATOR AND
REMOVE SPENT FUEL ASSEMBLY

ke W

R e RN TS W

P

11

11.
11.

11.

11.

11.
C11.

11

11

11.

.18.

19.

19.

19.

20.

21.

21.

21.

.21,

22.

N

a)

a)
a)
a)

a)

a)

a)

a)
a)

b)

a)
b)

c)

See

See

See

See

See

See

See

See-

See

See

See

See

See
and

7.21.2 a)

7.31.1 a) and b)

 through c¢)

7.12.1 a)' and'b)

7.12.1' a) and b)

7.12.1 a) and:b)

11°.16%2 a):and'b)
7.3.1: a)

7.3:2.b)

7.3.1 a)

7.3.2 b)

11.16.4 a) except overpack is now canister
inner canister is spent fuel assembly.

R T

Ao

A Wb
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FUNCTION

EQUIPMENT REQUIREMENT

11.

11.

11.

11

11

11.

11.

11.

11.

11

11.

11.

23

23.

23

.24

.24,

24.

25

25.

25.

.26

26.

26

TRANSFER FUEL ASSEMBLY TO INSPECT
STATION

1 TRANSLATE FUEL ASSEMBLY TO INSPECTION
STATION

.2 PLACE FUEL ASSEMBLY IN STATION

TRANSFER OVERPACK CARISTER TO SAND
REMOVAL DEVICE '

1 HOIST OVER PACK CANISTER FROM TINNER
CANISTER REMOVAL STATION

2 TRANSFER OVER~-PACK CANISTER TO SAND
REMOVAL STATION

TRANSFER CANISTER TO SAND REMOVAL DEVICE

1 HOIST INNER CANISTER FROM SPENT FUEL
REMOVAL DEVICE

2 TRANSFER CANISTER TO SAND REMOVAL
STATION : .

REMOVE SAND

1 INSERT VACUUM PROBE INTO CANISTER

.2 SUCK SAND FROM CANISTERS

11.27 TRANSFER CANISTERS AND OVER PACK TO

MACHINE SHOP

11.

11

11

11

11.

11.

11.

11.

23.

.23.

224

.24,

25.

25.

26.

26.

a)

a)

a)

a)

a)

a)

a)

a)

b)

See 7.3.1 a)

See 7.3.1 a)

See-7.20.1 a) and b)

See 11.24.1 a)

See 7.12.1 a) and b)

See 11.25.1 a)

Sand will be removed from canisters by vacuum
transport means.

A vacuum suction machine is required. It shall

be able to remove the sand from a full canister

in 10 minutes or less and transfer it to a holding
tank. The tank shall hold a 10 days quantity

of sand.

Visual means are required to inspect the inside
of the cansiters to verify complete sand removal.
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11.

31

CANISTER

INSPECT MILL FINISH WORK

11.27.1 TRANSFER INNER CANISTER TO WARM 11.27.1 a) See 7.12.1 a) and b)
MACHINE SHOQOP
11.27.2 TRANSFER OVER PACK TO WARM MACHINE 11.27.2 a) See 7.20.1 a) and b)
; SHOP
i11.28 TRANSFER SAND TO WASTE PROCESS AREA
;
i
{17.28.1 AIR TRANSFER SAND TO WASTE PROCESS +11.28.1 a) A vacuum transfer déevice is required to move
é AREA. ‘ : the sand from.the canister: sand:removal: station.
! % to the waste process-station:.
. ] ‘
i 2 b) A holding tank-of 10'days-supply of. sand is
% required. in the  waste- process. area.
. . i
311.29 TRANSFER INNER.CANISTER:TOMILLING i
i MACHINE. !
jll.29;l HOIST AND TRANSFER INNER CANISTER f11.29.1 a) See 7.12.1.a) except canister is. .now empt;
TO MILLING MACHINE ‘ '
11.29.2 PLACE CANISTER.INTO MILLING MACHINE f 11.29:2 a) See 7.12.1 a)*
' ROTARY ' TABLE. ' }
11.29.3 ACTIVATE MILLING MACHINE ROTARY: ; 11.29:3 a) See 7.13:2 a)
TABLE CLAMP ARMS ] ’
i
11.30 MILL END OF CONTAINER TO ORIGINAL t
CONFIGURATION '
11.30.1 POSITION MILLING MACHINE AT CANISTER 11.30.1 a) See 7.31.1 a) and b)
11.30.2 ACTIVATE ROTARY TABLE 11.30.2 a) See 7.31.2 a)
11.30.3 ACTIVATE MILLING MACHINE AND REWORK 11.30.3 a) See 7.31.3 a) through c)

et - anarnd

[pER—

[

b MR Yoo SR AT S 8




£6-19

FUNCTION

EQUIPMENT REQUIREMENT

11.
11.
11.

11.
11.

11.

11

11.

11

111
11.
11.

11.

11

31.

31.

32

32.

32

33

.34

35

.36

.37

37.

37.

37.

.38

2 VISUALLY COMPARE REWORK TO ORIGINAL

1

.2

CONFIGURATION

2 PLACE CAP INTO MILLING MACHINE CHUCK

GAGE SQUARENESS OF REWORKED END

DRAWING

TRANSFER INNER CANISTER TO WASTE PROCESS
AREA

HOIST CANISTER FROM REWORK AREA
TRANSFER CANISTER TO WASTE PROCESS AREA

TRANSFER OVER-PACK CANISTER TO MILLING
MACHINE

MILL END OF CONTAINER TO ORIGINAL

INSPECT MILL FINISH WORK

TRANSFER OVER PACK CANISTER TO WASTE
PROCESS AREA

TRANSFER INNER CANISTER CAP TO MILLING
MACHINE

HOIST CAP AND TRANSLATE TO MILLING
MACHINE

AND RELEASE GRAPPLE

ACTIVATE CHUCK COLLET

REWORK CAP TO ORIGINAL CONFIGURATION

11

11

11.

11

11.

11.

11

11

11

11

11.

.31,

.31,

32.

232,

33

34

.35

.36

.37.

.37.

37.

a)

a)

a)
a)

A device to measure the perpendicularity of the
machined end to the canister axis is required.

Visual means are required to inspect the canister
rework.

See 7.31.1 a) and b)

See 11.32.1 a) above

a) Same as 11.29

a)

a)

a)

a)

a)

a)

b)

Same as 11.30

Same as 11.31

Same as 11.32

See 7.15.1 a) except crane is 1T
See above 11.37.1 a)

A collet type chuck is required to hold the cap
during rework. '

Visual means are required to insure proper cap
placement.




FUNCTION

EQUIPMENT REQUIREMENT

11

v6-189

L1

11

11.

11.

7.

11.

II

11

11,

11
11.

11.

.38.

.38.

38.

39

39

39

.40

.40

.40

41

.42

43

44

1 POSITION MILLING MACHINE AT CAP
2 ACTIVATE CHUCK

3 ACTIVATE MILLING MACHINE AND REWORK
CAP

INSPECT REWORK

.1 GAGE REWORK

.2 VISUALLY COMPARE REWORK TO ORIGINAL
DRAWING

TRANSFER INNER CANISTER CAP TO WASTE
PROCESS AREA .

1" HOIST CAP FROM MILLING MACHINE

.2 TRANSFER CAP TO WASTE PROCESS AREA

TRANSFER OVER PACK CANISTER CAP TO
REWORK AREA :

REWORK CAP TO ORIGINAL CONFIGURATION

INSPECT REWORK

TRANSFER OVER PACK CANISTER CAP TO
WASTE PROCESS AREA

11.38.1 a)
11.38.2 a)

11.38.3  a)

11.39.1 a)

F 11.39.2  a)

11.40.1 a)
| 11.40.2 a)

% Same as -11.37

. Same as 11.39

| Same as 11.40

See 7.31.1 a) and b)
See 7.31.2 a)

See 7.31.3 a) through c)

A templaté or comparator is required to insure
that the cap is reworked per drawing.

Visual means are required to inspect the cap
rework.

See 11.37.1 a)

See 11.37.1 a)

| Same as 11.38
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FUNCTION

EQUIPMENT REQUIREMENT

12.0 SOLID WASTE PROCESSING (FROM
REPROCESSING)

12.1 TRANSFER METALIC WASTE TO PROCESS
STATION

12.1.1 PLACE HULLS AND END FITTINGS IN
TRANSFER CONTAINEE

12.1.2 TRANSFER CONTAINERS TO PROCESS
STATION

12.2 REDUCE METALIC WASTE TO SMALL PARTICLES

12.2.1 EMPTY CONTAINERS OF 12.1 INTO ROLL
CRUSHER HOPPER

12.2.2 FEED MATERIAL INTO THE ROLL
CRUSHER '

12.1.1

12.1.2

12.2.1

12.2.2

a)

b)

a)

a)
b)
c)

a)

b)

A container is required to transfer the cropped
end fittings from the shear cell of the reprocessing

.plant into the waste processing area. This container

shall hold a 10 day collection o§ fittings and
should therefore be about 170 ft~ for a 2500 MTU/year
plant (340 £t3 for 5000 MTU/plant or two containers).

A container for leached hulls from the acid dis-
solution process is required. This container will
need to be about 100 ft” for one days operation 3
of hulls removed for a 2500 MTU/year plant (200 ft
for a 3000 MTU/year plant)

The containers may either be transferred by crane
or rail transfer car.

This process cell must be completely flooded with
argon to prevent ZR combustion.

A halon type fire extinguising system is réquired
in this cell.

‘A container inverting device is required to empty

the containers of 12.1.1 a) and b)
Feed control shall be operator controlled.

The roll crusher shall be capable of reducing the
total hull and end fitting feed material to 507
theoretical density: For a 2500 MIU/day plant

this is 100 ft3 and 6300 lbs/day.-~The 6300 pounds
is basically stainless steel and ZR in which the-
density is about .29 pounds/in3.. At 50%




FUNCTION

EQUIPMENT REQUIREMENT

96-18

RPN

12.2.2

12

12.

12

12.

12.

12

{(Con't)

.3 TRANSFER WASTE TO CANNING STATION

3.

1.

REMOVE THE CRUSHED MATERIAL FROM THE
ROLL CRUSHER AND PLACE INTO TRANSFER
HOPPER (CONVEYOR):

.4 MIX WASTE WITH.RECOVERED SAND AND
"PLACE INTO CANISTER

4

4.

4.

1

2

.3

EMPLACE EMPTY INNER CANISTER UNDER
HOPPER TO RECEIVE CRUSHED MATERIAL

EMPLACE CRUSHED METALIC MATERIAL

PLACE SAND INTO CANISTER

A~ e -

I

e e e Sttt Bn A T W S WL

12.2.2 b)
12:3.1 a)
b)

12.4.1: a)
't)') -

c)’

12.4.2 a)
b)

| 12.4.3 a)
b)

(Con't)

theoretical density this would be .58 pounds/in3
the 6300 pounds then_should be reducible to
11,000 in3 or 6.3 ft3 (double for 5000 MTU/plant).
In the 2500 MTU/plant one canister would be
filled every two days;. one per day for the 5000
MTU/year plant..

A manually, controlled access door is-required: to
remove* the: crushed: material...

A: transfer mechanism is.required to ﬁpve the
crushed: material torthe-canister filling station..

See-7.15.1. a)

A\ slide’ transfer mecHamwism: to move the canister
under: thHe: Hopper:..

A* bellows: funnel! i's required to mate with: the
canister.

A hopper door which is interlocked with a weighing

scale is required. When the specified volume of
material is put in the canister.

A scale is required to weigh the canister and
contents. The indication shall be presented to

the operator in the operating aisle.

Feed control shall be by manual operator control.

See 12.4.2 a) and b)

PR g —

Marte s ohe
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FUNCTION

EQUIPMENT REQUIREMENT

12.
12.

12.

12.

12.
12.
12.

12.

12.

12.

12.

12.
12.
12.

12.

12.

10

11

12

13

16

17

18

19

20

TRANSFER CANISTER TO CAP WELDING DEVICE

PLACE CAP ON CANISTER AND WELD CLOSED

TRANSFER CANISTER TO WELD INSPECTION

STATION .

VERIFY WELD INTEGRITY

TRANSFER CANISTER TO OVER-PACK PACKING

DEVICE

PLACE CANISTER INTO OVER~PACK CANISTER

FILL SPACE BETWEEN CANISTERS WITH SAND

TRANSFER.OVER—PACK CANISTER TO WELD
- MACHINE

PLACE CAP ON OVER-PACK AND WELD CLOSED

TRANSFER OVER-PACK TO WELD INSPECTION
STATION : '

VERIFY WELD INTEGRITY

TRANSFER CANISTERS TO DECONTAMINATION
STATION

DECONTAMINATE OVER-PACK CANISTER
SURFACE

TRANSFER CANISTER TO TEMPORARY LAY-DOWN

AREA

TRANSFER CANISTER TO MILLING DEVICE

MACHINE OLD WELD AWAY

Same

Same

Same

Same

Same

Same

Same

Same

Same

Same

" Same

Same

Same

Same

Same

Same

as

as

as

as

as

as

as

as

as

as

as

as

as

as

as

as

.12 and 7.13
.14

.15

.16

.17

.18
19

.20 and 7.21

.22

.23

.24

.25
.26
.27

.30

.31




FUNCTION

EQUIPMENT REQUIREMENT

86-14.

12.21 TRANSFER CANISTER TO WELD MACHINE

12.22. RE-WELD CANISTER CAP

12.23 VERIFY WELD INTEGRITY

e

. ey w e <

Same as 7.32

Same as 7.33

Same as 7.34

o

s gt e N
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FUNCTION

EQUIPMENT REQUIREMENT

13.0

LIQUID WASTE PROCESSING - CALCINING,

VITRIFICATION, CANNING AND OVER-PACKING

13.1

INCINERATE ALL COMBUSTIBLE ROD WASTE

13.1.1

13.1.2

13.1.3"

13.1.4

TRANSFER ROD WASTE PACKAGED IN DRUMS
FROM REPROCESSING

OPEN THE DRUMS AND PLACE COMBUSTIBLES
INTO SHREDDER

SHRED THE COMBUSTIBLE MATERIAL

INCINERATE THE COMBUSTIBLE MATERIAL

13.1.1

13.1.2

13.1.3

13.1.4

a)

b)

af

b)
c)

d)

b)

c)

a)

b

c)

A forklift is required to mvoe the drums into
the incinerator receiving area.

A lag storage area for drums is required.

A "warm" room is required to open the drums.
Manipulators are required.

A drum handling device is required to empty the drums.
A feed hopper for the shredder is required.

A shredder is required to reduce the combustible
material to a size compatible with the incinerator.
A-forty horsepower unit with automatic reversing

would be sufficient.

Material shall be fed into a ram incinerator
charging device.

The yearly feed material for a 2500 MTU/year
plant is about 1100 ft3. This is about 4 ft~/day
to be incinerated.

An incinerator with the capability to burmn 4 ft3/day
is required. This unit shall completely reduce the
material to ash.

An air filtration system is required to prevent
any radioactive materials from leaving the
incinerator.

The ash shall be deposited into a feed hopper for
transfer to the liquid waste stream. '




FUNCTION

EQUIPMENT REQUIREMENT

00L-189

13.

13.

13.

13.

13.
13.
13.

13.

13.

2 MIX LOW AND INTERMEDIATE LIQUID
WASTE INTOQ HLLW

2.1 TRANSFER LOW LEVEL LIQUID WASTES INTO

MIXING TANK

3 MIX ASH FROM INCINERATCGR WITH LIQUID
WASTE STREAMS

3.1 TRANSFER:ASH INTO MIXING CHAMBER

I3

3.2 TRANSFER HLLW STREAM INTO MIXING
CHAMBER

4 CONCENTRATE LIQUID/SLURRY

4.} TRANSFER SLURRY INTO CONCENTRATOR

4.2 CONCENTRATE MIXTURE 20:1

4.3 TRANSFER SLURRY TO NEXT CONCENTRATOR

13.2.1

13.3.1

'13.3.2

13.4.1

13.4.2

13.4.3

a)

b)

c)

b)

a)

a)
a)

a)

Transfer pumps are required in various places
in the reprocessing plant to move the liquids
from holding tanks into an interim storage
tank.

An interim storage tank is required. This tank
shall hold. the output from the HLLW stream
and the low. level waste streams. For a- 2500 MTU/

year plant this is about 42,000 gallons/day.
(5000 £/month) .

The intermediate holding tank shall be equipped

with an agitator to prevent radicactive material
from settling out.

A hopper mechanism which is related to- the liquid
flow into the chamber is required.

A mixing chamber is.required. It shall be
continuously agitated. to prevent any settling.

Flow meters are required in the input to determine
the amount of ash.to be mixed in.

Pump and flow meters are required.
An evaporator/concentrator system is required.
The nitric acid waste stream must be concentrated

from 42,000 GPD to 2100 GPD.

Pumps and flow meters are required.

. A o

T n v L, L

T
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FUNCTION

EQUIPMENT REQUIREMENT

13.

13.

13.
13.

13.

13.

13.

13.

13.¢

13.

13.

CONCENTRATE LIQUID/SLURRY 2.0 to 1

.1

EVAPORATE ROFINATE BY 2:1 AND
SETUM DISTILLATE TO HLLW STREAM

CALCINE LIQUID/SLURRY TO SOLIDS

.1

.2

TRANSFER SLURRY TO CALCINER

CALCINE SLURRY

RETURN DECONTAMINATED LIQUIDS TO

PROCESS :

I

TRANSFER LIQUIDS (ACID) TO PROCESS
STREAM

VITRIFY CALCINE/SAND MIXTURE

.1

TRANSFER CALCINE  INTC INDUCTION
FURNACE

PLACE GLASS INTO STORAGE CANISTER

L1

OPEN VALVE IN FURNACE AND LET GLASS
MIXTURE FLOW INTO CANISTER

13.5.1

13.6.1

13.6.2

13.7.1

13.8.1

13.9.1

a)

a)
a)

a)

a)

a)

b)

See 13.4.2 a) except reduce 2100 gallons to 1100
gallons.

Pumps are required (5 GPM Max.)

A kerosene buring calciner is required. It shall
be capable of reducing 5 GPM slurry to a solid
granular material in a continuous mode. This

should be about 60 liters of material per MTHM
processed.

Pump arc required to return distillates back
into process stream.

An induction furnace capable of melting the calcined
solids into a glass-like substance is required.

The capacity shall be at least 17 f£e3 per day.

It shall be a continuous device. Glass grade

and recovered from spent fuel storage shall be

added at equal volumes during the vitrification
process.

A canister to catch the glass mixture in is
required. This shall be the same canister as
the spent fuel ACV canister.

Canister filling shall be complete when 17 ft3 have
been emplaced. (Two canisters per day for a 2500

MTU/day plant. Heat load per canister will be
3500 watts). :
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FUNCTION

EQUIPMENT REQUIREMENT

13.

13.
i3,

13.

13.

13.
13.

13.

13.

13.

13.

13.

10

.10.

.10

11

12

13-

14

15

16

17 -

18
19
20

21

COOL CANISTER

1 TRANSFER CANISTER TO AIR COOLING STA-
TION

.2 COOL THE CANISTER

TRANSFER CANISTER TO WELDING MACHINE

EMPLACE CAP ON CANISTER AND WELD CLOSED

TRANSFER CANISTER TO WELD INSPECTION
STATION

VERIFY WELD INTEGRITY

TRANSFER CANISTER-TO OVER-PACKING
DEVICE

PLACE INNER CANISTER INTO QVER-PACK
CANISTER

FILL SPACE BETWEEN CANISTER WITH -SAND

TRANSFER OVER-PACK CANISTER TO
WELDING MACHINE

PLACE CAP ON OVER-PACK. AND WELD CLOSED

TRANSFER OVER-PACK CANISTER TO WELD
INSPECTION STATION

VERIFY WELD INTEGRITY

13.10.

13.10.

13.11

13.12

13.13

13.14

13.15

13.16

13.17

13.18

13.19

13.20

13.21

1

a)
a)

a)

a)
a)

a)

a)
a)

a)
a)

a)

a)

a)

b)

A transfer mechanism is required to move the
filled canister to an air cooling station. This
may be satisfied by a crane similar to 7.15.1 a)

It is necessary to cool the canister and contents
to a temperature less than 1000°F.

A vortex compressed air cooling system may be

used to generate and direct cold air into the
canister.

Same as 7.12 and 7.13

Same

Same:

Same

Same

Same

Same

Same

Same

Same

Same

as

as

as

as

as

as

as

as

as

as

7.

7.

14

15

.16

.17

.18

.19

.20

.22

.23

.24

and 7.21
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FUNCTION

EQUIPMENT REQUIREMENT

13.

13.

13.

13.

13.

13.

13.

13.
13.
13.
13.

13.

22

23

24

25

25,

26

26.

27

28

29

30

31

TRANSFER CANISTER TO DECONTAMINATION

STATION

DECONTAMINATE CANISTER SURFACE

TRANSFER CANISTER TO-TEMPORARY LAY-
DOWN AREA

TRANSFER CANISTER TO STORAGE BASKETS

1 HOIST AND TRANSFER CANISTER
TO STORAGE BASKETS

TRANSFER STORAGE BASKET INTO POOL.

1 HOIST AND TRANSFER CANISTER BASKET
TO BASKET STORAGE RACK

TRANSFER CANISTER-TO MILLING DEVICE

MACHINE OLD WELD AWAY

TRANSFER CANISTER TO WELD MACHINE

REWELD CANISTER CAP

VERIFY WELD INTEGRITY

13.

13

13

13

13.

13.

13.

13.

13.

13

22

.23

.22

.25,

26.

27

28

29

30

.31

a)

a)
a)

a)
a)
a)
a)
a)

a)

b)

a)

b)

Same as 7.25

Same as 7.26

Same as 7.27

See 7.15.1 a)

Storage basket which will hold 3 over-pack
canisters and fit into the envelope of a spent
fuel

See 7.

See 4.

Same

Same

Same

Same

Same

as

as

as

as

as

storage rack is required.

2.1 a)

26.4 b) and c¢)
7.30

7.31

7.32

7.33

7.34




APPENDIX B2
EQUIPMENT AND OPERATING PERSONNEL

The data contained in this appendix summarizes the equipment requirements
which were presented in Appendix B1. Included in the appendix is a list-
ing, by facility type, of the personnel necessary to operate that facility.
The equipment pages contain a listing of the major system components, the
quantity of each required, and any special remarks.

B2-1
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MODULE: s5c00 MTU/YEAR WATER BASIN RECEIVING

SHT.

1 OF 10

SYSTEMS & COMPONINTS

QTY

REMARKS

QPERATING PERSONNE|

2 SUPERVISORS

W

INSTRUMENT/ELécTRchg TECHS
MECHANICS

HEALTH PHYSICS

CASK PREP MECHANICS

CASE CRANE OPERATORS

FUEL HANDLING MACHINE OPERATORS
PHYSICS TECH (SIPPING)

MECH (PRE PREP IN PARKING AREA)

W o N ® N O N W

FORKLIFT/MOBILE CRANE OPERATORS

41 PER SHIFT
123 PER DAY
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. REC

e

()

ULE. 5000 MTU/YEAR WATER BASIN RECEIVING

SHT. 2 oF 10

SYSTEMS & COMPONENTS QTY REMARKS
A. CASK HANDLING SYSTEM

1. BRIDGE CRANE 2 EA 125 TON, REDUNDANT REEVING, 85' SPAN, FULLY
REDUNDANT SISTER HOOK

2. AUXILIARY CRANE 2 EA 20 TON, MOUNTED ON 125 T CRANE

3. CASK SLING 4 EA 125 TON, BEAM TYPE, 4 ARM, FABRICATED FROM
304L STAINLESS STEEL

4. CASK SLING 2 EA 30 TON, BEAM TYPE, 4 ARM, FABRICATED FROM
304l STAINLESS STEEL

5. CASK SLING ARM CONTROL SET 4 EA PNEUMATIC VALVE BOX TO CONTROL AND MOVE CASK
BEAM SLING ARMS. TwWO FUNCTIONS; OPEN ARMS
OUT, SWING ARMS AWAY

B. LCASK COOLING & PURGING & SAMPLING SYSTEM

1, CASK PRESSURE & TEMPERATURE RECORDER 4 EA TWO CHANNEL RECORDER WHICH WILL CONNECT TO
THE CASK INSTRUMENTATION PLUGS. OPERATE ON
110 vOLT AC, 5 INCHES PER MIN. PAPER SPEED.

2. CASK COOLING HOSE SET 4 EA TWO SHIELDED HODSES, 20 FT. LONG, 3/4 IN. LINE
SIZE, DRY BREAK Q.D'S, MAX OPERATING TEMP
350°F, MAX OPERATING PRESSURE.250 PSIG.

3. AIR COMPRESSDOR & RECEIVING TANK 2 EA 120 PSIG, 120 CFM, 71 FT3 AIR RECEIVERS
1-1/2 INCH SUPPLY LINES, AIR DRYERS, WATER
SEPARATORS

4, CASK AIR SAMPLING SYSTEM 2 EA MASS SPECTROMETER. EACH UNIT CRDSS CONNECTED

TO ALL CASK COOLING POSITICNS. ALL LINES FROM
CASK COOLING AREA SHIELDED. AIR SAMPLING
VALVING MANIFOLDED TO COOLING HDSE SET.
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REC

Y 3 - . F 1
MODULE: 5000 MTU/YZAR WATER BASIN RECEIVING SHT. 3 OF 10
SYSTEWS & COMPINENTS QTY REMARKS
5. CASK AIR SUPPLY SYSTEM CONTROL 2 EA CONTROL PANEL TO OPEN/CLOSE CASK COOLING
: VALVES, OPEN/CLOSE VALVES TOD MASS SPECTROMETER

AND OPEN/CLOSE VALVES TO OFF GAS SYSTEM.
PRESSURE READOUTS FOR SUPPLY AIR, CASK INPUT
AIR, CASK DUTPUT AIR, MASS SPECTROMETER LINES
FOR & CASK STATIONS.

6. CASK COOLING WATER SUPPLY 1 EA SYSTEM SHALL FLOW 15 GPM IN EACH OF FOUR

’ CASK COOLING UNITS. DEMINERALIZED WATER.

12,000 GPD REQUIRED. :

7. CASK COOLING WATER HEATER 4 EA HEATER TO BRING 15 GPM H20 TO CASK TEMP
(350°F)

8. WATER PRESSURE REGULATOR 4 EA MAINTAIN 15 GPM HZO AT 0-50 PSIG REMOTELY
SETTABLE :

9. AIR/WATER/STEAM SEPARATOR 4 EA 15 GPM H_O FLOW OR 4 CFM AIR FLOW WATER TO
FLOW TO FILTERS. AIR TO FLOW TO OFF GAS
SYSTEM

10. WATER FILTER 8 EA

10 MICRON, 50 PSI, 350°F, AIR/H,0 BACKWASH
CAPABILITY
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REC

MODULE: 5000 MTU/YEAR WATER BASIN

SHT. 4 oF 10

SYSTEMS & COMPONENTS QTY REMARKS
cC. EL HANDLIN YSTEM

1. FUEL CRANE 4 10T, 20 FT SPAN

2. FUEL ELEMENT GRAPPLES 16 MATE WITH FUEL ELEMENTS & CRANES. ELECTRO
OR PNEUMATIC LATCHING/UNLATCHING

"3. FUEL ELEMENT 3IPPERS 16 4 @ EACH CASK UNLOADING POOL

4, MASS SPECTROMETER 2 DETECT NOBLE FISSION GAS PRODUCTS GANGED ¢

. MANIFOLDED TO CASK COOLING SYSTEM ALSO.

5. FAILED FUEL CAN’ 25 USED TO STORE BROKEN ELEMENTS IN 1/8 IN.
STAINLESS STEEL 9.5 IN. X 9.5 IN. X 180 IN.
WATER PRESSURE RELIEF VALVE

6. SLING ~ CASK CLDSURE 5 RAIL cAsk - 10 T, 3 ARM, SOLID S.S. TYPE 304l

7. SLING -~ CASK CLIJSURE 5 TRUCK CASK - ST, 3 ARM, SOLID S.S. TYPE 30sl

8. SPENT FUEL ELEMENT SPACER GRAPPLE 4 1 T, ATTACHES TO FUEL HANDLING MACHINE,

' SINGLE LINK WITH HOOK
9. UNDERWATER TELEVISION SYSTEM 4

MUST OPERATE UNDER 40-60 FT. OF WATER,
RADIATION HARDENED. MUST INCLUDE HIGH INTENS-
ITY LIGHT. MUST INCLUDE REMOTELY OPERABLE
TILT, PAN, AND FOCUS. FOR USE IN THE CASK
UNLOADING POOL. INCLUDE MONITORS.




' MCBULE: s000 MTU/YEAR WATER BASIN RECEIVING SHT. 5 OF 10

SYSTEMS ¢ COMPONENTS QTY REMARKS

10. CLEANING BRUSH 4 REMOTELY OPERABLE UNIT, ROTARY, WORKS IN 40 FT.
OF WATER, .USED TO CLEAN AREA AROUND SERIAL
NUMBER OF FUEL ASSY.

11. PHOTOGRAPHIC CAMZRA : 4 MUST BE ABLE TO PHOTOGRAPH FROM TELEVISION
SCREEN. USED TO RECORD FUEL ASSEMSLY SERIAL
NUMBERS AND ANY VISIBLE DAMAGE.

_ 12. GRAPPLE 4 MUST HAVE 'HAND' AT END TO REMOVE SO IN. DIA-
: METER CASK CLOSURE SEAL. WILL NEED TO BE

- ) ABOUT 40 FT. LONG. FAB FROM STAINLESS STEEL.

13. CASK SEALS 1100 378 INCH TUBE DIAMETER, S0 INCH MAJOR DIAMETER
t METALLIC O-RING , SILVER PLATED (.002 IN.
PLATING)
w ' .
wo i 14, CASK SEAL SPACER 1/CASK S50 INCH DIA., 1/72 INCH T, ALUMINUM, 2 - 48 INCH
o

DIAMETER RUBBER O-RINGS




MODULE: 5000 MTU/YEAR WATER BASIN RECEIVING

SHT. ¢ oF 10

SYSTEMS & COMPONENTS

QTyY

- REMARKS

¢d

SOLID WASTE SYSTEM

1. COMPACTOR (1)
2. DRUMS (189)

3. PALLETS (48)

4, FORKLIFT (1)

5. SHREDDER (1)

6. HOPPER & INPUT CHUTE (1)

IT 1S ESTIMATED THAT 32 M3 OF OPERATIONAL
SOLID WASTE WILL BE GENERATED IN ONE YEAR'S
OPERATION. ADDITIONALLY 28 FT3 OF HEPA
FILTERS WILL BE RECOVERED. THIS WILL REQUIRE
COMPACTION AND CONTAINERIZING. A STD. DRUM
COMPACTOR IS REQUIRED. NO LEsSS THAN 50%
REDUCTIGN IS REQUIRED .FOR THE OPERATIONAL
WASTES, THIS WILL REQUIRE ABOUT 88 DRUMS

PER YEAR. THE HEPA FILTERS WILL BE SHREDDED
AND BE COMPACTED 25% OR MORE. THIS WILL REQUIR
101 DRUMS. TOTAL DRUMS = 189. DRUMS WILL BE
STORED 4/PALLET; 48 PALLETS WILL BE REQUIRED.
A FORK LIFT CAPABLE OF 15,000 LBS AND 15 FT.
LIFT IS REQUIRED. A 40 HORSEPOWER SHREDDER
IS REQUIRED TO REDUCE THE HEPA FILTERS &
OTHER LARGE BULKY WASTE.

104
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MCDULE: 5000 MTU/YEAR WATER BASIN RECEIVING

SHT. 7 oF 10

SYSTEMS & COMPCONINTS QTY REMARKS
€. CASK RINSE SYSTEM 1 LOw PRESSURE RINSE SYSTEM. 50 - 100 GPM.
1. RING NOZZLE (4) 2-5 PSI. HOSES ABOUT 10 FT. LONG. A RING
WITH NOZZLES (100 INCH DIA) IS USED TO WASH
2. LOW PRESSURE PUMP (4) .THE CASK & SLING AS IT IS MOVED FROM THE
3. Hoses (4) CASK UNLOADING POOL. WATER SHOULD COME FROM
4. PUMPS (4) THE POOL MAKE-UP WATER SUPPLY. DISCHARGE
TO POOL.
F. CASK CLOSURE TQOO{ SET
1. AIR TURBINE WRENCH 4 0-1250 FT-LBS 1 INCH DRIVE, REVERSIBLE WITH
REACTION PLATE
2. TORQUE MULTIPLIER 4 4 TO 1, 1-1/2 INCH DRIVE OUT, 1 INCH DRIVE IN.
.3. 2-1/2 INCH SOCKETS 4 HIGH STRENGTH 1-1/2 INCH DRIVE




28

MODULE

5000 MTU/YEAR WATER BASIN RECEIVING

SHT. & oF 10

SYSTEMS & COMPONENTS

QTY REMARX
G. SK_RECEIVIN .
1. LOG BODK (AS REQD) SPECIAL LOG BOOKS
2. 1.D. BADGES (500) MAGNETIC/PUNCH CODED PICTURE BADGES (CODES
' CHANGED FREQUENTLY)
3. GEIGER COUNTER & SMEAR TEST SAMPLE
KIT (4) USED FOR GROSS CONTAMINATION CHECK
4 CAMERA (2) POLAROID INSTANT PRINT TYPE
H. CASK WASH DOWN_SYSTEM s

1. HIGH PRESSURE WATER
2. STEAM (BOILER)
3. RAD WASTE DRAIN (1)

4, SUMP PUMP (1)

CASK DECONTAMINATION SYSTEM

1. HIGH PRESSURE WATER

2. STEAM

3. FILTERS (2)

4. PumpPs (1)

S. DELON FLUID (25 GALLONS)

6. SMEAR TEST SAMPLE KITS (12)

7. GEIGER/SCINTILLATION COUNTER (1)

90-100 PSIG, 3/4 INCH LINE
90-120 PSIG, 3/4 INCH LINE*

WATER RETURN TO CENTRAL WASTE WATER COLLECTION
SYSTEM

*ABOUT SAME AS AUTO STEAM CLEANER

WATER & STEAM @ 90-120 PSIG WILL BE USED TOC
REMOVE PARTICULATE CONTAMINANTS. IF NECESSARY,
SPECIAL HAND CLEANING WILL BE ACCOMPLISHED
WITH DILUTE NITRIC ACID. THE SMEAR TEST ¢
COUNTERS WILL BE USED TO DETERMINE WHEN THE
CASK IS CLEAN.
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MODULE: 5000 MTU/YEAR WATER BASIN RECEIVING

SHT. 9 OF 10

SYSTENS & COMPONENTS

QTY

REMARKS

e

J.

AIR_LOCK SYSTEM - TRAMSPORTER

SX RECEIVING/UNLOADING _AREA

ASK_CLOSURE SEAL LEA EST S

DOORS INTERLOCKED SUCH THAT ONLY ONE CAN BE
OPENED AT A TIME. EACH REQUIRES TWO SIGNALS
TO OPEN - AT DOOR, AND ONE IN MAIN PLANT
CONTROL ROOM.

EACH AIRLOCK MUST BE LONG ENOUGH TO HOLD
RAIL CAR & CAR MOVER.

RAILS INTO FACILITY, RATIL CAR COUPLER
EMBEDDED IN FACILITY STRUCTURE IS REQUIRED
TO PREVENT CAR MOVEMENT DURING HOISTING.

VACUUM PUMP (.5 CFM) HOSES FITTINGS TO MATE
TO CASK CLOSURE TEST PORT (1/8 INCH PIPE
FITTING). ULTRA SENSITIVE ABSOLUTE PRESSURE
READOUT TO DETERMINE PRESSURE RISE ACROSS
SEAL. CALIBRATED IN TERMS OF LEAK RATE WHEN
COMBINED WITH TIME.
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MODULZ: 5000 MTU/YEAR WATER BASIN RECEIVING

SHT. 10 OF 10

SYSTEMS & COMPONENTS

QTY

REMARKS

CASK HOLDING AREA

1. CASK CODOOLING SYSTEM (1)

2. SHELTERED PARKING LOT (1)

3. CAR MOVER (2)

4, FORKLIFT (2)

5. CRANES (2)

6. PALLETS (24)

7. TRANSPORTATION BARRIER SLING (2)

8. IMPACT LIMITER SLING (2)

PLANT WATER SHALL BE AVAILABLE IN THE CASK
PARKING LOT FOR CASK COOLING. HEAT REMOVAL
REQUIRED IS 40,000 BTU/CASK: 8 CASKS TO BE

PARKED. PARKING AREA SHOULD BE SHELTERED
FOR PERSONNEL.

CARMOVER SHALL BE ABLE TO MOVE 450,000 LB
CAR, RUBBER TIRED.

15,000 LB FORKLIFTS - 15 FT. LIFT

1S TON MOBILE CRANES

2 POINT LIFT SLING - 2 TONS

1 POINT LIFT SLING FOR IMPACT LIMITER 5 TONS.

24 PALLETS REQUIRED TO PLACE IMPACT LIMITERS
& TRANSPORTATION BARRIER ON,
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MCDULE: 750 MTHM WATER BASIN

SHT.

1 OF 6

SYSTEINS & COMPONENTS

QTY

REMARKS

OPERATING PERSTIMEL

2 DBASKET TRANSFER DEVICE OPERS
2 BASKET CRANE OPERATORS

1 SUPERVISQR

2 MECHANICS

1 ELEC TECH

1 HEALTH PHYSICS

9 PER SHIFT

27 PER DAY
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MODULE: 750 MTHM WATER BASIN

SHT. 2 OF 6

SYSTEMS & COMPONENTS

QTY

-REMARKS

FUEL STORAGE SYSTEM

A. STORAGE BASKETS - PWR

B. STORAGE BASKETS - BWR

C. STORAGE RACKS

D. DEMINERALIZED WATER

E. TRANSFER CAR — BASKET

100

66

16

30109)
GALLON

U7

4

STORAGE CELLS ARE 9.5 IN. X 9.5 IN. X 180 IN.
X 3716 IN. T, 10 EACH PER BASKET, 1/2 INCH
PLATE 264 IN. X 60 IN., 3/16 IN. PLATE 36 IN.
X 168 IN., 1 INCH PLATE 24 IN. X 60 IN. ALL
FABRICATED FROM TYPE 304L STAINLESS STEEL

STORAGE CELLS ARE 5.5 IN. X 5.5 IN. X 180 IN. X
3716 IN, T, 24 EA PER BASKET, 1/2 INCH PLATE,
24 IN., X 60 IN., 3/16 IN. PLATE 36 IN. X 168 IN.
1 IN. PLATE 24 IN. X 60 IN., ALL FABRICATED
FROM TYPE 304L STAINLESS STEEL

EACH RACK TO HOLD 14 BASKETS 58 SPACES WILL BE
FOR EXPANSION OR SURGE STORAGE. RACKS SHALL
SUPPORT BASKETS 2 FEET DFF OF FLOOR. FABRICATE
FROM WF 8x50 STAINLESS STEEL BEAMS - 270

LINEAL FT.

TRANSPORT FULL STORAGE BASKET FROM CASK
LOADING POOL TO STORAGE BASIN - 15 TONS
CAPACITY, 5 FPM,FAB FROM STAINLESS STEEL.
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- MOD

MODULE 750 MTHM WATER BASIN

SHT. 3 OF 6

SYSTZMS ¢ COMPONENTS

QTY

REMARKS

TELEVISION SYSTEM, UNDERWATER

TELEVISION SYSTEM, DRY

STORAGE POOL CRANES - BASKET

STORAGE BASKET SLING

UNDERWATER UNITS CAPABLE OF WORKING IN

40 - 60 FT. OF WATER, RADIATION HARDENED,
MUST HAVE TILT, PAN & FOCUS. FOR USE IN THE
FUEL STORAGE POOL AT THE CRANES MUST INCLUDE
HIGH INTENSITY LIGHTS AND MONITORS.

ONE TV CAMERA IN EACH CORNER OF THE STORAGE
MODULE, INCLUDE LIGHTING, MONITORS. UNITS TO
HAVE TILT, PAN & FOCUS.

REMOTELY OPERABLE CRANES TO HOIST AND TRANS-
LATE STORAGE BASKETS FROM THE TRANSFER CAR
TO THE STORAGE RACK, 1ST, S5 FT. SPAN. MusT
HAVE REDUNDANT REEVING.

INTERFACE BETWEEN CRANE & BASKET BAIlL. MusT
HAVE PNEUMATIC/ELECTRO LATCHES AT EACH END.

15T CAPACITY, SINGLE BAR, STAINLESS STEEL,
40 FT. LONG.
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MODULE:r 750 MTHM WATER BASIN SHT. a4 oF 6

SYSTEMS & COMPONENTS QTY REMARKS

J. Poo OQLIN YSIEM 1 COOLING SYSTEM TO REMOVE 6 (106) BTU/HR.

POOL WATER TO BE NOMINAL 40°C. AN EMERGENCY

MAKE-UP WATER SUPPLY SHALL BE PROVIDED. HEAT .

EXCHANGER SHOULD BE SHELL & TUBE TYPE:

2. HEAT EXCHANGER (4) FLOW 1500 GPM, INLET= 104°F, OUTLET = 94°F,
SHELL SIDE; FLOW 1500 GPM, INLET = 105°F,

OUTLET = 115°F, DESIGN PRESSURE = 150 PSIG,

DESIGN TEMPERATURE = 220°F.

1. COOLING TOWER (1)

3. FILTERS (8)

4. PUMPS (4)

FILTERS TO REMOVE SUSPENDED SOLIDS FROM WATER.

5. PIPING (AS REQD.) TO HAVE A BACKWASH CAPABILITY.

PIPING SHALL BE 10 INCH - 14 INCH I.D.
STAINLESS STEEL. APPROXIMATE LENGTH IS 500 FT.

A
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HMIOULE

750 MTHM WATER BASIN

SHT. 5 OF 6

SYSTEMS & COMPONENTS

QTY

REMARKS

1.

. VYATER_EVAPDRATION SYSTEM

EVAPODRATOR (1)

INPUT STORAGE TANK (1)
OUTPUT STORAGE TANK (1)
PumMpPs (2)

FILTERS (4)

TANK AGITATORS (2/TANK)

PIPING (AS REQD.)

THE WATER EVAPORATION SYSTEM WILL REDUCE

THE FILTER BACKWASH WATER FROM THE PCOL FILTER,
CASK COOLING FILTERS, CASK WASH DOWN FILTERS,
CASK DECON FILTERS, POOL CLEAN UP FILTERS

AND EVAPORATE IT IN A 20 TO 1 RATIO. THE
INPUT QUANTITY OF WATER IS APPROXIMATELY 8400
GPD. OQUTPUT QUANTITY IS 420 GPD. DISTILLATE
WILL BE REFILTERED, PASSED BACK THROUGH THE
POOL DE-IONIZERS AND RETURNED TO PDOL WATER
MAKE-UP TANK, ALL STORAGE TANKS MUST BE
SHIELDED (4' LEAD) AND MUST HAVE AGITATORS

TO PREVENT SETTLING OF PARTICULATES. THIS
SHALL BE A CONTINUOUS SYSTEM. CUTPUT TANK
SHALL CONTAIN 126,000 GALLONS. PIPING SHALL
BE 2 IN. OR LESS, 500 FT. LONG. ALL MATERIALS
OF CONSTRUCTION SHALL BE TYPE 304L STAINLESS
STEEL.




MODULE 750 MTHM WATER BASIN

SET. 6 OF.6

SYSTEMS & COMPONENTS

QTY

REMARKS

L1-28

PODL WATER CLEAN-UP SYSTEM
1. FILTER SYSTEM (2)
2. DE-IONIZER (1)

3. PIPING (AS REQUIRED)

SYSTEM TO BE CAPABLE OF REMOVING 45 CI
RELEASZ INTO THE POOL WATER. NOMINAL OPER-
ATING LEVEL IN POOL IS 2¢10-%)c1/M3 OR LESS.
FILTERS MUST REMOVE ALL SUSPENDED PARTICLES
AND MUST HAVE BACKWASH CAPABILITY. DE-
IONIZERS MUST REMOVE DISSOLVED SOLIDS.
(CATICN TYPE OF RESIN BED)

FLow RATE IS TO BE 650 GPM AND MUST BE ABLE
TO CLEAN THE TOTAL POOL WATER IN 3.2 DAYS.

PIPING WILL BE STAINLESS STEEL, 6 IN. - 8 IN.
I1.D., 250 FT.

ALL MATERIALS OF CONSTRUCTION SHALL BE TYPE
304L STAINLESS STEEL.
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MZOULE: AIR COOLED VAULT

SHT.

1 OF 6

SYSTEMS & COMPGNENTS

QTY

REMARKS

noc

RATING PERSONNEL

1

4

SUPERVISOR

BASKET TRANSFER OPERATORS
TRANSFER PORT OPERATORS
HEALTH PHYSICS TECH
MECHANIC

TRANSPORTER DRIVERS

PER SHIFT

PER DAY
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MODULE «

AIR COOLED VAULT (s000 MTU/YEAR - 1000 MTHM STORAGE)

SHT. 2 OF 6

SYSTEMS & COMPONENTS

QTY

REMARKS

A.

B.

C.
D.

CANISTER TRANSFER CAR & IMPACT LIMITER

MANIPULATORS
SHIELDED LEAD GLASS WINDOWS

AIR LOCK STATIONS

UNIT USED TO TRANSFER CANISTER FROM PACKAGING
FACILITY LAY DOWN (LAG STORAGE AREA) INTO THE
ACV TRANSPORTER LOADING AREA. IT SHALL

HOLD TWO CANISTERS. TOTAL CAPACITY OF 12,000
LBS. MAX SPEeD 5 FPM. REMOTELY CONTROLLED.
ALL STAINLESS STEEL CONSTRUCTION. IT SHALL
BE MOUNTED ON RAILS AND SHALL BE CAPTIVE SUCH
THAT THE CAR CANNOT BE DISLODGED FROM ITS
TRACK. SIZE OF THE CAR IS 8' X 8' X 16'
IMPACT LIMITER, 6 IN. CYPRESS wOOD, 10 FT.
WIDE & 30' LONG.

REMOTE MANIPULATORS WITH A REACH OF 10'

24 IN. X 24 IN. X 38 INCH T
3 LEAF SLIDING ‘DOOR, VERTICAL WITH AIR
SEALS. OPEN/CLOSE INTERLOCKED TO TRANS-

PORTER LOADING PORT

“,

J"" )
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MGOULE: AIR COOLED VAULT

SHT. 3 OF 6

SYSTEMS ¢ COMPONENTS

QTY REMARKS
E. TRANSPORTER REPAIR & MAINTENANCE AREA 4 A 'WARM' SHOP FOR NORMAL MAINT. OF
TRANSPORTERS. DOORS SIMILAR TO ITEM D ARE
1. DOORS USED. FULL COMPLEMENT OF MECHANICS TOOLS
> REQ'D. »
2., Toots i ’ ;
F. TRANSPORTER LOADING AIR LDCK 4 A SHIELDED PORT HATCH, REMOTELY OPERATED,
4 INCH LEAD, 1/2 INCH STAINLESS STEEL CLAD,
4' X 4' ON ROLLERS. PNEUMATIC CYLINDERS
TO OPEN & CLOSED. AIR SEAL ON UPPER SURFACE.
REMOTELY OPERATED. INTERLOCKED TO AIR-LOCK
DOOR & TRANSPORTER CASK CLOSURE.
G. COOLING AIR MONITORING UNIT

-

-MASS SPECTROMETER LOCATED IN:  THE HEALTH

PHYSICS AREA. CONNECTED TO THE ‘CHIMNEYS

OF THE INDIVIDUAL AIR CHANNELS (32 INPUTS).
DATA SHALL BE RECORDED. UNIT SHALL GENERATE
SIGNALS WHICH CAN BE USED TO ACTIVATE AN
EMERGENCY AIR FILTERING SYSTEM WHEN PRESENT
LIMITS ARE EXCEEDED.
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MIDULE: AIR COOLED VAULTS

SHT. 4 OF 6

SYSTEMS & COMPONENTS

QTY

REMARKS

EMERGENCY AIR HANDLING SYSTEM
1. FaNs (4)

2. AIR DUCTS (2 MAIN)

3., AIR DUCT DAMPERS (32)

4., DUCT DAMPER ACTUATORS (32)
5. CCNTROL SYSTEM (1)

6. HEPA FILTERS (4)

7. TEMPERATURE SENSORS

4/M0OD

SUCTION FANS @ 50,000 CFM EACH, 1/2 PSI,

ONE IN EACH CORNER OF THE FACILITY. DAMPERS
LOCATED IN CHIMNEYS AND CONNECTED TO MASS
SPECTROMETER SIGNAL FOR AUTOMATIC OPERATION.
ALL AIR DRAWN THROUGH HEPA FILTERS PRIOR TO
DISCHARGE TO ATMOSPHERE. ALL CONTROLS, IN-
CLUDING DAMPER & FAN TEST PANELS ARE LOCATED
IN ELECTRICAL EQUIPMENT ROOM. TEMP SENSORS
IN CHIMNEYS SHALL PROVIDE AN AUTOMATIC
OVERRIDE TO DAMPERS WHEN CRITICAL CANISTER
TEMPERATURE REACHED.
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MIDULE: ACV

SHT. S OF 6

SYSTEMS ¢ COMPONENTS

QTY " REMARKS
I. CANISTER TRANSPORTER 1 ¢ SHIELDED, CASK; 64-6 INCHES LEAD EQUIVALENT
(1sT SHIELDING. CASK MOVEMENT X, Y & Z DIRECTIONS.
MODULE CANISTER HOIST AND GRAPPLE LOCATED INSIDE THE
ONLY)

CASK OR CABLE PASSED THROUGH OPENING AT TOP
OF CASK. HOIST ABOUT ST CAPACITY. 2ND
HOIST REQUIRED TO HOIST SLEEVE PLUG FROM
SLEEVE; USES SAME GRAPPLE TYPE. CASK MUST
HAVE A REMOTELY-CONTROLLED CLOSURE: INTER-
LOCKED TO CANISTER TRANSPORTER PORT AND 2Z
HEIGHT (1.E. CANNOT BE OPENED UNLESS MATED
TO TRANSFER PORT OR STORAGE SLEEVE). THE
CASK SHALL BE EQUIPPED WITH AN EXTERNAL
HEAT EXCHANGER COIL WHICH CAN BE CONNECTED
TO PLANT WATER FOR EMERGENCY COOLING.

Loy e
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MODULE: AIR COOLED VAULT SHT. 6 OF 6
SYSTEMS ¢ COMPONENTS QTY REMARKS
J. PLANT WATER SYSTEM - EMERGENCY TRANSPORTER| 6 SIX SUPPLY RETURN SYSTEMS REQUIRED. 2 INCH
COOLING (3 EACH LINE SIZE, 55 FT OF FIRE HOSE FOR SUPPLY AND
BAY) 55 FT. FOR RETURN AT EACH STATION. HOSES

STORAGE SLEEVE ALIGNMENT SYSTEM

GRID MARKS ON FLOOR
ALIGNMENT PINS ON TRANSPORTER

TARGETS ON FLOOR 180° THROUGH
STORAGE SLEEVE (2 PER SLEEVE)

0PTICAL ALIGNMENT TV SYSTEM ON
TRANSPORTER (-2)

MONITOR-TV, LOCATED IN TRANSPORTER
DRIVERS COMPARTHMENT

SHALL BE EQUIPPED WITH QUICK DISCONNECTS.

EACH FACILITY TO BE MARKED WITH A SERIES OF
MARKS TO WHICH THE TRANSPORTER OPERATOR CAN
ALIGN THE VEHICLE. OPTICAL TARGETS NEXT TQ
EACH STORAGE SLEEVE ARE NECESSARY FOR FINAL
CASK ALIGNMENT. T.V. CAMERAS SHALL BE MOUNTED
TO CASK AND IN ALIGNMENT WITH TARGETS.
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MCOULE SHIP TRANSPORTER

SHT. 1 oF 3

SYSTENMS & COMPONENTS QTY REMARKS
A. SHIP AS 3000 DWT MINIMUM
SPECI -
FIED
B. HEAVY LIFT CRANES 2 125 TONS, SHIP BOARD, REDUNDANT HOOK & REEVING
C. DOCK STABILIZERS 2 WATTS LINKAGE FROM SHIP TO DOCK TO PREVENT
SHIP ROTATION DURING CASK HOISTING.
D. CASK SLINGS 2* 125 T, BEAM TYPE, 4 ARM, FABRICATED FROM
*TwC ARE REQUIRED/SHIP - ONE EACH FOR (4) TYPE 304L STAINLESS STEEL
EACH REACTORS' USE WHEN LODADING AN
EMPTY CASK AT UTILITY 2" 30 T, BEAM TYPE, 4 ARM, FABRICATED FROM
(4) TYPE 304L STAINLESS STEEL.
Z. DYNAMOMETER 4 50 T EACH. CONNECT TO EACH ARM OF THE SLING
FOR LOAD MEASUREMENT DURING PROOFLOAD.
F. WATER PROOF HATCH COVERS As USED TO KEEP SALT WATER FROM SHIPS HOLD
REQD.
-»
G. RAIL MOUNTED SHIP GANTRY CRANE 1 10 TON CRANE FOR SMALL EQUIPMENT HANDLING
-
K. AIR HANDLING SYSTEM LOWER DECK 1

MOVE 25,000 CFM AIR THROUGH TRUCK CASK
TRANSPORT HOLD. HEPA FILTERS REQUIRED
ON EFFLUENT STREAM.

P——
- e

-

Ry
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MODULE « SHIP

SHT. 2 OF 3

SYSTEMS ¢ COMPONENTS

QTY

REMARKS

RAIL CASK COOLING SYSTEM

1. HEAT EXCHANGERS (2)

2. Pumps (2)

3. DEMINERALIZED WATER (10,000 GALLONS)
4. Hoses ¢ Q.D's (8)

5. MANIFOLD (2)

AIR HANDLING SYSTEM - MAIN DECK

DEMINERALIZED WATER WILL BE CIRCULATED

THRCUGH THE CASK QOUTER JACKET COOLING SYSTEM
TO KEEP THE CASK AND CONTENTS FROM EXCEEDING
SAFE TEMPERATURES. EACH CASK WILL GENERATE
40,000 BTU/HR. TwWO COOLING SYSTEMS FOR EACH

4 CASK LOT IS REQUIRED. HOSES %wI!TH Q@.D'S

WILL CONNECT THE CASK TO THE SUPPLY AND RETURN
MANIFOLDS. THE PUMPS WILL CIRCULATE THE

WATER THROUGH THE HEAT EXCHANGERS AND BACK
INTC THE STORAGE TANK.

MOVE 50,000 CFM AIR THROUGH RAIL CASK

TRANSPORT HCLD. HEPA FILTERS REQUIRED ON
EFFLUENT STREAM.
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MOCULZ:

SHIP

SHT. 3 oF 3

SYSTEMS & COMPONENTS QTY REMARKS
K. MisSCELLANEOUS
1. LONGITUDINAL BULKHEADS @ 1/5 THE
BREADTH OF SHIP @ EACH SIDE
‘2. DCUBLE HULLED
3. TRANSVERSE BULKHEADS
4, PERSONNEL DEIDN FACILITIES
5. EMERGENCY FLOODING & FIREFIGHTING o
SYSTEMS
6. RAD WASTE DRAINS & HEALTH PHYSICS
MONITORING
7. REDUNDANT NAV. SYSTEMS
8. INCREASED HULL STRENGTH
9. FULLY REDUNDANT HEATING, COOLING
¢ ELECTRICAL EQUIP,
10. 14 OPERATING PERSONNEL
11. CASK SEAL LEAK TEST SET 1/REACTOR MATES TO TEST PORT ON CASK CLOSURE.
. SITE PULLS VACUUM AND TEST FOR PRESSURE RISE
VISITED IN INTER SPACE BETWEEN CASK SEALS.

ON TRIA
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| MOBULE RAIL SAFEGUARDS SUPPORT CAR

SHT. 1

SYSTEMS ¢ COMPONENTS QTY REMARKS
A. CaBOOSE 1/TRAI SLEEPING, DINING, SANITATION FOR & GUARDS
FOR 7 DAY TRIP.
B. RADID-TELEPHONES 2/CAR
C. C/B RADIOS (FIXED) 2/CAR
D. C/B RADIDOS (PORTABLE) 2/CAR
E. GuUARDS Q/TRIJ

~
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MODULE +

2500 MTU/YEAR SPENT FUEL PACKAGING

SHT.

1 OF 1

SYSTEMS & COMPONENTS

REMARKS

OPERATING PERSONNEL

1

2e

10

60

180

SUPERVISOR
MECHANICAL TECH.

SERVICE GALLERY MAINT PERSONNEL
(3 MECH., 1 ELEC.)

WARM SHOP MAINT PERSONNEL

HEALTH/PHYSICS - COUNTINE ROOM
PERSONNEL

MECH IN CANISTER/CAP STORAGE

CRANE OPERATORS

ROVING MAINT MECHANICS

MECHANICS IN SAND STORAGE

BASKET TRANSFER OPERATORS

CRANE OPERATORS IN TEMP STORAGE AREA
PER SHIFT

PER DAY
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m

]

Q

500 MTHM WATER BASIN

SHT.

SYSTEMS ¢ COMPCMENTS

QTY

REMARKS

OPERATING PERSONNEL

2

2

w0

27

Basket Transfer Device Operators
Basket Crane Operztors
Supervisor

Mechanics

Elec. Tech,

Health Physics

Per Shift

Per Day
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| MODULE

GEOLCGIC REPOSITORY (5000 MTU/YEAR)

SHT.

SYSTEMS & COMPONENTS

QTY

REMARKS

N o= RN NN S s

—
o

41
123

Health Physics & Count Rcom Opers

Mechanics
Elec Techs
Crare Repair

Basket Transfer

Supervisors

Crane Opers
Hoist Opers
Basket Trarnsfer (Below Grade)

Superviscr (Below Grade)
Mech

Transport Drivers

Per Shift
Per Day
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MCTULE

2500 MTU/YEAR WATER BASIN RECEIVING

SHT.

SYSTEMS & COMPGNENTS

QTY

REMARKS

OPERATING PERSONNEL

1
A

2

2

Supervisor

Instrument/Eléctrical Techs.
Vechanics

Health/Physics

Cask Prep. Mechanics

Cask Crane Operators

Fuel Handling ‘Machine Operators
Physics Tech. (Sipping)

Mech. (Pre-prep in Parking Area) |

Forklift/Mobile Crane Operators:

Per Shift

Per Day
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MODULE

GEOLOGIC REPQOSITORY (2500 MTU/YEAR)

SHT.

SYSTENMS ¢ COMPONENTS

QTY

REMARKS

SYSTEM OPERATING PERSONNEL

o B
0\’ VN e RN = = B W

~
[~}

Health Physics & Count Room Oper.
Crane Repair

Canister Basket Transfer Opers.
Mechanics

Elec. Tech,

Crane Operator

Hoist Operators

Canister Basket Opers (Below Grade)
Supervisor (Below Grade)”™
Supervisor

Mech (Below Grade)

Canister Transporter Drivers

Per Shift

‘Per Day




gg-24

M4ODULE .

5000 MTU/YEAR SPENT FUEL PACKAGING

SHT .

1 OF 1

SYSTEMS ¢ COMPGNENTS

QTyY

REMARKS

CPERATING PERSONNEL

2

56

20

108

324

SUPERVISORS
MEcH TECHS

SERVICE GALLERY MAINT PERSONNEL
(4 MECH, 2 ELECQ)

WARM SHOP MAINT PERSONNEL

HEALTH/PHYSICS - COUNTING ROOM
PERSONNEL

MECH IN CANISTER/CAP STORAGE
CRANE DPERATORS

ROVING MAINT MECHANICS
MECHANICS IN SAND STORAGE
BASKET TRANSFER OPERATORS

CRANE OPERATORS IN TEMP STORAGE AREA

PER SHIFT

PER DAY
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MODULE: AIR COOLED VAULT (2500/YEAR - 500 MTHM STORAGE)

SHT.

SYSTEMS & COMPGONENTS

QTY

REMARKS

OPERATING PERSONNEL
1 Supervisor
2 Basket Transfer Operators

2 Transfer Port Operators

Health.Physics Tech.

I

1 Mechanic

2 Transporter Drivers

w

Per Shift

.27 Per Day




APPENDIX C
TECHNOLOGY REVIEW

Thjs appendix contains a breif reviéw of the current technology required

to transport, store, and reprocess spent nuclear fuel. Data was generally
obtained from the ERDA 76-43 series of documents. '
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C1.0 TECHNOLOGY REVIEW

C1.1 TECHNOLOGY PREMISE

A major concern, in the conceptualizing and cost estimating of the Global
Spent Fuel Logistics Systems (GSFLS) Components, is the assessment of the
technology and the future state-of-the-art. If future technology gains
are predicted and used, then concept design and subsequently the cost
estimates for a concept would be difficult to obtain and would be subject
" to a wide variance. If, however, current state-of-the-art technology is
used in the conceptual designs then reasonably accurate concept designs
can be provided with more accurate cost estimating a final result. It was
decided in the project planning state to utilize the state-of-the-art
technology.

Once the decision was made to use the current technology then it was
necessary to search out specific data for each of the concept components.
The best information, currently available, is found in the ERDA 76-43
document series: A1l of the GSFLS components are found in this five volume
series. Supplemental information and data would be obtained from the

Titerature on an as required basis.

The basic GSFLS components were categorized into four major groupings:
| ..
a) Transportation of sqent fuel
b) Interim storage of spent fuel/waste
c) Permanent storage of spent fuel/waste
d)‘ Reprocessing of spent fuel

A technology assessment for each of the groupings is presented in the fol-
Towing sections. Such characteristics as design times, construction time,
specific maintenance requirement and any potential or unresolved problems

are noted.
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C1.2 TRANSPORTATION

Cc1.2.1 Casks

After irradiation in a reactor, nuclear fuel is usually cooled in the
reactor storage pool for a minimum of 120 days. SUbsequent to this mini-
mum cooling time the spent fuel will either be shipped to an interim
storage pool, a geologic repository or to a reprocessing plant. The

spent fuel assemblies contain unburned fuel, activated structural materials,
transuranic elements and large amounts of highly radioactive fission pro-
ducts. The natural decay of the radioactive species generates large
quantities of heat. Spent fuel casks must provide shielding which Timits
radiation to a safe level and must have a large heat removal system.

The technology to transport spent fuel from the current generation of
reactors exists today. Spent fuel casks are available that can be used

to transport fuel with the maximum exposure after the minimum cooling time:
Casks are available for both truck and rail transport. Most of the cur-
rent cask designs will accept either PWR or BWR fuel by utf]izing a special
basket inside the cask; some, however, are designed to carry only one or
the other fuel assembly types. Table C-1 contains a listing of casks
which are in design, in construction, or available for use. They

are representative of the state-of-the-art in cask design and construction.
Some utilize a Tiquid-filled cavity for heat transfer while others use a
dry cavity which depends upon internal convection and radiation to remove
heat from the spent fuel assemblies.

Spent fuel casks must conform to handling capabilities at the reactor spent
fuel storage basin and at the spent fuel's final destination. The spent
fuel will be loaded into and out of the cask underwater and it must be
compatible with these underwater operations. Casks must be designed to
facilitate decontamination before being transported off-site, whether empty

or full.
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Table C-1: Spent Fuel Cask Profile 1/

TYPE NTL 2 NTL3 [NTL4 NTLS [NTLS8 NTL9 |[NTL10 |NTL 11 |NTL12 |[NTL14 |EXL13/3A|EXL 14 |[SGHWR
OWNER NTL NTL NTL NTL NTL NTL  |NTL NTL NTL NTL BNFL BNFL UKAEA
A A NSSEMBLIES/mm)| ¥290 | 77200 | 7200 | 71200 |3/215 — 12230 | w215 12215 | 6230 | sr215 | /215 | 2197
BWR (ASSEMBLIES/mm)| 9/114 - 19/114 12140 | — 7/140 — 17/140 |30/140 — 14/140 140140 |101127
THERMAL CAPACITY (kw)| 15 30 35 35 35 2 100 42 100 50 30 40 20
TOTAL WEIGHT (1) 32 52 65 69 36 104 75 g5 82 72/725 | 100 45
PAYLOAD (t - U} 11 2.0 23 2.3 14 1.4 6.2 3.3 5.7 2.7 2.7 2.7 1.8
CAVITY LENGTH (mm) 3875 3380 4370 4675 4280 4520 |5050 4630 4580 5160 4674/4776 | 4887 4420
CAVITY DIAMETER {(mm) | 440 ) | 864 864 © 864 3x2zo{f)f 474 |[1220 914 1220 914 864 814 610
PRIMARY COOLANT AIR WATER | WATER | WATER | AIR ar AR WATER |AIR WATER | WATER | WATER | WATER
) (WATER) ) {WATER)
PRIMARY MODE OF RAIL/
TRANSPORT ROAD | RAIL RAIL RAIL |ROAD ROAD |RAIL RAIL |RAIL RAIL RAIL RAIL ROAD
APPROVAL STATUS LICENSED |LICENSED |LICENSED |[LICENSED | LICENSED | LicensED |PENDING | LicenseD |PENDING | LICENSED | UCENSED | PENDING | LICENSED
FLASKS OPERATING 2 3 1 1 2 2 _ - - —_— 3/4 —_— I
FLASKS UNDER
CONSTRUCTION/ —_— 1 —_ - —_ —_ 1 2 1 2 —_ PENDING| —
ORDERED

1) REFERENCEZ: REGIONAL NUCLEAR FUEL CYCLE CENTERS REPORT (IAEA, VIENNA 1977)
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Table C-1: Spent Fuel Cask Profile 1)
TYPE NFS-4 NLI1/2 TN-8 TN-9 IF-300 NLI10/24
COMPETENT AUTHORITY
APPROVAL NO. 6698 9010 9015 9016 9001 9023
NFS
OWNER NLI Y TNY GE NLI
NAC ™
CAPACITY
PWR (ASSEMBLIES/mm) 1/215 1/215 3/215 - 71215 10/215
BWR (ASSEMBLIES/mm) 2/140 2/140 — 7140 18/140 24/140
THERMAL CAPACITY (kW) 1 11 35 25 61 70
TOTAL WEIGHT (1) 22 22 36 34 64 91
PAYLOAD (t. U) 0.5 0.5 1.4 1.4 3.5 4.7
CAVITY LENGTH (mm) 4521 4521 4280 4520 4578 4569
CAVITY DIAMETER ( mm ) 343 321 3x230 @ 474 953 1143
PRIMARY COOLANT WATER AIR AIR AIR WATER AlR/He
PRIMARY MODE OF RAIL RAI
TRANSPORT ROAD ROAD ROAD ROAD L
‘APPROVAL STATUS LICENSED LICENSED LICENSED LICENSED LICENSED LICENSED
FLASKS OPERATING 6 3 — — 4 —_
FLASKS UNDER 2 s
.CONSTRUCTION/ORDER - — 3. -




The technology to safely and efficiently transport irradiated LWR fuel is
currently available. Casks designed and constructed in the near future
will be replicas of or variations of currently available casks. The major
construction thrust will be the production of a sufficient number of units
to meet the needs of a growing nuclear power industry. Long term develop~
ments in spent fuel cask design may include the following:

a) Development of casks capable of transporting a larger
number of fuel assemblies,

b) Development of casks for higher burnup, shorter cooling
time fuel,

c¢) Improvements in safety and h@nd]ing features. Safety-
related design efforts will mainly attempt to reduce
cask weights while providing the same high degree of
transportation safety,

d) Improvements in neutron shielding to provide adequate
shielding at decreased weights,

e) Development of intermodal transportation systems utilizing
.air and sea transport.

€1.2.2 Land Transporters

Each of the spent fuel casks, of C1.2.1, is transported on a special, unique
vehicle peculiar to that cask. Highway transporters are limited to 73,200
GCVW in most states although the federal government is attempting to increase
the a]Towab]e load limitations to 80,000 GCVW. The advances made in highway
transport will closely align with new cask development to increase the
payload capabilities of the transportation system. Both the materials

and the technology exist to provide 1ight weight transporters which can

accept heavier casks.
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Rail transporters are currently equal to the task of transporting large
shielded casks. Rail could probably be used to handle even larger casks

if they were available. However, most-reactors are not able to handle a
cask Targer than 100 T. It is expected, then, that the rail transporters
themselves will experience very little change in the next few years.
Unfortunately, rail transport of spent nuclear fuel is not highly regarded
among the railroads. Although a recent court decision directed that owners
treat spent nuclear fuel in the same manner as any other cargo, it is to be
. expected that special routings, dedicated trains and some tariffs will

exist to hamper rail transport.

€1.2.3 Air Transporters

Air shipment of spent fuel casks is not expected to prove beneficial. There
are only a handful of aircraft which are capable of 1ifting the weight of -
a fully loaded spent fuel cask. In addition to the payload capacity of

the aircraft, there are two additional major problems to overcome. The
first is to get the cask into the aircraft through a doorway, and the
second is distributing the cask weight over a sufficient amount of deck
space to prevent localized floor failure. The largest commercially avail-
able aircraft is the B-747. One of the models would meet the payload capa-
city requirement. Boeing is currently selling an aijrcraft which has a
taxi-weight of 823,000 pounds which can carry a payload of 231,000 pounds.
The range for this configuration would be a nominal 3,000 miles. This
diminished range would require many intermediate stops for refueling
between the pacific community and the United States. These stops would
require third party agreements to allow the landing of the aircraft for-.
refueling. Needless to say, the disaster potential .is great.

C1.2.4 Sea Transportation

Sea transportation of épent nuclear fuel is an accohp]jshed fact. Fuel has
been shippéd from both Italy and Japan to Europe for some number of years.



Currently, there are no special requirements which are imposed on commer-
‘'cial carriers except when they must move in coastal waters. Japan has,
so far, adopted the most stringent of thése requirements. These are
Tisted below: '

a) Longitudinal bulkheads at one fifth the breadth of the

ship at each side,
_b) Double hulled,

Transverse bulkheads,

(9}

Personnel decontamination facilities,

o

1

Radioactive waste drains and health/physics monitoring,

-+

Redundant navigation systems,

(]

Increased hull structural strength,

=

)
)
)
) Emergency flooding and firefighting systems,
)
)
)
)

i) Fully redundant heatjng, cooling and electrical systems.

The minimum size of ship, for intercontinental'shipments has been suggested
as 3000 DWT. This is a small ship, but it is still acceptable for long range
shipments. Although the requirements specified above will make the ships
cost considerably more, there is nothihg which is beyond the current state-
of-the art.

>
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C1.3 STORAGE OF SPENT FUEL/WASTE

C1.3.1 Water Basins

Storage of spent fuel in water basins has been demonstrated by many years
experience at reactor sites and reprocessing plants. The technology for
water basin storage is well developed and demonstrated. There appears

to be no technological barriers to future design of water basins for short
term storage. There have been many design studies and the general concensus
is that a storage facility will require 6 to 8 years to design, construct
and Ticense. If modular water basins are used then the second and subsequent

water basins would require significantly less time.

No major development areas need to be addressed to meet design requirements.
There, however, are some potentially beneficial areas into which profitable
~research might be directed. Some of them are described below:

a) Dry cask unloading. Most concept and designs use a wet
cask unloading method which subjects the outer cask
surface to pool water and contamination. This requires
a2 certain amount of time to clean-up before the cask
can be returned for another load. Concepts involving
dry unloading should be developed which would eliminate
this problem. .

b) Spent fuel storage .racks which are integral cask baskets.
This would permit an entire cask load of spent fuel to be
unloaded from the cask at once and placed into storage.
This would eliminate a considerable amount of time,

éspecia]]y in unloading a large rail cask.

c) Develop methods to quickly determine fai]ed fuel ele-
ments. This one has two directions-sipping fuel to
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find leakers and broken assemblies upon removal from the
cask and the monitoring of pool water -to determine radio-
actively and location of a newly failed element in storage.

d) Densification of storage. Most storége concepts rely on
geometrical storage for criticality control which requires
a large pool for a certain amount of fuel. New and
acceptable techniques for neutron suppression in closely
spaced fuel assemblies could be deveioped and the costs
lowered to a more nominal amount. This would allow smaller
and less expensive pools to be constructed at the expense
of storage racks.

€1.3.2 Air Cooled Vaults

Air cooled vaults for the storage of packaged spent fuels have not yet
been designed. There are two types which could be considered: forced air
cooling and natural draft. As implied, forced draft requires air pumps
and filters to move air across the canisters for cooling.

The natural draft vault system requires only residual decay heat from the

spent fuel and an.open path for the air flow. The addition of heat to the

air causes a density change. The lighter air will move upward because of

the buoyant forces at some velocity. This natural flow will keep the canisters

at some level of heat.

The design of such a system requires that individual chimneys be placed
around each spent fuel canister to channel the air flow.

The technology status of this concept is current. There appears to be no.

technological barriers to design and construction of such a system. HTGR
elements are currently stored in unpackaged, forced air vaults.
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Air cooled vault concepts for the storage of waste have been defined. These

concepts could be applied directly to the spent fuel problem. The spent fuel
would have to be precooled for some time in water basins prior to air cooled

storage. It has been estimated that design construction, and licensitg would
take 7-9 years if a go ahead were given in the immediate future.

* Major new developments should be directed to the problem of confinement
and basic design. Corrosion of the packaging material needs to be further
evaluated in a wide range of environments.

€1.3.3 Geological Storage

Storage of spent fuel in geological formations would be similar to waste
storage concepts. The disposal area for spent fuel will be about the same as
that for waste if heat dissipation determines geometrical spacing. It '
would require more space if total number of packages define the storage area.

Any geologic facility constructed by conventional room and pillar mining
methods will have the same basic features. These might include:

Cask receiving facilities

Water basins

Packaging facilities

Hoisting equipment and shaft

Underground receiving transport equipment
‘Man/materials shaft

Ventilation/filter systems

Excavated material handling and disposal
- Support facilities

O O 0O 0O 0o o o o ©

The basic technology to design and construct and license a geologic facility
exists. The usage of the facility may be dependent upon in-site testing
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and qualification. This alone could occur in as short or two - five years
or as long as 20 years.

C1.3.4 Packaging Facility

Although not a storage facility this module is considered here because of
the prepackaging of spent fuel prior to storage in either an air cooled vault

or in geologic storage.

Packaging of spent fuel (and waste) is accomplished by placing the fuel
assembly inside a container with either a solid or gaseous heat transfer
medium and sealing the canister. This first canister is the second barrier
for confinement. The concepts’chosen for this study over pack the fuel

in a second canister to begin with. It too has a heat transfer media
between inner canister and outer canister. This outer canister provides

a third barrier for confinement. '

Most of the technology concerning packaging of spent fuel has been developed
for fuels other than LWR fuels. There are no technological barriers to the
design of spent-fuel packages and packaging facilities. It is estimated
that two to four years would be required to verify the corrosion resistance
~of container materials and to optimize the canister;design and loading for
the particular concept. The design and construction of a packaging facility
could proceed concurrent]y with a storage facility with an e]apsed time

of seven to nine years. '

There are some areas in which major development should be directed::

a) Selection of construction material for fuel element
containers. Material selection should consider a cost
benefit analysis for the container in a particular medium

or concept.
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b) Selection of container filter. If a material other
than helium is selected thenylong term compatability
should be investigated.

c) Calculations for PWR and BWR fuel assemblies (intact
and disassembled or separated) to determine allowable
package loading considering both heat removed and
criticality.

d) Advanced weld verification techniques which are useable
in a high radiation, high heat environment.
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APPENDIX D

This appendix contains the GSFLS Systems Requirements Computer Analysis
documentation. It is presented as a stand alone documént and as such
has references to its own appendices: All of these are contained within
the document presented as Appendix D.
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Abstract .

This document describes the analysis, and computer models generated to assist
in the analysis, of a global-scale logistics network for transporting and

storing spent nuclear fuels.

Additional documentation exists in the form of on-Tine computer files, magnetic
tapes and card decks enabling the described programs to be compiled and run on
the Boeing Computer Systems' Control Data Corporation 6600/CYBER computing

system under the NOS Operating System (installed 1 Jan 1978).

The project was performed under the direction of A. Kriger, Boeing Engineering
and Construction, during the period October, 1977 through January, 1978 and was
funded by the U. S. Department of Energy under Letter Contract Number

EN-77-C-03-1583.

Key Word List

Ldgistics Network : Global Transport.Network
Transportation Network Systcﬁ Requirements Analysis
Spent Nuclear Fuel Spent Fuel Storage
Comﬁuter'Systems Mode] Systems Analysis

Nuclear Fuel Cask Network Analysis
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SUMMARY

The GSFLS Trahsportation'and Capital Facilities Systems Requirements Analysis
is composed of two primary analysis efforts which have‘been combined into a
éet of loosely coupled computer program modules. These modules run independ-
ently as well as exchanging data to enable succeeding progfam modules to

provide the requisite analysis results. The two primary analyses involve:

(1) Transporation Network Analvsis for the determination of transportation
requirements for spent nuclear fuel over a fixed timespan or project

period.

(2) Fixed Facilities Requirements Analysis which determines the number of

spent fuel water basin and air-cooled vault modules required over the

same time period as above.

The analysis model and methodology employed are described in this document."The
model can be used to assess spent fuel systems requirements at the'country,
regional or multi-regional levels. Results, including sensitivity studies énd
trade-off analyses, conﬁucted to date, are discussed in detail in the Appendices
to this report . The generality of the model permits it to be.

applied to a wider range of logistics transportation problems than those
discussed herein, although some computer program modification may be required

should such application be desired.
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1.0 INTRODUCTION

1.1 Objective

The rationale behind the development of a mode] for a global spent fuel
logistics network is to permit the rapid and‘easy modification of model param-
eters such as distance, time ofﬁfaciiity construction, velocity of cask
transporters, carrying capaéities of cask transporfers and other factors used
as inputs to the model, observing the resulting effects such modifications

have on logistics system requirements.

In this way, an optimal solution .to the total set of system requirements may
be approached in an iterative or heuristic manner.

In order to arrive at a least cost solution, under engineering feasibility and
political constraints it is necessary to perform a further economic analysis..
The outputs from the systems requirements analysis model are,,therefpre, used
as inputs. However, during the counée of determining the logistics system
operational requirements, it is possible to narrow the number of candidafe
scenarios substantially through the use of the systems requirements computer
model without performing a detailed economic trade-off study for each and

every potential scenario variation.

The computer models are sufficiently general to permit exploration of a wide

range of logistics system scenarios.
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1.2 System Components

The GSFLS Systems Analysis is directed at the assessment of the requirements

for:

(1) The Transportation Systems elements--number of ships, spent fuel
transportation casks, cask transporters, etc.--used in moving spent

fuel and transuranic wastes from one facility to another.

(2) The Fixed Facilities required to support the quantities of spent
fuel and transuranic wastes stored or reprocessed at each node of

the transportation system. Facilities include:

Existing and new water basins constructed to hold spent fuel and

transuranic wastes on a temporary basis for later permanent storage

or reprocessing.

1.3 Analysis Approach

The most complex aspect of the analysis is in the determination of the tfans-
portation requirements--number and size of ships as well as land transport
vehicle requirements and number of spent fuel transport casks. For this

l reason, initial analysis efforts were focussed on this aspect of the overall

‘g: . logistics systems network. Two computer models were postulated, a deterministic

and a simulation model.
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Major effort is currently being éxpended on the deterministic model due to its
flexibility and adaptability. It was determined early in the study not to
attempt an optimizing model due to the inherent complexity of closed transpor-

tation systems.

Instead, the model was designed to operate in an heuristic manner. That is,
each iteration of the model provides insight into the choice of parameters for
succeeding runs, thus permitting optimality to be approached as closely as

desired.

Side studies exploring the sensitivities of the transportation system to
varying ship sizes, transportation'element utilizations, system queuing, and
system operational variations were also conducted, both prior to computer model

construction and in the course of model runs.

Additional side studies are possible and potentially desirable in the areas of
system queuing effects, ship sizing and ship staging. The results of sensitivity

studies performed to date are presented in Section 5.

After the underlying characteristics and model of the system were defined, the
model was built into the Boeing computer system in order to have the abiiity
to perform multiple runs and sensitivity analyses. Outputs from the computer

model are then used as input to the financial models--also built into the

Boeing computer systems.
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1.4 Regional Aspects

Although the computer model is quite general, the approach taken to date has
been to examine one region of the world exploring the systems requirements for
this region by varying system parameters such as the siting and construction of
timing of spent fuel storage facilities. The Pacific Basin countries spent
fuel transport requirements were the focus of the analysis to date. However,

the basis of the systems requirements model construction is multi-regional in

nature.

It is expected that Global requirements will follow naturally from the multiple

regional analyses once complete.

It is also possible to perform a complete set of analyses on an individual

country level, for any number of countries required.
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2.0 SCOPE AND CONCEPT

2.1 Scope of Analysis

The Systems Requirements Analysis covers the transportation system requirements

and the fixed facilities requirements for the regional and Global movement of

spent nuclear fuels from light water BWR and PWR reactors.

e A—

(M

(2)

(3)

(4)

(5)

Variable inputs for each computational run include:

Reactor assembly discharge data by type of reactor, country and year

under the assumption that no additional reactors are constructed

beyond the year 2000.

Transportation distances, determined from field surveys and separate

analysis studies for each link in the transportation system.
Transport vehicle average speeds determined through separate study.

Fuel cask loading and unloading flow times, based upon separate |
engineering flow analyses, for each transportation inter-transfer

point and cask handling location.

Fixed facility initial dates of operation determined on the basis of

engineering feasibility and other constraints.
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2.2 Conceptual Framework and Global Model -

The global model developed to depict the transportation linkages and fixed

facilities siting is shown in Figure 1.

In general, in the "back end" of the nuclear fuel cycle, spent fuel from light
water PWR or BWR reactors is discharged to an At Reactor Storage (ARS) water
basin where it is held for some variable period of time before being loaded
into spent fuel transportation casks and then transported to another water

basin (AFR water basin) where the cask is unloaded and placed in temporary

water basin storage.

The AFR water-basic may be co-located with any one or more of the following:
(1) An air-cooled storage vault (AV) for longer term storage.

(2) Geologic Repository (GR) for permanent storage.

(3) A Recycle Center (RC) used for reprocessing the spent fuel into new
fuel assemblies for reuse. Use of this option produces waste (wr)
which is then stored either at the local WB, AV or GR or transported
to a distant storage site. If all requisite storage ahd/or reproces-

sing elements are co-located, the complex of facilities is identified

as a Fuel Storage or Recycle Complex (FSRC).
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Alternatively, spent fuel stored in an AFR WB may be later transported to a
distant FSRC for either longer term storage or reprocessing. If this is the

case, the transportation cask must be reloaded at AFR WB#1 and unloaded at AFR

WB#2 at the distant FSRC.

Empty spent fuel casks are transported back to reactor sites from water basin

storage/unloading locations.

The spent fuel transportation cask may travel on differing transportation

carriers--R/R, ship or road transport@r while in transit to and from Water

Basin locations.

§
A degeneraﬁQ FSRC is simply a water basin without additional storage and/or

reprocessing capabilities.

o
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3.0

LOGISTICS SYSTEM MODEL ANALYSIS
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3.0 LOGISTICS SYSTEM MODEL ANALYSIs

3.1 Problem Analysis Discussion

The analysis of the system begins with a model basis for the most complex
portion--the transportation requirements in terms of ships, airplanes, trucks
and trains requ?ﬁed to transport spent nuclear fuel from ARS WB to AFR WB. The
conceptual framqurk for the general transportation model is depicted in Figure
2. The conceptual model shows the flow of spent fuel from reactor water basins
to and through other handling, storage and reprocessing facilities. Once a
transportation cask is emptied of its spent fuel or reprocessing wastes, it is
returned to a reactor site or distant AFR WB for the next fuel or waste pick-up,

thus effecting a closure of the system.

Reactors (spent fuel sources) may be thought of in individual terms or as
aggregate spent fuel sources by country or region. The objective of the
analysis is to determine the minimum transportation facilities requirements for
éach concept under consideration given realistic estimates of the parameters of

distance, speed, location, and time as well as facilities throughput, utiliza-

tion and queuing.

3.2 Overview of Transport System Operation

-

Starting at the left of Figure 2, the sequence of transportation system opera-

tion js as follows:
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SIMPLEX TRANSPORT FROM REACTOR TO AFR

/ﬁ‘
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W

XFER

AFR LAND TRANSPORT
Loor

Fylt)

AFR

Foit;)

xfer Point where modes of transportation are changed (e.g. Seaport)
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(F leaving reactor must = arrival rate at xfer pts and AFR)

Figure 2.0: Spent Fuel Transport Routing
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Ship can rqfer to cither a waterborne vessel or "airship" as indicated ‘in
the depictyan.

(1)

(2)

(a)

(b)

(c)

b,

Empty casks arrive by Ship at the seaport dock transfer point and

are moved by rail or road transporter fo the At Reactor Storage

Water Basin. .

Fuel is unloaded from”the ARS water@baéin, placed into a transporta-
tion cask, and loaded onto the rail or road transporter and moved to

the seaport dock facility where the transportation cask is loaded

onto a ship.

N

The sh%p(]) may either wait {for casks .to arrive or may load waiting
casks and depart with a full load of casks from the dockside gueue.
(Fewer ships are required if the ship does not Qait for casks to
comp]??? a round érip to and from the reactor. However, if the
amounf éf fuel tq be transported in a given period does not require
that’the ship beﬂutilized fﬁ]ly, then the ship can afford to wait
for casks to arr%ve, thus saving one set of casks which would other-
wise need to be kept ;E that doék facility). The ship always carries

a set of either full or empty casks in order to maximize ship utili-

zation. Empty casks are unloaded at the same time as the full casks

are ]oaded(z). !

!

— A

The times required to perform these operations were determined in a set
of Flow Time iAnalyses. (See Appendix B.)
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(d) Ships then travel to the land mass on which the AFR WB (FSRC) is
located. The full casks are unloaded at a transfer facility (seaport)
where they are either loaded onto a waiting transporter (train or
road transporter) or wait until a transport vehicle is available.

Empty casks are 1¢aded onto the ship for transport back to another

ARS WB.

(e) While the empty casks are in transit by ship back to an ARS site,

the full casks are in transit to the AFR WB at the FSRC.

. K

(f) The full cask arrives at the AFR WB where the spent fuel is unloaded

into the water basin. The empty cask is then,fe-loaded onto the

transporter for the return journey to the same or another transfer

point.

(g) The empty casks are moved to the transfer point where they either
queue up awaiting transportation or are loaded onto a waiting ship

for transportation to an ARS site.

The above operational sequence describes the transportation operation under

the simplest set of circumstances and forms the basis for the analysis model.

Appendix B.2. contains the mathematical description of the transportation

analysis module.
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3.3 Routing from AFR WB to Other Sites

a3 sz QU

Once spent fuel has arrived at an AFR water basin site, it may later be
re-transported to another site(s) if the initial AFR site has no long term
storage and/or reprocessing capabilities. Additionally, wastes from reprocess-

ing operat%ons may be transported via cask to longer term or permanent storage

sites.

These actﬁyities may occur at the same time as spent fuel shipments from ARS

sites are occurring.

This, of course, great]yb}nc?eases the complexity of the analysis of the
requireménts for transportation casks, tran$porters, and other handling facili-
ties. In addition, if fixed facilities WB,.AV, GR and/or RC receive spent fuel n
or wastes from a number of routes, queueing at cask handling éreas may be

increased, depending upon the relative quantities of fuel or waste arriving

from these secondary routes.

Figure 3 illustrates one such case in the manner which the deterministic model
' A .
treats the analysis (i.e., dual routes octurring aftera%he year 2000, where

Route 1 is the primary route and Route 2 indicates the secondary routing).

Since casks are transported only from WB to WB, it is not necessary to show the .

p

I . . i
co-]ocatgq\facilities referenced in Figure 1. - f\ )
. (BN ’ . s ’
[ f
| A
Similarly, the transportation routing sequence may be established for any [\

number of conceptual networks employing the fixed facilities previously describé@}

D-22



€ e o
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Figure 3.0: Cask Transport Flow Schematic




4.0 COMPUTER MODEL SUMMARY
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4.0 COMPUTER MODEL SUMMARY

4.1 Problem Parameters

The movement of spent LWR nuclear fuel from reactor water basins to storage
and/or reprocessing centers constitutes a problem which falls into a class of
closed loop transportation/logistics systems where there exist a number of

resource requirement determinants in order to effect a solution:

(1) Time required for a set of transportation requirements to complete a

trip around the network and return to the origin without queuing.

(2) The amount of commodity carried per roundtrip for each loop in ths

system.

(3) The queuing which occurs at each node or handling point in the

transportation network.

(4) The throughput (flow rate) capabilities of each commodity handling

facility, including transportation transfer points. :

(5) The flow rate of the commodity entering the system and distributed
through each connecting loop. - In the case of the commodity Spent
Fug], the flow rate varies by year and generally increases over

time.
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4.2 Model Structure Summary

Prior to constructing a computer model for the spent fuel transportation
logistics system, it was decided to separate the analysis into a set of semi-
independent tasks, coupled by the data that was needed by each task program
module. In this manner, each task could be analyzed separately and run as a
logical sequence of programs. Because of the structure, it is not necessary to

run all the modules at once.

The restriction on running a program module independently is that a program
module dependent upon another program module may not run until the data files

for the prior module(s) have been prepared for input to the dependent modules.

An overview of the interrelationships and dependency structure between the
computer modules is shown in Appendix A. Appendix B contains a program descrip-

tion, flow chart summaries for each of the modules and the program module

listings. The program modules are:

(a) Fuel Profile (Input): Computes a year-by-year fuel profile for the
country or region using individual reactor or country input data.
(Two external versions were constructed as well as an internal sub-
routine to the Transportation Requirements Analysis module, allowing

it to run as a full independent module (useful for sensitivity and.

trade-off analyses).
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(b)

(c)

(d)

(e)

L8

Transportation Requirements Analysis: Computes the annual opera-

tional complement needed for ships, casks, and other transporters-- .

road or rail.

Fixed Facilities Requirements Analysis: Determines the number of

on-site modules of fuel storage facilities required by year.

Major Requirements Summary Module: Determines the annual buys of

the above items, taking the life cycle characteristics of each

element into account, as determined by separate engineering studies.

Interface Module: Performs the following functions:

Determines the dependent facility items based upon the major

Fixed Facility requirements and timing.

Computes an acquisition cost spread based upon total dollar

requirements by fabi]ity required.
Outputs a printed facilities breakdown based upon the above.

Creates a file of the above to be passed as input to the finan-

cial model(s).
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5.0 REGIONAL EXAMPLE: PACIFIC BASIN SPENT FUEL
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5.0 REGIONAL EXAMPLE: PACIFIC FUEL CYCLE CENTER W/ VAULT STORAGE

5.1 Introduction

Eleven concepts for siting and timing of fixed spent fuel storage and reproces-
sing facilities for spent fuel originating from Pacific Basin Countries (Japan,
Korea, Taiwan, Philippines, etc.) were chosen initially for study. These |
concepts have been previously discussed. The siting of the fixed facilities

as well as the physical characteristics of the Pacific Basin reactor sites--
present and planned--determine the transportation distances and, to some

extent, transportation modes. However, great latitude still remains in the

choice of carrier types, sizes of ocean-going vessels and land transportation

modes.

In addition, flexibility exists in the choice of scheduling schemes for the

transportation carriers.

The preceding, along with the annually increasing spent fuel population affects
the choice of the logistics systems elements, including the number and size of

ships, casks, transporters, water basins, air-cooled storage vaults, geologic

repositories, and spent fuel reprocessing facilities.
|

5.2 Assumptions
The following are the major system assumptions followed in the analysis and
construction of the computer model:
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(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

The project life span covers the 53 years from 1978 to 2030.

No new reactors are built after year 2000 and hence no annual incre-

ments to the ARS spent fuel population occur after 2001.

Three transportation loops can adequate]y'describe the basic transpor-
tation network. That is, no complex ship transfer of casks takes
place from one size ship to another. (This possibility is explored

in a side study, discussed later and in Appendix C.)

An average transportation distance from multiple reactors will

sufficiently approximate the fuel-weighted distance average.

Queuing effects on transportation system requirements may be
adequately accounted for by inclusion of an inflating Q factor at

multiple points in the model.

Utilization of transportation facilities may be adequately accounted

for in similar fashion to queuing.

Vehicle travel velocities derived from research sources adequately

account for delays and accidents en route.

Dockside transfer facilities permit effective handling of spent fuel

casks in accordance with engineering flow time analyses performed

for the project.

/}
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(9) No more than two different cask sizes will be transported

simultaneously.

(10) Land transport of an individual cask requires an individual transport
carrier per cask (a train may be composed of any number of transport

carriers).

(11) Fuel is fully removed from fixed facility storage (WB or AV) at a
linear rate and placed into new storage (AV or GR) or reprocessing
facilities as they come on stream. Full drawdown from old storage
is accomplished during the time span from construction of new faci-
lities to construcéion of next succeeding storage facility or by the

end- of the project life, whichever occurs first.

(12) Spent fuel is shipped in even amounts during each one year period‘of

the project time span.

5.3 Fuel Inputs

Figure 4 depicts a fuel profile for the Pacific Basin region used as the
.initial aggregate input to the model. The initial fuel profile was derived
from firm plus future projections of spent fuel growth'over all Pacific Basin

region countries. Countries included in the spent fuel population considered

are:
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Japan ' Philippines
Taiwan Australia
Korea Thailand

Other Pacific Basin Countries

In order to determine the appropriate spent fuel profile to use, it was neces-
ary to consider the age of the spent fuel to be shipped. Such factors as the

desirability of maintaining full core reserves in ARS were considered as well

as current ARS pool sizes and engineering factors associated with optimal fuel
age for shipment by transportation cask. These factors are considered in

depth in a separate volume.

However, in constructing a fuel profile for the Pacific Basin region, it was
found that a desirable transportation schedule would éradua11y reduce the age

of the spent fuel shipped from that currently in ARS storage (approximately 8
years for the oldest Pacific Basin spent fuel) to 5 year old fuel. This draw-
down of existing ARS pools is depicted in the annual spent fuel shipment profile
shown in Figure D-1 (Appendix D). Figure 3 depicts the cumulative spent fuel
shipments for the Pacific Basin countries through the year 2030 under the fuel

shipment assumptidn just described.

5.4 Pacific Basin Example

Using the fuel pfofi]e shown, a number of Pacific Basin cases were run using
the computer model. The following describes the cask transport routing along

with the computed results from one of these cases--PFCC-V (Pacific Fuel Cycle

Center with Air-Cooled Vault Storage).
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In the example chosen, spent fuel from Pacific Basin countries, predominantly
Japan, is transported from 1978 through 1984 to storage locations in the
United States. In 1985 an AFR storage facility is constructed on a mid-
Pacific island. The first structure is an AFR Water Basin. In 1987 the first
AFR Air Cooled Vault module is constructed. Beginning in 1990 spent fuel
previously shipped to the U.S. is re-transported to the midiPacific AFR site.
This was schematically illustrated in Figure 3.0. The computer module deter-
mines the transportation requirements in Hhmber of ships and casks on an
annual system operationa]«requirement basis; the number of major fixed facil-
ity elements operationally required; and the number of each of the previou§
logistics elements which must be acquired to maintain system operability

" conditions under certain life cycle assumptions (as follows).

LIFE CYCLE ASSUMPTIONS: PACIFIC BASIN EXAMPLE

Transportation Element or Fixed Facility L{fe (Years)

e Ship 35

e Cask co | 20

e Cask Transporter " ) A 15

o Cask Unloading Port ~ Over 53

e MWater Basin Over 53

® Air-Cooled Storaée Vault - Over 53

e Geologic Repository. Over 53
® Recovery Facility Over 53

(Fifty-three years is the project time span. Any value greater than this will

insure that no additional acquisitions of these capital items occurs, while
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those with values less than 53 years will require replacement acquisitions

during the project time span.)

A PFCC-V example case result follows (Inputs used are shown on each page
preceding the individual module results. Further information on selection

and use of input values are contained in Appendices A and 03)

5.5 Sensitivity and Trade-Off Analysis

5.4.1 Ship Capacity and Number of Casks Required

Trade-of f analyses indicates that for transoceanic shipping distances less

than 2500 m{1es, use of smaller ships (4 cask capacity) minimizes the require-
ment for casks in the system. This analysis was performed prior to construc-
tion of the computer models and, therefore, the computer model does not cur-
rently contain provisions for transfer of casks from one size vessel té another

since most regional fuel centers are expected to be located within or close to

the 2500 mile distance from ARS sources.
See Anpendix C for further discussion of these tfade-offs..

5.4.2 Facility Utilization and Queuing Sensitivities

Low utilization of facilities and transportation de1éys or scheduling problems
can have major impacts on the costs of system operation in any complex logis-

tics network. These factors were accounted for and provided as estimates to
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GSFLS TRANSPORTATION REQUIRINVENTS ANALYSIS-- PFCC-V(1)JAN. 10,1978

INPUT PARALETERS

YeA YEAR CASK PORT CASK L QUEUE ING FUEL
STAHT EtD  UTIL UTIL BEG SIZE SHIP SOURCE DEST TINE SPAN AT (MIHM)
19738 2030 .85 1.00 A ARCE 1 .92 .98 .85 0o (0] 0.00 -

1990 2030 .85 1.00 A UARGE 1 .92 .85 .85 1990 2030 13.76

YEAR YEAR QONSTANTS
START END Al A2

1978 2030 18.1 2
1930 2030 2

YeAR  YEAR CASE S/D SHIP SOURCE DESTINATION

START END DIST VEL UTIL C DIST VEL UTIL C DIST VEL UTIL C
1978 1984 BA 12 5572, 16. .95 4. 0. 20. .85 4. 2394. 20. .85 4.
1885 19856 BA 13 4100. 16. .95 4. 0. 20. .85 4. 0. 20. .85 4.
1987 1989 BA 13  4100. 16. .95 4. 0. 20. .85 4. 0. 20. .85 4.
1920 2030 BA 13 4100. 16. .95 4. 0. 20. .85 4. 0. 20. .85 4.
1990 2030 B3 23 4300. 16. .95 4. 2394. 20. .85 4. 0. 20. .85 4.
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ALRLAL SYSTEM OPERAT IONAL REQUIRCNVENTS-- PFCC-V(1)JAN. 10,1978

REACTOR  AFR US AFR CANTON

YEAR FUEL SHiP CASKS  TRANS  TRANS CUPS THAMS CUPS TRANS CUPS  TRANS CUPS
/'R G ™M LG S LG S4 LG v e S LG S

1978 12 1 10 0O 5 O 6 O 4 0O 00 O OO0 O 00
1979 17 1 10 0 5 O 6 O4 O -00 O OO O OO
190 25 1 10 0 5 O 6 0 4 0O 00 O OO0 O 00
1981 56 1 10 O 5 O 6 O 4 0O 00 O OO O 00O
19982 91 1 10 0 5 O 6 O 4 O OO0 O OO O OO
1983 162 1 10 0 5 O 6 ( 4 0O 00 O OO O OO
984 201 "2 15 0O 5 O 6 O 4 © OO O OO O OO
1985 463 3 20 O 5 O O OO 6 O 4 0O 00O O OO0
1986 517 3 20 0 5 O O OO 6 O4 © OO O OO
1987 578 3 20 O S O ©O OO 6 0O &4 O OO O OO
1988 663 4 24 0O 5 0O O OO 6 O 4 O 00 O OO
1989 736 4 24 0 % O O 0 O 6 -0 4 o 00 O OO0
190 883 6 34 O 5 O 6 00O 12 04 O OO O OO
19911016 6 3 O 5 0O 6 0O 12 04 0O OO O OO
1992 1240 7 3 0 S O 6 00 12 04 O OO O OO
19931505 8 43 O S5 O 6 0 0 12 0 4 0O 00 O OO0
19341760 10 53 0O 5 O 6 OO0 12 04 O OO0 O OO
19552008 i1 58 0 5 O 6 OO0 122 04 O 0O 0 OO
1996 2317 12 62 0 10 O 6 OO 12 04 O 00 O OO
1997 2549 13 67 O 10 O 6 O 0 12 0 4 0O OO O OO
19932760 14 72 ©0 10 O 6 OO0 12 04 O 0O O O O°
1999 3058 16 8/ O 10 O 6 O O 12 0 4 O OO O OO
20003290 17 86 O 10 O 6 OO0 122 04 O OO0 O OO
20013516 18 %0 © 10 O 6 ©0 O 12 04 O OO0 O 00O
20023876 19 85 ©0 10 O 6 00 12 04 O OO0 O OO
20034158 21105 0 10 O 6 OO 12 04 O OO O 0O
2004 4414 22105 O 15 O 6 O 0O 12 04 ©0O OO O OO
2005 4774 24113 & i5 0 6 OO0 12 04 O OO O OO
20065055 25123 0 15 0O 6 0 O 122 04 0 0O O OO
20073055 25123 0 15 O 6 O O 12 04 O©0 OO0 O OO
20085055 25123 0 15 0 6 00 12 04 0 0O O OO
2009505 25123 O 15 O 6 0 O 12 0 4 0O 00 O OO
20105055 25123 0 1S O 6 OO 12 04 O OO O OO
20115035 25123 O 15 O .6 0O 12 04 0O OO O OO
20125035 25123 O 15 0 6 OO 12 04 O OO O OO
201350% 25123 O 15 O 6 OO 12 04 O 0O O OO
20145085 25123 0 15 O 6 O O 12. O 4 0O 00 O 00
20156055 25123 O 15 O 6 O O 12 O 4 O oo O OO
201655 25123 0 15 0 6 O 0 12 0 4 0O 00 O OO
2017 5056 25123 O 15 O 6 0O O 122 04 0O OO O OO
2018 5036 25123 0 15 O 6 0 O 12 0O 4 0O 00 O OO
2019505 25123 0 15 O 6 0 O 12 O 4 6 00 O OO0
20205056 25123 O 15 0O 6 OO 12 04 O 0O O OO
2021 0% 25123 O 15 0O 6 OO 122 04 O OO O OO
2022505 25123 0 15 O 6 OO 12 04 0O 0O O OO
20235055 25123 O 15 0O 6 OO 12 04 O OO O OO
2024 50SF, 25123 O 15 O 6 OO 12 04 O OO O OO
2025 %055 25123 0 15 0 6 O O 12 0 4 O 00 O 0O
2026 €056 25123 0 1 O € 0 O 12 0 4 O 00 O 00O
2027 5055 25 123 0 15 0 6 00 12 O 4 0 00 0O 0 0
2028 0L 123 0 15 0 6 0O 12 04 ©0 0O O OO
2029 . 123 0 15 0 6 0 0 12 0 4 0O 00 O 0O
A0 KA TR 123 0 15 Q0 6 0 O 12 0 4 0O 00 O 0O
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GSFLS FIXED FACILITIES REQUIREMENTS ANALYSIS— PFCC-V(1)JAN. 10,1978

INPUT PARAVETERS

AMODULE S1ZE(MTHM)

NEW VB OO-LOCATED CO-LOCATED V8B WITH DISTANT PERCENT WASTE

STORAGE V. REPGSITORY REPOGITORY REPOSITORY FROM RECOVERY
7§0.00 1700.00 1000.00 750.00 1000.00 .20
YEAR YEAR LINE CESCRIPTION
START END (000 3
1978 1984 1 REACTOR—EXIST VAATER RASIN
1985 1986 2 REACTUR—INEW VATER BASIN
1987 1933 4 REACTOR—NEW VB—C. STORAGE VAULT
1990 2030 5 REACTOR—NEW V\B—C.RECOVERY—C. STORAGE V
1990 2030 1 EX1ST wB-New W8—C.RECOVERY—C. STORAGE V
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ANNVUAL SYSTEM QUERAT IQNAL REQUIHEM NTS=~ PFCC-V(1).0AN. 10,1978

10 S129. 1026. 13991.
10 5129. 1025. 15017.
11 S129. 1026. 16043,
11 5129. 1026. 17058.
12 5129, 1026. 18094,
12 5129, 1026. 19120.
13 5129. 1026. 20146,
14 5120, 1026. 21172,
14 5123. 1025. 22197.
15 5129. 1026. 23223.
15 S5129. 1026. 24249.
16 5129. 1026. 25275.
16 5129. 1026. 26300.
17 5129. 1026. 27326,
17 S129. 1026. 28352.
18 S5129. 1026. 29378.
19 5129, 1026. 30403.
19 5129. 1025. 31429,
20 5129. 1025. 32455,
20 5129, 1026. 33481,
21 5129. 1026. 34507.

YEAR NEW FSRC DISTANT FSRC
W8 REP SV RECOVERY w8  REP
MO MO MD AR VASTE QM VASTE \MOD MD
1978 o] o 0 0. 0. 0. (o] 0
1979 0 0 0 0. 0. 0. 0 0
1980 0 0 0 0. 0. 0. 0 0
1981 0o .0 0 0. 0. 0. 0 o]
1982 0 0 0 0. 0. 0. 0 (o]
1983 0 0 0 0. 0. 0. 0 0
1984 0 0 o 0. 0. 0. 0 0
1985 1 o) 4] 0. 0. 0. 0 o]
1986 2 0 (o] 0. 0. 0. 0 (4]
1987 2 (o] 1 o. o. 0. 0 o]
1988 1 0 2 0. 0. 0. 0 O
1989 1 0 2 0. 0. 0. 0 0
1990 1 O. 2 95. 191, 191. o o
1991 1 o 2 1089. 218. 409. o] 0
1992 1 0 3 1313. 263. 672. 0 o
1993 1 (o) 3 1579. 316. 987. 0 o
1994 1 0 3 1833. 367. 1354, (o] o
1935 1 0 3 2081. 416. 1770. 4] o]
1996 1 0 3 2390. 478. 2248. 0 (o]
1997 1 0 4 2622. 524. 2772, (o] (o]
1 ] 4 2853. 571. 3343, (o] o}
1 0 4 3131. 626. 3969. 0 o
1 0 5 3353. 673. . 4642. 0 0
1 0 S 3589. 718. 5360. (o] (o}
1 (o] 5 3949. 790. 6149, o 0
1 0 6 4231. B46. 6995. 0 0
1 o 6 4487. B97. 7893. (o] 0
1 0 7 4B47. 969. 8862. 4] o]
1 0 7 5129. 1026. 9888. 0 (o}
1 0 8 5129. 1026. 10914, o] 0
1 0 8 5129. 1026. 11940. 0 0
1 o) 9 5129. 1026. 12965, (o] 0
1 0 (o] (o]
1 0 o] 0
1 o o 0
1 0 o] (4]
1 0 o 0
1 0 0 0
| o o 0
1 o 0 0
] 0 o] (o}
1 (o] 0 0
1 0 0 o
1 0 0 0
" 0 0 o)
1 0 o o
1 0 0 o)
1 0 0 o
1. 0 o] 0
i o . (0] (o]
1 0 0 0
1 o 0 0
1 0 0 0
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GSFLS MAJOR REQUIHEMENTS ACOUISITION SUMVARY— PFCC-V(1)JAN. 10,1978
INPUT PARAVETERS

LiFE CYCLE(YEARS)

. SHIPS CASKS TRANSPORTERS  CUPS  WATER STORAGE REPOSITORY
LARGE SWALL LARGE SVALL . BASIN  VAULT
- 35. 20. 20, 15. 15. 60. 60. 60. 60.




o

(1000.)

STOPAGE  REPOSITCRY

VAULT
Y

o

BASIN

( 750.) (1700.)

CUPS  WATER

TRANSPORTERS

LARGE SVALL LARGE SVALL

1

CASKS

10

MAJOR ELEMENT ANNUAL AQQUISITION SCHEDULE— PFCC-V(1)JAN.10,1978
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the model. Estimates for utilization were found in prior studies of the

Nuclear Spent Fuel Cycle. Queuing effects on the system are uniquely dependent
upon the structure of the logistics network postulated and cannot be easily
determined except through detailed analysis. However, the limited analysis of
queuing effects performed to date indicates that the compined effects of utili-
vzation and queuing on the transportation requirements could be quite substantial,

particularly if low facilities utilizations are found in combination with large

and variable system delays.

However, project cost studies on total systems costs, including both transpor-
tation and fixed facilities provide some evidence that, due to the relatively
minor cost impacts of the transportation elements, total system cost sensitivity
to utilization and queuing effects will probably not exceed +10% except under
unusual operational circumstances. Further study in this area is indicated by

results to date.

For additional information, see Appendix C.2.
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APPENDIX A: COMPUTER PROGRAM MODULE STRUCTURE

1.0 MODEL STRUCTURE OVERVIEW

The computer program modules were constructed separately using the Fortran
computer language for all modules except one version of the spent fuel module

which was written using the BASIC programming language.

In addition, there exists a spent fuel subroutine in the transportation module
which permits this module to run as a completely independent entity if desfred.
The spent fuel subroutine in the spent fuel module is based upon a set of
equations which are separately entered rather than on tabular input data.
Therefore, it is necessary to create the requisite equations if it is desired

that the transportation requirements module be run independently.

The interrelationships and dependency structure between program modules are

shown in Figure A-1.
2.0 CAPABILITIES

Each module--Spent Fuel, Trahsportation Requirements, Fixed Facility Require-
ments, Major Requirements :Summary and Equipment Breakdown/Interface--was

constructed to determine the logistics system requirements at either of the

following levels:
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LOGISTICS SYSTEMS
REQUIREMENTS MODELLING

| P

FUEL PROFILE N I
MODULE - 1

TRANSPORTATION FIXED FACILITY
REQUIREMENTS F--4 REPORT REQUIREMENTS
MODULE MODULE

L--{ REPORT

MA JOR
REQUIREMENTS |

SUMMARY REPORT
MODULE

INPUTS

CAPITAL EQUIPMENT BREAKDOWN AND INTERFACE MODULE

-~ REPORT
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I’ FINANCIAL \,
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LEGEND:

" OPTIONAL PRINTED REPORT(S)

UNIQUE INPUTS REQUIRED BY EACH MODULE

—————— INTERNAL DATA TRANSFER

Figure A-1: System Requirements Computer Model Structurs
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(1) Single reactor to single AFR.

(2) Multiple reactors to single AFR where a multiple reactor siting
could be a country or régional siting. (If a country or regional
> aggregate of reactors is used, it is necessary to determiné an
) average transportatﬁon distance to the transoceanic transfer point
prior to entering the distance parameterlinformation for the reactor

transport loop.)

In addition, transportation to secondary AFR's or reshipment to prior storage

locations is also accounted for in the model.

The model structure allows many parameters to be varied, permitting explora-
tion of numerous complex logistics system networks, summarizing the require-
ments for both transportation and fixed facilities elements. The transporta-
tion and fixed facilities element characteristics were explored in great depth
prior to the computer model construction and were based upon engineering éon-
structs discussed in the othe} volumes of this study. A1l numbers and param-
eters used in the construction of the computer model were carefully researched

!
and checked prior to final runs. A complete list of references used will be

|
found in the last volume of the study. Appendix B contains a description of
each program module along with the inputs and flow; relationships within each
module. Also refer to Section 5 for output examples. A sample tryout data

file lay-out used to set-up case runs as shown in Table Al.
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Table A-1: Sample Input Data File Layout
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3.0 LIMITATIONS

The model, as constructed, does not compute system queueing at transfer and
loading facilities, except as entered as an input parameter determined sepa-
rately prior to running the transportation requirements module. A simulation
submodel has been constructed to explore this factor in depth but has not
been completed to date. Conséquent]y; it has been. necessary to estimate the
degree of queueing in the system based upon experience. Analysis indicates
that under normal conditions, queuing effects in relation to overall trans- .
portation requirements and fixed facility costs should have minor impacts on
total logistics systems requirements costs. At this time it is not possible
to estimate the precise effects but they are expected to cause a v&riation on

total system requirements costs no greater than #5%.

There also exist limitations regarding‘the extent of the netwérk that can be
analyzed using the model, as well as routing limitations on Bpent fuel trans-
portation. To date, the model has provided sufficient or more than sufficient
capabilities for the networks postulated. However, should there arise é need
to construct a logistics network with more than a total of five (5) aggregaté
reactor spent fuel sources and AFR destinations, it will be nécessary to
extend the model. There are'élso potential transportation route sequences
which could arise that are not accounted for within the present model context

which could necessitate model extensions.
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APPENDIX B: COMPUTER MODULE DOCUMENTATION
1.0 SPENT FUEL PROFILE MODULE I (BASIC PROGRAM "FUEL1")

1.1 Objective and Scope

The objective of Fuel Profi]e.Modu1e I is to calculate the amount of spent
fuel discharged per year, or transported per year, from reactor sites as well

as to determine from this basic data the following dependent items, as required:
(1) Cumulative spent fuel discharged or trahspdrted;

(2) Spént fuel discharged or transported can be calculated and examined
on a country-by-country total basis and by any grouping of countries.
It is important to note that this version of the program does not
break out Futura Spent Fuel by country but can{provide total Futura

(and cumulative) by year for a given grouping of countries.

(3) Based upon a cask capacity of 4.58 mthm, the program calculates
caskloads of spent fuel discharged or transported per annum and

cumulative, if desired.

(4) The program also computes total and cumulative mthms of Spent Fue]v

per annum.
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(5) The ratio of BWR fuel discharged or shipped to total spent fuel

discharged or shipped is also calculated.

1.2 Qutputs
Two types of output are provided:

(1) Report format for direct analysis and examination. (See Table

B-1.)

(2) An output file is built and passed to the Transportation and Facili-
ties Requirements computational modules for use therein.(q)
These outputs, as mentioned above are used as the input to succeeding

computational routines.

1.3 Imp]emehtation Language

The Spent Fuel Input Module is constructed in the BASIC programming language.

(1) The Final Facilities Requirements Module shows the spent fuel quantities
discharged and transported to other fixed facility locations over the
years 1978 through 2030 under the assumption that no additional light
water reactors become operational after the year 2000. These results and
Table B-1 were used to construct Tables 4 and 5.
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Table B-1: Pacific Basin Spent Fuel

SF/YR (2)

13.6822
30.2781
37.6513 .
86.0376
176.07
228.144
283.307
385.15
487.62
663.166
775.117
928.408
973.632
1111.96
13435
1586.22
1882.47
2195.64
23523
2656.95
2051.17
3159.6
342034
3756.91
3915.2
4261.35
4576.81
4763.37
4764.89
43128
4763.37
4766.41
4814.32
4763.37
4764.89
4812.8
4763.37
4766.41
4814.32
4763.37
4764.89
4312.8
4763.37
4766.41
4814.32
4763.37
4764.89
4812.8
4763.3/
4766.41
4814.32
4763.37
4764.89

NOTE:
(1) YEAR

(2) SPENT FUEL TRANSPORTED PER YEAR FROM ARS
(3) CUMULATIVE SPENT FUEL TRANSPORTED

SF-CUM (3)

13.6882
43.9663
81.6176
167.655
343.725
571.869
855.176
1248.33.
1716.95
2280.11,
3055.23
3983.64
4957.27
6069.23
7412.73
8998.95
10881.4
13077.1
15434.4
18091.3
21042.5
24202.1
276229
313798
35295
39556.4
44133.2
488966
53661.4
58474.2
63237.6
£8004

72818.3
77581.7
82346.6_
87159.4
91922.7
96689.2
101503,
106267.
111032.
115845,
120608.
125374,
130189.
134952,
139717
144530.
119203,
154059,
158874,
163637.
168402,

.

CL/YR (4)

2.98869
6.61093
8.22082
18.7855
38.4433
49.8131
61.8574
84.0939
104.066
122.962
169.24
202.709
212,583
242.787
293.34
346.336
411019
479.397
514.695
580.12
644.359
689.869
746.907

- 820.286
854.848
930.427
999.304
1040.04
1040.37
1050.83
1040.04
1040.7
1051.16
1040.04
1040.37
1050.83
1040.04
1040.7
1051.16
1040.04
1040.37
1050.83
1040.04
1040.7
1051.16
1040.04
1040.37
1050.83
1040.04
1040.7
1051.16
1040.84
1040.37

(4) CASKLOADS TRANSPORTED PER YEAR
{5) RATIO OF BWR SPENT FUEL TO TOTAL SPENT FUEL
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B: TOTAL (5)

1
452083
.363552
651851
505329
.389988
.362369
526189
55524
588403
535673
522993
.488352
568993
570555
554922
593631
605418
587125
574718
583387
577033
570536
579515
5758
574355
576306
571615
571752
576015
571615
571889
576149
571615
571752
576015
571615
571889
576149
571615
571752
576015
571615
571889
576149
571615
571752
676015
571615
571889
576149
571615
571752
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Input data for the module comes from spent fuel reactor assembly discharge

data by reactor type by country. The data is modified to permit initial
shipments from 1978 of spent fuel from reactor water basins leaving a full

core storage reserve (FCR) in each reactor water basin. The exiéting reactor
water basin reserve is‘gradua11y expanded during the project period to fix the
average age of fuel shipped at 5 years by 1991, thus ehab]ing future ARS storage

basins to be constructed with average capacities equal to 5 years of spent fuel

plus FCR.

The Pacific Basin tabular profile of spent fuel shipments used as input to the
other deterministic model computational modules is shown on the following
page. See Appendix D for a discussion of the methodology and assumptions

employed in constructing the Pacific Basin Region‘spent fuel shipments profile,

1.4 Program Variables and Constraints

(1) FUEL1 Variable Map

X = Individual reactor discharge or spent fpe] assemblies discharged
or shipped--either BWR or PWR by year and by country

(two dimensions: J=reactor#; I=year#)

B = BWR and PWR Assemblies by country by year. See table below:

(two dimensions: L=country code#, M=year#)
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L ASSEMBLY . TYPE COUNTRY

1 BWR JAPAN
2 BWR KOREA
3 . BWR . TAIWAN
4 - . BWR . PHILIPPINES
5, BWR FUTURA
6 BWR . OTHER
7 PWR .. ~JAPAN
8 . PWR ' "KOREA
! 9 PWR © TAIWAN
10 PWR PHILIPPINES
no PWR . FUTURA
2 PWR . OTHER

J1 = Number of reactors-by country. -
(one dimensdon: Lgéountry cdge#) ;
Al = Sum of BWR Fuel Assemblies over all qo&ntries by year
; (one dimension:* M=year#) | |
; ,
35 - Sum of PWR Fuel Assemblids over all countries by year

(one dimension: M=year#)



T

T2

T3

T4

T5

T6

BWR mthm's by country by year

(two dimensions: L=country code# per above table; M=year#)

PWR mthm's by country by year

(two dimensions: see T1)

Sum of BWR mthm's over.all countries by year

(one dimension, M: see Al, P)

Sum of PWR mthm's over all countries by year

(one dimension, M: see Al, P)

Sum.of all mthm's (T=T1+T2) by country by year

(two dimensions: see T1, T2)

Total mthm's over all countries by year

(one dimension, M: see Al, P)

Total cask loads of spent fuel by country by year

(two dimensions: see T, T1, T2)

Cumulative mthm's of spent fuel by country by year

(two dimensions: see T)
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Cumulative cask loads of spent fuel over all countries by year

a1l =
(one dimension: see T1, et al.)

R1 = Ratio of BWR fuel to total fuel, calculated from mthm's over
all countries
(one dimension, M: see T3, T4)

T7 = Total cask loads of spent fuel from all countries by year
(one dimension, M: see T5)

Y = Calculated year# for output table

(one dimension,.M: see T7)
(2) 1Input Parameters for FUEL]

Number of countries x 2.0 (BWR plus PWR)

N8 = ;
N1 = System starting date

N3 = Project ending date .

N2 = Starting date for individual reactor or (if aggrega?ed) country
N4 = 1st pattern of spent fuel shipments for any number of.years

(see below conment for 2nd pattern)
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K = 2nd pattern of shipments. (The computer program causes this
pattern to be repeated until project end. 2nd pattern sfarts

in year immediately succeeding last year of 1st pattern)

(3) Imbedded Constants

5.26 = BWR assemblies per mthm spent fuel

PWR assemblies per mthm spent fuel

N
.
-—
~
n

4.58 mthm's per caskload of spent fuel

Base year for computing system start-up date

1977

Factor accounting for BWR as well as PWR sbent fuel assem-

N
n

blies for each country.

1.5 Overview Flowchart

Figure B-1 presents an overview of the computer program flow.
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NG AR

INPUT SET-UP
PARAMETERS:
® NO COUNTRIES
® SYSTEM START AND
END DATES

4

INPUT INDIVIDUAL
REACTOR OR COUNTRY

SET-UP -~
Pl @ REACTION STARTING
DATE

® PATTERN OF SHIPMENT
OR DISCHARGE

ENTER DISCHARGE OR
SHIPMENT PATTERN BY
REACTOR OR COUNTRY

END OF
INPUT DATA ?

REPIICATE INPUT
DATA PATTERN
INTO COMPLETE
MATRIX

!

COMPUTE FUEL PROFILE

DATA

® MTU BY COUNTRY
BY YEAR

® MTU TOTAL BY YEAR
® CAN MTU

® CASK LOADS BY
COUNTRY

® BWR: TOTAL FUEL
RATIO

PRINT FUEL
SUMMARY
RESULTS

STORE FUEL
PROFILE INFO
IN QUTPUT FILE

« TO TRANSPORTATION
REQUIREMENTS ANALYSIS
- MODULE

Figure B-1: Flow Overview: Fuel 1 BASIC Program
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2.0 SPENT FUEL PROFILE MODULE-2 (FORTRAN Program "DISCPG")

2.1 Objective and Scope

The objective of the Spent Fuel Profile Module-2 to tabulate the electric-
power generating and spent fuel profiles of nuclear powerplants by country and

international region. Specifically, the Spent Fuel Profile Module-2:

(1) tabulates by year from 1977 to 2000 the total electric generating .
capacity of firm nuclear powerplants (those which are operating or
are definitely planned to begin operation) and of projected nuclear

powerplants (those which are envisioned) for each given country

(2) tabulate for each reactor in a given country the estimated cumulative
amounts of spent fuel that will be discharged to ARS and AFR stbrage
since reactor start-up by the years 1985, 1990, 2000, and 2030. |

(3) tabulates by year from 1977 to 2030 the total annual amount of spent
fuel discharged and the total annual amount of spent fuel discharged

to AFR storage for both firm and projected reactors in a given

country.

(4) tabulates by year from 1977 to 2030 the total cumulative amount of
spent fuel discharged and the total cumulative amount of spent fﬁe]

discharged to AFR storage for both firm and projected reactors in a

given country.
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(5) performs steps (1), (3), and (4), above, but for an international

region instead of a single country

2.2 Input

Input to the Spent Fuel Profile Module-2 consists of firm and projected reactor
data for each country of the desired international region. Data input for

- each firm reactor includes the year of §tart-up, eiectric generating capacity,
effective ARS pool size, core size, annual spent fpe] discharge, and the year
of initial discharge. Data input for each projection includes the projection
year, the additional generating capacity of the projected reactors in the
projection year, the rate of spent fuel discharge, and an average effective
pool size. A definition of each input variable and a description of the input

data-card record structure is imbedded in the program listing.

2.3 Output

Two types of output are produced by the Spent Fuel Profile Module-2:

(1) Hardcopy reports

(2) Disc file, which contains data to be used as input by the Transporta-

tion and Facilities Requirements computational modules

Example hardcopy report output produced by an example execution of the Spent

Fuel Profile Module-2 is shown in Table B-1.1, which contains output reports
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1raw jc b=l . ¥4 \ay/

CENERATIMNG CAPACITY (GMNE) ~ PACIFIC BASIN

CQONTRY

JAPAN-5Y-1985

REP COF- CHIMNA-5Y-1935
REP.CF -KOREA-5Y-1985

THAILLAND

PACIFIC-OTHERS

PHILIPPINES-5Y-19385

AUSTPALIA

TOTAL

COUNTRY

JAPAN-S5Y-1985

REP OF CHINA-5Y-13935
REP.CF XOREA-5Y-1985

THAILAND

PACIFIC-OTHERS

PHILIPPINES-5Y-1985

AUSTRALTA

TOTAL

———————— 15)85..._.-....—-_ - - -...._.___‘lgw.__.._.,_._..
FifM  PROJ TOT FIfmvM PROJ TOT
21.73 4.30 25.03 21.73 38.30 69.03
5.14 0.00 65.14 5.14 4.10 9.24
1.25 .80 2.1% 1.25 5.00 6.25
0.00 0.00 0.00 .60 1.80 2.40
0.00 0.00 0.0 0.00 2.80 2.80
.62 .62 1.24 .62 1.86 2.48
0.00 0.00 0.00 0.0 1.00 1.00
28.73 5.82 34.55 29.33 54.85 84.19
1985——— 2000~

FiRM  PROJ TOT FiAM PR JOT
21.73 70.30 92.03 21.73 110.30 132.03
5.14 7.40 12.5% 5.14 10.70 15.84
1.25 9.20 10.45 1.25 13.40 14.65
.60 2.80 3.40 .60 4.80 5.40
0.00 4.8 4.80 0.00 8.80 8.8
.62 3.46 4.08 .62 5.20 5.82
0.00 3.00 3.0 0.00 7.00 7.00
29.33 100.55 130.29 29.33 180.20 189.53
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YEAR

1977
1978
1979
1880
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
199
1992
1393
1994
19385
1985
1897
1998
1999

2010
2020

ANNUAL DI SCHARGE

FIRV

163.
230.
318.
475.
508.
556.

. 618,

669.
764.
852.
878.
878.
878.
a7zs.
878.
878.
878.
878.
878.
878.
878.
878.
878.
878.
878.
g878.

£§78.

PROJECTED

4
6

NGRooooo

151.
349.
615.
869.
1117,
1423.
1558.
1889.
2167.
2399.
-2625.
2985.
3267.
3523.
3883.
41€5.
4185.
4165.

Table B-1.1(b)
ANNUAL SPENT FUEL PROFILE — PACIFIC BASIN

(MTU)
TOTAL

163.
230.
318.
475.
508.
578.
663.
736.
870.
1003.
1227.
1493.
1747.
1995.
2304.
2536.
2767.
3045.
3277.
3503.
3863,
4145,
4401.
4761.
5043.
5043.
5043.

D62

ANNUAL AFR REQMT.
FIRM PROJECTED

12.
12,
17.
25.
56.
9.
162.
201.
463.
517.
556.
618.
669.
764.
852.
878.
878.
878.
878.
878.
878.
878.
878.
873.
878.
878.
878.

ﬂ
358

151.
349.
615.
869.
1117,
1426.
1658.
1889.
2167.
2399.
4165.
4165.

- 4165.

’oo00000000

(MTU)
TOTAL

12.

12.

17.

25.

56.

91.
162.
201.
463.
517.
578.
663.
736. -
870.
1003.
1227.
1493.
1747.
1995.
2304.
2536.
2767.
3045.
3277.
5043.
5043.
5043.



Table B-1.1(c) 4
OUMULATIVE SPENT FUEL PROFILE —PACIFIC BASIN

CUM DISCHARGE (1000 MTU) OM AFR RQMT. (1000 MIU)
YEAR FIRM PROJECTED TOTAL FIRM PROJECTED  TOTAL °
1977 .466 0.000 .466 .042 0.000 .042
1978 *- .696 0.000 .696 .054 0.000 .054
1979 1.014 - 0.000 1.014 .07 0.000 .071
1980 1.489 0.000 1.489 .096 0.000 .096
1981 1.997 0.000 1.997 .  .152 0.000 .152
1982 2.553 .022 2.575 .243 0.000 .243
1983 3.171 .067  3.238 .405 0.000 .405
1934 3.840 .134 3.974 .606 0.000 .606
1985 4.604 .240 4.844 1.069 0.000 1.069
1986 5.456 .391 5.847 1.586 0.000 1.586
1987 6.334 .740 7.074 2.142 .022 . -2.164
1988 7.212 1.356 8.568 2.760 .067 2.827
1989 8.0%0 2.224  10.314 3.429 .134 3.563
1920 8.968 3.331  12.309 4.193 .240 4.433
1991 9.846 4.768 14.614 5.045 .391 . 5.436
1992 10.724 £.425  17.149 5.923 .740 6.663
1933 11.602 8.315  19.917 6.801 1.356 8.157
1934 12.480  10.482  22.952 7.679 2.224 9.903
1995 13.358  12.8281  26.239 8.557 3.341 11.898
1996 14.236  15.506  29.742 9.435 4.768  14.203
1997 15.114  38.421  33.605  10.313 6.425  16.738
1998 15.992  21.758  37.750  11.131  8.315  19.506
1959 16.870  25.251  42.151 12.069  10.482  22.551
2000 - 17.748  29.164  456.912  12.947  12.881  25.828
2010 26.528  70.816  97.344  21.727  49.990  71.717
2020 35.308  112.4868 147.775  30.507  91.642  122.149
2030 44.088 154,120 198.208  39.287 133.294  172.581
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Table B-1.1(d)

28  GJAPAN-5Y-1985 S
1970 357 30 61 12TSURUGA B 1972
1970 340 99 40 1IMIHAVAL P 1972
1971 460 156 78  16FUKUSH1-1B 1973
1972 SO0 119 48 16MIHAMA2 P 1974
1974 460 156 78 16SHIMMNE B 1976
1974 784 214 107 26FUKUSH1-2B 1976
1974 826 122 72 24TAKAHAMAIP 1976
1975 559 97 48  16GENKAI-1 P 1977
1975 826 122 72  24TAKAHAVA2P 1977
1976 784 182 107  26FUKUSH1-38 1978
1976 S40 119 72  17HAMAOKAT B 1978
1976 826 134- 72 24MIHAWA3 P 1978
1977 S66 96 48 16IKATA1 P 1979
1977 1100 148 148 36TOKAI2 B 1979
1978 784 130 107  26FUKUSH1-48 1980
1978 1175 150 89 300H! -1 P 1980
1978 784 130 107  26FUKUSH1-5B 1980
1978 B840 125 105 25HAMAOKA2 B 0980
1978 1175 150 89 300HI -2 P 1980
1979 1100 165 142  33FUKUSH1-68 1981
1980 524 81 81 180NAGAWA-18 1982
. 1981 559 80 48 16GENKAI-2 P 1983
1981 566 80 48 161KATA2 P 1983
1982 1100 165 142  33FUKUSH2-1B 1984
1983 890 120 72 24SENDAI1 P 1985
1983 1100 165 142  33FUKUSH2-2B 1985
1984 1100 - 165 142  33FUKUSH2-3B8 1986
1984 1100 165 142  33NIIGATA-1B 1986 .
1980 O 26 130
1985 4.3 26 130
1990 38.3 26 130
1995 70.3 26 130
2000110.3 26 130
2030110.3 26 130

8  4REP OF CHINA-5Y-1985 1
1978 636 120 75 20CHINSHANIB 1979
1979 636 100 75 20CHINSHAN28 1980
1981 985 150 114  30KUOSHENG1B 1982
1982 985 150 114  30KUOSHENG2B 1983
1984 951 110 64 22VAANSHANTP 1985
1985 951 110 64  22MAANSHANZ2P 1986
1987 0 26 130
1990 4.1 26 130
2000 10.7 26 130
2030 10.7 26 130

2  6REP.OF KOREA-5Y-1985 1
1978 595 96 56 16KORi-1 P 1979
1984 650 80 S6 16KORI-2 P 1985
1984 O 26 130
1988 .9 26 130
1990 S 26 130
1995 9.2 26 130
2000 13.4 26 130
2030 13.4 26 130

1 12THAILAND 1
1986 600 130 78 26A0-PHAI-1- 1987
1986 ©0. 26. 130.

1987 .9 26. 130.
1989 .9 26. 130.
1890 1.8 26. 130.
1992 1.8 26. 130.
1993 2.8 26. 130.
1995 2.8 25. 130.
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1996 3.8 26. 130.
1998 3.8 26. 130.
1999 4.8 26. 130.
2000 4.8 26. 130,
2030 4.8 26. 130.
» 0 16PACIFIC-OTHERS
1986 0. 26 130
1987 .7 26 130
1988 1.4 26 130
1989 1.4 26 130
1990 2.8 26 130
1991 2.8 26 130
1992 3.8 26 130
1993 3.8 26 130
1994 4.8 26 130
1995 4.8 26 130
1996 5.8 26 130
1997 6.8 26 130
1998 6.8 26 130
1939 7.8 26 130
2000 8.8 26 130
2030 8.8 26 130
© 1 12PHILIPPINES-5Y-1985
1983 620 90 56 18BAGACI
1983 O 26 130
1984 .62 26 130
1987 .62 26 130
1988 .69 26 130
1989 1.24 26 130
1990 1.86 26 130
1992 1.86 26 130
1993 2.66 26 130
1994 2.66 26 130
1995 3.46 26 130
2000 5.2 26 130
2030 5.2 26 130 -
0 12AUSTRALIA

1986 0. 26. 130.
1987 1. 26. 130.
1980 1. 26. 130.
1991 2. 286. 130.
1992 2. 26. 130.
1993 3. 26. 130.
1995 3. 26. 130.
1996 S. 26. 130.
1998 5. 26. 130.
1999 7. 26. 130.
2000 7. 26..130.
2030 7. 26. 130.
99999 PACIFIC BASIN

1
P 1984



produced for the international region termed the "Pacific Basin." The countries
Republic of China, Republic of Korea, Japan, Phillipines, Thailand, and
Australia comprise the Pacific Basin. Output reports for each individual
country of the Pacific Basin were also produced but not included in this

report.

2.4 Program Variables

The Speﬁt Fuel Profile Module utilizes two main blocks of sing1y—dimensibned
arrays for storage of tabular data. The first block of singly-dimensioned
arrays is utilized for storage of aggregate characteristics of reactors.within
a given country. The second block is utilized fa? storage of aggregate char-
acteristic; of reactors within a given international region (composed of a set
of countries). Program arrays FGC, PGC, TGC, FAD, PAD, TAD, ECD, PCD, TCD,
FAE, PAE, TAE, EFCD, EPCD, and ETCD comprise the former block, and arrays
TFGC, TPGC, TTGC, TFAD, TPAD, TTAD, TFCD, TPCD, TTCD, TFAE, TPAE, TTAE, TEFCD,
TEPCD,'and TETCD comprise the latter block. The definitions of respective
arrays within each block are identical except for the region of applicability
(i.e., the definition of FGC is the same as the definition of TFGC except that
reactor data for a singly country are stored in FGC whereas reactor data for a
collection of countries are sfored in TFGC). A definition of each array

within the first block is given below:
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FGC(1)

PGC(T)

TGC(1)

"

- FAD(I)

PAD(1)

1l

TAD(I)

FCD(I)

PCD(I)

TCD(1)

"

i

FAE(T)

Generating capacity (MWE) of firm reactors in year 1(2)

Generating capacity (MWE) of projected reactors in year I
FGC(I) + PGC(I)

Spent fuel discharge (MTU) of firm reaétors in year I
Spent fuel discharge (MTU) of projected reactors in year I
FAD(I) + PAD(I)

Total cumulation of spent fuel discharged (MTU) by firm reactors

by year 1

Total cumulation of spent fuel discharged (MTU) by projected

reactors by year I
FCD(I) + PCD(I)

Spent fuel (MTU) shipped to AFR storage from firm reactors by

year 1

(2) Year 1 is

1977
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Spent fuel (MTU) shipped to AFR storage from projected reactors

PAE(I) =
in year I
TAE(1) = FAE(I) + PAE(I)
EFCD(I) = Total cumulation of spent fuel (MTU) discharged to AFR storage
from firm reactors by year I
1
EPCD(I) = Total cumulation of spent fuel (MTU) discharged to AFR storage

from projected reactors by year I
ETCD(I) = EFCD(I) + EPCD(I)

2.5 Program Summary Flowchart

A flowchart which shows the general sequence of processes performed by the

Spent Fuel Profile Module-2 is shown in Figure B-1.1.
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3.0 DESCRIPTION: TRANSPORTATION REQUIREMENTS ANALYSIS MODULE
(FORTRAN PROGRAM "ALOGTR")

3.1 Computation Method

The analysis in the transportation requirements module is based on combinations
of a‘general closed transportation route. The basic route‘contains three

loops; the land source loop, the middle transoceanic loop, and the land destina-
tion loop. Secondary routes used in transporting spent fuel from FSRC to FSRC
are similarly constructed of 3 loops. Any loop can be bypassed by zeroing the
distance and respective transfer and loading time constants. This is done when
a route from FSRC to FSRC does not include the transoceanic loop. Specifically,
the ship distances are set to zero as are A2, A3, A4 and A5 (see figure B-2).‘

Route specific information includes; time span for the route, source and

“destination code, distances and velocities for the three loops, and the waiting

factor. Several routes are entered sequentially if the time spans are in an

increasing order. Routes that overlap in their time spans must be separated by

a network structure. Structure specific information consists of; utilization

factors, queuing factors, transfer and loading constants, number of casks and
land transporters per ship, number of loading cranes and size of casks. In
this. manner, routes and structures are manipulated to construct complex trans-

portation networks limited to five source and destination sites.
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REACTOR

LOADING/UNLOADING
AND

ARRIVAL/DEPARTURE

PREPARATION

Al-C+A8-C
T

r

TRAIN/TRUCK SHIP/AIR TRAIN/TRUCK
TRAVEL TIME TRAVEL TIME TRAVEL TIME
D,-C D, D, C
Vv, T Ve Vo Tp
XFER XFER AFR
LOADING/UNLOADING ‘—OAD'NGK’;LOAD‘NG "LOADING/UNLOADING
AND ) AND
REACTCR ARRIVAL/DEPARTURE TRANS - ARRIVAL/DEPARTURE AFR ARRIVAL/DEPARTURE
LAND PREPARATION OCEANIC PREPARATION LAND PREPARATION
TRANSPORT AND TRANSPORT AND TRANSPORT AG-C A7-C
Loop SHIP/CASK WAITING TIME[  LOOP SHIP/CASK WAITING TIME| LOOP .
2.(&5 + A3 WSR 2(?5 . A¢9+ wsP P T
L
TRAVEL TIME TRAVEL TIME TRAVEL TIME
D_:C
D -C Ds ~ _
v v v T
v
V,.T, s p P
TRAIN/TRUCK SHIP/AIR TRAIN/TRUCK

Figure B-2: Transport Routing Model Analytic Relationships



3.2 Inputs

The‘transportation requirements module permits flexibility by specification of
input variables at run time. There are two primary types of input variables,
route specific and structure specific, and five distinct card images of data.
The route specific data is entered from a single 80-character card image, and
the structure specific information is arranged on two card images. The first

card image expected in the input deck is the title card. It contains:
(1) concept title (allows 20 characters) -

(2) site headings (10 characters each) for four of the source and destina-

tion sites (REACTOR is an assumed heading)

The second card image has a flag to open the Summary Module input file followed
by the 1ife cycles of the transportation equipment (ships, large and small
casks, large and small transporters, road tractors and cask unloading ports).
The structure specific information is passed on the third and fourth card

images and consist of: (Refer to 3.3, Constant Definitions).
(V) L

(3) cask size

(4) queuing factors, Qg, Q. Qp
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(5) portal module beginning

(6) annual spent fuel and time span when the source is not the reactor

(The annual spent fuel amount must be calculated before it can be
input. It is used to draw down a cumulation of spent fuel from an
AFR site and transport it to another AFR. If the draw down takes
place over a time span starting in year X and ending in year Y, the
annual spent fuel equals the cumulation divided by (Y-X+1). This

gives an even spread of the cumulated fuel over the draw down period.)

(7) time constants, Al through A8
(8) utilization factors, U_, U Us’ Ur’ Up

¢’ “port’

The structure card images are followed by route definitioh cards. The route

card image includes:

(1) the time span (year start and year end)

(2) source and destination code (five sites are available)
r

(3) distance for source loop, D

(4) velocity of source site transporter,‘vr (¥
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(5) distance for ship loop, DS
(6) wvelocity of ship, VS

(7) distance for destination loop, Dp

{8) wvelocity of destination site transporters, VD

{9) wait factor at source transfer station, wf
(10) wait factor a2t destination transfer station, wp

Several routes ére defined within one structure.in an increasing order respéc-
tive to the time spin. A route involving an overlapping time span must be
included in a separzts structure. Structure cards are separated from previous
route cards by a route card with a startﬁng year of zero (a blank card will

suffice).

An exampie of an input file layout is shown in table B-2.1 (also see Section
5.4). ' '

3.3 Constant Definitions

8760 (hours/year)

o
it

'unloading and loading time constant to remove empty casks and

Al

return full casks to transporter (hours/cask)
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PFCC-V(1)JAN.10,1978AFR US AFR CANTON
SM 35, 20. 20. 15. 15. 15. 10. 60.

14.0 4.0 4.0 LARGE.92 .98 .85 AO.O o O
18.1 2. 6.5 6.5 2. 17.2 3.3 3.1 .8 1.0 .95 .85 .85
19781384120.0 20. 5572. 16. 2394, 20.
19851986130.0 20. 4100. 16. 0.0 20.
19871989130.0 - 20, 4100. 16. 0.0 - = 20.
18902030130.0 20. . 4100. 16. 0.0 20.
0000

14.0 4.0 4.0 LARGE.92 .85 .85 A13.76 19902030
2.8 2. 8.5 €.5 2. 17.23.3 2.3 .8 1.0 95 .85 .85
19902030232394. 20. 4300. 16. 0.0 20,

Figure B-2.1: Input Data File Layout : Transportation Module
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A2

A3

Ad

A5

A6

A7

A8

unloading and loading time constant to remove full casks from

transporter and secure full casks in ships hold (hours/cask)
departure time constant for ship (hours/trip)
arrival time constant for ship (hours/trip)

unloading and loading time constant to remove full casks from

ships hold and place full casks on transporter (hours/cask) .

unloading and loading time constant to remove full casks and

return empty casks to transporter (hours/cask)

arrival time constant to transfer station for transporter

(hours/frip)

departure time constant from transfer station for transpokter

(hours/trip)
number of casks carried on one ship (cask/trip)

number of transporters at the source site required to transport

the casks handled by one ship (transporters/ship)

number of transporters at the destination site required to

transport the casks handled by one ship (transporters/ship)

‘Da=75



L = number of cranes available to load the casks per ship (cask

loaders/ship)

Uc = cask utilization factor--the time percentage casks are uséab]é.
for scheduled transport activities

Uport = cask unloading portal (cup) module uti]ization_factor

US = ship utiiization factor

Ur = source site transporters utilization factor

Up = destination site transporter utilization factor
(equipment may be.unuseéb1e due to factors such as; maintenance,
unexpected weather conditions, unscheduled delay of services or
facilities)

‘Qs = queuing factor affecting the ship

Qr = queuing factor affecting the source site transporter arriya]-'

Qp = qgeuing factor affecting the destination site transporters
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D = one-way

v = average

D = one-way

v . =T average

Dp = one-way

(miles)
Vp = average
wr = waiting
wp = waiting

3.4 Analytic Model

distance for ship to travel between transfer stations (miles)

ship velocity (miles/hour)
distance from source site to transfer station (miles)
velocity for source site transporters (miles/hour)

distance from destination site to transfer station

velocity for destination site transporters (miles/hour)
factor at source transfer station

factor at destination transfer station

The closed transportation route has been separated mathematically into three

distinct loops. The land source and destination loops are dependent upon

several of the ship loop determinants. The driving assumption in the trans-

portation cycle is that the amount of spent fuel from the reactor site in a

given year will be transported to a storage location in the same year.
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Let SF = amount spent fuel to be transported from source to.destination
in a given year. (This amount is passed from the Spent Fuel
Input Module when the source is the reactor site, and calculated

from the cumulative spent fuel when the source is an AFR

facility.)

F = SF/(mthm per cask) = caskloads of spent fuel to be transported

from source to destination in a given year.

The number of cask unloading (cup) portal modules required at the destination
facility depends on the number of caskloads delivered. The number of cups, P, is
rounded to the next greatest integer divisible by two or four depending upon

facility module size selected:

(1) A6-F '

P =
Hy'Uport

The ship Toop determinants are now calculated within the appropriate subroutiﬁe
in the Transportation Requirements Program. ‘

2-C-Dr + A1-C + A8-C

(2) t -
r Tr Vr Tr
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where tr = time for casks to complete a round trip from transfer
station to source facility in hours. Does not include

any time spent waiting for ship to arrive with casks.

2-C -D_+ A6- C + A7-C
2 -

(3) t = = —
T V P T
P PP p
where %-15 rounded to the next greatest integer
t_ = time for casks to comp]eté a round trip from transfer

station to destination facility in hours. Alsp does

not include waiting time.

It is assumed that either the ship or fhe casks wait at the transfer station.
This is indicated by the waiting factor; A signifies that the ship does not
wait, the casks wait and B signifies that the ship waits. There is a waiting
factor for both the source and destination transfer stations (wr and wp, each
input as A or B). The time in the ship loop depends onsthe length of time

the ship spends waiting. Therefore,

(4) ts = 2(A2 + A5)-C + 2-(A3 + A4) + 2-Ds + WSR + WSP
L | VS
where WSR = D , if ship does not wait, (wr = A)
t., if ship waits, (wr = B)
WSP = 0 , if ship does not wait, (Np = A)
t_, if shi its, (W. =B
p if ship waits, ( b )
R time for one ship to complete a round trip from transfer

station to transfer station in hours.
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. F-tg
(5) The number of Sh'lpS, S = W_U—-__
where S is rounded to the next greatest integer
and,

(6) The number of casks required in the ship loop, .= 7

where Cs is rounded to the next greatest integer

The number of transporters and casks required in the land loops are similarly

calculated. The subscript, r, typically refers to the source variables, and p,

to the desination variables.

Let:

n_., n_ = number of ship departures between sequential cask shipment arrivals.

rop
Then,
t.-F t -F
(7) " =T (8 ny =g
Y y
where nrand np are rounded to the next greatest integers
And, let:

TXr, TX_ = number of transporters required in the source land loop destination.

Then,
T.-n T.-n
(9) X =T (10) X = =
U, UK

where TXr and TXp are rounded to the next greatest integers
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Also, let:

tr’ C_ = number of casks required in the source loop destination.

Then,
n_-C n <C
= _..r__ ] = - 3 ) -
Cr U if W.=A Cr —ﬁ—— if wp A
c -C
(11) | (12) |
. =0 ifW =8 ~ Cp =0 if wp =B

where C,. and Cp are rounded to the next greatest integer

Equations (1) through (12) above suffice to represent the transportation network

- illustrated in figure B-2. The model now contains sufficient description to compute

the transportation requirements for the movement of a given amount of spent
fuel from a source to a destination. By varying the source, destination and
spent fuel quantities, a transportation network is constructed and the number

of ships, casks, and transporters required by year to move the fuel is accord-

ingly computed.

Figure B-3 illustrates the program module flow relationships.
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*TRANSPORTATION NETWORK STRUCTURE INCLUDES:

2 CARD IMAGES OF STRUCTURE SPECIFIC INFORMATION:
QUEING, UTILIZATION, CASKS, ETC.
ROUTE SPECIFIC INFO: TIME SPAN, SOURCE, DEST, DIST, VEL, WAITING

tNITIALIZE:

SET CONSTANTS,
ZERO ARRAYS,
PRINT TIiTLE

**TO SUCCEEDING COMPUTATIONAL MODULES

INPUT & STORE
A MODEL NETWORK
STRUCTURE *

]

INCREMENT YEAR

TIMETO
START A NEW

NO

ROUTE?

FINISHED
WITH THIS

ACCESS ROUTE

TRUCTURE

SPECIFIC

DATA
CALCULATE ANOTHER
REQ'TS DEPENDENT STRUCTUR

ON OCEAN {SHIP) |

LOOP
!

CALCULAT=
LAND DESTINATION
REQUIREMENTS

T

|

CALCULATE
LAND SOURCE
REQUIREMENTS

STORE
REQUIREMENTS
IN SITE SPECIFIC
ARRAYS )

WRITE SUMMARY
iNPUTS TO
DISC FILE **

PRINT

CONCEPT INPUTS &
TRANSPORTATION
REQUIREMENTS

Figure B-3. Transportation Module Flow Diagraml
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4.0 FIXED FACILITIES MODULE (FORTRAN PROGRAM “SFFLOW")

4.1 Description

The Fixed Facilities Requirements Module calculates the number of storage
modules required annually. The storage facilities include water basins, air-
cooled vault facilities and geologic repositories. The number of storage
modules required depends upon the cumulative amount of spent fuel. The cumula-
tive spent fuel is calculated directly from the fuel flow sequence which is

specified by a combination of routes. Routes are symbolized by numeric line

. code:
Line Code Route Description

1. REACTOR to EXISTING WATER BASIN

2. REACTOR to NEW WATER BASIN

3. REACTOR td NEW WATER BASIN to CO-LOCATED RECOVERY

4, REACTOR to NEW WATER BASIN to CO-LOCATED AIR VAULT STORAGE

5. REACTOR to NEW WATER BASIN to CO-LOCATED RECOVERY to CO-LOCATED
AIR VAULT STORAGE

6. REACTOR to NEW WATER BASIN to CO-LOCATED REPOSITORY

7. RgACTOR to NEW WATER BASIN to CO-LOCATED RECOVERY to CO-LOCATED
REPOSITORY

8. | REACTOR to NEW WATER BASIN to CO-LOCATED RECOVERY to CO-LOCATED

AIR VAULT to CO-LOCATED REPOSITORY (NOT IMPLEMENTED)
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10.
1.

12.
13.

14.

15.
16.
17.
18.
19.

EXISTING WATER BASIN to NEW WATER BASIN to CO-LOCATED RECOVERY
EXISTING WATER BASIN to NEW WATER BASIN to CO-LOCATED AIR VAULT
EXISTING WATER BASIN to NEW WATER BASIN to CC-LOCATED RECOVERY

CO-LOCATED AIR VAULT
EXISTING WATER BASIN to NEW WATER BASIN to CO-LOCATED REPOSITORY

EXISTING WATER BASIN to NEW WATER BASIN to CO-LOCATED

RECOVERY to CO-LOCATED REPOSITORY
EXISTING WATER BASIN to NEW WATER BASIN to CO-LOCATED

RECOVERY to CO-LOCATED AIR VAULT to CO-LOCATED REPOSITORY (NOT
IMPLEMENTED)

CO-LOCATED RECOVERY (NEW WATER BASIN) to DISTANT REPOSITORY
NEW WATER BASIN to DISTANT REPOSITORY

REACTOR to DISTANT REPOSITORY

EXISTING WATER BASIN to DISTANT REPOSITORY

EXISTING WATER BASIN to {(RECOVERY) to NEW WATER BASIN to
CO-LOCATED AIR VAULT

Complex transporfation networks are constructed by rearranging routes and

associated time spans. The specific routes chosen are restricted to those

above, but any number of routes may be used. Time spans associated with

routes are within the time interval, 1978-2030. A spent fuel transport net-

work consists of routes allowing overlapping or non-sequential time spans.

The amount of spent fuel to be transported on each route affects the number of

facilities modules required. When the route starts at the reactor (1ine codes

148, 17), the amount of spent fuel is passed from the Fuel Profile Module. The
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routes that leave from the existing water basin (1line codes 9-14, 18-19) occur
any time after a route has deposited fuel there (1ine code 1). The annual
amount of spent fuel to be transported from the existing water basin is calcu-
lated by spreading the cumulative fuel evenly throughout the time span. In
this manner, the existing water basin will be empty at the end of that particu-.
lar time span. Similar drawdown of spent fuel occurs when additional facili-
ties aée constructed. The assumption of spreading the cumulative spent fuel
evenly throughout the drawdown holds for all routes. Since the routes are
dependent on each other in this manner, certain networks are most reasonab]é.

Several examples of route combinations used in the basic concepts are;

PFCC-v: 1 PSC-G: 1 UR&R-G: 1
2 2 2

4 6 3

5 12 9

15

(See Appendix E for additional detail.)

By manipulating the route combinations, the spent fuel transportation network
is constructed. This allows access to the cumulative spent fuel in any facil-
ity at any time. With this information and the sizes of the storage modules,

the facilities module requirements are computed.
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PFOC-V(1)JAN. 10,1978
&M’ 60. 60. 60.

750. 1700.  1000.  750.  1000. .20
1978 1984 1  REACTOR—EXIST WATER BASIN

1985 1986 2 *° REACTOR-——NEW WATER BASIN

1987 1989 4 REACTCR—NEW WB—C, - STORAGE VAULT

1990 2030 5 REACTCR—NEW WB—C.RECOVERY—C.STORAGE V
1990 2030 11 EXIST WB-NEW WB-~C.RECOVERY—C.STORAGE V

!

Figure B-3.1: Input Data File Layout: Fixed Facilities Module
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4.2 Inputs

The facilities requirements module builds a spent fuel transportation network
through combinations of the inputs. There are four distinct-card images of
fnput data; title card, Summary Module fTag card, module size card and route
card. The title card is the first card image in the input deck and allows 20
characters for an alphanumeric titlie. The second card image has a flag to
open the Summary Module transfer file, followed by the 1ife cycles of the
water basin, air vault and repositcry storage modules. The third card image

expected in trhe input deck is the module size card. It contains:

(1) Size of new wéter basin module (MTU's)

(2) Size of co-located air vault storage module
(3) Size of co-located repository mcdule

(4) Size of distant water basin module

(5) Size of distant repository module

(6) Fractional waste after recovery

The next cards are all route cards. They are ordered such that any route

dependency is satisfied. The route card consists of:

(1) Time span (year start and year end)
(2) Line code
(3) 40 characters of route description

An example of the Input Data File Layout is shown in Figure B-3.1.

An overview of the program module flow relationships is shown in Figure B-4.
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NTIALIZE: NOTE: PROCESSING INCLUDES;
SET CONSTANTS, (1)  CALCULATING THE AMOUNT OF
2ERO ARRAYS SPENT FUEL ARRIVING AND
LEAVING EACH FACILITY
i {2)  ADJUSTING THE CUMULATIVE
SPENT FUEL IN EACH FACILITY
INPUT & PRINT: (3) CALCULATING THE NUMBER OF
TITLES AND MODULES REQUIRED FOR EACH
MODULE SIZES FACILITY
** TO SUCCEEDING COMPUTIONAL
MODULES

1

INPUT & PRINT
A ROUTE AND
TIME SPAN

REACHED
EOF?

BRANCH ACCCRDING TO
SPECIFIC ROUTE AND
PROCESS*® FOR EACH
YEAR IN THE NO \
TIME SPAN

WRITE SUMMARY)]
INPUTS TO
DISC FILE*®

PRINT SPENT FUEL
ARRIVAL & DEPARTURE
RATES, CUMULATIONS

AND FACILITIES MODULE,
REQUIREMENTS ANNUALLY

THE SPECIFIC
ROUTE NEED
ADJUSTMENT?2

BRANCH ACCORDING TO
SPECIFIC ROUTE AND
REPROCESS WHEN
NECESSARY FOR

THE REMAINING YEARS

Figure B-4: Fixed Facilities Requirements Module Flow Diagram
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5.0 MAJOR REQUIREMENTS ACQUISITION SUMMARY MODULE (FORTRAN PROGRAM "SUMMARY")

- 5.1 Description

The Major Requirements Acquisition Summary Module computes the major. require-
ments acquisition schedule from the annual system operational requirements.
-The major requirements include: ships, casks (large and small), transporters
(large and sma]]); cask unloading port (CUP) modu]és, water basin modules,

air-cooled storage vault modules and repository modules.

The acquisition schedule is based on the annual operational requirements as
well as the 1ife cycle of each item. This information is passed to the Summary
Module from either or both the Transportation Requirements Module and Fixed
Facilities Requirements Module. The annual acquisition requirements are
calculated by comparing the number of items required with the number of items
in use and the items retired due to their 1ife cycle. The algorithm in;olves

two equations; o

(1) the number of items to acquire (A) in year n = the number of required
items (C) in year n - available items (B) at end of year n-1 + items
retired in year n, or '

if quantity is positive

A=(C"B]+A

n n- n-life cycle)

= 0 if quantity is negative
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where the subscript n indicates the year and life cycle is the

number of years an item may be used.

(2) the available items (B) at end of year n = available items at end of
year n-1 less the items retired in year n plus the items acquired

(A) in year n, or

n n-1 " Pn-tife cycle f An

These equations determine the number of items to acquire annually to insure

that the operational requirements are satisfied without overpurchasing.

5.2 Inputs

The Summary Module has no external 1npdts. Instead it dependé on internal
transfer file constructed by either or both the Transportation Requirements
Module and Fixed Facilities Requirements Module. The second card image in the

Transportation Requirements Module input deck contains:

(1) a flag to open the transfer file, SUM
(2) ship life cycle
(3) cask (large and small) life cycles

(4) transporters (large and small) life cycles
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(5) railroad engine life cycle
(6) road tractor life cycle

(7) CUP life cycle

Similarly, the second card image in the Fixed Facilities Requirements Module

input deck contains:

(1) a flag to open the transfer file, SUM.
(2) water basin module life cycle
(3) air storage vault module 1ife cycle

(4) repository module life cycle

If an element's 1ife span equals or exceeds the project life time period, the
1ife cycle input value must be greater than 53 (typically set to 60). The
1ife cycle information is written to the transfer file with the annual system

operational requirements, the module sizes and the concept title. This trans-

fer is wholly internal. Thus the Summary Module is dependent on the transfer -

file and cannot be run unless the transfer file exists. The Transportation:
Module and Fixed Facilities Modules must be run sequentially in order to
construct the complete transfer file, although either module may be run sepa-

rateTy and generate valid summary results.

 Figure B-5 illustrates the flow relationships for this module.
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INITIAWLZE:
SET CONSTANTS,
ZERO ARRAYS

INPUT FLAG
FROM TRANSFER
FILE

END OF FILE?

FROM
TRANSPORTATION
MODULE?

* NOTE: COMPUTATION.OF ANNUAL
ACQUISITION REQUIREMENTS
INCORPORATING LIFE CYCLE

ASSUMPTIONS.

DETERMINE
ANNUAL ACQ REQ'TS®
FOR SHIPS

't AND CASKS

READ & STORE
TRANSPORTATION
INPUTS

FROM
FACILITIES
MODULE

DETERMINE ANNUAL
ACQ. REQ'TS*® FOR
SITE SPECIFICITEMS
AND ADD ACROSS
SITES.

INPUT FLAG
FROM TRANSFER
FILE

STORE FLAG FOR
FACILITIES’

END OF

FILE OR
INCORRECT
FLAG?

YES

READ & STORE
FACILITIES
REQUIREMENTS
INPUTS

DETERMINE ANNUAL
ACQ. REQ'TS® FOR
WATER BASIN, AIR
VAULT & REPOSITORY
MODULES

OUTPUT
ALL

NO

ERROR —
EMPTY FILE

Figure B-5: Major Requirements Acquisition Summary Mocule Flow Diagram
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6.0 CAPITAL EQUIPMENT BREAKDOWN AND INTERFACE MODULE (FORTRAN PROGRAM "INTF")

6.1 Description

The functions to be performed by the INTF module include:

(1) Determining the cépita] equipment work breakdown structure (WBS)
levels for all the dependent fixed facilities elements (i.e., depen-
dent upon the major fixed facilities elements determined in running

modules SFFLOW and SUMMARY, previously described).

(2) Assignment of current dollar costs of acquisition, operation and
maintenance to the WBS items as well as performing an investment time

spread, based upon specified distribution tables, for each of the WBS

items.

(3) Preparatioh of both a printed hardcopy report of the WBS. and a com-
puter file of the same, to be passed to the financial models which
were constructed to assess the economic and financial impacts of any

~ number of cases run through the System Requirements Analysis model.

6.2 Current Status
The INTF module is still in the planning stage and has not yet been implemented.

It is expected to be imp]emehted early in Phase II of the GSFLS project, thus

eliminating many hand calculations which are currently necessary.
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APPENDIX C: SENSITIVITY AND TRADE-OFF ANALYSES
1.0 TRADE-OFF BETWEEN SHIP SIZE AND NUMBER OF CASKS

Prior to building the computer model, the transportation systems analysis
indicated a potential trade-off between number of casks carried onboard ship
(which equates to ship size) and the total number of casks required in the
system at.any point in .time. In order to explore the trade-off relationship
further, distance and staging point assumptions were made about the manner in
which ships could be staged from, say, individual reactor locations in Japan.
From the Japanese reactor dockside loading ports, four cask capacity ships
travel to a staging or intermediate transfer point where 20 cask capacity
ships are then loaded for the trip to, say, the United States and there trans-
ferred to trains for transport to the AFR water basin. For comparison a
second scenario was constructed in which only the four cask capacity boat is
used for fhe entire trans-oceanic voyage. The assumptions and mafhematics for
these two cases follow which indicates that fewer casks are required if the
fou; cask ship is used for the complete voyage while fewer ships are needed if
a transfer to a larger vessel is performed. (However, some of these are 20

cask capacity ships and thus more expensive to acquire and operate.)

The results provide some indication that the economies gained through use of
larger vessels are marginal for shorter trips, as would normally occur with a

regionally located AFR facility. Trade-off analysis detail and assumptions

follow.
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(1) Pacific Transportation Trade-Off Scenario 1

(a) Assumptions:

® All Pacific reactors are located on ocean with port facilities
capab]g of taking a four cask boat.

§ Four casks are taken each time a boat arrives (4.6 mthm per
cask -- all casks identical).

° Year is after 2005 (annual shipment rate is a constant 1000

- caskloads/year of spent fuel).

°® Four cask boats travel to a Pacific fransfer point where they
are 1oqded onto a 20 cask ship. ‘

® 20 cask ships then travel to U.S. transfer point where casks
are transferred to four cask trains.

° Trains travel to U.S. AFR 2000 miles from transfer point where
casks are unloaded and placed iinto water basin. |

® Recove;y facility or repository is co-located wfth-AFR.

o Empty casks are always exchanged for full casks.

® Travel times and one-way distance assumptions are shown in

figure C-1A.
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A: Four to Twenty Cask Transport Staging

REACTOR

LAND TRANSPORT
{SPECIAL VEHICLE)

15 MPH I 12 MPH 16 MPH : l 15 MPH
5 MILES I : 800 MILES 5300 MILES l 2000 MILES
47020 20704
22?';5’05 CASK CASK
XFER XFER
LOOP TIME LOOP TIME § LOOP TIME I | LOOP TIME
4 DAYS | 7.3 DAYS 32 DAYS 13.6 DAYS
PER 4 CASKS PER 4 CASKS PER 20 CASKS
5 MILES l 800 MILES 5300 MILES. 3000 MILES
15 MPH I 12 MPH 16 MPH ' 15 MPH

e

(SHIP)

TRANS-OCEANIC TRANSPORTATION

——-_l-‘— LAND TRANSPORT
(TRAIN) :

B: Four Cask Transport W/0 Staging

5 MILES @ 15 MPH

REACTOR

LOOP TIME

4 DAYS

' | ({ONE-WAY DISTANCES)
5300 MILES @ 12 MPH

! 2000 MPH @ 15 MPH

F.E.
XFER

LOOP TIME
38.6 DAYS

LOOP TIME
13.6 DAYS

LAND TRANSPORT ——-}-‘—

|
TRANS-OCEAN —--!-.—

LAND TRANSPORT

Figure C-1: Transport Staging
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C et .

(b) Determine:

[ Number of total casks required in system.

° Number -of vehicles of each type required.
(c) Round-Trip Loop Times (C = number of casks per transport vehicle)

The following equations are derived from preliminary engineering flow
time ana]yses.and include the time for transportation as shown in

figure C-1.

(c-1) Reactor to/fm Reactor Port --
20.1C + 16.1 hrs = 4 days (C = 4)
(c-2) Reactor port to/fm Far East Transfer Point (4 to 20
casks) -- |
4C + 159.3 hrs = 7.3 déys (C = 4)
. (c-3) Far East Transfer Point to/fm U.S. Transfer Point --

4C + 688.5 hrs = 32 days (C = 20)
(c-4)  U.S. Transfer Point to/fm U.S. AFR W.B. --
7.6C + 296.7 hrs = 13.6 days (C = 4)
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(d) Computation:

(d-1) Since each transport vehicle always carries a full comple-
ment of either empty or full casks at all times, the total

number of required casks in the system at any time will

be:
TSC = C]B] + C282 + C3R] + C4R2 teesoeset CkRn
where: Ci = number casks per transporter
Bj = boat types or capacity sizes
Rm = land transport vehicle typés or capacity
sizes
(d-2) To determine the number of different vehicles required, it

is easiest to start at the U.S. AFR and work backwards to
the reactor sites, using the incoming spent fuel shipment

vehicles required:

® Number of required U.S. train shipments/yr =

1000 caskloads/yr = 250
4 casks/trainload
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Average interval between train arrivals at AFR =

365 days _
50 shipments  ~ 1-46 days

Number of U.S. trains required

Train Loop Time
Inter-Arrival Interval

9.3%x10

Since a boat arriving at U.S. can carry 20 casks, it

need arrive only once every

%Q-X 1.46 = 7.3 days

1]

Number of 20-cask capacity boats required

Sﬁip Loop Time _ 32 4425
Ship Inter-Arrival Interval 7.3 )

Far East boat can carry only 4 casks.

Thus, one boat must arrive every

7.3/(20:4) = 1.46 days
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(e)

® Number of Far East 4-cask boats required =

FE Boat Loop Time _ 7.3 _
1.46 1.46

Similarly, the Reactor Loop transport vehicle must arrive

with four casks every 1.46 days, requiring 5 transporters.

However, there exist in reality more than five reactors and
each would have its own transporter. Since we aséumed an
idealized loop in the Far East with on aggregate reactor,
the above result tells us that, at most, five reactor
transporters capable of carrying four casks each need be

active at any time and only the number of casks active at

any time are required in a given loop.
Summary of Results:
(e-1) From (d-1) above --

TSC = 10(4) + 5(20) + 5(4) + 5(4) = 180

(e-2) A lower bound on total number of required casks is given
by --
n
(f) l%%% L L, where L. = Toop time for each loop
i=1 in this case
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Therefore,

TSC{ ower Bound 1%%%-(4 +7.3+ 32+ 13.6)

i

= 1%%%—(56.9)

1
-l
(S
(=)]

(e-3) Number of 20 cask and 4 cask boats required may be taken

directly from the above calculations:

20 Cask Boats 4 Cask Boats
5 6

The actual number of boats and casks must be inflated by a factor to

account for maintenance time required (utilization) and queuing

factors,

(2) Pacific Transportation Trade-Off Scenario 2

Same as Scenario 1 excebt‘that no transfer to 20-cask boat is made.
Four-cask boats travel between Far East reactor port and U.S. port.

Trans-Pacific speed is assumed to be 12 mph. '(Refer to figure C-1B.)

Round trip loop times change to following:
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(a) Computations:

(a-1) T5Cyp = l%g% (38.6 + 4 + 3.6) = 126 casks

Number of 4-cask boats required = 26

(a-2) Number of carriers required --

U.S. trains 10 .

Trans-Pac boats 26

Reactor transports 3 (dummy number, see discussion

in Scenario 1)

(a-3) TSC 39 x 4 = 156

est

(b) Trade-0ffs Between Scenarios 1 and 2:

Scenario 1 Scenario 2

4 to 20 4-Cask

Cask Transfer Boats Only

4-cask 5 ' 26

BOATS
20-cask 5 g2 0
Lower Boung 156 126

. CASKS
Estimate 180 156
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2.0 SENSITIVITY ANALYSES: SHIP WAIT/CASK WAIT, QUEUING AND UTILIZATION

(1) Discussion

In order to assess the impact on the transportation requiremeﬁts of
the factors outlined below, a set of sensitivity analysis runs were
made, varying the factor parameters whose characteristics were under
investigation. A thorough assessment of the impact of these factors
has not been performed to date. HoWever, sufficient investigation
has been performed to assess the probable magnitude of impact on a

given GSFLS scenario. The factors explored were:

(a). Ship Wait/Cask Wait: A logistics scheduling system could
attempt to maximize the use of ships in the system by forcing a
systems management philosophy requiring ships to arrive/depart
from reactor docks and AFR docks without waiting for the next
succeeding set of casks to arrive. This requirement would
minimize shipping delays, thus maximizing usage of ships and

minimizing the need for ships.
However, in order to assure that any ship always carries a full

load of either empty or full casks, it then becomes necessary

to add sufficient casks to the system to enable this condition.

There exists, therefore, a trade-off between number of ships

required vs. number of casks required, depending upon whether
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(2)

the ship is required to wait at a dock until sufficient caéks :

have arrived to fill the ship to capacity or whether additional

casks are added to the system, forcing casks to wait at doékside
for ship arrival. The necessity of the choice is forced by the

mismatch which occurs in the loop tihes for the transoceanic

and land transport loops. This effect is related to system

queuing but is only a minor aspect thereof.

System Queuing

In a real system, mismatching of transportation loop times .and,

hence, queuing occurs all the time to a much greater degree than a
mismatch in average Toop times, causing a lengthening of the effective
time to.complete a cycle from filling and transporting a cask to
emptying and returning the same cask. These queuing effects are
caused not only by the .above discussed féctor but also by servicing
and handling time variations at each fixed facility in the cycle. '
Since time constraints have not permitted full exploration of the

queuing impact, it was decided to input an estimate of the extent

. of queuing that might occur and observe this effect relative to a

system without any queuing (except for potential ship wait/cask
wait consequences). A parameter, Q, was chosen to represent’ the
expected queuing. Transportation element equations were appro;
priately divided by the Q factor to effect the desired inflation of
requirements due to queuing. The values of the Q factor chosen for

the sensitivity studies performed to date is 0.85 vs. 1.00 (no queuing

in system).
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(3)

(4)

Utilization of Transport Elements and Facilities

No element in a real system can be utilized 100% of the time.
Therefore, in order to more closely estimate system requirements,
utilization factors were investigated. Study research indicated that

a utilization of approximately 80 to 90% could be expected in system

operation. Therefore, utilization factors of 0.85 and 1.00 (100%

utilization) were uséd to explore these effects.

Two of the Pacific Basin concept scenarios, PFCC-V and UFCC-G, were
included in the sensitivity analysis runs. Table C-1 summarizes the

case to case run variation set-ups.

Analysis of Results

From the previous analysis, it can be seen that the impacts of ship
wait vs. cask wait are minimal, relative to the impacts of system
queuing and utilization of faci]ities. In fact, if the ship waif/cask
wait impacts are incorporated into the queuing impacts where they
actually belong, system queuing impacts could approximate the same
degree of severity as utilization of facilities. The combihed effects
of low utilization and erratic schedules could substantially impact
the transportation requirements, perhaps trébling thém in the real
system over significant periods of time. However, since economic

analysis show transportation costs to be relatively small in comparison
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TABLE C-1: TRANSPORTATION REQUIREMENTS SENSITIVITY SET-UP VARIATIONS
cast No. concerT'!)  TiMe per1on  surpscask wAIT(?)  uTIL FACTOR Q' FACTOR
1-1 PFCC-V 1978-84 BB 0.85 1.00
1985-86 BB 0.85 1.00
1987-99 BB 0.85 1.00
2000-30 BA 0.85 1.00
2000-30(3) BB . 0.85 1.00
1-2 PFCC-4 Same As Same A Same As Same As
' Above Above Above Above
1-3 PFCC-V Same As BB Same As 1.00
Above (all times) Above (a1l times)
1-4 PFCC-V 1978-84 BA Same As . Same As
1985-86 BA Above Above
1987-99 BA
2000-~30 BA
2000-30 (3 AR |
1-5 PFCC-V Same As Same As 0.85 0.85
Above Above (a1l times) (all times)
1-6 PFCC-V Same As Same As 1.00 Same As
Above Above (a1l times) Above
1-7 PFCC-V Same As Same As 0.85 Same As
Above Above (all times) Above
2-1 UFCC-G 1978-84 BA 0.85 0.85
1985-99 BA 0.85 0.85
2000-30 BA 0.85 0.85
2000-30(3) BB 0.85 0.85
2-2 UFCC-G 1978-84 BB Same As Same As
1985-99 BB Above Above
2000-30 BA
2000-30(3) BB
Notes:
(1) PFCC-V = Pacific Fuel Cycle Center w/Air-Cooled Vault Concept
UFCC-G = U.S. Fuel Cycle Center w/Geologic Repository

(2) B = Ships Wait, Casks do not Wait; A = Cask Wait, Ships do not Wait
(1st letter position indicates reactor loop location; 2nd letter is

AFR/FSRC 1oop)

(3) Indicates fuel reshipment from temporary storage location.
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with total transportation and fixed facilities costs, these impacts
combined would probably not cause total system costs to vary more

than +10% except under unusual circumstances of system operation.

In order to fully assess these jmpacts, a further analysis effort is

desirable in this area.

Table C-2 summarizes the results for the cases discussed previously.
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Table C-2: GSFLS Transportation Requirements Sensitivity Analysis Results

I. SHIP WAIT VS CASK WAIT:

CASE NO. 1-1 ] 1-3 ! 1-4 21 | 2-2
__Tr_.____. —.—..._..r_._...-_._,._..—-...—'_._____._
SELECTEDNEQTS T | : I
YEAR OF |
COMPARISON SHIPS - CASKS |SHIPS CASKS [SHIPS CASKS)SHIPS CASKS!SHIPS CASKS
1978 1 5 | 1 5 1 10 | 1 10 ! 5
1082 2 10 2 10 2 15 2 15 2 10
1990 - 3 15 3 15 3 2 7 sl 8 38
2000 1" 58 | 12 57 | 1 68 26 142 | 26 142
2010 15 76 16 76 15 86 | 36 194 | 36 194
2030 15 76 | 16 76 , 15 86 | 36 194 ; 36 194
il. EFFECTS OF QUEUEING: _
CASE NO. 1-1 I EFFECT -4 ' 15 EFFECT
&EFFECTS — —— — + — ~— —: - - — - — = =
SELECTED (Q=1.00) I (@=085 |(1-2)=(1-1] (Q=1.00) | (Q=0.85) (1-5) =(1-4)
YEAR OF '
COMPARISON SHIPS CASKS|SHIPS CASKS | SHIPS CASKS|SHIPS CASKS| SHIPS CASKS| SHIPS CASKS
1978 1 51 1 5 | 0.0 0.0 1 10 1 10 [ 0.0 0.0
1982 2 10 I 2 10 ] 00 0.0 2 15 2 15 | 0.0 0.0
1990 3 15 4 19 113 1.3 3 20| 3 20 | 0.0 0.0
2000 1 58 | 13 67 | 1.2 121 n 68 13 77 | 1.2 1.1
2010 15 76 | 18 90 | 1.2 1.2 1 15 gs | 18 100 | 1.2 1.2
2030 15 76 | 18 90 | 1.2 12 | 15 86 | 18 100 | 1.2 1.2
11l. UTILIZATION OF TRANSPORT & FIXED FACILITIES:
CASE NO. 1-6 | 1-7 EFFECT
& EFFECTS = = — — — —_——
SELECTE (U=1.00) l {U=0.85) (1-7} = (1-6)
YEAR OF
QMPARISON SHIPS CASKS| SHIPS CASKS | SHIPS _CASKS
1978 1 8| 1 10 { 00" 1.3
1982 1 8 2 15 | 20 1.9
1990 3 16 | 3 20 { 0.0 1.3
2000 10 52 | 13 77 | 13 15 :
2010 13 64 18 - 100 | 14 1.6
2030 13 64 | 18 100 | 14. 1.6




APPENDIX D: FUEL SHIPMENT DRAWDOWN ANALYSIS

1.0 DISCUSSION

In order to construct a first Pacific Basin Region fuel profile to be used as

input to the FUEL1 program model (see Appendix B), it was necessary to incorpo-

rate the following fuel shipment assumptions into the construction of the

input table:

(1)

(2)

From the engineering studies it was determined that a constant age
fuel could be more readily handled in the cask method of spent fuel
transportation. From the same studies, it was determined that 5
year-old spent fuel is the appkopriate manageable age. Therefore,
it became desirable to specify shipment of 5 year old spent fuel

starting at an early point in the project time period.

However, at present and in early years of the project, reactor ARS
storage basins accumulate spent fuel that, due to lack of alternative
storage methods, is estimated at 8 years of age for the oldest fuel.
Therefore, if a Full Core Reserve (FCR) maintenance philosophy is
adopted in the early years (which minimizes logistics system require-
ments during the period chosen), then, under a FIFO transportation
discipline, the average age of fuel shipped in the early years will
equal fhe average size of the ARS pools less FCR. Nuclear Assurance
Corporation (NAC) data (APR'77 Report) shows this to be about 8

years, as mentioned above.
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Therefore, in order to bring the spent fuel shipment age to 5 years
(which minimizes or eliminates any requirement to build future ARS
pools to sizes greater than 5 years storage capability plus FCR),

a drawdown of spent fuel residing in present reactor pools is

necessary.

Once this is accomplished, a fuel profile may be constructed which
shows the annual and cumulative amount of spent fuel transported

according to the above discipline.

Figure D-1 (dotted line) shows the resulting profile.

2.0 DRAWDOWN CURVE ANALYSIS

In order to properly construct the curve, an appropriate drawdown rate must be
selected and this is an arbitrary determination. It was found that the curve
represented by‘the following equation provides satisfactory results:

£ = 251.5 e-219n

where:
f = computed annual spent fuel (in mthm's)
n=y- 1984
y = year during which drawdown occurs
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3.0 ALLOCATION TO REACTORS AND COUNTRIES N

After determining the amount of spent fuel in mthm's to be drawn down, the
toﬂhage was then allocated by country on the basis of individual reactor

discharge patterns. Table D-1 depicts this allocation.

4.0 ASSEMBLY INPUT DATA

Finally, in order to construct an input table for the FUEL1 program module, NAC
reactor discharge data tables were examined. One table with transportation of
spent fuel from existing ARS maintaining FCR was constructed and 5nother table
was constructed from the initial reactor discharge data shifted 5 yéars. The
drawdown allocation table was then blended into the above tables, resulting in

an input table for the FUEL1 module, Table D-2.

5.0 RESULTS

The fuel profile resulting from the input data for the Pacific Basin Region wasA‘
shown in Table B-1, (and as illustrated in Figure D-1). The cumulative Pacific

Basin regional spent fuel curve was shown in Figure 4.0.

Othér means, including use of live survey data were used to form the basis for
the second fuel profile computer module. To date, there exist some minor
differences between results obtained through the use of the FUEL1 program
module and thé other program module, DISCPG, but, in general, the cqmparison is

quite good as shown on Figure D-2 and Table D-3 (Pacific Basin Region only).
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o T O

~ Annual mthﬁs's
(f) resulting

from DRAWDOWN

(f= 251.5e

.2]5“)

TABLE D-1: ALLOCATION OF SPENT FUEL ACCORDING TO DRAWDOWN

A o FCR from NAC

o DRAKDOWN - NAC FCR (A.-B.)

0 Total Annual mthm's shipped w/DRAWDOWN

o ADJUSTED DRAWDOWN - NAC FCR

o CUMULATIVE DRAWDOMN - NAC FCR

n

Yr

0 INCREMENTAL ASS'Y ALLOCATION BY COUNTRY

JAPAN

KOREA
TATWAN
PHILIPPINES

BWR
PWR

PWR
BWR
PWR

40

0 ] 2 3 4 5 6 7
'84  '85  's6  '87 '88  '89  '90 '9]
251.5 319.4 383.2 431.1 447.0 577.1 747.4 806.9
311.8 386.6 479.4 594.3 736.9 913.6
112 o NAC w/5 Yr
. _ shift
-7.6 3.4 48.3 147.3 159.8 166.2
251.5 319.4 386.6 479.4 586.7 736.9 913.6 1129
() 3.4 48,3 139.7 159.8 166.2
) 3.4 51.7 191.4 351.2 517.4
) 18 149 - 317 327 290
) ) 43 - 92 95 85
) ) ) 40 40 40
) ) p 185 185 185
p 9 () ? 40
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INPUT TABLE D-2:

Program Index

BWR - JAPAN -B

“Fut
KOREA -8B

. Fut

TATWAN -B

Fut

PHILIPPINES - B

Fut

Above Futura
Other Futura
Total Futura

PWR  JAPAN - P
Fut

KOREA - P
Fut

TAIWAN - P
Fut

PHILLIPINES - P
Fut

Above Futura
Other Futura
Total Futura

1

2 3 4

FUELY INPUT TABLE (ASSEMBLIES)

5

8

(Page 1 of 2)

9 0 1M 12 13 14
'78 '79 '80 '81 '82 '83 'S4  'g5% -'g6*  'g7x  'gg*  '89*  'go*  'g]
72 72 72 295 468 468 468 862 970 1335 1543 1693 1696 1612
0 - | ? 1204 1048
)
72 206 422 408 641 861 601 464
- ’ 204
]
204 1252
g 36 52 53 109 222 312 316 380 423 560 723 713 576
12 80 80 8 8 8 8 120 120 120 80
22 78 12
79 - 40 . 80 40
56 232



(Page 2 of 2)

15 16 17 18 19 20 21 22 23 24 25 26 27 28 Constant Table

‘92 '3 94 '95  '9%6 '97 '8 'y ‘00 ‘01 02 03 ‘o 05 N2 NI
1604 1600 1604 1596 1600 1596 1596 1596 4 K 119 1
1532 2198 2926 3494 4082 4670 5258 5846 6434 7022 7610 - 8198 8786 937 13 15 1
S _ 6 .. 11 1
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TABLE D-3: COMPARISON OF NAC/"FUEL1" PROGRAM AND SURVEY/PROGRAM 2

YEAR
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30.
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ABSTRACT

This report is a part of the interim report documentation for the Global
Spent Fuel Logistics System (GSFLS) study. The technical and financial
considerations underlying a global spent fuel logistics systems have been
studied and are reported herein. The Pacific Basin is uséd as a model
throughout this report; however the stated methodology and, in many cases,
considerations and conclusions are applicable to other global regions.

- Spent fuel discharge profiles for Pacific Basin Countries were used to
determine the téchnica] systems requirements for alternative concepts.
Functional analyses and flows were generated to define both system design
requirements and logistics parameters. A technology review was made to
ascertain the state-of-the-art of re]evént GSFLS technical systems. Modular
GSFLS- facility designs were developed using. the information generated from
the functional analysis and technology review. The modular facility designs
were used as a basis for siting and cost estimates for various GSFLS alterna-
tives. Various GSFLS concepts were analyzed from a financial and economic
perspective in order to provide total concepts costs and ascertzin financial
and economic sensitivities to key GSFLS variations. Results of the study
include quantification of GSFLS facility and hardware requirements; drawings
of relevant GSFLS facility designs; system cost estimates;.financial reports -
including user service charges; and comparétive analyses of various GSFLS

alternatives.
KEY WORDS
Air Cooled Vaults ‘Modules Siting
Casks Nuclear Spent Fuel
Concepts . Reactor Water Basin Storage
Financial Analysis Reprocessing
Geologic Storage Ships
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APPENDIX E

Economic & Financial Model

PREFACE

This appendix describes the methods of calculation, the input
formats, and the;output formats used in the evaluation of various
GSFLS concepts; Also included is a discussion of the effect of
the patterh of investments and returns on the cost of money used
for imp]ehentation of the GSFLS concepts. The financial data
associated with each concept or variation is also included as
provided by the computer tab runs as follows.

a) Summary of concept characteristics
b) Profit and Loss Statement

c¢) Balance Sheet

d) Cash Summaries

e) Investment Sources Summaries

f) WBS Summaries

vi
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APPENDIX E
ECONOMIC & FINANCIAL MODEL

E1.0 Economic and Financial Model

The economic and financial model for the GSFLS Project
is basically a set of six computer programs which include:
1) a master work breakdown structure (WBS) programs; 2) a
service charge program; 3) an income statement program;

4) a balance sheet program; 5) a cash flow program; and

6) a return on investment program. These six prbgrams are
then‘interconnected by a master executive program'which
allows the terminal operator to run the GSFLS case scenario
with simple input of case descriptive data.

The following paragraphs include the aésumptions used
and a description of each of the six programs.

E1.1 Master WBS Program

The purpose of the Master WBS Progfam is to accept
into the computer almost all of the inputs for the case
scenario. It is an interactive program between the computer
and” the terminal operator. Information put into the terminal
includes deve]opmeﬁt,‘capifa] and operating costs by WBS,
type of financing for capital items (i.e., interest rate,
ddwn payment, and length of loan), and the timing of these
costs. A typical Input Sheet is shown as Figqure E£E-1. With
this information the model will then sort the cost data by
WBS dand by year éccording to interest payment, principle
repayment, and operation and maintenance (0&M) expense. The
model also calculates depreciation expense and total capital
commitments and sorts them by year and WBS. Straight line
dabreciation is used in the depreciation calculation and the
standard mortgagg\capita1 recovery.factor is the method used
for capital loan repayment calculations, (i.e., the yearly

E1-1
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GSFLS CASE () PFCC-V CIA

WBS WBS START - FLOW COMMITTED| EQUITY
NO. LINE NO. YEAR TIME CURVE ' $'s (000) REQ. % OTHER INSTRUCTIONS
}1.O .
[
N ! 78 33 5000 33
g2 35 S 000 é
. 86 35 5000
88 35 5000
91 35 10 000
"~ 92 35 5000
13 35 5 600
94 35 4 000
25 35 5 000
Y% 34 5 oo0
97 33 5000
18 32 10 000
99 31 Soco
00 30 1 O 000
Y 29 5 000
ol 28 5000
o}l 27 5000
o4 26 Sooo
0% 25 5000
0b 24 5000
13 17 Sooo
17 13 5000
2] 9 5000
23 7 Soo0a
2é 4 10 coo
27 3 5000
28 2 Sooo
29 | g8oo v
30 | B ooo 33

n

SIGNIFIES DELTA LOAD TO WBS LINE NUMBER

Figure E-1: Typical WBS Program Input Sheet




El1.1 (cont.)

payments made to the lender are uniform and include both
interest and principle repayment). The recovery factor is

computed by the following fortran equation:

R = (P) [i * (1 + i) **n]/[(1 + i) **n - 1]

Where
R = the annual payment
P = the original loan
i =" "the interest rate used
n = the length of the loan
. * = multiplied by
** = raised to the power of
/ = divided by
For purposes of the GSFLS -analysis debt financing is
used for all capital expenditures. At the time of a capital

expense it is assumed that the entérprise owners (stockholders)
provide one third of the capital, whether from their own
contributions or enterprise generated cash, and two thirds

of the capital expense is debt financed regardless of what

the then outstanding debt equity ratio might be at the time.
Facilities and Equipment are financed over their deprecia-

tion 1ife. The. interest rate used is 10% unless otherwise
noted.

‘This analysis looks at a project of 52 years ending
on 2030. In that light, all loans are assumed to be paid
by that year. This means that loans initiated in the later
years of the project are financed over a period to be repaid
by the year 2030. In addition all capital items are depre-

ciated to zero value by the year 2030.

The output of the Master WBS program is a listing by
year, or the total of the 52 years, of all expehses, Capital

and 0&M expenses, total interest expenses, total depreciation

-
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El.1 (cont.)

expense, and total capital commitments are saved to be used
by the other program models, Figure E-2 is a typical WBS
output.

E1.2 Service Charge Program

ThEWpurpose of the Service Charge Program is to
calculaté the charge that must be levied against the customer
for the enterprise to take and dispose of the customers spent
fuel. The service charge is calculated for a given rate of
return from the before tax unfinanced cash flows of the
enterprise. It is an iterative process where the discounted
- positive cash flows (cash being received by the enterprise)
are equated to the discounted negative cash flows (cash
being paid out by the enterprise). The discount rate is the

rate of return.

F F
ZSZ pos_ i 52 neg,
n=1 (l+r)" En=1 (1+r)"

where:
Fposn = yearly positive cash flows
Fnegn = yearly negative cash flows
n = vyear from project start

= rate of return

The positive cash flows are the sum of revenue
received from selling the products of reprocessing the spent
fuel, and the service charge levied against the customer for
using the firms service. The service charge is the unknown
in the above equafion. The negative cash flows are the

firms 0&M expenses and the firms committed capital expenses.

The output of the program is the calculated scrvice
charge, the rate of return used, and the total net cash flow

over the life of the project. Also a listing of thc ycarly

- E1-4
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E1l.2 (cont.)

service charge rcvenue, reprocessing rcvenuc, and total

revenue are saved to be used by other program models.-

E1.3 1Income Statement Program

The purpose of the Income Statement Program is to
generate yearly income statements over the 53 year life
of the énalysis. Reprocessing revenue, service charge
revenue, total revenue, O&M expense, interest expense,
depreciation expense, total expenses, income taxes, and

net income are calculated for each year of the analysis.

The major assumption used in the incomc statement
is that of calculating ycarly’inCOme taxes. For the years
where income 1is negati?e, zero income taxes are assumed,
and for the years of positive income an income tax rate
of 38% is assumed. The corporate income tax Tate is 48%
but since no provision is made for investment tax credits
and income loss carry-forwards, the 38% value is considered

a credible average tax rate.

The output of the Income Statement Program is the

yearly income statements as illustrated in Figure E-3.

El1.4 Balance Sheet Program

The purpose of the balance sheet program is to
generate yearly performance balénce sheets for the 53 years
of the analysis. In addition to the balance sheet a capital
investment or committed capital stream is generated. The
balance sheet is high level and consists of only four
categories: fixed assets, working capital, long term debt,

and owners equity.

-
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El1.4 (cont.)

The committed capital column is the yearly expenditure
for new plant and equipment. It reflects fhe value of the
new, or improvements to, facilities and equipmént. In the
balance sheet, the fixed asset column represents the current
net book value . of facilities and equipment. It is the
cumulatiyg,sum of the capital investments and yearly deprec-
iation éharges. The long term debt column represents the
end of the year amount of long term loans outstanding resulting
from the debt financing of the fixed assets. The value of
long term debt is increased by the borrowing of more funds
and is decreased by the repaying of loans.

<

Working capital is defined as the current assets less
the current liabilities retained in the firm. Working
caﬁital has been maintained equal to two months worth of
operating expenses, (i.e., O&M expenses plus interest expense).
Revenue received by the enterprise increases working capital,.
Operating and Maintenance expense, interest expense, loan
repayments and taxes decrease working capital. Whenever
there is a shortfall of working capital, (i.e., the net
of revenue less O&M expense, interest expense, non-debt
financed capital expenditures, loan repayments, and taxecs
added to the previous years working capital is less than the
required working capital) an 1infusion of funds from the
enterprise owners is required. Whenever there is excess
working capital, funds are‘paid out to the owners. In other
words, stock ih the enterprise is sold whenever there is a
deficiency in required working capital and dividends are

paid whenever there is an excess of working capital.

Owners equity equals the net of assets less the debt
outstanding. It also represents the value of the enterprise

owned by‘the stock holders in liquidation if all assets could



El.4 (cont.)

be disposed of for their book value. Its value is increased
by -total revenue Treceived and funds received from owners.
Its value is decreased by O&M expenses, interest expense,
taxes, depreciation expense, and dividends paid out to the

enterprise owners.

Since fixed assets plus working capital equal long
term debt plus owners equity a continuous check can be
made on the values. The'major assumptions used in this
pfogram relate to the financing of new fixed assets. For
this analysis all new fixed assets, (i.e., the capital
investment line) areée financed; 33% with enterprise funds
and 67% with debt funds. The enterprise funds come from
working capital. If they are not available, then the stock-
holders are required to make up the difference with stock
purchasers. The Tetiring of the debt is via standard
mortgage practices with equipment loans repaid over the

service life of the equipment.

Since all loans are repaid by the year 2030 and all
fixed assets are depreciated by the year 2030 some cases
will show an unrealistic negative number in the owners
equity column. This‘éays that the debt outstanding is
actually greater than the book value of the firms assets.
Lenders would normally never let this happen. In this
case it happens because straight line depreciation and the
standard mortgage capital recovery factor do not apply at
the same rate. Straight line depreciation subtracts equal
'proportions of a fixed asset throughout its 1ife while the
standard mortgage factor subtracts much less of the outsfanding
debt in early.years and much more in later years. Therefore,
the value of the fixed assets decline faster than the value
of the outstanding debt in the early years and visa versa in
later xéars. Since the assets book value in this program
declines much faster than its revenue producing capability

the fixed asset and owners equity values do not show the

E1-9



E1.4 (cont.)

normal meaning of such values in an ungoing firm. Figure
E-4 shows a typical Balance Sheet output.

E1.5 Cash Summary Program

The purpose of the cash summary program is to generate
yearly cash-summary during the 1ife of the project tc be used
for rate of return calculations.

Three separate cash summaries are Qenerated: an
unfinanced enterprise cash summary, a financed enterprise
cash. summary, and an owners or stockholders cash summary.
The unfinanced enterprise cash summary is increased only by
total revenues, and is decreased only by 0&M ekpenses. The
financed enterprise cash summary is increased by total
revenue and js decreased by 0&M expense, interest expense,
taxes, enterprise portion of capital asset financing and
long term debt repayments. The stockholders cash summary
is the same as the financed enterprise except that increases
in working capital decrease the cash summary. = The stock
holder summary is negative when the stockholder is required
to input funds ‘into the enterprise and is positive.when the
stockholder receives dividends. '

- The output of the cash summary program is a 1fsting
by year of the net and cumulative values of these "‘three
cash summaries. Figure E-5 is a sample qash summary program
outpuf.' '

E1.6 Return on Investment (ROI) Program
TN
The purpose of the ROI program is to determine the

financed enterprise rate of return on investment and the
stockholders rate of return on equity.

E1-10



E1.6 (cont.)

These rates of return are calculated from their respec-
tive cash streams generated by the cash summary program.
The given rate of return for the total program is the return
generated by the unfinanced enterprise cash flows. This
rate is used to calculate the service charge which deter-
mines the service charge revenues and is before taxes. The
financed rate of return is calculated from a cash stream
that is after taxes and levered by the debt financing. This
ROI will be ‘higher than the unfinanced RQI if borrowing can
be obtained at a rate lower than the unfinanced ROI. The
owners rate of return is calculated from the owners cash
stream and should be close to the value of the financed
enterprise ROIl since stock purchases are made only when
needed and all profits are returned to the owners where
generated. '

E1-11



CAPTTAL DIESTHENT  FALARCE EMCET

_ RES . LY 113
VIFE WS ESTIENT g
“4i4400000nDBINIBAINILS VOB ANDP ISR A ROD AP AD ORGP

LOIG TLEM
ICET

aAGoDesONOBIIG woAsessbten

LY

FEYRy S_\ 3 e o 0o

[ Y SR

Vg Tresid pa Qs

PO L DO DD

AP AL R R) F5 B B3 AL A AL GL A
ﬂ(gﬁ-t{’;C'O"QC"Jﬂ’
YGRS  Gaip i A
.
ot L ST T e

>3

Pyoe

3 AL A AY
be
(53

&

Si b Y A
I MR

R S
LY s
a0 g

Q4

.
M= o~Nm

eoes .
Fvo
€30

NEEYEEEE AR g F PN R EENENY RS PE NP ENEREYNF R EEFFREVY S

ﬁ)"xl‘)l“
Ny

a3t
A
™G0 L0

;

TOTAL CFRITAL INVESTMENT

Figure E-4; Typf:al Ba/.ance Sheet OQutput



LRSS

£

-

FItFE D, EITEFFF LS

i€

WIF LA ED ENTEFFFL

Frgaaie

HET

sv).l~1.ww-lla-l \.& Qf,—-ﬁa\ - - ra\.rd.ipJ?. ~ R AT e N —vl.%—l-u.b'drd

PEE LR

s OO 1 IS @0
< 3G 01T ed ) ()
01U R 0 i 0 I

ot 4 v a4

2= 1 201..21201.:,.1..._014:«.28«....2
".H v ..‘..z... -
Mr.. TT.:. I D Y i T..TT.. I P AT i N oY e N I 4
z P RS EL AL NS S DL BUA SRS SLSE R A Ch i it b3 o4

"
w .

w e d ! .Ws

PESRARSRSSH llllllllI.I..A11‘.:62:;_6.‘::..::.

PATE OF FETUFH 10 ENTEFFRISE QMIER

RATC OF FETUFN RFTEFR TAX OF ENTEFFPISE

Typical Cash Summery Program Qutput

Figurs E-5.

EV1-13



E2.0 Cash Flow Patterns

When analyzing cash flows using the present value

or present worth criterion, three important parameters

‘effect the answer obtained by the analysis: a) the quantity

of the cash flow values, b) the rate, and c) the pattern

of the cash flows. It is obvious that a set of cash flows

(F1) greater than another set (F2) will have the greater

present value if the two flow patterns are the same. An

example is shown below for a pattern of equal investments

over a 3 year period.

F1l PV at 10%
Year Cash Flow of Cash Flow
1 2.0 1.81
2 2.0 1.65
3 2.0 .1.50
Total 6.0 4.97
PV of F1 = 4.9 PV of F2 = 2.5

It is not quite so obvious

of the cash flows are not equal.

PV at 10%
F2 ° of Cash Flow
1.0 0.90
1.0 0.82
1.0 0.75
3.0 2.48

what happens if the patterns

An example is shown below

for case Fl1 where most investment is at the end of period

and F2 where most of the investment is at the start of the

period.
Fl : PV at 10%
Year Cash Flow of Cash Flow
1 0. 0
2 0 0
3 6.0 4.51
6.0 4.51

PV at 10%
F2 of Cash Flow
5.8 5.27
0.1 0.08
0 0
5.9 5.35

"In this case 'the sum of the F1l cash flow is greater than

the sum of the F2 cash flow but the present value of Fl

is less than the present value of F2.

Following is a short discussion of the effect of

patterns of cash flows on present values. The economic

analysis- of the GSFLS Program spans a time frame of 53

years. Therefore, therec hight'be cash flows occuring late

in the program. The question then hecomes, how do cash

/
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E2.0 (cont.)

flows in the later years compare with cash flows in the
earlier years. jThe.generai answer says that people prefer
to receiver cash sooner than later. and prefer to disburse
it later than sooner. The measure of how much they prefer
this is called the discount rate. The higher the rate the

more one prefers to delay payment.

4F6r a specific answer to the GSFLS problem, three
cash flow patterns will be discussed. All of the patterns
assume cash outlay early in the project and cash returns
~later iﬁ the project. This is normal for most investment

problems.

Pattern one assumes an investment of 1 in year 0 and
all returns to be Teceived will be collected in year 50.
Pattern two assumes a series of one dollar investments each
year for 20 years and all returns to be re;eived equally
over 30 years starting in year 21. This approximates what
is happening in the reprocessing case where the reprocessing
facility comes on-line in the year 2000. The third example
assumes a series of one dollar investments for 20 years and
returns to he proportionaly increasing from zero in year
zero to maximum in year 20, and then constant until year
50. This approximates a return received with each MTU of

spent fuel received. See figures E-=6, E-7 dand E-8.

20% discoﬁnting will be ﬁsed to evaluate these
exampLes since that is the value used in the baseline
analysis. For pattern number one, a one dollar investment
in year zero must return $9,100 in year 50, or $15,725 in

year 53, to bring about a 20% rate of return.

For pattern ﬁumbgr two; fhe seriés of 20 one dollar
investments in the first 20 years must return a series of
thirty 37.7 dollar payments in years 21 through 50 for the
.investor to make a 20% rate of return.
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' ONE —
PATTERN ONE $8100

20% DISCOUNT RATE o F——— RETURNS

Lr-o-———- ONE-ONE DOLLAR INVESTMENT

| | | } i |
YEAR O : 10 20 30 40 50

Figire E-6: One Front End Investment — One Final Return

AN

PATTERN TWO
20% DISCOUNT RATE
THIRTY - 37.7 DOLLAR RETURNS

uﬂ”ﬂ le—— RETURNS

AU OOV UTTUN—semies oF one

20 ONE DOLLAR INVESTMENTS

t ) 1 | |

|
YEAR 0 10 . 20 30 40 50
Figure E-7: Uniform Front End Investment — Uniform Return Aft End
PATTERN THREE
R . THIRTY - 3.4 DOLLAR RETURNS
N — -
9&13?/11
\,p.a*‘ﬁ/ ——— RETURNS
=4 | 4
4 4
1 1 e———— SERIES OF ONE
- DOLLAR INVESTMENTS
20 - ONE DOLLAR INVESTMENTS
] 1 . I | ' I
YEAR O ) 10 20 30 40 80

Figure E-8: Uniform Front End Investment — Uniform Return per MTU Recsived
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E2.0 (cont.)

For pattern number three the series:of 20 one dollar
investments must only return a maximum payment of 3.4 dollars
for the series of 30 equal payments. This value is lower
due to the receipt of increasing early payments in years
1 thru 20. .

.At high discount rates such as the 20% used in the
examples, the effect of the pattern of investments and
returns has a significant effect on the service charge.
The pattern effect may be greater than the amount of

investment itself.
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£3.0 Economic and Financial Model Results

Qutput results of the Economic and Financial Model are included in the following
sections:

Section Case Number Description

£3.1 1A (Reyision 1)  Fuel Cycle Center (FCC) baseline

E3.2 2A (Revision 1) FCC baseline except enterprise ROI @ 15%

£3.3 ~3A (Revision 1)  FCC baseline except enterprise ROI @ 25%

£3.4 4A (Revision 1) FCC baseline except enterprise ROI @ 30%

£3.5 S5A (Revision 1) FCC baseline except recovered products @ 150 $/Xg

E3.6 6A (Revision 1) FCC baseline except recovered products @ 350 $/Kg

E3.7 7A FCC baseline except vault cost factor 0.75

£3.8 8A , FCC baseline except vault cost factor 0.50

E3.9 9A FCC baseline except location cost factor 0.7

£3.10 10A FCC baseline except location cost factor 2.4

E3. 1 11A FCC baseline except location cost factor 2.4
and desalinization added

£3.12 12A . " FCC baseline desalinization added

£3.13 13A FCC baseline except geologic storage and location
in Japan

E3.14 14A FCC baseline except geologic storage and location

' in U.S.
E3.15 15A FCC baseline except geologic storage and location
' in mid Pacific

£3.16 16A FCC baseline except geologic storage and location
in Europe

£3.17 1A-T FCC baseline except transportation portion only

£3.18 1A-S FCC baseline except storage portion only

£3.19 1A-R FCC baseline except recovery portion.only

£3.20 T1A-W FCC baseline except waste management portion only

£3.21 1A-A FCC baseline sum of transport,-storage, recovery,

_ and waste management functions (for checking)
£3.22 218 © FCC baseline except recovery deferred to 1990

E3-1



Sectijon
£3.
£3.
E3.
E3.

E3.

E3

E3.

E3.
E3.

E3.

E3.

E3.
E3.
E3.
E3.
E3.
E3.
E3.

23
24

25

26

27

.28

29 -

30
31

32

33

34
35
36
37

38

39
40

E3

Case Number Description

22A FCC baseline except recovery deferred to 2010

23A FCC baseline except recdvery deferred to 1990
and variable value of recovery products

247 FCC baseline except variable value of recovery
products

25A FCC baseline except recovery deferred to 2010

C and variable value of recovery products

31A FCC baseline except recovery deferred to 1990
and multiple recovery plants, and variable
value of recovered products

32A FCC baseline except recovery deferred to 1990,
multiple recovery plants

26A FCC baseline except service charge 200 $/Kg

"~ and recovery credit provided

17A Storage Center (SC) baseline

20A SC baseline except geologic storage and location
in mid Pacific

27A 7 SC baseline except finance rate 7% and no taxes

. ' (tax free private-enterprise)

33A SC baseline exceptvfinance rate 7%, equite rate
7%, and no taxes (government non-profit
enterprise)

28A SC baseline except RO1 = 15%

29A SC baseline except RO1 = 25%

30A SC baseline except RO1 = 30%

17A-T - SC baseline except transportation only

17A-5 SC baseline except storage portion only

17A-W SC baseline except wast management portion only
17A-A SC baseline except sum of transport, storage,
~ and waste management functions (for checking)
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Section E 3.1

Case: 1A (Revision 1)

Description: Fuel Cycle Center (FCC) Baseline
Summary of Input Characteristics:

Financial
Enterprise ROI - 20%
Borrowing - 2/3 of any capital expenditure at 10%
Government Financial Participation - None (Private Enterprise)

Location
Transportation - from island in Pacific
Location cost factor - 1.0
Water provisions - none

Storage
Type of storage - aircooled vaults
Storage Cost Factor - 1.0

Recovery
Start up time - 2000
Modular Plant - Single Plant
Value of Recovered Products - 260 $/Kg spent fuel

Pricing
Service charge - Average over fuel population

Recovery Credit - None

Summary of Output Characteristics:

Capital Investment = 4.777 billion dollars
Owners ROI - 21.4 %
Service charge - $183/Kilogram of spent fuel

£3-3
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Yearly Profit and Loss Statement
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. ' TAR7
Yoarly Cash Statement
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1AR1
Capita/ Investrnent Balance Sheet
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Capital Investment Sources
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Cost Summary—Dollars in Millions.
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Section E 3.2
Case: 2A (Revision 1)

Description: Fuel Cycle Center (FCC) Baseline
Except enterprise ROI @ 15%

Summary of Input Characteristics:

Financial :
Enterprise ROI - 15%
Borrowing - 2/3 of any capital expenditure at 10%
Government financial participation - none (private enterprise)

Location
Transportation - from island in Pacific
Location cost factor - 1.0
Water provisiens - none

Storage
Type of storage - aircooled vaults
Storage cost factor - 1.0

Recovery
Start up time - 2000
Modular plant - single plant
Value of recovered praoducts - 260 $/Kg spent fuel

Pricing
Service charge - average over fuel population

Recovery credit - none

Summary of Output Characteristics:

Capital -Investment - 4.777 billion dollars
Owners” ROI - 14.3%

Service charge - $81.5/Kilogram of spent fuel .

£3-9
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COST OF SPEMT FUEL SEFVICE (IOLLRFS/AHC) ’
PATE OF FETUFN ON IMLESTRENT 1%, 00% .
TOTAL MET CRSH FLOW OUER TOTAL LIFE OF FPOJECT  #47967.3%8

T 2AR1 .

Yoarly Profit and Loss Statement

eel.2

E3-10

FEP SEFLY CH TOTAL COFEF mr Ler 10TFL
YEFRF. FEVEIVE FELEINNE FEVEINE £/ FEN EIFEN CREN CIFEN TREES
RARARCAARAAAARCANPRLIRAARACANIICRIADSINVCLORDINALAVRIRARSPIDNINVORANICS000DD0400000030DD0s XY XIS EERY)
1978 .0 1.1 1.4 1.3 Sl e.%
1979 .90 .3 ] 1.9 &.6 4.1
1560 9 3.l 3.1 €. 11.3 2.3
1961 0 7.0 7.0 3.6 16,9 %
196¢ 0 4.3 143 4.3 2.4 10.7 Ty
1963 .9 18.% 18.8 S éB.2 13.€ 46,9
1964 .8 &3.1 23.1 .9 2.8 16.9 Cs.?
1985 .0 3.4 3.4 13.¢ 3.1 7.9 - 7e.0
1985 .0 © 38.8 39.8 18.7 22.1 12,2 7E.0
1987 . .2 +9.9 49,9 Se.0 1.0 21.¢8 1.2
1998 .0 63.2 63.2: 2.2 43,9 3.3 ige.l
1969 .9 7S.7 7S.7 3.8 TR 4.9
1939 «0 7.3 .3 2.8 47.2 2€.1
1991 .9 9.6 9.6 .2 hH. 9 31.3
1992 3 109,$ 109.3 . SS.4 £0.9 c2.%
1973 "] 129.3 182.3 .1 2.9 <21
1994 .0 193.4 193.4 6.9 116.2 2.3
1993 .9 178.9 178.9 7.7 139.5 Tl.8
1996 9 192.1 198.1 8.6 174.3 1.1
1eo7 .8 clé.% 216.% °9.6 £09.3 10€. €
i99e 0 240.9 240.9 €0.6 $%%.9 123.2
1999 © evr.9 297.5 6l.7 2467 132.0
<000 1413.9 27¢e.8 1592.3 126.5 248.4 124.2
oot 1413.9 306.2 1719.7 126.9 €495.3 13%.8
eeud 1413.9 31%.1 1732.6 187.% ¢l 13%.8
2003 1413.9 347.2 © 17€0.8 128.1 239.8 137.0
200 1413.3 373.9 1788, % 128.3 226.9 JA38.4
<00% 1413.5 3gs.2 1801.7 189.3 ese.é 129.6
2006 1513.9 3e8.3 1¢01.9 122.6 229.6 141.3
2007 1413.3 $PE.2 103, 7 120,02 e23.7 137.3
£0ee 1413,9 2g8.2 1g01.7 139.9 218.9 136.¢€
2009 1413.9 338.4 1g01. ¢ 1ge.9 ¢12.4 139, ¢
£010 1513.9 S.3 1£0%.8 129.9 206.7 139.¢
ot 1413.,% 388.2 18@1.7 ige.8 199.%5 124,2
012 1413.9 328.3 1201.8 129.8 1e2.2 133.¢
2013 1413.3% 9e.2 1893.7 129.7 185.9 131.1
2014 1413.9 398.2 1801.7 129.7 177.2 129, 4
2013 1413.5 388, 4 1£01.9 129.6 16%.7 124.1
@016 1413.5 3.3 1805.8 189, 1€1.5 tg2.6
01?7 1413.3 Sge.2 1€01.7 1g9.% 123.% 17,7 R
€018 1413.9 388.3 1801.8 129.9 146.8 116.90
19 1413.5 .2 1803,.7 129.4 139.7 113.8
2€E9 113,35 388.2 1801.7 129.4 1320.7 113.9
3231 1413.% 383.4 1801.9 129.3 121.7 119.3
aage 1413.3% I92.3 1£02.8 129.3 111.9 112.0
ce3 1413.3 388.2 1801.7 129.2 101.6 i1é.0
<o+ 1413.2 3%¢.3 1e1.8 12¢9.2 “1.4 1172.4
2623 1413.95 Jea.e 1€0S,. 7 1z9.4 7e.8 117.1
e 1213.95 88,2 1881.7 189.1 .7 120,35
a7 1413.% 3¢8.+ 1z01.9 129.9 &.9 1e1.7
- 20ee 1513.5 I3 18053.8 182,09 39.¢ 131.7
0ce 1513.3 ge.e 1€604.7 1é8.9 €. 3.3
20S0 1+13.5 €. 2 1201.8 1e2.9 T3 2.7 Sl
PENCONNONARLOIAVIARARRASOOS PERAREDASNDDARD AN L O] SARN IOV ORI ANNIDIAADRAGNGIPISEVIIARDSD
TOIL 4301+ % 137337V 87842.3 HTPT . wo0.3 4743.0 16140, 4 18E7
LA £2¢.8 cus. 9 108%.7 Q.5 124.3 €2.% 04,5 07.2
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2AR1
Yesrly Cash Statement

UF IPFCED ENTEFPRISE FINANCED ENTEFPPISE GHHERS
LEFCFE TAX FFILE 1AZ

RHHUAL [LLEL 2 FIRIUFAL (4] FRERIAL UM T HRL
YERP CASH M CASH (YT VET CRSH HET CRSH HET CFicH  LEY FREM - HET LA
AAARABAARBRDARNAT R RAPSGNNC SNBSS APPNADANIPIRIOINAIDINANAIIINNAIIRANNCIIIIINRNIS cevesees
1978 1.1 X - 6.1 - T6.1 - - 0.7 - -
1979 .9 %3 - %2.8 - 128.9 - 2.0 - .6 - -
1980 S 42.4 - 37.4 - i68.3 - 24.% - 3l.2 - -
1981 7.9 7.1 - é8.1 - 23.4 - 32.2 - 118.4 - -
1982 14,3 181.3 - £€7.0 - 323.4 - 4L.9 - 184.3 - -
1983 18.5 3.6 -  75.0 - 393.4 - $C.8¢ - 2lu.2 - -
1964 e3.! 79,0 - %4.9 - 433.3 ~  &1.3 - el - -
1969 31.4 71.8 - Z9.6 - 492.2 - 43.8 - 0.3 - -
1926 8.8 2.6 - 13.7 - 65.6 - 2.7 - 2.0 - -
1567 4%.9 199. 4 - 94,6 - %6l.2 - &7.4 - IS - -
19€8 63.2 103.9 - 4.7 - €01,9 - 2%.6 - <%0 - -
1989 7.7 - 79.1 - 3.4 ~ €0%.3 - 37.9 - 428,35 - -
1970 9.3 . 93.2 - 13.2 - 619.1 - esl.% =~ L29.9 - -
1998 9.6 c1e.1 - 119.9 - 738.€ - e0.& - % - -
1992 169.95 423.7 - 316.2 - 19%4.3 - 1% - - -
1993 12e.2 244.8 - 15,4 - 1179.1 - 3.7 - - - 2
1794 - 133.4 3377.9 - iR4.% - 12%34.6 - 120.,2 - - - Ed
1995 17€.9 ~28.0 ~ &79.90 - 1633.7 - gLt - - - <
1996 192,11 £63.7 - 271,85 - 210%. - &g.3 - - - 4
1907 216.% 514.0 - 397.3% - &%¢2.8 - &8l - - - S
1998 £40.5 +52.8 -~ 298.3 - 2761.1 - &¥0.7 - - - S
{503 2%7.% 2eT.6 - o1 - 276%.2 - 1 7 - - - ~

1692.3 293.2 149,90 - 128m.2 eo4.3 - - é
<001 1719.7 128.6 1%€1.9 3KM. 9 £40.6 - - i
cote 1T3e.¢ 147.0 13£%,6 1886. 4 €33.7 N7
2063 17¢0.8 155.4 1€6%.4 3491.8 S0%.6 [
ot 17€6.%5 193.0 1€27.95 S119.3 e&7. 2 ‘
<0es 1€01.7 135.4 1€46.3 STEY.6 §74.6 =
o6 1g01.8 178.9 16c2.9 e3€8.9 $53. 1 M
2007 1€035.7 154.4 1€d1.4 LN £70. 4 [
2008 1201.? 192.4 1€49.3 116%9.2 974, % SE4%. ©
Py . 1201.9 154.3 1e57.7 133%.8 €7é. 1 &%E8%.C i
2010 180S.8 188.3 1647.5 12004, 4 g7l TREE. S =
eolt 1801.7 fsd, 1 1€57.6 16661.9 £73.% £arH. ¢ b
01 1ge1.8 149.3 1£%2.3 18314.4 871.9 S141.4 v
o813 1508.7 157.4 1€48.6 19963. 4 €71.8 0tz.e s
214 ieet. 7 133.9 1847.8 21610.9 £6%.5 16862, 1 Kl
eold 1£01.9 164,.6 1637. 4 &3248.2 973. 1 1173%.2 ot
ooté 1863.8 149, 4 1626.7 249¢%.0 370.% 12¢3%. 1 o
017 1£01.7 1%€.9 1€44,.8 2e34%.8 €83. 4 139138, 4
€018 1€01.8 1€8. 9 16323, . g8iR.0 €ge.8 14399.3
2019 1€03S.7 167.2 1638.% c9821.% £84. 4 1%2383.¢
2029 1e81.7 142.4 1659.3 © 214€0.9 es7.? 1£171.8
253 1g04.9 185, 4 16465, 6 33127.4 - €£0.,9
2822 1£9S5.8 136,85 1€49.2 3477646 €33.3
e 1e01.7 136.6 1€4%. 4 35421.7 8vo,
2024 1£91.8 165.9 163%.9 C0LT. 6 £74.9
2085 18038.?7 148.7 1€37.8 . I9714.6 . €L2. &
2036 1€01.7 17e.2 1631.4 41346, 1 879, 2
xe? 1£01.9 149.9 i£%2.¢ 42998, 1 £€3.8
2ee8 1E0%. 8 129.1 1636.7 44634.8 - g76.8
<oee 1201.7 3S.7 1€£6.0 463509, 8 £€81.¢
2030 1€91.8 13%.4 15684 479%67.3 1e20.4
FRTIE OF FETURPH TO ENTEFFPISE CLINEP 14,26%

FRIC OF FETUPH AFTER TFY. OF CHTEFFFISE 14,37%
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Capital Investrnent Balance Sheet

CAPITAL » FIZED HOFE ING LONG 1EFR QU EFS
AR IMUESTMENT ® FESETS CRPTTFL DELT LouITY
RARARENDPANRRIIADARRRBARAPRALGAASRAPRESSASSERMNAPSSSLRER ISP L AGDRIRINASRLIRMRNIDARNAANICIDAIDRARPAD SABIDABNSINANSERSPARDD
1978 7S.9 » 7.4 1.1 0.9 3.
1979 $3.7 I 123.1 1.7 5.9 3.7
1960 $9.9 o» 157.7 2.3 112.4 T
1931 T1.6 » 221.7 3.3 129.6 ;
1988 o7.0 » 397.9 4.9 222.4
1583 8.5 » 3€2.8 2.8 2787
1984 7e.2 » 432.9 -, 6.4 .6
1983 3.1 . “74.4 2.9 3581
1596 33.9 . 189.7 2.5 377.2
1987 48.% - £16.9 12,9 <0%.3
1588 $1.9 a $43.7 18,4 $34.4
1589 . 23.2 n 5. &
1990 . 39.3 =
1991 155.9 o
1e%2 370.3 *
1993 1€6.5 *
1994 281.1 »
1993 400.3 »
1996 €03, 1 s
1997 S4.4 .
1999 438.2 =
1999 203.9 »
2000 78.7 .
2001 11.7 »
2000 19,5 »
2003 27.4 =
2004 0.2 =
2805 26.1 -
2006 49,2 »
2007 14,4 =
2008 22.4 »
2009 14.4 = -
2010 28:4 = -
2011 14.3 » -
2012 19.6 » -
2013 7.4 » -
2014 24.2 I -
2013 34.9 » -
o158 19.6 » -
2017 g7.4 . -
2018 3e.1 » -
fo19 37.8 - -
2oce 13.0 » -
2021 26.1 » -
e 27.4 = -
20e3 ar.4 » -
R 6.7 » ' -
2ees 19.¢ » -
e 41.2 » -
du? . 20.¢ . -
229 9.1 » -
e 6.8 »
2030 4.9 "
T0TAL CRRITAL 1IWESTHENT 4777.4
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Capital Investrnent Sources

OWNERS
INVESTMENT

TOTAL . PLUS CASH FROM OWNERS

CUMULATIVE OPERATIONS INVESTMENT

FACILITY PLUS DEBT PLUS CASH FROM OWNERS

YEAR INVESTMENT RETIREMENT OPERATIONS INVESTMENT
1928 - 79.94 29.49991 ev.0c02 &%, 0e02
1979 - 129,69 43. 67003 4E.797TES €2.797¢e
1260 | 169.62 T.OT009 So.oTeey V. 9P45E
1961 c4l.172 €2,2¢01 79.592€8 7R.092€7
1962 . 28,1799 115.73 111.5994 111,%5994
1983 426, 6799 146, 9502 140,£044 148,644
1984 498,8398 173.4803 164,517 1€4,6171
19€9 ool.e997 1$3.5303 188, 1269 122, 1269
1986 89,7495 208, 2803 193, &274
1397 . 34,2199 g2e.Lvad €09.2929
1s88 £85,2393 290.£%03 k. lg9y
1989 710,4893 2€5.0706 224.4616
1399 749,809t 84,8305 é47.4372
1991 0T, 689 344, 4407 P8, 87THY
{9eg 1279, 969 476,8311 421.0%6
1993 1564, 439 %9%1.13188 483,271
1994 1749,.%509 ELE.4%19 STE01I78
1993 eL4%,799 263,221? TU8, 1130
1996 2770, %09 1029, 712 Y07, 7998
1997 330%.289 1238, %€2 1090, 74%
1998 J743. 489 14132, 173 123%.2%1 123%.3%1
{eaa I947.379 . A914.972 1202,£3% 1Ige.53%
<000 +024, 169 $7£.673 1327.9%% 17082.63%
200l <93S,£09 X 1624.€33 1331.847 © O LT02.634
2902 4053.309 1677.573 S 1302.834
&ces 4982, €63 1737.7e3 1302.824
2004 +112.887 1€04,2€2 1202.€34
€005 4138, M43 127%.43 1202.633
<ges 41€38.184 195,22 1302.832
eoa? 4202, %43. 2932.517 : 1302.633
éees 4224.98 - 2119.2€¢ 1374,845 1302.633
2009 4232.34 S191.438 1378, %82 1202.6322
2910 4267.777 2262.283 1468, 365
fell 4232.074 e372.671 1413.984
geia 4201,633 2469,66 1419,339
2013 4388, 992 ao7e.7e? 1428,567 .
29014 R 4333.23 2679.117 - 1426,566
2013 4386, 168 27%4.£06 T 1448,090
2016 4497.7e7 €690, 524 1:24.5%
£017 4433, 086 2. ul4 1463.578
2018 4474, 143 T 3102.813 147€,46€8
eo19 4911.941 3213,969 . 1425.94
2020 4524,.941 3323.36% 1493.23
2021 4591 344%.632 (561,33
eoee 4378.3%9 3080.278 1919.2%3
203 4685.719 3719.2¢8 1919, 867
2024 4642,457 TELD. 696 1972.011
e02% 4662.016 40E2.239 1938, 465
2036 a3 172 \ 4{5?,461 182,047 1262, ¢2€
0?7 474,031 +359.32 1208, %3 13ee.42¢8
€02t 4764, 168 L4%42.6£8 1372,172 12¢2.628
£9e9 4770, 96 +7TH. 414 1974,48% 1302.82€
2039 4777.42¢ 4744, 086 1976.%% 1202.6c8
FPESENT UALUE OF CRPITAL INU AT PATE %s M 1S,
13,093
PPESENT LFLUE OF CRPITAL IMU AT PATE % M 18.

1838, 790 .
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Cost Summary—Dollars in Millions

323 CRImITIEL €O ~ FINFIKED Q2T
CRPITAL  C(FEFATIGHS TETRL FPINCIFLE IMTEFEST CFEFARTICNS
[TIYIYISIYI YRR L EY Y 2 ] - ansna LY TX XY v aaatsen
.9 T0TRL . . e, 4rEUT. 6
1.0 CFPITAL !TEMS = LS €20, %
1.1 SVSTEM FRCILITIES-EQUIFMENT b » $s124.7
.1l HIP . n * 19<.4
1.1.8 CF$L A > 173.6
1aded CRSH TEENIFORTERPAIL CRR » » 11.4
1ol FRIL CFFP TUG s a Q.4
1.1.3 CAZE TPFRISFCPTER a L)
1.1.8 TERFCRT FRC N . 1.9
fele? LATER ZRSIN 4 FCPT - » £2.6
1.4.3 2 F :ﬁbIH 2 FCPY 2 ®
1.4.% LATIER IRSIN STCFRCE » = 1.3
1.0.10  FPORCING FROILITY » »
1.4.41 FFC) AmTCING FRG = - 201.2
1.1.18 CRIDISTERS » » 316.9
1.1.13 S FLECEIENT TFRMS = S 11.9
f.l.1% URLT MTODLLE . " = £58.1
1.1.1% CECLCC L FEC MODULE .= a
1.4.18 FEFCIITCRY STOGRAGE MOD = »
1.1.47 [§53 L 47.9 = 47.9 £0.9
1.1.18 LCHSINTER FFC d 7%.9- I 75.9 130.1
1a4.142 PLE ERQC FRC L Q.4 - Sdy. 4 11631.0
1.4.89 . FECCUERY FRC 4 £93.8 » £93.8 1:320.2
1.2 SUFFCFT r‘t.LITIES EQUIFMENT - 14.7 L 14,7
1.2.1 Fol LD ¢ FLT - ) . S
l.8.8 lrFE)fl‘E ¢ ULT e 12.2 L 12.2
1.3 CHIEFS - °8.4 * 8.8
ted ILTERES 1 ;LF}lm cons » wie.2 » 38,1
2.0 OFEF £ 1AL - S1Z07. 6 » S1EC7. 6
&.! DIFECT LFICP » 19€E8. 4 » 190¢E. S
e.1.1 FOFT £ FEC TFFNS » . > ‘?.l
S48 VATER ZRSIN FECISPORT) » 129, » 1+5.8
Ceied PRIEF IRSHT FECIZPCRT) | - _
€olen FRTEF TRSU T0R . ev.t - Tl
2.4.% . » 1%.2 - 1%.2
£.1.0 F £ OLF . L 3.7 b 313.7
T.4.7 ‘PllT EFFLPCEPENT LRECP = 44,0 = Lo 1)
é.1.8 CECLOCIC FEC MOD LAECR . -
2.1.9 CRSY TFANS NATNT LAB » 3L.2 » 3.2
2.1.190  LCL Lk FROCES LAEQF L - u
2.1.41  FLH FFCC LRIGP . 2.l - e2.1
@.1.18  FECCUERY FLFLT LAB » 2<28.4 N g42.1
2.2 INJIFECT LATOR & 11660.% - 106£0.5
&.3.1 FUFPT { FEL TZPIIS LAB - 3. » G.§
2.8.2 W2 FECPLFINL LAZ - 21€.8 » 218.5
2.2.3 ez .FEC (<FLFT) 1 LRS L - ]
4.8, oo, $TCP 11D LPB u <0.% n +0.35
2.8.9 FRCYH Fé 11D LRB » a
€.8.% FRLE FRL LHD LAE = 470.4 » 470 %
2.8.7 VRULY I3 LABOR = 6%5.8 - (S8 >]
2.2.8 CEC FEC NOD M5 LAB " ¥ B
S CREk. TFFLS MALNT LR3 n $6.8 x ~$.5
LEILW FFOC I LAZ - 77 ® e
¥Lls FECC IND LA2 I 371.3 - 321-3
PEC FURNT 10D LAB b 9710 « T1:.3
UVETEF IFL SLF UTKL ECT x 19€14.0 a - 31€14.0
FCEICREC PLS . ¥ 8. a P
1 TLFEC CFIG 4 FQGRT » 218.8 » 218.6
FEL CFIIS & POPT s - »
W2, SVCPRCE CFIS » 40.5 Q.3 %
FRCY CFIS1ES0Q) L) »
FFCH CRIITLICOO) u 470.4 470.4 » 470.4
LAULY CFRS N V.8 .8 » 0.8
CEQLCCIC FEC QPNS . L
CRS). TFRFNS N <8.6 “B.6 W “5.6
ililh FFCC CRSEN . 21.3 21,3 = 21.3
KLl FROLCESSING CFNS N 374.3 371.3 L 371.3
FECTEE Y FLRNT OFnS w 371.2 371.3 371.:2
CCHTFRITED SEFVICES Lo %23.6 $23.86 W 423.6
SHF M L 3R7.2 RT.2 ¢ 7.2
us FLPY FEE L 0.4 RN » 0.4
ELFCP FOPT FEE STOP = Lo
U FRILSF TQ STCR) » \7.7 17.7 , » 17.7
ELFLF PRI TRRUS » - »
(€5 (TIME CHRG) - " 51.3 61.3° - ©1.3
EUFCF S0P - .
% FECOL CF N =
ol ELFCF FEC CF . ¥ .-
EUF £ LIS [ . oo .
2 VS OFRIL TRFANGR - I 17.0. 17.0 = ©17.9
ELUFCE FRIL TPRUSP . » . =
ELFCFP FRIL TRFIS x =
us FUPY FEE - -
ELFEF FCFPY FEE - a
ELFCF FOFT FEE - a
"RCLF 1C FOFT FEE - » :
FFIIFIC FOFY FEE =~ »
FRC FAIL TPRLSP » a
FRC FRIL TFRANEP - :
~
2.9 TECCH TRUST FUND - 102.0 <102, . 1073
ARBABPERSASADISINERARINLRD anaa » BRAMDE i....l.l-.l.ll..ltl‘lllll‘.‘...”l.‘.ll‘
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Section E 3.3
Case: 3A (Revision 1)

Description: Fuel Cycle Center (FCC) Baseline
Except enterprise ROI @ 25%

Summary of Input Characteristics:

Financial
Enterprise ROI - 25%
Borrowing - 2/3 of any capital expenditure at 10%
Government financial participation - none (private enterprise)

Location
Transportation - from island in Pacific
Location cost factor - 1.0
Water provisions - none

Storage
Type of storage - aircooled vaults
Storage cost factor - 1.0

Recovery
Start up time - 2000
Modular plant - single plant
Value of recovered products - 260 $/Kg spent fuel

Pricing
Service charge - average over fuel population

Recovery credit - None

Summary of Output Characteristics:

Capital Investment -  4.777 billion dollars
Owners ROI - 28.3%
Service charge -  $279.5

E3-15



€081 CF SPENT FUEL SEFUICE (DOLLAPS/¥C) 1279.492
PRTE OF FETUFM OM INVESTMENT £T.00% .
TOTAL HET CASH FLOM OUER TOTAL LIFE CF FFOJECT  $61310.340

.~ 3AR1

Yearly Profit and L oss Statement

FEP SEFL CH TOTRL OFEP INT nee 10TAL 1e7

YERR FEVEIVE FELENE FEVEMIE £7FEN EVFEN £rFEN ESFEN TRCES THCOME
"l.l'llllllllllll.l.llllllll))llblhl'!.Dl!'l‘llllbl’Illlp‘lll‘..l‘)l"A0‘...)!0!..'.000‘0‘....".00‘..0.."0.‘."q.ﬁ"h
1976 .9 3.8 3.8 1.3 L 2.3 : <
1970 .9 . 8.9 8.5 1.9 8.6 e
1580 Q105 2.% 11.3 s,
1981 .0 4.9 3.6 16.8 Ted
19682 ] 49,2 . 4.3 2.4 10.7
1963 .8 63,3 Sl 8.2 13.6
194 .9 79.2 2.9 32.8 1€.9
1969 .9 107.6 1.0 36,1 17,9
1566 .2 133.2 1€.7 2e.1 19.2
1987 .0 1574 =2.9 41.0 21.2
1988 .9 216.6 22.9 43.9 23.3
1989 .2 2%9.9 3.8 - 45,1 24.9
1999 2. 2re. 3.8 $7.2 2e.1
1994 .9 310.8 4.2 %, 9 31.3
1992 .9 7SS 5.4 0,9 ‘2.4
1993 .0 +43.3 .1 2.9 49,4
1594 .9 %26.1 6.9 110.2 .3
1993 .90 513.7 7.7 13%.5 Tled
1996 .8 £28.8 28.6 174.2 o1.14
1997 ) 742.€ 9.6 209.3 198.6
1998 .0 &24.8 €0.6 2.8 123.7
1999 K- 883.1 61,7 2%6.7 122.9
2000 1413.3 %6, | 12€.5 28,4 - 134.8
2601 1413.8 1078.0 126.9 24%,3 1z8.2

1413.9 1094.3 127.3 242.4 132.8
2003 1413.3 1191,9 126.1 239.% 137.9
2004 1413.9 1279.2 128.8 225.9 139, 4
2005 1413.2 1331.3 129.3 232.¢ 139.6

1413.5 1331.7 129.6 22%.6 141.5
2007 1413.8 1248.1 130.0 223.7 127.3
208 1413, 8 1331.3 120.9 218.% 136.8
2000 1413.5 1332.2 129.9 212.4 139.9
2010 1413.8 1343.5 129.9 206.7 13%.9
2014 1413.5 1331.3 129.8 199.3 124.2
2012 1413.5 1331.7 129.8 192.2 133.9
2013 1413.% 134%.4 129.7 165.0 131,10
2014 1413.8 1331,2 129.7 177.2 129.4
2013 1413.% 1332.2 129.6 169,7 1244
2016 1413.5 1245.6 129.6 151.6 122.6
2017 1413.5 1331.8 129.9 1%3.% 17,7
2018 1413.9% 1331.7 129.9 146.8 116,90
2019 1413.% 13451 129.4 132.7 113.8
2000 - 1413,3 1331.3 ¢ {29.4 139.7 112.9
2021 1413.8 1332.2 274%.7 129.3 121, 7 112.3
2o 1413.3 134%.6 2799, 1 129.3 1i1.9 115.0
2023 1413. 9 12%1.3 2744.8 129.2 . 19146 115.0
2024 1413.9 1331.7 2r45.2 . 129.2 91,1 COLiT.e
20es 1413, 3 12494 o786 122.1 78.% 117.1
202¢ 1413,¢ 1331.2 2744.8 129.1 €6.7 120.5
2027 1413, 5 1232.2 27457 xa<a 0 - 2.9 181.7
toes 1913.% 1345.8 rea.y 129.0 9.6 121.7
vae 1413.5 $31.3 2744.8 128.9 22.% xzz.a
2030 1413.3 1331, ZTes.2e. 1g2. 9 2.¢ v +
llllll’ll..ll‘.llllIl.)l...l.l.llll.!..llDIIIIDII.IIlllllllll'..l..l..lll.ll.llll.ll‘l.lDl.ll.l.lll'.ll.l‘.l.l.ll'l‘l'.l
TOlL |, 43818.8 ATOS7. 0 $0E6%. 2 4797.4 £E06, 3 743,90 19419, 6 HET ) 6999 1
AG 826.8 : .1 1714.8 : 9.5 124.3 LRl 04,3 %6, 1 7.2
n.u; . 2o, z,a.' 39,7 28.% 39,2 28.2 9.8 1667 L. 4
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3AR1 ' :
Yearty Cash Statement

UFINRICED ENTERFRISE FINAIED ENTEFPRISE (MEFS
LEFOFE TRA FFIER 1A%
: AHUAL FHRIURL AHNIPL cun AHTATL UM FITIURL un
Year CASH TN CASH CUT HET CREM  NET CRSH NET CRGM NET CASH  1kT CREK IET CASH
RASARRBADREDRINRNILIDDIILSPICRONDOOPARIRDINADCCINRIPNDIGADOVAALDIISGVIRNDIDDIVNBARCI00000 000400000000 0004800 (XTI RRYVY XYY
1979 3.8 7T.2 - T34 - T34 - - - -
1970 €.5 3.3 - 8.8 - 120.2 - - arie - -
1980 10.5 2.4 - 3.7 - 152l - - - -
1561 24.9 7S.1 - %11 - 032 - - - -
1952 9.2 101.3 - 2.1 - 2%%.3 - - - .
1783 63.8 “2.€ - 2% - 2651 - - - -
1984 7.2 7z.0 1.2 - 2g4.0 - -
192 197.6 71.8 8.6 = E47.3 - -
1986 133.2 2.6 €0.7 - 166.7 - -
1987 1574 100.4 7.0 - 10%.7 - -
1988 216.6 | - 1039 2.7 3.9
1909 22,3 7.1 120, 4 183.4
1999 ara.t 93,2 17,9 2.4
1991 310.8 21e.1 4831
1992 373,95 $25.7 - 412.9
1993 443.3 244.8 811.€
1994 736, 1 337.9 TRe.?
1595 §13.7 4%8.0 22,6
1996 €56.8 663.7 - 9507
1997 7i2.6 614.9 1079, 2
1998 824.8 498.8 - 146%.2
1e90 se3. 1 26%.6 2eez.s
2000 269,86 202.2 4189, 1
2091 2463.5 138.5 €514.0
2002 2207.8 157.0 £474.8
2003 2604.3 128, 11222.9
2064 2es2,7? 129.9 136%7.6
003 gr4s4.8 25,4 1€447.0
2008 Ir4s.2 173.9 17013, 4 145,29
2007 2738.6 144,49 21627.6 147822
2068 2744.8 152.4 gagze. :
seee 274%.7 144.3 GeET1. 9
2010 2739. 1 12€.3 godge.2
2011 ET44.6 1341 32022.90
etz ar45.2 149.3 34616, % : . :
2913 2738.6 152.1 27220, 4 -
2a14 2734.8 193.9 39911.4 :
2019 ET45.7 164.6 432,35 3
2016 grge. ! 149,11 45002, 4 g3634.3
2017 eT44.8 5.9 47904 E7102.4
ot 274%.2 168.3 £0167.1 @62ig. 1
geie 2738, 6 167.2 s27Is. S 043, 5
) 2734.8 142.4 £3361.0 31316.@
2021 2r4%.7 125, 4 37921.3 Jz252.0
2ec2 278, 1 126.€ 2€02.4 €0%33.7 344353
2ee3 2r44.8 1%6.€ ese8.2 $3191.9 33980, 1
2084 2743.2 163.9 aure,3 . sirel.g 37379,6
aees aTse. ¢ 148.7 2EQe. ® £6231.2 18533.2
£02¢ iT44.8 170.2 dTT4 L6 708, 7 40213.2
2027 © E7es.T fas, 9 239%.8 T1301.5 41782.2 S1PSLL S
oes 277e. 1 169.1 %89, e TEOR1 .4 43220, 0 ~3ez1.9
2089 2T34.8 135.7 2602, 1 T5700.6 447156 99691, 4
2030 aras.2 135.4 #609,9 £1310.4 $6532.9 $620%7,9
PATE €F FETUFN TO ENTEFFFISE CLIER fe.2e%

PRIE Of FETWFN FFTEFR TAY OF ENTEFFRISE  E8.78%
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3.AR1

. Capital Investment Balance Sheet

CAPITRL » FIYED VIOFY ING LG TEFM AEFS

verp IMESTNENT » ASSETS CEFLTAL LEET £eny
“'..ID."II‘.!II.“.---.)I-..'Il:ﬁ.l:‘.ll.....‘I.."‘.ll.."....ll'.'hl.l..lD..ll.’.DI"‘I.'..'.Il."‘."‘l'..."0"""."""‘""‘."“
1978 5.9 x 73.4 1.4 26,9

1679 3.7 » 1234 1.7 85,0

1560 9.9 » 157.7 2.3 112.1

1981 71.6 - z21.7 3.3 199,0

1982 97.0 - 397.9 3.5 2z2.4

1983 €8.% = 3e2.8 5.5 ire.?

1964 2.2 » 439.9 5.4 32%.6

1985 3.1 . 474.1 a.8 3%6.1

1566 33,9 » 486.7 2.5 377.2

1987 48.5 x $16.0 15,3 $08.3

1969 21.0 - 2437 16,1 433.4

1989 R a%.2 ¥ 44,9 16,9 445, 4

1990 29,3 * ST T 16.3 <65,

1991 195, 9 » €e2,3 16,5 31,2

1992 378.3 » 1919, 1 22.7 799, §

1993 1£8.% * 1149.5 2<.8 2133

1994 281.1 s 1372. 1 er.8 1687, 1

1999 400.3 » 1700.23 z2.2 1237.¢

1936 €05, 1 - 2214.8 33.8 1721.2

1937 TT4.4 » 2660, € 4.8 FUEE, 7

1978 438.2 n 2579, 1 49,4 £330.3

1900 203.9 - 3047.0 8.4 2432, +

2600 7€.7 » 299,09 2.5 g43%. 4

2cal 11.7 » 2062.9 c2.@ 2311.9

2ve2 19,5 s 2749.1 £1.6 2377.7

2003 27,4 » 2639.5 61.3 2344,9

£004 39,2, w 2%31.2 58,9 2399.%

fves 2.4 * 2417.€ $0.3 2263.9

2006 49,2 » 232%.3 £3,9 z227.7

2007 14,4 < 2202, 4 29.9 2170.0

2008 22.¢4 -~ 2066.3 6.1 21141

2009 14,4 - 1966, 7 £7.9 Z7, 9 -
2910 28.4 . 1659.3 6.1 19859 -
2011 14.3 - 1739.4 4,2 1999, 4 -
2012 12.6 » 1€26 9 23.7 1832, 0 -
2913 27.4 - 1%22.3 cz.e 17%6.3 -
014 24.2 » 1417.2 S1.1 1674.1 -
01 34,9 » 1228.0 se,8 1€93. ¢ -
016 19.6 » {224, 9 48,5 12171 -
2017 27. 4 » 1124.5 47.2 1441,6 -
2918 321 .- 1657.6 6.9 1371.% -
go19 37.8 » %€1.6 44,8 1298.0 -
28e90 13.0 » £60.6 43,3 1199.6 -
2021 2641 ® 791.4 1.6 116141 -
e 2r.4 » 703.8 0.2 ) -
2033 27.4 - 615. 1 2€.2 286.5 -
s 2.7 ~ £34.5 .7 7726 -
0es 19.6 a 437.9 34.6 £39.7 -
zoze ©1.2 » 3877 22.6 S14.7 -
2ve? 20,9 » 2%6.8 0.3 38,7 -
xee 40,1 . 165.2 2.1 220.% -
2009 .8 » 36.7 zs.2 Ze.%

2630 6.3 » 34.9 22,4 33.2

YOTAL CAPITAL TMUESTMENT

E
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Cepital Investrment Sources

OWNERS
INVESTMENT
TOTAL PLUS CASH FROM OWNERS
CUMULATIVE OPERATIONS INVESTMENT
FACILITY PLUS DEBT PLUS CASH FROM OWNERS
YEAR INVESTMENT RETIREMENT OPERATIONS INVESTMENT
1e78 .. .94 23,4001 23,8602 2%. 0602
L1929 129,89 42,67083 $2,797€C 42,7%768
1980 169,62 7. 952009 25,9742 2%, 974%8
15-2-2% 241.19 82,2001 TRy 9267
1982 238.1799 11%.72 111.%%94
1983 26,6799 146, 9%@2 149, €044
199+ 458, 8398 172.2663 164, 6171
198% 51,8957 193,2503 152, 1869
1988 8%, 7495 208.%€03 192.2973
1987 £34.2199 228.8904 209,292+
1988 £6%.,23%3 20,6983 2. 1287
1989 710.4893 28%.0706 24,4614
19%@ 749, 8021 224.8306 247.4%7
1991 9%, 6689 344, 4407 293.870¢
1992 - 1ers.9e? 476.£311 q21.0%:4
1993 L 1484,4%9 oo, 1314 453,2712
1994 174%,209 . 6%8,4519 76,0172
1998 2145.799 £02,2819 T08. 1129
1996 2790, 909 10E2. 712 Q7,798
1997 330%.28° 12ie, %82 1999, 735
1%98 743,489 1413.172 1239,.3%1
1999 . 3947.379 1514,972 1302.838
2009 . 2624, 109 1578.673 1387, 9%
2001° 4935, 609 164,233 1331.817
2002 4055, 309 1677.97 1338.8%2
2003 4282,£68 1737.783 1247.281
2004 . %11z2.€87 1804.262 1337.8%e
2005 4138, 949 157%. 45 122,28
2005 4188, 184 1960,52 1382.1
2607 4202, 543 2022.%17 1226,83%
2oes 4224, 99 2119.8€6 194,243
2000 4239,34 2191,436 1398, 952
2010 4267.7°77 202,889 1408&, 266
ot 4282, 074 3T A7 1413.084
2012 4301.£33 469,66 1419,83%
2013 328, ¥22 572,708 . 1426.%€7
201+ 4253.23 . 2679117 1436, %66
2013 4369, 168 27E4.605 | 1448,09%
2016 +4@7,727 2370.584
2017 4435, 086 2993.%14
2018 474,148 2102,613
2019 - 4511, 941 2213.9€9 129,255
2020 4524, 941 3329.389 139,855
é02t 4251 3449.8%9 139,2%%4
eze 4578, 399 39£0.3%8 - 139,8%%
2023 4805, 719 3719, 268 139,222
2024 - 642,457 2€69.698 139.2%%
6% 862,016 4022.33% 139,295
2026 4793, 172 $158.461 139,235
ever deds, U3 4353, 92 129,890
2028 474, 158 443,468 1872179 129.2%49
029 4770, 93¢ 4736.414 1574, 400 129.2249
| a0 ATT7.42d 4744,086 | 1%576.5% 139, 2349
FPESENT 1¥LUE OF CRPITAL INU AT PATE %» M 2s
308,229 .
PPESENT UFLUE OF CAPITAL INU AT FATE %» A 19,

1632. 799
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(32 CLITITIED CCSt FILAICED 02T
CEPITAL  CFEFRTICHS TCTAL FRINCIFLE  INTEFEST CPEFATICNS _10TRL

——aB B VDB RAPLBAERIIN S nhasss z ’ 4 POY -.‘..‘.
2.0 TOTAL B, TTT.S «edGT.8 A SeTTT.4 £k, S 40EUT.E i61E22.9 »
1. CFPITFL ITEMS LI T hnoi] L STTT. Se€e0, @ 1‘1’-:75.3 »
1.4 SVSTEM FRCILITIES-EQUIFENT » 3646.6 2 39646.9 G9134.7 1771.2 &
1.4.1 SHIP . » 1€5.9 * 1€2.90 19«4 39,1 &
1.4.2 CFEY. a 292.8 a €<2.0 173.6 ~i%.x B
1.4.2 CASH namrnpr:r.mn. CAR . 18.8 » 12.8 1,4 0.1
Cll.s FRIL CFP TUG ~ Q.8 L3 ©.€ 0.4 1.2 »
1.3.% CRSH TRFNHSFCRTER a [ : a
1.1.8 SERECPT FRC » 1.9 . 1.0 1.9 .2
1el.7 ATER ZRASIN 4 FOPT » 8.0 » “8.8 6.6 120.6 »
1.1.3 VATER ERSIN 2 mé;n . [ N
1.5 WATCEP ZRSIN STUFPCE n 24.8 » 24.9 4. 5%.3 B
1.1.10  FPCIRGING FREILITY x - o 1.3 e.3 2
F¥CRmCINC FAC = 116.9 » 116,90 201.2 317.2 +
CFINLSIEFS . 216.% » 21€.% 316, 233.0 &
EFFLFCELENT TFRHS L 18,9 x 15.0 11.9 e, &

VRULT MPQDULE .. €48.3 & §40.3 68,1 10258, *

1. CECLCIT FEC MODULE a a »

t.1.18 FEFCSITCRY STCGFRCE MOD n a
1.4.47 Cre). ® 47,9 & 7.8 £0.9 127.8 3
1.1.18 LCHE INTER FPC - 7%.8 » 7%.0 120.4 69,1
1.1.12 LK FECC FFC » 0.4 » 33,4 11631,9 29571.4 8
1.1.89 FECCUEFY FPC s 593.8 g 892,8 1,%%0.2 Srd44.8 ®
{.2 SUFFCFT s»c.ur.:s EQUIPMENT ® 14,7 - 14,7 4.8 8.3 1
1.8.4 ILD ¢ FLT VD I o . R 3.9 2.9 2
1.28.8 VEFEFCUSE & WLT 8 12.2 s 12.2 21,1 33.5 »
1.3 CHEFS COST » °%6. 4 * 2881 74%.8 11382.8 »
1.4 IKTEFEST IUFING COMS » 22,2 » 8.1 7485 Je 4.0 &
2.8 OFEF € LAlIN L3 $EOT.5 » $1867.5 SeEUT.E &
2.1 DIFECT LFECF L 1€, % a 2R 19C€h.w B
2.1.1 FCPT ¢ "FEC TFFIS » % » .4 Tel &
2.4.2 VATER BRSIN FECISPCRT) x 148, a 1~%.8 14%.86 »
2.:.3 LFVER ZR$1 FECIZPCPT) = - x
F FRYEF IRIIN STOF . & ar.l » 27.1 ET.4 »
2.4.% EFLH FRE LRIOF = 2.2 - 2.2 1%.2 »
£.1.5 PR} FEC LFICP n 313.7 [ 313.7 313.7 »
2.1.7 UPLLT ENPLFLEMENT LABOR n 14,0 » -6 5,0 B
&.1.8 CECGLOLIC FEC MOD- LAZOR s = S
2.4.9 CRSY TRRNS NAINT LAB n 2.2 3.2 > 31.2 2.2 2
2.1.10 LG Lk FFOCES LAROF " » L.
S.1.41  PLH FPOC LREDF u ve.! 2.1 » 42,1 dsé.1 &
2.1.12  FECCUERY FLFLT LRE a 2<2.1 2.1 » < E+42.1 ésd.i *
2.2 INZIFECT LEBOF & 1164846.5 10680, » 126€0.% 106805 »
2.2.1 FURT ¢ FEC T##I'S LAB a Sel S.4 » g.1 Yol »
8.2.2 W E FECIAPCET) L LAB . 21e.¢ 21€.6 * 216.6 218.6 »
2.2.3 W.Z FEC (=FCFTY 1 LAB » - i
S.i.% 1,3, $TCF [1'D LAS = 9.9 0,3 ® 0.9 «0.2 »
g ERCH FAC IND LAB = : A I
2 FRLCY FiL IND LAB » 47O 4 $70.9 » a7h.s 4TB.4 &
URLT IND LREGE " 9.8 €l.8 bt ©%.8 €. ™

CZC FEC HOD IND LAB ‘. d -

CASH. TFFHS MALNT LAB = 6.6 8.6 B 6.8 ~6.5 &

LEILL FROC TN LA3 ] 7.7 Tev L4 Tat Tet &

hLki PFCC IND LAZ n 371.3 371.3  » 371.3 .371.3

FEC FLPNT (rd LAB L 371.3 L U B 3713 R P
£.3 VETEF AL <l.,P UTIL ECT x 10614.9 11614,0 - 191614.9 11619.0 =
2.3.1 BCPICPEC F u 8.1 g, » €, 8,1 »
g.2. V. 3.FEC cmu < PLAT n. 219.8 218.6 * 21g.6 218.% *
2.2.3 Mo, FEC CFUS & FOPT . ] . ] »
2.3, K, 3., ZICPRCE CFNIS n 0.9 0.5 " 0.9 w6 Y B
2.3.% FRCY CF1$13%00) » » =
- FEQ CFLS (20000 L3 970.4 470.4 » 479.4 470,49 8
23,7 VALY CRS [ 6%.8 €.8 6%.8 €L.8
2.3.8 CEOLCLIC FEC orns u L |
Z2.2.¢ CA%). TRENS u 6.6 W66 B “5.6 6.6 B
£.2.190 i0iLh FFCC CPSN . 21.3 £1.3 & 21.3 2.3 ™
2.3, 114, M FRCESSING OFNS L) 71.9 378.3 0 3IT1.2 3713
8.3.i2 FECOUERY FLENT CFNS = 7103 71,3 - S71.2 o P2
2.4 CCLTFFLTED SEFVICES ) 23.6 423,86 » 423.6 -23.6 ®
2.5, SHF G = R7.2 xRT.2 . 327.2 27.2
2.4.2 US FLET FEE = 0.4 L 0.4 W 9.4 Oow *
2.4.3 EUFCP FORT FEE STCR = L s .
Cotes LS FRILISF T STGR) L 17.7 7.7 . » 17.7 17.7 »
2.4.9 FRIN TFANS ] - .. a a
2.4.6 ,th £ CHFRG) ) 1.3 €1.3 - w 61.3 6.3 »
an.B " 3 LS | 8
Eew,? - } Y Fy
2.4.10 ELFC - & . [
2.%.11 EUPGF iR 5, L =
At VS FRIL TRRNZP » 17.0. 17.0 v | © 17.0 17.6 ¢
2.4.13 ELFCP FRAIL TFRANSP » ' . -
T ELFCP FRIL TFANS u = L
2.%.1% 3 FLRY FEE - a A
2.4.18 EUFCF FEFT FEE » t e »
FERY, LLFCF FORT FEE » - - .
2.4.18 FRCIFIC FOPT FEE. . n » ..
bR, 14 FECIFIC FOFT FEE u » .
2.4.20 FFC FAIL TFFIISP [ » .
2.4.21 FHC FRIL TRRUSP » » »
» . » »

2.9 SRCCM TPUST FLTID - 103.0 ©103.8 o 193.0 13,0 ¢
[YSY YY) SRS RIVAAASIASARARONAARASAAARIRSSBRNSAREANNARGNIOANOLARSARASADAARARSSSD MBERARRLAARSASARARESR ndASALLIN

Cost Summary—Do/lars in Millions
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Section E 3.4
Case: 4A (Revision 1)

Description: Fuel Cycle Center (FCC) Baseline
Except enterprise ROI @ 30%

Summary of Input Characteristics:

Financial
Enterprise ROI - 30% _
Borrowing - 2/3 of any capital expenditure at 10%
Government Financial Participation - none (private enterprise)

Location
Transportation - from island in Pacific
Location cost factor - 1.0
Water provisions - none

Storage
Type of storage - aircooled vaults
Storage cost factor - 1.0

Recovery
Start up time - 2000
Modular Plant - single plant
Value of recovered products - 260 $/Kg spent fuel

Pricing
Service charge - average over fuel population

Recovery credit - none

Summary of Output Characteristics:

Capital Investment - 4.777 billion dollars
Owners ROI - 35%.

Service charge - $373/Kilogram of spent fuel
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CO8Y OF SFENT FUEL SEFUILE (TOLLFFS/HC)  $373, 144
PRYE CF FETURH QI THOESTHENT 26, (0%
TOVRL HET CASH FLOW QUER TOTRL LIFE OF FFOJRCT  197¢e1.810

" 4ART

e —

Yearly Profit end Loss Statement

SEF SEFV CH T TOTRL CPER INT ¢4 TOTAL T

YEFS FPEVEITRE SEVEIE FEVEIIE T EVPEM E-FEN | ELFES EXFEN TFEES e oME
l")l."b\nllChh.!)lll!l.ﬁv..00".!..'.‘0".‘.!]l.lll.".lhoboﬁl.l.llll"bl.bhll.h‘ POARDINGIPODOOODOONNCANIGD0 8000400000 000D
1978 -] .1 S, 1, . 1.3 .1 3.9 - 2.8
1979 .2 11.3 11,3 1.5 €.6° 14.3 - .0
1980 .2 14,0 14,9 2.5 11.3 19.1 -

1981 .0 3.1 2.1 3.8 1£.0 27.1

1482 .9 6.7 £T.7 4.3 2.4 37,9

1983 N 9.1 85,1 5.1 ee.e 35,9

{5€4 .0 165,7 .. 165.7 2.9 2e.e 84,7

1569 .8 143.7 143.7 1£.0 26.1 Te.@

1966 .8 i77.8 . 177.8 18.7 38,1 TE.0

1987 .0 210.1 210.1 2.0 1.9 114.2

1963 .9 280.2 ze%,2 2.9 43,9 z

1989 .0 346, 4 8.4 3.6 3.1

190 .9 - 263.3 el £3.8 47,2

1991 .0 $14,9 414,92 4.2 %6, <

1992 .0 %01.3 %e1.3 2%, 4 20,9

1993 - 2 £91.9 $91.9 6.1 2.5

1994 N T02.4 T02.4 %5, 8 11e.2

1948 .0 819.3 £19.3 o7.T 132.%

1996 .0 879, 6 £79.6 3.6 174.3

1997 .0 el 4 o, 4 9.5 209.3

1998 .0 1191.8 11et.2 £0.& 236,90

199 .9 1.7

2000 1413.% 26
- 20014 1413.9

2002 1413.%

2003 1412.9

2004 1413, %

2005 1413.9

2006 1413,%

oor 1415.%

200e 1413.%

R 1413.9

2010 1413.9

2014 1413.%

2012 1413.%

2013 1413.9

014 1413, 9

e1s 1413.5

2016 1413.9%

2017 1413.8

2018 1413.5

2019 1413, %

2020 1413.5

21 1312.% 11%.3

e 1413.9 119.9 i

ee3 1413.8 11€.0

2084 1912.9 117.4

ax0es 14139 117.1

A 1413.9 120.%

207 1413.9 .7 W97, 6

2028 1412.9 .7 1162, 7

oee 12413, % 2 1103, €

2030 14138

CABBBODANUNSCLUIBDURRSSN

Yo 43616, 9 €28 4797.4 e, $ 4743.9 16149. 6 G4 a 1Y 61194
[ 1 €2€.9 2.5 124.9% 89.% 304.9 494 188,9

L2 % 1) CEw, & -1 9.2 28.2 0.8 04,3 333.2
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4AR1
Yearty Cesh Statsment

WRFIMFICED ENTERFPISE FINFIICED ENTEFPFISE GHEFS
"BEFCFL TRV FEIEF TAY
FHHUAL P IUAL A UFL, cun Fieat 1UFL -Cun F TR cum
d CASM N CASH OUT MET CASH HET CREM VET CREM HET CASH HET CASH HEY CASH
NOABABSRPRANAD AP PPARDCARPASLIDICIOPOCBADDIINRISISODRAEDUARDIEDIRBUNODEDSIDIDIIINOGOASIIINGINIDIONADPGAOILNDOSRDGIADIVENGRAR
1978 S.! 7.8 - Te.t - 72,1 - BT - ERLT - Wr.7 - er.v
1e79 11.3 3.3 - 4.0 - 116,14 - 7.2 - 42.2 - 17.8 - <%.9
1980 14,9 42.4 - 2e.4 - 44,9 - 136 - 7.4 - 1<.2 - 9.7
1981 Se.1 79.1 - 43,9 - 182.9 - 14,0 - 7i.3 - 15.0 - TH.T
1962 €%.7 101.3 - 3%, - a23.1 - .2 - TE.T - .5 - €1.2
1963 835.1 3.8 - 8.4 - @31.8 G.1 - 0.3 %.0 - 7€.1
19e4 103.7 78.0 27.7 - 203.9 .2 - 93 - 5o.7
19839 143.7 71.0 7e.? - 41.8 - Tt - 1.9
1986 177.8 2.6 12%.3 - 67.6 €0.2
1987 e10.1 160.4 169.7 £0.4 120.6
1568 89,2 103.9 183.3 1e6.2 226.8
1989 3464 791 2€7.4 148.% 3702
1990 5€3.2 93.2 270.2 122.¢ ee. |
1991 +14.9 210.1 204.8 148.6 €€8.7
1902 9(.3 429.7 S.6- 110.8 Ra-xi
1993 $91.9 5 347.3 219.2 97,9
1904 7e2.4 3E4.8 246.9 1244,7
1995 §19.3 1.3 2e%. 6 1510.2
1996 879.6 21%.9 214,14 1784 .4
1997 9.4 377.4 80,4 e, 8
1999 1101.2 £02.4 371.2 237e.¢
1999 1179.9 913.4 488, 1 2864, 1
X cvee. 0 2488, ? 1422.9 4287.0
<001 <e1s. 4 2E7E€.7 12€0. 0 TE7. 0
e SO74. 4 272v. 4 Wul.7 787
2023 3003.6 ¢ed8.2 1626.2 £764.8
2004 S121.3 2962.3 1£94.8 106728
08D S199,.9 393%.6 1735.2 1241%.5
[l S191.9 29012.% 17e4,7 14140.2
007 3209. 4 20835.9 1720, 7 12690, 2
008 31%9.¢ 3038.% 173%.¢ 17626, 8
£009 3192.4 2047.8 1738.8 -+ 193£4,7
2ote 3809.9 2051.6 1742.3 21107.9
2011 3190.¢ t046.8 1734.8 2z28+1.8
012 3191.9 2e42.2 1732.¢ e4974. 4
&ols 3389, 4 30%2.3 1741.4 ee31%. ¢
01 3i80.9 2037.9 484 173e.e 22046,7
013 . 3192.1 R27.% % 173%.0 24781.8
&o1¢ 3209,9 20£0.8 248 1730.4 31532.8
eoiv 31,9 2034.9 re 1744, 7 33276.8
2018 3191.% 3023.8 20 1742.9 3%e19.2
2019 3200, 4 2042, 52€07.6 1734, 8 287741
<00 3199.9 3048, 6 €eeT6.2 1749.1 3eLET.
gzl 3192.1 I038.7 €9€%2.8 {742.8 SO2€%. 9
cue2 3209, 9 3953.3 72746, 1 1733.8 SEGL9.7
2982 3190.9 3034.3 7970, 4 1740, 4 S37El. L
20g4 3191.S 02,6 78203, 9 1736.1 43496, 2
aess 3209. 4 e8l.? - S18£6.6 1733, 47249.2
e0eS 3190.9 2020.7 €4867.2 1736.6 <E5E9. 9
2827 31ee.1 342,28 €7929.3 1793.7 0731.¢
2028 3209.9 3049.8 99970, { 1747.4 Y2479, ¢
2829 3190.9 0.2 «~0e35.3 1742.2 t4ee2.z
293¢ 21915 3026, 1 9T081.4 1gse.1 L6i14.2 18%8.2 Kk, 3
FATE CF FETUFTI 10 EMTEFPFISE OHNER 34.92%

PATE OF FEIVFN AFTER TRM OF LMIEFFPIST  2T.9%%
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Capitsl Investment Bslance Sheet

CRPLTFL » . FIXED HOPK. ING LotG TEFN AHEFE

) INESTMENT » FESETS CRPITRL nERT ECULTY
SARSAARBRADARARNRRARSDARRENSPSRERASARANRSRDOPISREIODRNINRRNCICIPADDUARDRASCARRICRRRDOIVARAINIINIDINOOINCNIIIPRIAPRINIIND
1978 70.9 = 73.4 1.1 0.9
1979 3.7 - 123.1 . 1.2 €5.0
1968 39.9 a 197.7 2.3 . 112.1
1981 ?1.6 I 221.7 3.3 199. 8
1982 . ©7.9 L Sor.9 4.9 222.4
1983 €8.% & 8.8 2.9 279.7
1964 va.2- » 439.9 6.4 Rv.6
1985 3.4 ‘ 474, 2.9 3%8.4
1988 3.9 x 488, 7 9.9 I77.2
1987 48.9 » Z1€.8 12.5 - «U%.3 "
1988 S1.9 - 243.7 16.14 434,4
1969 . 2%.2 ~ 4.8 16.8 44%.4
1999 . N 3.3 - 7.7 16.8 +55.0
1991 15,9 "' . 18.% wl.2
192 370.3 = 1819 2.7 ?29¢.1
1993 189.9 - 1149, 9 24.8 943.3
1994 01,1 » 1372.1 27.8 1967.1
1993 . 400.3 . 1700.8 xR.2 137,68
1996 €0%. 1 - 2214.8 8.8 17e1.2
1997 04,4 » 2€£0.6 44,8 C0E6.7
1998 +38.2 » 29731 49,4 €330.3
1999 203.9 » 3047.9 $1.4 422.4
2009 T6.7 . % 29ea. 0 62,9 2445, 4
2001 11.7 ‘ 28€8.9 62.0 2411.0
002 19.3 a eras. | €1.6 277
2003 27.4 . 2839.%5 61.3 2244, 9
2004 9.2 a és3t.2 (-] 2We. %
005 26.1 = 2417.6 3 2263.%
2ees 49.2 » _¥ES.3 9,9 ge2?.?
&7 14.4 " ciee. 4 © 2170.0 .
cees 2.4 » 2088.3 1 2114.3 .
2009 14.4 b 19€6.7 Q 2047, 9 - 24,1
2018 28,4 » 1899.3 .1 1785, % - 70.1
20114 14,3 = 1729.4 4,9 1909, 4 - 11%.1
ole 19.6 L 1£86. @ 3.7 1632.0 - 122.3
2043 27.4 a 1%28.3 -] 17%6.3 - 151.9
<014 4.2 " 1417.2 %1.1 1674, - ces.8
og 34.9 » 1328.0 49,9 1803, % - ee%.%
20t¢€ 19.6 - 1224.9 48,9 1917.1 - £43.7
217 27.4 - 1134. 5 47.2 1441.5 - 299, ¢
20ts 39.1 * 1057.6 45,0 1371.9 - 7.
e 37.8 = 981.6 4,8 1&9e.9 - vl
&0eo 13.0 n ££0.6 43.3 1199.8 - 7%,
=31 6.1 a 791.9 1.8 1101.1 - eV,
fe22 o7 - 702.8 40.2 e, 0 - e,
23 27.4 - 61%.1 28.2 ££6.3 - ese,
04 6.7 » 34,5 6.7 T72.6 - €01.3
[ 19.6 = +37.0 34.¢6 £39,7 - le&. &
&6 +1.2 = TT.7 x.& 4.7 - 12w
axer? 20.9. - 2%6.8 30,3 8.7 - 1.6
zoce 40.4 a 188.2 28.4 €29.9 - 27.2
coee 6.8 . 6.7 es.e $4.9 2T
20 6.8 L] 22.1 33.3 €3.3

3

TOTAL CAPITARL INESTHENT
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Capital Investrnent Sources
OWNERS
INVESTMENT
TOTAL PLUS CASH FROM
CUMULATIVE OPERATIONS
FACILITY PLUS DEBT
INVESTMENT RETIREMENT.
7%.94 23,4601
129.69 +3.67003
1€9,.62 £7.5%5009
241.19 g2,2e01
328, 1799 113.73
426, 6799 146, 2502
498, 63¢8 172.2€03
281.£997 193,5363
85,7495 409 €03
34,2195 E2E, 8904
85,2323 £20.6503
710.4€93 265.0706
749, 8091 224.830%
o8, LEEQ S, 4487
1275, %29 76,8311
1464, 459 “31.4311
174%. 509 638.4319
2145.799 €98,8219
2750, %09 teeo.712
3205, 289 123¢. %82
3743.489 1413.173
947,379 1914.972
4024, 109 1978, 673%
493%.£89 1€24.833
4055, 399 1£77.%23
4082, €68 1737, 723
112,887 1504.382
4138,45% 1879, 48
41€9, 184 19€0. 5
+202.%43 2e32.319
$224.98 2110.8626
239,34 2191,43¢
267,777 2222.283
4292,074 2372.671
4301,633 2469. 66
4328, 992 2s72.709
43%3,23 267,117
4368, 166 2784,808
4497, 727 26$0.254
+43%5. 066 2093.914
4474, 148 3102.612
34511, 941 I212. 99
4324, 941 3329, 269
4851 3449,.85¢
L978.2%9 3%BY. 3T
460%,719 3719,2€8
<642, 457 359,896
$662.016 4022, 339
47932.472 . 4195, 461
4724,031 4338.32
4764, 168 - 443,568
L7709, 26 472€.414
4777428

4AR1

4744,0C6

FEESIHT UFLUE OF CAPITAL IMY AT FATE % M
238.5142
UPLUE OF CAPITRL 1INV RT PRTE %o $M

PPLSLNT
16324799

£E3-25

OWNERS
INVESTMENT
PLUS CASH FROM
OPERATIONS

£5.060%
N2 7UTRE
%0, 97439
T™.80268
111.9904
140, €044
1€4.5171
1€2, 12569
173,8973
309, 2924
g2s, 1229
24,4614
47,437
<79.6705
<21.0%64
483.2712
$76.6178
TU8. 1133
w7, 7998
1029,74%
183%.391
1262.63%
1327.9%6
1321.817
1358.2%
1247.2%1
1387.2%2
1258.82%2
13e2.1
1236.83%
1394,343
13¢8, 932
140E, 366
1412.084
1413,232
1428, 567
1336.0€6

OWNERS
INVESTMENT

£s,0c82
~2 79768

o3, 77568
R, 730
o0, 7306




. 4AR1
Cost Summmary—Doliars in Milllons

S Tl COIMITICD COST FUSFICED CCoT
CFPITAL CFEFATICHS FPINCIFLE IMTEFEST CFEFATICNS TeTAL -
B0 AAAAAALRAAAAA MUU\JUU.‘*

BUORDRRVBOBCEBEBRS e “ssaasna ARa Al BAALALAAARBANAR
0.9 TOTAL By TTT.S SeE0T.8 Crdal. g 40078 i$eEET,9 B
1.8 CFPITRL ITENMNS £ 2,777.9 4 SyFIT.S Creal, & 11es18.3 @
1.1 SVSTEM FRCILITIES-EQUIFPENT * 30é48.6 2 Zeges. Y Le184.7 Ce77i.2 W
1.1.4 SHIP . 18%.9 s 1€%.0 19,1 339.4 &
1.1.28 CPS), a ~2.0 bl ¢+c.0 173.6 wil.o 8
1.1.3 CREY TFRISIFCRTER,FRIL CAR a 16.8 » 12.8 11.9 S0.1
1.lew FAIL CFE TLC . 0.8 ~ 2.8 8.4 1.2 »
1.1.3 CREF TFRISFCPTEPR » s n
1.1.8 LEFFCRT FRC . 1.0 & 1.0 1.9 &%
t.1.7 LRTER TRSIN 4 FOPT - +8.9 » *8.0 82.¢ 130.6 »
1.4.3 VRTER TASIN 2 FCPT » . ¢ a
1.1.% LARTIER ZRSIN STOFACE = 4.8 E 4.9 41.2 8%.3 »
1.1.19 FECYAGING FRCILITY = % ) &
1.3.11 FFC) Rt ING FAC u 116.@ * 116.8 291.2 J1z.2 »
o lelal@ CRINLSTERS » 216.% a 21€.5 216.%5 $33.6 A
1.4.43 EPFLRECLEENT TFANS : L 18.0 u 18.9 11.9 £%,9 »
telols VAT NPODULE . R €40.3 & 840.3 658.1 10358.5 8
1.4.19 CELLRCIC FEC HODWLE - .- a »
1.1.18 FEFCSITLRY STOGFRGE MOD ‘. » a
1147 CFh. LA 47,0 s 47.9 €0. 9 127.8 »
1.4.18 LGS INTER FPC L 7%.9 b 7.9 120.1 . 8C8.1 A
fal.19 PLM FFCC FRC " 0.4 - Ve, 4 19£31.0 21371, 4 8
1.1.89 FECCUVERY FRC w £€73.8 » £93.8  1,%3%0.2 Crdd4.0 ®
1.2 JaTF(FT fF-C LITXES EQUIPMENT - 4.2 a 14.7 <. 9.3 »
1.8.1 Bl ELD L va » 2.4 » o Q.4 3.9 T &
1.2.2 VPFPERCLSE t- LLT » 12.2 & 12.2 2l.d R.3 v
1.3 ChUEFS COST @ 8.1 - L%l 742, 19363.8 »
1.9 INTERLST ZUPING CCMS » se.2 g 2.l 7~%.8 1rikm.6 B
2.9 GFEF C taRinY » SICUT. 6 » SeEL7.5 S0E0T. 6 &
e.! DIFECT LFICF L 11€e6. 4 > 118, 11CEe, o 2
2.1.1 FCFT € FEC TFRNIS - S. a Yed :.‘l &
2.1.2 IRTEP LRSI FECISPCRT) - 1<$.8 a 1+%.8 19%.8 &
2.:.3 LHIEFR IS FECIZPCRT) - - - - x
Gelew FEYEF IFSIN -T"'F‘ . N ev.l ev. ! > 27.1 f:.‘x .
2105 FFCH FRO L » 1%.2 1.2 - 1<. Ag.i' -
£.1.9 Frl FFC L F u 313.7 2137 » 313.7 3*...4 a
S 1.7 VRAT EMFLECEMENT LFiBO? = 44,0 44.9 = ~o O .0 B
.. CECLOLIC FEC MOD LREOPR L - e s "
8.1.9 CRSY TRRNIS DRINT LAB » 2. s1.2 »> 31.2 l.2 ®
£.3.10 L&D LK FFOCES LAEGF » » . e Iy
2.1.11 L FRCC LRTGF I 292.1 2. » @de. ! gié.1 3
2.1.42 FECCLEFRY FLFIT LA » a<2.1 gse.l = 242.1 g.:i.x I
a.¢ WDIFECT LRDOF x 1,880.5 11660, % » 10880.5 hw'?.? -
2.8.1 FUFT ¢ FEC TFenS LAB » S.1 8.4 » 2.1 Ged »
2.8.2 WO FECSPLRTY L LA = clt.e - 218.5 . 218.% 213.% :
€.8.2 b2, FEC ISFCFT) T LA3 n - .
3.2.4 I 23CP 1D LRB = 0.5 «0.3% s 0.3 .2 I
R.8.9 Fral} FPC LD LR . » ) n ] a
Cele® FRLE FAC TIID LA a 470.4 70,4 - 47C.% “78,4 &
2.8.7 IRLT IND LREOR » €%.8 éL.6 - €3.8 €8 &
2.2.8 CEQ FEL 10D IND LAB n ¥ L .. 4
F CAZM. TEFLIS MAINT LAB - N G0, 5 ~'6.§ > ~6.0 ~6.% &
LIk FFROC 1M LAB n 77 Ter L et R
LW FFCC IND LAZ L 371.3 371.2 » .aZX-a fi“:’ .
FEC FLANT 11D LRB L 371.3 373 € 3713 -
TATRFIFL SLP UTIL ECT ® 1r6ld.0 . 10614,0 ® 19614.9 §161%9.0 A
FLFILFEC FLS » 8.4 .4 B €el 8.1 »
Vo2 FEC CFIG 4 fCR'f - s 218.% 218,% » 218.6 2l€.0
Wel, FEL (FIFS & FOPT . a J »
¥i.B. ITCPFRLE OFNIS : . - T eQ,9 Q.9 . 0.9 ~6.3 *
FRCH CFIIS12700) L. : » L -
FRCH. CFIIS (2L0Q) u <T0.4 470, 4 » 470.4 478.4 »
LRULT CF1S - 6%.9 &%.8 s é3.8 [ »
CEQLCLIC FEC CFNIS [ . Iy
CREL. TFFING - 8.5 466 L “S.6 6.6
I{ith FRCC CPSN L 21.3 21.3 I 21.3 2.3 »
WLl FROCESSING CFNS ~ 374.3 371.3 » : 71.3 3713 ™
FECLOERY FLANT CFHS K 371.3 271.3 » 713 3 T
CLITFFRCTRD 2EPMCES » “23.6 £23.8 - 423.6 «3.6 »
o H Lt R7.2 *rF.2 O r.2 7.2 &
LS FORT FEE . L 0.4 A R . Be% Qe &
EUFCP FCFT FEE STOP [ i » 4
Ue FRILISF 10 STGH) [ \7.? CATT LN 17.7 17.7 %
ZURLIILES - . A »
fT ll"E CHPG) - 61.3 - 61.3 ™ 61.3 61,3 =
& . RS . 'S
. . u i % a
ELFL FE" CF. s : DR L
EVFPOF 13TE EIS - bl . : R s
LS PRIL TFANGP x 17.8. - 17.9 » 17.8 17.6
ELFLCR FRIL TFFIISP A - : » .
ELFCF FRIL TFRIS N - E x
1.9 FisFY FEE - » 1 8
EUFCP FLFT FEE u ‘E »
LVFCF FOFT FLL . » hd
FRCIFIC FOPT FEE - » ) g
FECIFIC FLET FEE - » »
BRC FAIL TFANSP n * s
FRC FPRIL 17F0EP : L :
'y 3
2.8 JECON TRILT FULID » 102.0° 10,0 s 0.0 3.0 8
llliiill-n-o.-.n-nl..nnloal-o-iun..-nn.--..n-.---l-lloll--lMl.u.llnnnn.nn-‘--un-nn-.n..--on.-...il‘llllln--latlhbll!ll.“llilii



Section E 3.5

Case: 5A (Revision 1)

Description: Fuel Cycle Center (FCC) Baseline
Except recovered products @ $150/Kg

Summary of Input Characteristics:

Financial
Enterprise ROI - 20%.
Borrowing - 2/3 of any capital expenditure at 10%
Government financial participation - none (private enterprise)

Location
Transportation - from island in Pacific
Location cost factor - 1.0
Water provisions - none

Storage
Type of storage - aircooled vaults
Storage cost factor - 1.0

Recovery
Start up time - 2000
Modular Plant - single plant )
Value of recovered products - 150 $/Kg spent fuel

Pricing
Service charge - average over fuel population

Recovery credit -~ none

Summary of Output Characteristics:

Capital investment - 4.777 billion dollars
Owners ROI - 21.8% '
Service charge - $210/Kilogram of spent fuel
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COST OF SPEMT FUEL SEFUICE (DOLLAFS.YC)  1210.2€6 .

FATE OF FEILFH ON TIVESTHENT é0.00% ‘ .

TOTAL NEY CHEMH FLOW CUER TOTAL LIFE OF FPFOJECT  $314@9.200
5AR1

Ysarly Profit and Loss Statement

£E3-28

FEP SEFUCH . TOTAL EF . TOTAL

YERF FEVENUE FELEINE FEVEMUE ECFEN
RAGARAPRBRAPPAADIADDARARARRSCSPRRERPRESDABSIGANDRIA
1978 .0 z.¢ 2.0 5.1 2.2
1879 .0 5.4 5.4 8.6 il 14.3 .9 -
1589 .0 7.9 7.9 1.2 £.2 19.1 e -
1981 .0 18.1 18.1 1€.0 7.6 27.1 .0 -
1662 .9 37.0 37.0 ” sz.4 10,7 27.3 .o -
1983 .9 i6.0 38.9 s.1 8.2 3.5 3.9 .3
1984 .9 588 %3¢ s.o %2.8 1€.0 3.7 1.9
1988 e 81.9 1.0 16,0 Z6.1 17.9 72,0 3.4
1586 .0 100.2 160.2 18,7 3801 19.2 76.0 a2
1967 .0 118.4 118.4 2.0 31,0 21.2. 114.2 1.5
1983 .0 163.90 163.2 82,9 43.9 z2.3 12001 16.3
1989 ..0 193.2 195.2 3.3 45,1 24.5 123.4 27.%
1999 Y 204.7 204.7 3.8 47.2 2.1 127.1 2%y
1991 .0 233.8 223.8 £4.2 6.9 31.3 142.% Z4.7
1992 .0 62,3 ze2.% 5.4 £0.9 32,3 172.8 Te.e
1993 .0 333.9 323.5 Ten ) 22,8 4oy 197.7 31.6
1994 .0 39%.8 33,8 6.9 116.2 L83 z2s. s o7
1922 0 461.7 $6l.7 7.7 3.5 71.8 283.8 748
1dag .0 4957 ses. 7 6.6 174.3 oLy 324.1 55,2
1997 0 28,7 L8 7 29,6 2e9.3 1085 77,5 6.8
1998 .0 £890.8 8.5 0.6 235.9 122.7 4z0.3 Tl
1999 .0 664.4 S, 4 él.r 2as.7 132.0 448.3 £5. 1
2000 £25.0 719.3 1544.3 126.9 2¢6.4 124.5 %09.5 e
2001 £25.9 790.8 1514.9 12€.9 24%.3 13%.2 <07.2 R

82%. 0 823.% 1€48.2 127.% 242.4 135.8 0.7 4Ze.2
003 §25.9 o~ : 2o9.6 137.0 205.7 s8e.2
2003 §2%.0 236.9 17,4 £03.7 457,28
Zces 225.9 2i2.¢ 1336 wW1.9 205, 5
206 82%.0 229.5 121.5 0.8 £99.2
2087 €2%.0 ge2.7 127.3 191.6 1.4
2008 £2%.0 218.5 136.6 95,0 soe.8
2009 g£25.90 2124 125.9 $7€.2 S1z.¢
2010 82%.8 zes.7 13%.4 472.4 2157
2014 82%.0 190,58 124.2 4£3.8 $1€.0
2u12 8:%.9 1%2.2 133.9 425.9 s21.3
2013 §29.0 1€5.0 121.1 442,38 $ie.¢
2014 £2s. 1 7.2 1z8.4 i35.2 226.3 .
2ot 25,0 1€9.7 124.1 423.9 233.4
2016 8es. @ 1E1.6 122.6 413.8 40,9
2017 .€235.8 1239 17.7 “g9.8 241.8
2818 §2%.0 136.8 116.9 3%2.2 .z
2019 22,0 199.7 112.8 z82.9 .e
zez0 85,0 130.7 113.9 373.9 .o
202y 22,0 121.7 15,3 366.3 P
) 8250 11,9 115,09 262 .3
2023 25, 0 101.6 11€.0 336.8 .3
2024 2.9 21.1 117.4 237.6 3
e §2%.9 78.6 117.1 224.% .6
2008 §25. 08 €E.7 120.5 2183 v
22t gzs. 2.9 121.7 303.5 .0
2008 825.0 2.8 131.7 300.3 !
0ee 2.0 z2.5 12%.3 g€ 7 5. 1 3.7
2030 £2%.0 2.% 41,4 faf s 1din.e
FARBADRBANIANIRRANSY BABIORGSIIRIOORDSUNRNORARDIDNIIOIPIOPN IO IDRADNCONDLADPRAAPRINIDIAIDE
ToTL LT, e e, 3 4743.0 1£146.0 LU &I e,
A 2.5 $€8. 4 1190.3 0.3 124.% £9.5 $04.% 321.8 L24.3
$EAC 191.9 210.3 82,1 8.2 9.2 0.2 ¢.8 101.3 16%.8

~



5AR1
Ysarly Cash Statement

UF IIRICED ENTEFFRISE FINAUED CMIEFFRISE CLEFRS

. LEFCPE TRY FETEFR THY .
! AlNUAL - AtUAL ATIURL cun AIRLFA . cun FUHUIFL cur
YEAP CASH M CRIN QUT HET CASH HET CASH VET CASH  1IET CASH PET CrSH HET CREW
BAAABSPBIRABINNRAICICNARODVI IR ANGDLRS0ANRLAINOODDOLANGOIRDIDDISRVICCRSADOARDRLIIDINNIICRRAL 000400000000 000D 00000000000 0A
1978 2.9 . - T4.4 - T4 - €89 - EE.9 - 0.9 - 0.9
1979 6.4 3.3 - 48,9 - 1&3.3 - ga.1 - 31.9 - - e.v
1989 7.9 42.4 - 34.9 - 1%72.€ - 19.7 - 9.7 - - 3.9
1984 16.1 13 - 57.0 - &14.8 -  gE. - .8 - - 160.1
1982 37.9 161.3 - €43 - 2r7.1 - 822 -~ l0.) - -~ 124.5
1963 8.0 3.6 - 4%.6 - 324.7 - 16.9 <~ 137.0 - - 1<42.5
1984 7e. 0 - 18.4 - 3¢3.2 - 7.3 - - - 1%0.7
1988 71.9 1€.0 - 333.2 2.¢ - - 1%0.4
19€¢ .6 47.7 - 53,9 9.9 - - 131.3
1987 160, 4 13.9 -~ E67.6 2.5 - - ~ 132.3
198 L1039 9.1 - 2€8.5. er.e - - 166,05
1999 9.1 116.2 - 9.3 H®.8 - -~ %2.3
1950 23.2 111.6 1e.2 4.5
1991 a10.1 3.7 43.0 ee.3
1992 485.7 - 143.2 - 1€0.2 - &3.6 -
1993 44,8 €8, 9 - 11.3 9.8
1994 179 T.e 5.6 .8
1992 te.0 3.7 C .3 3.9
1996 €£3.7 - 1€E.1 - 117.8 -~ 4.0 -
1997 514.90 - Li.4 - 173.2 ig. 1
1998 <%8.8 121.7 - Si.9 73.2
1989 2E3.6 98.8 247.3 69,1
uce ¢903.2 1341.4 1EES. 4 18.¢
2001 128,86 1474.3 14,7 ST
£002 147.0 > <
<003 1%%.4 &3
2004 2.0 3
2003 19%.4
2006 178, 9
o7 144, 4
206€ 1924
609 154,3
010 1%2.3
o1y 144,11 10580, 1°
évle {49.3 119566.7
2o13 157.1 183%7.3
R 1$3.9 Lseee. g
1334 1£4,¢6 35 15171.0
colg 149,14 £¥e.4 1%076.4
2017 196.9 29€.8 19%€9.2
<018 1€6.5 §96.4 1EE65.5
2019 167,28 Sgs. 0 17769,5
&9e0 142.4 $93.2 18672.6
ey 195.4 . E96.6 195£2,.8
cog2 1%.8 o¢2.2 cO472.0
2023 1%€.6 £€94.% S13£6.%
2024 165.9 €99.1 SEH.E
c02% 146.7 0.2 €3128.¢
<02 179.2 .8%0.3 10459
2027 149,49 €99, 5% §4949,9
<ves 168, 8¥6.3 €o845.3
2029 13%.7 €97.3 e5742.6 .
2030 139.4 1821.3 S14e9.2 104€.0 277ee.€ 16999, 2rTed. S
PRTE OF FETUPH TO ENICFRRICE CWNIER 21.84%

-RATE CF FETURI AFTER 1F. OF ENTEFFRISE 22.37%
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Capital Investment Balance Sheet A
CRPITARL . ‘ FIED HOF®. ING LOMG TEPM CWIEFRS

IRP IMESTMENT » P3SETS CRPUTFL : VEET EGUITY
‘I““ll"ll’lll"’ll‘l“. QllOQD'AIDDI‘IIIIIlllllb.lIll“l...'.D..ll'lll.ll'...lllllb.d..l..lll....".‘.l".ll..'dﬂtﬂ.lllllll‘b
1978 L 799 . 3.4 1.1 3.7
1979 537 » 123, 1.7 8.7
1500 39.9 » 157.7 2.3 7.2
1981 . 71.6 x 221.7 3.3

1962 97.9 » 307.9 4.2

1463 €8.% . 262.98 5%

1564 72,2 . 439.0 £.4

1965 3.1 . 47448 2.0

1965 33,9 » 4EE.7 9.%

1967 48.9 » %16.9 13,5

1568 51.9 - 243.7 16.1

1962 . 2%, . 244,98 18,9

téoe . - 39.3 . 857.7 16.8

1991 155.$ > £62.3 12.9

1992 370.2 » 1610. 1 22,7

1993 1£8.5 » 1149,9 24.8

1994 2el.l . " 1372, 1 er.8

1995 +00.3 . 1700.8 2.2

1996 $05. 1 - 2214.8 32.8

1997 4.4 » 2e£0.6 4.8

1998 438.2 . 97T, 49,3

1992 203.9 » 7047.9 S1.4

2000 76.7 » 2989.9 .S

2001 1.7 » 2e6%.9 €2.9

o2 19.% . 2r49.1 61.6

2003 27.4 ® 2639.9 61.3

2004 0.2 > 2531.2 €0, 9

2009 25.1 . 2417.6 0.3

2006 49,2 = 2%2%.3 9.9

2007 14.4 - 2202, 4 29.9

2008 22.4 . 2use. 3 3.1

009 14.4 ® 19€6.7 7.0 -
2019 28.4 = 1629.3 6.1 -
2011 14.3 » 1739.4 4.9 -
212 19.6 . 1626.9 3.7 -
2013 27.4 - 1%22.3 2.9 -
2014 24.2 - 1317.2 s1.1 -
2013 34.9 " 1326.0 39,9 -
2016 19.6 . 1224.9 49.% -
2017 27.4 2 1124.% 47.2 -
2018 9.1 » 1097.6 46,9 -
2019 7.8 » °91.6 44,8 -
2veD 13.9 » 869, 6 3.3 -
2vet 26.1 » 791.4 41.8 -
ec2 27.4 . 702.8 €9.2 -
023 27.4 . 61%.1 38.% -
2004 35.7 x £34.5 38.7 -
&0es 19.6 . 437.9 34.6 -
2026 41.2 . 397.7 .6 -
20e? 20.9 * 2%6.8 0.3 -
B 4.1 # 1€3.2 S -
2029 6.8 - 6.7 zs.2

2059 6.5 s 34,9 22.1

T0TAL CAPITAL INVESTMENT 4777.4

E3-30
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Capital Investment Sources

OWNERS
INVESTMENT
TOTAL PLUS CASH FROM OWNERS
CUMULATIVE QPERATIONS INVESTMENT
YEAR FACILITY PLUS DEBT PLUS CASH FROM  OWNERS
INVESTMENT RETIREMENT OPERATIONS INVESTMENT
1978 . TS 2%, 0608
1979 129,69 $g.ToTse
1960 169,62 % .37
1981 - 241,149
1982 338.1799
1982 426, 5799 <
1584 +28,2398 173,2203
1988 91,6997 193,3703
1986 S8, 7459 20€.2563
1987 634,219% 22,6904
1988 68%,2323 2%90,8563
1989 710,4893 25,0700
1990 749,809 224.3306
199t 0%, ££69 3444407
1992 1273, 929 475,831
1993 1464, 4% 51,1311
1994 1743, %09 28,4919
1999 148,799 08,2217 I ,
19%6 270,03 1089.712 97,7996 3
1997 - 320%.289 1eze.o62 1999, 74% 448, 97€T
1998 3743.489 . 1913.173 183%.3% 621,058
199¢ 3%47,379 1914, 973 1202, €33 471,955
2000 <4024, 109 15785.673 1287.9%6 471,698
2001 493,209 1624, 833 1231.517 471,949
2002 4023, 209 1E77.973 1238.2% a71.6%47
2003 49€2, 68 1737.723 1347.221 471,9%44
004 +112.887 1804, 282 1387,2%2 471,0%42
200% 3138, 49 1879, 48 1263, 8%2 471.0%4
€00¢ $1€8. 184 12€0. %2 1382.1 +71.9237
2007 <202.943 032,519 1386,859 471,6%3%
008 4224.98 2119,886 1394,243 471,8532
2009 4239, 34 2191,436 1378, 982 471,023
2010 4267.777 é282.2¢3 1408.366 471.0%87
2011 4282,074 2272.671 1413.084 4?1,0%27
RIH 4301.633 24£9.66 39 471.6%2%
2013 4328, 992 972,709 71,0522
2014 43%3.23 677,117 471,0%2
2018 4328, 168 2754.606 1445, 0%% 71,0518
2016 4497,727 2990.%84 1454,5% 473.0519
2017 443%, 086 2993.%14 143,578 471,513
2018 4474, 145 3162.613 147€.468 471.0%1
2019 4311, 941 213,989 1488, 94 471.0%08
2020 4224, 941 338T.389 1493,23 471.6%0%
2021 4551 3449,£99 . 1201.83 471.0203
202 4578, 359 3%€0. 3% 1910.5%8 471,63
2023 4609,719 3I7T19.2€€ | 1519,587 471.0498
2024 4642, 45 3269, €96 1932, 0611 471,9496
2023 +£62,016 4022, 33 1932, 465 71,0493
2026 4703, 172 +1€8.461 1938.047 471,04%4
2027 4724,831 4355.32 1998, 93 471.04%4
4764.168 243, 658 197E.17% 71,0488
2029 4770, 926 +736.,414 1574, 405 471.0486
2820 4777, 426 4744.086 1976.,8% 471.0463
Pftgm UFLUE OF CAPITAL IMV AT PRTE %¢ M . 19,99998
419, 6907 '
PPESENT LALUE OF CAPITAL IMU AT FRTE %s M 9.
1632, 799 :

£3-3]
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5AR1

Cost Summary—Dollars in Millions

lff'-P!'anL

TOTAL

CFPITFL 'TENS

t.

X TERLSPCRTER FALIL CRR
FRIL CFR TUG

Crid TRANISFORTER

TEFRFULPT FRC )

n'EF ;F~Iu 4 POFT

LRTIER TR
FRCYRLING FRD XLIT'
FRCYReLING FRC
CFINMESTERS
EFFLECERENT TFANS
'NL'LT II- UDILE

. FEC MOIULE
1TCRY STOFRCE MOD

CFiid

LCLE INTER FEC
tLl FRCC FRC
FECCUERY FPC

FrLl L'TIE‘ ECUIFMENT
¥ D¢ RLT

LPFEH.L‘E ¢ L:LT

ChIERS (0ST

INTEFEST ILUFINC CONS

GFEF £ 1m0

DIFELT LFECF

FOFT £ FEC JRFIS

THTER SFRSIN PECIIPCPT)
JFTER fIe FECLEFCRT)
FRTEF IFSIN LI0F
Fraiib FFLC 4

LF

Fril FFC LFEN

LRULT EFFLFLERENT LﬂBOﬁ
CEODLOCIC FEL NMNOD LAEOR
CFSr TRRIS LRTNT LRB
LCE Lk FROCES LRZOF
PLH FROC LRECF
FECCVERY FLFLT LAE
ln- FgCT Lr:""
'vFPl'” LHB
FoFt

3 2 lHD LAE
FRCY FRC 11D LAR
LFLLT IND LATOR
CEO FEC NCD InD LRB
CRIb. TFFLS MAINT LAB
LEILW FFCC IN LAZ

KWLk FECC IND LR2

FRC FLFNT ImD LER

IFTEF[AL SLP UTIL ECT
FEFT:FEC Flid

.2 FEC CFN% 4 FORT
u.d. FEC UFIS & FORT
FILFRLE GFIIS,

’.‘ﬁUL‘I, CFLS
CEULCCIC FEC COFLIS
CRZ). TFFIG
¢ il FPCE CPEN
Bl FRGCESETNC OPNS
FECCHVERY FLPNT CFHS
CCHIFFCTED SEFVICES
SEF
US FOFT FEE
CLRCP FORT FEE STOR
U FEILLEF 10 STOR)
£ FRII TRRNS
TGP ITIME CHEQ)
ELFL'F L0
(53 Fr_rr-- CE
ELUFCF FEL CF

EUFOF LFiTE DIT

U FRIL TRRIGE
ELECP FRIL TFFRIICP
ELFLF FARIL TFRNS
% FCFY FEE

EgFfF FCET FEE
ELECH PORY FEE
FRCIFIC FOFT FEE
FECIFIC FOFT FEE
FriC FAIL TFFNLP
FARC FALIL TRALICP

TLCLH TELLT FUIID

FHBFRRRPEAEREPY RN

IF"lll'lIl!lllﬂlllll.!.l!l!i!l!'.'.!l EVNNNEFVOSVRRPEYRNERVPVPFRENFPY vORNNERBDIR

CaTer S
de7TF7.3
Sreed. 6
1€5.0
9.0
{8.8
0.8

1.0
T 46,9

24.8

COITTEL (02T
ot

FILANKED £C31

LFEF&TIQHS FPINCIFLE  IMTEFEST CFEFATICHS TLTAL
massssnsnan X AR AR QAL ARALALALAALALALAL
<e8Q7.% S LNTTIT. LAY E 1Y i£1CET.9 »
L 3,TTT.S SeEdy, ¢ 11eal,3 " 2
LT Y 791 Lr134.7 e r7rl.e @
+ 165,90 19901 3L%.4 2
» €<2.9 173, -1%.¢ &
. 12.8 1.4 .1 &
I ©.9 Q.4 1.2 »
a [
» 1.0 - .2 =
» 8.9 £.¢ 128.6 »
» a
4.0 e4.0 41.3 5%.3 »
H : [ S
t18.0 @ 115.0 €01.2 317.2 »
215.% 21€.% 316.5 L33.8
1.9 * 1€.8 11.9 &%.,9 8
€40.3 & £46.32 656.1 10358, »
[N »
» [ 8
& 47.9 £0.92 2
» 7.0 120,14 R
- S, 4 10631.9 s
e 892.8 1.336.2 LB
L 14.7 S8 4
I Cadt 3.% a
n 18.2 gl.1 3
s wE. 7<%, 8 .
. 23,1 7.9 b
$hTYT.6 a 12676 n
liged. 4 » 1o0nid.w »
2. » . n
tss, » 1+5.8 »
- [
av.t - 7.1 b
<. * . ‘
313.7 * 312.7 a
44,0 a .0 .
» H
3.2 . 3.2 2
R L S
©2eza » g2.1 s
2<Eul . z<2.1 »
118€0. 2 » 10680, 4
<. * 3. .
21%6.6 d 218.5 &
- 'S
$0.9 - 0.9 n
'Y . &
4T0.4 . aTG. % L
©%.8 s €%.8 *
» I'S
LL- ) = “5.5 'S
7.7 & T .
371.3 - 371.3 *
371.3 & ST1.3 d
lv614 [} & 19€14,0 a
3.1 g <. .
218.8 » 216.8 .~
] »
Q.9 0.5 B 0.9 -
» Y
470.4 470. 4 » 470.4 A
6%.8 .8 ™ 5%.8 »
. | 8
5.6 S5 & 5.6 L
21.2 3t.3 . et1.2 a
371.3 371.3 3T1.3 =
371.3 371.3 = S7TL.S -
“&3.6 <23.5 ® 423.6 L
R7.2 ¢ xr.2 @ 327.2 s
0.4 . . Qe m 0.4 -
. . . v
7.7 17.7 , & 17e7 7.7 »
. e [N A
$1,3 . 61.3 % 61.3 61.3 =
. 1 9 . ES
x
.
. ] .
17,9 7.0 » 17.9 17.0
: » .
|
[
a
-
»
»
-
L .
103.0 0.0 . 1€2. ¢
eansbbsasvdisassh
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Section E 3.6
Case: 6A (Revision 1)

Description: Fuel Cyt]e Center (FCC) Baseline
Except recovered products @ 350 $/Kg

Summary of Input Characteristics:

Financial-
‘Eﬁterprise ROI - 20%
Borrowing - 2/3 of any capital expenditure at 10%
Government financial participation - none (brivate enterprise)

" Location
Transportation - from island in Pacific
Location cost factor - 1.0
Water provisions - none

Storage

Type of storage - aircooled vaults
Storage cost factor - 1.0

Recovery
Start up time - 2000
Modular plant - single plant .
Value of recovered products - 350 $/Kg spent fuel

Pricing
Service charge - average over fuel population
Recovery credit - None

Summary of Qutput Characteristics:

Capital dnvestment - - 4.777 billion dollars

Owners ROI - 21.9%
Service charge - $160/Kilogram of spent fuel

E3-33



COST OF SFENT FUEL SEFUICE (LCLLFESAL)  $199.912
PATL OF FETUFN Ol LINEZTMENT FCN S
TOTHL HET CASH FLOW GLER 10’|_F§L LIFE CF FFPOJECT $77029.2€0

6AR1

Yearly Profit and Loss Statement ,
FEP SEFM CH TOTAL OPEF Int jud s TOTAL 1gs

YEFF FELEIJE FEVENLE FEVEINE EXFEN EXFEN EXFEN ELFED THES [HEOME
BARARE AN AN O RD A SN RN OS 00 0D e D AP AN RN I sa DN I REANA DGOt D00 0000000000000000000000000s0saRestsnttasseaVasnsssrsatsssra
1978 N-] 2.2 2.2 - 1.3 2.1 &% 2.9 .8 - %t

1e79 4.8 4.8 1.% £.5 «.l 15.3 © .0 - s
1429 .0 €.0 .S 2.3 19.1 .0 - 13,
1921 13.8 13.8 3.6 7.8 év.l .0 - 13,
as.2 g2s.2 4.3 1e.7 37.% .0 - w3
6.8 5.5 Tt 13.6 46.9 N - 18,4
49.3 +%.3 3.9 1.9 ’ 4.7 N - Heq
N &1.6€ 18.0 172.2 g0 N -
T6.2 7€.2 12.7 19,2 TE.0 .1
0.1 <a.1 2.9 119.8 N
i24.0 124,90 2.9 .3
148. % 14€.% 3.8 . .o
2.7 v 3.8 @
1rz.e 8.2 4
2is. & .5 v
233.7 SS.1 3
30L.0 6. 7
351.1 .7 <. &
377.0 8.6 i
424, @ -3 0
971.9 £l 3
05,2 £1.2
U470 .S
L0, & P
[0
< £51.4
S 3.9
192%.0 TEL.T
198%.0 TER.O S
1923%.9 759,84 136.9
19293.9 76l.7 120.0
1683.9 T€S.2 129,92
19235.0 7e9.9 29,2
1925.0 751.7 189.8
1923.0 7éc.0 122.¢
192%5.9 TES.S 129.7
198%5.0 SL.7 12%.7
122%.08 TE2.2 129.%
1925, TED. 9 129.4
1929.9 TEL.T 129.%
1923.0 v82.9 122.%
192%.8 TED.E 129.¢
1923%.9 TEL.T 129.4 ¢
19€5.9 TE2.2 129.3 115.3
19e%.2 TS, Q 182.3 115.9
192%.0 Tel.7 129.2 11£.9
198%.9 7€2.0 129.2 117.4
1989.0 T€9.6 129.1 1r.t
929.9 TEL.T 129.1 180. %
2%, TEE.S 129.90 138.7
¢ 2.0 131.7
7 g, @ 13%.3
0 2,9 EXS .7
. DOIDORRRASGIEDIICAOTEIDUDIONINRAIVENDOPIDINSOINS edveRoecsqosenven
mm TRE75. 8 EESRY. L £Ee04, 8 ATIT.4 EE00,. 3 4743.0 15149, 6 deflde Y -2EN7. 4
ARG 11€9.9 W, 1€34.9 0.9 124.% €9.3 4.3 N 3.5
A0 334, 4 129,09 14,3 . ge.y 3.2 8.2 .8 139.¢ &v9.2
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Yearly Cash Statement

WEFINAICED ENTEFPPISE
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CRSH I (87 O] 1T RN HETY CRSH

P
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1376 2.2 T
1979 4.8 2%,
1599 6.9 s&.
1981 13.86 B
1982 ¢8.8 101,
1783 36.% 3.
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19€6 7€.8 e,
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6AR1

Capital Investment Balance Sheet

CAPITAL - » - F1-ED VIOF¥ 1MC Lot TEFM QEPS
ERF - IESTHENT a . RESETS LAPTTAL TEET . EOULTY
BBAAGINOEN IO RANAAS INOAR AR RANIDONODDD IR IRVINISCHDRANCIL0 IS NANIPPIINSNANIENAIIRIPIORINOINNNNIODNIDINOIIIICIDIDIVIRR

1976 . 7%.9 » 3.4 tel 0.0
1979 3.7 - 123.1 1.7 86,0

1960 39,9 » 192.7 2.3 11,4

1561 71.6 . 221.7 2.3 T 1%9.0

1982 or.9 X 397.9 4.9 dze.4

1963 -~ £€8.5 > 222.23 .Y ere.T

1964 LTl » +39,0 6.4 2

1985 53.1 » 474.1 .0

1986 . 229 » 438.7 “.%

1987 48,9 . 216.9 15.9

1988 1.9 » 43,7 18.1

1969 2.2 d £44.% 16,5

1920 - 32.3 I $3?2.7 15.8

1991 199,92 a c€2.3 18.3

1992 379.3 » 10191 2.7

1993 168, s 1149.9% 4.8

1999 2ei.1 » 372, ar.e

1999 <00, 3 » 17¢0.8 z2.2

19% 0%, 1 - 2214.8 8.8

1997 2%4. 4 - 2eéR. 5 4,8

1998 338.2 . 297%.1 43,4

1999 203.2 » 3047.9 o1,

2000 TE€.7 - 2992, 9 £2,%

2001 11,7 . 2€8%.% 2.0

002 19.9 » arde. 1.8

a8 27.4 a 2839.5 51.3

04 .2 - g%31.2 0.9

2003 6.1 . 2417.6 £0.3

2006 49,2 - 232%.3 99,9 =

2007 14,4 » 23e2.4 59,0 217

20es 2.4 - 26ee. 3 8.1 - ;

uoe 14.4 » 1268, 7 57.9 SouT. 9 -
2010 28.4 » 1€%%.3 5.1 1958, -
011 14.3 = 1739.4 4.9 1999, 4 -
2012 192.¢ » 1€26.9 3.7 1832.0 -
2013 27.4 » 1%22.3 2.9 17%6.3 -
2014 24.2 .. 1417.2 1.1 1674, 1 -
2019 34.9 = 122€.90 49,9 1663, 4 -
2016 19.6 » 1224.9 48.5 1917.1 -
2017 T4 . 1134.9 47.2 1441.6 -
2018 39,1 - 1057.6 e, @ 1321.9 -
2019 37.8 . 281.¢ a8 1832, 9 -
2oce 13.8 » €20.6 3.3 11e9.e -
ETI 6.t » 791.4 21,8 1101.1 -
Ry T, » 702.€ 46,2 6,9 -
a3 ari4 » €1%.1 2.8 . 86,9 -
2024 36.7 . o34.9 6.7 TTE.8 -
eey 19.6 » $37.0 34,6 5397 -
2688 1.2 a 7T .6 514.7 -
foz7 20,9 . 6.8 8.2 288, 7 -
dogs 4.1 » 162.2 €.l 220.9 -
oge 5.6 . .7 2%, 34.%

2030 6.% » 3.5 22.14 3.3

TOTAL CAPITAL THUESTMENT 4777.4

E3=36



6AR1

Capital Investment Sources

OWNERS
INVESTMENT .
TOTAL PLUS CASH FROM OWNERS
CUMULATIVE QPERATIONS INVESTMENT
FACILITY PLUS DEBT PLUS CASH FROM OWNERS
YEAR INVESTMENT RETIREMENT OPERATIONS INVESTMENT
1978 7%.94 £%.40001
1979 . 129,69 CAT.ETE02
1960 - 164,62 5T.50002
1964 . 241.19 £2.3001
1982 338.1799 v
1983 . 426.£799
.1984 468, 8998
198% 751.8997
1986 TS, 7495
1987 £34.219%
1988 ££3.839%
1962 T10.4893
1990 749, 6091 i )
1991 s, ELE F94. 3407
1992 1273, 929 +75,8311
1993 1464, 458
1994 174%.202
1992 2142.7%9
1996 270,909
1997 3205, 26
1998 3743,489
1999 . 3947,372
2009 4024, 109
2e91 <93%.209
2002 WUy, 309
2003 ~0E2, £E5
2004 «112.88
zgos 4138, 4%
20en 218€. 184
2007 4202.543
2008 4224, 96
2009 239,34
2010 42672.777 1 &
2011 <ée2. 074 1666, 422
2012 . +301.633 xnﬁo.a«
2013 +388.992 :
2014 43%3.23
2012 4388, 168 1509, &1
201¢ 4407, 727 1000, $21
017 . 439,086 14€3.57¢
201€e 4474, 145 1475, 458 1650, 42
2019 811,941 1660, 4&
2020 4224, 41 l(‘08.42
coel ~5%1 1000, <
514 4378.339 1o, -u“
2023 4608, 719 W 1S
oe4 JE42, 457 L4119
2029 4662, 016 +1%
2026 793,172 L0, 418
027 $7E4, 031 WG, 48
2028 4764, 168 1E0). 4 1E
02e 4770.926 4TI6. 414 g 1Ce. 4 1E
030 . 47TT. 428 744,086 1'.76. L2 1EI0, 1€
FRESENT LFLUE OF CAPITAL INU AT FRTE %» $M 19, 99998
19,6907
FRESENT LFLUE OF CRRITAL INU AT FRTE % M 10.
1632, 7 .

XA e
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Section E 3.7
Case: 7A

Description: Fuel Cycle Center (FCC) Baseline
Except vault cost factor 0.75

Summary of Input Characteristics:

Financial

Enterprise ROl - 20%

Borrowing - 2/3 of any capital expenditure at 10%

Government financial participation - none {(private enterprise)
Location

Transportation - from island in Pacific

Location cost factor - 1.0

Water provisions - none

Storage
Type of storage - aircooled vaults
Storage cost factor - 1.0

Recovery
Start up time - 2000
Modular Plant - single plant
Value of recovered products - 260 $/Kg spent fuel

Pricing
Service charge - average over fuel population

" Recovery credit - none

Summary of Qutput Charqcteristics:'

Capital investment - 4.534 billion dollars
Owners ROI - 21.4%

Service charge - $171/Kilogram of spent fuel

£E3-39
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Section E3.8
Case: 8A

Description: Fuel Cycle Center (FCC) baseline except vault cost factor 0.50
Summary of Input Characteristics:

Financial
Entérprise ROI - 20%
Borrowing - 2/3 of any capital expenditure at 10%
Government financial participation - none (private enterprise)

“Location
Transportation - from island in Pacific
Location cost factor - 1.0
Water provisions - none

Storage
Type of storage - aircooled vaults
Storage cost factor - 1.0

Recovery
Start up time - 2000
Modular plant - single plant
Value of recovered products - 260 $/Kg spent fuel

Pricing
Service charge - average over fuel population
Recovery credit - none

Summary of Qutput Characteristics:
Capital investment - 4.202 billion dollars
Owners ROI - 21.4%
Service charge - $162/Kilogram of spent fuel
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Cost Summéry — Dailars in Millions
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Section E3.9

Case: 9A

Description: Fuel Cycle Center (FCC) baseline exceptx1ocation~cost factor 0.7
_Summary of Input Characteristics:

Financial
Enterprise ROI - 20%
Borrowing - 2/3 of any capital expenditure at 10%
Government financial participation - none (private enterprise)

Location
Transportation - from island 'in Pacific
Location cost factor - 0.7
Water provisions - none

Storage
Type of storage - aircooled vaults
Storage cost factor - 1.0

Recovery
Start up time - 2000
Modular plant - single plant
Value of recovered products - 260 $/Kg spent fuel

Pricing
Service charge - average over fuel population
Recovery credit - none

Summary of Qutput Characteristics:
Capital investment - 3.792 billion dollars
Owners ROI - 20.86%
Service charge - $131/kilogram of spent fuel
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Yearly Cash Stoterment
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9A ‘ .
Capital Investment Balance Sheet

t G LCHG TEFR iEFS
FITfL . Wi LT
0904000000 CIININERRIETIIIIIINIOINERIIOEEIEIIPY
“l.4

Fl. s

CFFIT
THENT 8

sSeNNAARINIANIGS

»
-
3
L]
&
-
+
»
ES
»
»
*
a
-
*

R AR CRY RN F N

iy U

SOG4 DECC LT C =P 3

RN UILTR O X5 IVY L3 N, A IR

Y
. .
..
» -
* 5
7 a 4
o * e
< be <
2 - <]
4 » 4
< *» 1
3 - ] .
£ * 3 -
) u . o] % -
3 » . B .7
7 L4 o+ .7 -
5 a 3 Ll - -
4 g 3 7 ‘ -
1 ts F] T -
v . “ -
< he £ b [ISC
& L) - &R, ;- - sty by
v, » *, ' feked , 1 N
b - TR
< - by, s - -
© - Ve,
% - : -
* - 450
[ - eu. 8
- : 4]
¢
4 -
3
w -
TCIEL CRPITRL HESTRENT aTeR.S



YEAR
1978
1979
1920
1251
{oge
IC‘(M\
o
1265

(1) 0t bt pot 4t =t s
YR RV CRVRY s KV VL XY
© LD PN ap
QUVH~NT AN &

U7
cons
2099
cule
£e11

cole’

ce1s
cold
sets
cale
2917
onle
el
e pis ]

vzl

seee -

i
b

Y
(=S =

.
o
1
e

a.

23 £ DY ) 1D

(O3t}

D oo Xl

T3 1) [ ) (10 ) [ 1

)]
[sY]
3
Q

(3 f\x

288.819¢
IEe. 1093
IFR.2897
418, 1897
448, SHSS

- . J.-" - 1.4"'

'ul ﬂd?c
SS9, 18

532.8@88
T, 2837

2, BSSh
1137.53%
1357, 188

T 1EES,. 479

21219

ﬂc“@ 1338
221e.are
:ﬂﬁo.@@d
3128.39%
‘141.253
3161,918
21838, 468
811,878
Sez4. 128
SE7H.543
Tesn, a%7
3588.717
331%.2¢87
TE43,.32287

&7
3388. 18
M QT

SO e T
o

o

397427
u41r.ﬁ1(
449,682
u4h4 rm
L >
35?210 \.'6-6
992.81%
TELE . TEE
JEZF,. 916
SETE.E3%
SESS . 588
c A

(X1

9A

Capital Investment Sources

OWNERS
INVESTMENT
PLUSC

ASH
FROM OPERATIONS
€

PLUS DEBT
RETIREMENT

co.r1aa2
ﬁJ.EEBﬂJ

9eé.:91s
1191, 192
1174, 22
1229, 992
1867 .5%2
1319, 873
1352, 963
1418, 293
1466, 933
1538, 182

595.383
1552, 803
1721.923
1(?5 e

1346 424
CSHIZ9. 724
ﬁllu.914

(=4
7
8,27
TB.TLES
TeES.Eed
Irve.rig
HTHE.514

E3-55

OWNERS

INVESTMENT
PLUS CASH

FROM OPERATIONS

c_"' 4 Ct., UF'
T4, 45259
G, 13409
FI.JOITU

25.34454
IU(.tlbc

27,3577
3475721

QF@..oué

L8

1912.443
19%8.371
1926,.615
10432,433
1951 . 294
185%9,91%
1RE7 .62
1gz2e.85
16025.73¢2

1891.276
IQQJ-;SF
1163, 422
11@8.391
1112.3%9
1121.17
11g7v.212
1133, 12
1143, 377
1151.151
11EE. 782
172,937
1175, 257
1135, 889
11332.481
1ege1.1ve
1212.926
1217.eC3
1ges. 2599
1835, 155
124717
1' 2.3l
|1 . T E

OWNERS

INVESTMENT
c4,.65652
.28 1a3
nl.45114
25.607147
113,857
128,748

C142.5147

<
)
2
p
3
)
-2
-~
2
-
4
)
=
-~
4
<
~
)
<
-
2
)
o
vy
¢
P
I
led
o2
o}
-
<
i)
-~
-
-2
e
-~
-
2
)
pet
)
-
el
<
-
)
<
2
3
e
~
-
S



i SR '
Curw- Detiars In MiMlons

HES 3 C@N!T‘lh((-..‘r o FUAMED COsT
FFF‘Y'L OREPATIONG TOTAL PRILCIFLE  TEIEREST  CHEFATIONS 105
IATIRY . SSFYIRITVFYINY 1Y r § [ TXA YT S IR VRV TYY ) ssveReRde ANBOANO 20000 INNSCCIDRANSIRTRS NG4S
Q.0 '01&1. o ZaTi.4 SevelLy » 1%l 3
X REITRL LT LTI 4% » M
188 H-CXLX'HE" ECUXFH{HT s HRCl.$ » .
4 (5%.0 . '
e 242.8 » M
i) TPRNSPORTER FAIL. CPR - 19.8 s .
FRIL CAR TUG g 0.® L
©r&h: TRrLSFORTER . 4 N
TEFPORT FRC = Q.7 . .7
-6 3EF IESUL & FOPY » 23.4 " Fiew o
" F(F1 - - -
Ui STORSCE - 18.9 - Sl.l e
rrurl...l.l. FreILitTe a - .
FRCHARICING FRAC . s1.2 - [
cF-r:nl;'E;'s . . 216.9 * -
©ERFLFCEMENT TRRNS - 18.8 - .
LFLT MPODULE - €27. 4 - b
CLOLLCIC FEC MODLE - - -
TEFOSITLEY STCRACE MOD - x » »
CFSY. . 38, : » 98,5 =
LCLGINTEP FRC a 21.0 - 1$9.2 ¥
Pl I"F('r‘ FEC e 672.3° L 11639.9 »
CECOLERY FRG - e17.8 . 11ces. ¢+
2 41 Fﬁr'LlTltS EOU(PHENT » 19.3 » iT.T ¢
LD LD ¢ FLT YD » 1.7 .. L meE o+
& FEHOU".C 4 ULT b C.é . » 23.3 »
CHIERT COST * - 23,1 - 102038 »
INEFEST TLRINC CONS ., ei2.8 . » L 79,3 .
CFEF & RALNT " oS, B ol 31941, 21%41.% &
. DIFECT LRLOR Ld Tid. % - 7-';. TeS.4 A
£.1.1 FORT & FEC TFRANS - 3.9 = 3.5 &
2.1.8 FATEP FR3IN PEC (4PORT) - 102.1 d 104. 16c.1
2.1.3 tAIER msm FEC (2PCPT) » - . . ®
FI ) LRTER TRSIN STOR » 19.9 19,0 n 1.8 19.6 »
ol FFCY. rFC LF-LOP " - L4
Sel.® FRCE FRC LATOR - 21%.8 219.8 - 21%.é g1%.6 &
2.1.7 PRLLT CRFLALENENT LAROR N 0.8 39,3 4 20.% W
€.1.3 CEOLOCIC FEC MOD ULNECR » [ A
2.1.9 LRSSy 1FPIS HAINT LAB b . 21.8 21.8 » 1.6 el »
2.4,10 LCT LI EFOCES LAZOR - 10.8 18.6 » 10.6 b
2.1, 4t ML FRCC LRECR - 16,9 16,9 .. . 189.9 189,05 &
Eo1.1E FECOUEPRY FLANT LFB e 1£7.9 16%.% . . 169.9 189,25 =
2.& SIJIFECT LATOR » . 1IVea, 4 118E3, 4 » . 1,625, 4 110890 =
2. FCFT o FEL TRANS LR L &7 .7 - .7 Sev 8
$ FECISFOPTIL LAD » 123.0 1%23.0 - . 183.0 W50 8
12 FEC (4FCRTY I LAD » " -
t F ind Lr8 S, 6.3 . 2e.3 i Ee.3 L.3 »
¥ FRALC IMD LRB K . ‘ - »
FECH FAC 1hd \PB h » ¢ 329.3 28%.3 » 22%.3 ke PRI S
LEULT IND LAECP » 1%. 12.3 - L3 19,3 »
LEO FEC NOD IND LAB - " .
CAS, TRRNS MRINT LAB - 32.6 » . 2.6 00
LIl FROC 1IN LAB .o Ted " bem 8
L1t PRCC IMD LRB x fees.? » N 13- T
#€C FLANT IND LAE L AN . , o _E%B. W
TRIEFIAL SUP UTIC ECT » r1él4.0 » 1161%.0 -«
fOPIFES FLIS . g 5o » . tei ®
b FEC CFNIS % POPT » 218.& i ét18.6 »
Weds FEC CT1IS 2 FLCRT » - -
A STCPACE OFNS a 8.9 40,9 » . .3 &
PR CF1IS (2240) el . .
FFCQY. OF1S.(2000) » 470.4 479, 4 u 470.4 B
LRILT CFIS L . 6.8 8%, » 2.5 8
CECLCCIN FEC OFMS - ~ 5
CFsdy TPRNS = 8.6 45,5 L4 6.6 @
LILK FPOC OPSH . » 21.3 21,3 = &l.3 >
RLE FRCLESSING OPES . - . 371,23 T3 » 371.3 ¢
FECCLUERY FLERIUT LPNS - 371.9 371.3 I , LITLG
CCHIRRCTED SEFVICES - 419.9 419,9 » *l%,9 v
sr:P tM ) 32%.6 32%.6 » e
; ; . . 0. R [
ELFN’ ¢PT FEE STGR - [ [
Us FATLISF TO STCR) . u 17.2 7.2 » 17.2 *
ELFGP PAIN TRANS » 4 .. .
6 STORITINE CHFG) - . $9.6 .6 Le.8 9.8 »
lLF_;grPc iTera ' : bl ;
s i CR . . . .
€ SURSP FEC CP ~ - S .
1 LRGP WRETE $I% w - S 9
< S PALL TERNGP - 17.0 17.0 - 17,0 . 17.¢ »
T SLFER FRIL TFAIGP ¢ = * :
< CLFCE BATL TFANS . . s
2 e FCFT FEE M - »
< ELFVF FOPT FEE « . .
< ELTOr FOFT FEE » 3 .
z . . - - ‘. . .
S . L) »
7] Prf FRAIL TERNEP » . . .
£ PRl fALL TERIGP o . .
. *® L]
3% TERNE CPUST FUND -~ HEE D sl :

. 1 . N
tsaoutn.qat'llnnqo‘l-la.non.'.--occ-‘--ll'.l-al-"l-cnl'l.t.n.llnlalolll-l.o'lnA.Qtt..-n-oﬂn--onnooooolcotunnoac-a.no-n-.c..---.-.

‘¢

£3-88



Section E3.10

Case: '10A

Description: Fuel Cycle Center (FCC) baseline except location cost factor 2.4
Summary of Inpgt Characteristics:

Finanéia1
Enterprise ROI - 20%
Borrowing - 2/3 of any capital expenditure at 10%
Government financial participation - none (private enterprise)

Location
Transportation - from island in Pacific
Location cost factor - 2.4
Water provisions - none

Storage
Type of storage - aircooled vaults
Storage cost factor - 1.0

Recovery ] -
Start up time - 2000
Modular plant - single plant
Value of recovered products - 26U $/Kg spent fuel

Pricing
Service charge - average over fuel population
Recovery credit - none

Summary of Output Characteristics:
Capital investment - 9.772 billion dollars
Owners ROI - .22.1%
Service charge . - $435/Kilogram of spent fuel
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Cepital investment Sources
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Section E3.11
Case: 11A

Description: Fuel Cycle Center (FCC) baseline location cost factor 2.4
and desalinization added

Summary of Input Characteristics:

Financial
Enterprise ROI - 20%
Borrowing - 2/3 of any capital expenditure at 10%
Government financial participation - none (private enterprise)

Location
Transportation - from island in Pacific
Location cost factor - 2.4
Water provisions - none

Storage
Type of storage - aircooled vaults
Storage cost factor - 1.0

Recovery
Start up time - 2000
Modular plant = single plant
Value of recovered products - 260 $/Kg spent fuel

Pricing
Service charge - average over fuel population
Recovery credit - none

Summary of Output Characteristics:
Capital investment - 4.777 billion dollars
Owners ROI - 22.2% .
Service charge - $557/Kilogram of spent fuel

£3-63
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17A
Yearly Cash Statement
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Cepitet th Balance Sheet
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Section E3.12

Case: 12A

Description: Fuel Cycle Center (FCC) baseline desalinization added
Summary of Input Characterisfics:

Financial
Enterprise ROI - 20%
Borrowing - 2/3 of any capital expenditure at 10%
Government financial participation: - none (private enterprise)

Location
Transportation - from island in Pacific
Location cost factor - 1.0
Water provisions - none

Storage ,
Type of storage - aircooled vaults
Storage cost factor -.1.0

Recovery
Start up time - 2000
Modular plant - single plant
Value of recovered products = 260 $/Kg spent fuel

Pricing ‘
Service charge - average over fuel population
Recovery credit - none .

Summary of Qutput Characteristics:
Capital investment - 5.031 billion dollars
. Owners ROL ~ - 21.4%
Service charge - $237Kilogram of spent fuel
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Capital Investmait Balance Sheet
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Capital Investment Sources
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Section E3.13
Case: 13A

Description: Fuel Cycle Center (FCC) baseline except'geo]ogic storage
and location in Japan

Summary of quut Characteristics:

Financial _
Enterprise ROI - 20%
Borrowing - 2/3 of any capital expenditure at 10%
Government financial participation - none (private enterprise)

Location
Transportation - from island in Pacific
Location cost factor - 1.0
Water provisions - none

Storage
Type of storage - geologic
Storage cost factor - 1.0

Recovery
Start up time - 2000
Modular plant - single plant
Value of recovered products - 260 $/Kg spent fuel

Pricing
Service charge - average over fuel population
Recovery credit - none

Summary of Output Characteristics:
Capital investment - 5.393 billion dollars
Owners ROI - 21.4%
Service charge - $129/Kilogram of spent fuel

E3=-75
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Ceoital Investment Balance Shest
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Cost Suarssatry — Dodlars in Miltlons
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Section E3.14
Case: 14A

Description: Fuel Cycle Center (FCC) baseline except geologic storage. and
Tocation in U.S. :

Summary of Input Characteristics:

Financial
" Enterprise ROI - 20%
Borrowing - 2/3 of any capital expenditure at 10%
Government financial particjpétion - none (private enterprise)

Location
Transportation - from U.S.
Location cost factor - 1.0
Water provisions - none

Storagg
Type of storage - geologic
Storage cost factor - 1.0

Recovery
Start up time - 2000
Modular plant - single plant
Value of recavered products - 260 $/Kg spent fuel

Pricing
Service charge - average over fuel population
Recovery credit = none

Summary of Output Characteristics:
Capital investment - 5.700 billion dollars
Owners ROI - 21.6%
Service charge - $147/Kilogram of spent fuel
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Capitsl Investrment Sources
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Section E3.15
Case: 15A

Description: Fuel Cycle Center (FCC) baseline except geologic storage and
location in mid Pacific

Summary of Input"Characterist{cs:

Financial
"~ Enterprise ROI - 20%
Borrowing - 2/3 of any capital expenditure at 10%
‘Government financial participation - none (private enterprise)

Location
Transportation - from island in Pacific
Location cost factor - 1.0
Water provisions - none

- Storage
Type of storage - geologic
Storage cost factor - 1.0

Recovery
Start up time - 2000
Modular plant - single plant
Value of recovered products - 260 $/Kg spent fuel

Pricing
Service charge - average over fuel population
Recovery credit - none '

Summary of Qutput Characteristics:
Capital investment - 5.601 billion dollars
Owners ROI- - 21.6% ‘ .
Service charge - $135/Kilogram of spent fuel
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16A
CGapital Investment Sources
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INVESTMENT
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197g =7. 19861 Q.13@ea 12.,34299 4
1979 21.52 . SEEG4 6,016
L) 194,51 LE2097 I4,4883
1981 143,15 31099 47.83%4%

1882 199,67 Szell 23,8911

1923 eIT.77 gTala TE 4541

1924 . 261.17%9 34003 o5, 12935

1985 318.56%98 L399 : 185, 1e22

15Gé 33,4597 . ,E199 ) 110.9417

1987 _JE6,6096 Ze.naes 18w, 9812

1%8¢ -7 489, 5695 148,28399 135.1391

1989 448, 7995 1€2.28 145.4241

19ca 434, 7094 189. 4992 1t9..291

1991 o 258, 2a%e 244, S4ad 19,512

199e - ©1ave,. 749 J\f¢4?80 : 235.3171

13993 1273, 909 4359, 4997 &1 n44p

1394 151,113 qbc.uli

1395 SERT . 2S9 : 79,9212

1996 2EE6 . OGS aSE.Ca1d

1997 $354,.559 } 1175, 402 6

1398 S7TIT.EED 1365, 122 T :
1999 - 4@&6.339 1485,282 TEZ.S
o 4147,.587 . S3e.22 TES.92
ceat 4192, TEE © 1578, 129 RSO
seaa . 4342.945 16327969 TEE.38
caad ‘ 4286, 63 189,85 TES.D
caed : 41'9.3@5 1724.542 TEZ. T8
ceas. . 6. P24 . 1732, 539 TEE.S
721 . 478,664 182,939 TEEZ.584
2067 4461.344 12928.199 TEC.524
3] 4550, 082 eoen. 578 1455 Qd? TEE. 524
£0g9 45329, ?6; SL7E. LTS 1495, 151 Tee.524
cgl9 47e9.391 c212.283 : 1ﬁ5? e TEE.324
gett 4(4@.86( . 2oes. 123 S70.426 TEE.D84
cwie - : 479S.105 2484, 653 1- 2. 388 TES. 984
ce13 484€,424 .. zSie, 251 1593.24 TEZ.584
col4 . 225,222 TE3ST,. e 111,674 TEE. 284
cgis . 4%1,3S3 LESE 1624, 6043 TEZ. 524
c2e1é 4969, 99¢ T Ee8vYe.58S 1E25,332 TEE.S24
=3 %y ) TERZ 205 IPlg.dde 1e51.2835 FES. 584
cate RS9, 124 =2, del - 18£°3,33 ee.S5%4
01y S1e3.9¢ 5, o : 7 S84
a5 S145,359 T sS4
eect S1E3.539 T 7 se4
ceee SEIS.EYE S.455 17 354
20e3 SE7e.S5S 4,58 17 5e4
coe4 3314 424 92,99 17 se
20eS ..,1 ’ 4473, 43 17

o0 -4»1. .52 4713, 299 1738

388? S5, 77 TSRS, 937 1V, 42

cees D497, 297 1at4,a72

“qu . SS34.e455 3 1226, 4352

e c .r-.ﬂl.?’::" 'SEs‘Ell-tlfC 1ads, T2 v -C.-.'O4

£3-91



.
v OGTRL

<O LFF(TF-L ITEHS
i

)

:

.

t

£ '.,I’EP FRCILITIES-ECUIFMENT.

TFEIGFOETER FRIL CRR
CFP TUL

TEFUSECRTER -

FCPY FRL

TLER Ft°1t1 STGFRCE
;mnc NG FACILITY

FECH Ao CING FRC
Cr‘l.HISTtP.S
ELFULACERENT TRRNS &
VRLLY MTODLE

COOLOGIN FRC MNDULE
IErQ"HC?! STCFRLE MOD

i

FLY FFGC PAC

FF‘('IEP’t FFC

& FCFT FF.C LITllS ECUIPMENT
I D

r| F1 & FEC TFAHS
IRHTEF ZASIN FEC (SFOPT)
LIRR LASIN FECIEFORT)
FEIER EASIN TR

11 FRC LBIGR

FRC LFTOP

113}
LERLLTY CEFLYCLEENT LAECR
CELLOGIC FEC 10D LAECGR

DRt
B

TERIS MAINT LAB
rz, LATOP.

PIS LAD
FlL~~FfF|1l LRB
FEC (SFOPT) [ LRE
STCR D LAB
SRCY FRC IND LAB
fFCY. FAC !ND LAB
CRLLT IND LRECP
FEC 0D IND LRB
JPeIS HAILT LAB S
L ¥ FFGC I LAB
LY. FROC TND LAB

FEC FLFUY iMD LAB
FAVEFTFL SUP UTIL ECT
FOPT!FEC FY
M2

1$ILH FRCC CPSN

PL1 FRUCESSING CPHS
SECCLUERY FLENT CENS .
SF ED .LrUXCLb

P

OFT FEE
“# PCPT FEE CTQR
L’ FﬁIL SF 19 STCR)
£ Faln 'FHGS
'CF"TIPE CHFC)
ZINFG
* L FECQU CP
0 EL¥CF FEC LR

T PR ERIC 1eenee

K LLLEn CRLIT FLID
.

-

G803 40000 0RPNCNN040NNLRVARANANSLARAASIRDRANIVS

. 18R
Cost Sussmxtry — Lollers In MWiltions

R COPMITIED CrsT
CPPETAL  CPESATICNS TOTAL FRINCIFLE

- V1.8 2,37%.6 -2
» 8,561, ».
* 3,318.1 .
b 172.9 »
. erTr. -
» 2. >
- v.8 -
» >
[ . «
- -48.0 .
1 "
» T44.9 -
» -
R » 116.9 »
" 320,89 .
» 12.9 -
» - *
» 67.9 «
L] Hl.0: b
s 2. .
- 75.9 ¢
" 40, 4 .
. 5.9 .
» 1.3 .
L] 2. »
" 12.2 .
I 634.9 .
M _s36.4 .
Y . .6 >
» 1' 104.3 .
. " Y
= 145.8 -
13 =
I 27.1 »
. -
» 313.7 .
- »
b €+.90 »
. 2441 - .
- 3.2 -
] 2.1 [
» .1 .
- 11672.¢ *
» "
LI 218.8 .
. .
o 0.5 3.5
L] 4
» ; -
= : .
» L3
» . -
. L ..
L H I
» : «
» 4 1,872.8 A
» . »
P 210.6 9. ¢ @
. »
a 0.9 »
» -
4 STV S »~
1 » -
- 189.9 -
- 2.8 -
w 2.3 -
com T 371.3 .
" - 371.3 »
I 6704 u
A 2%1.8 -
u 0.4 4
» »
- 17.2 ir.g
» . .
" . 9.6 525
K »
» »
» x
Y -
- 17.% 7.0 s
» »
. . f
- 28 G4 @
» . .
» s
» 6.l LTS S
. .
- %e.L Twel &
- »
% *
. 4

TU

£3-92

CBARIVARAAINIROIONEDCLcs 00 RISt NN IRION AL

RLEYEY]

o
il‘ollc.I0'0‘0.01‘0!0.'0.0.00'040"0‘lllll‘0..'4!"“‘..0!.0"4‘..0."0.‘Oll'lOI'..lll'..'."I'...I..I'.I'..t.)"l.I‘A..Il.ll.‘

FUHAMED (02T
INTEFEST LFRTICNS

SLP NP O R E SR EE e

Sr3%l.e

1r104.¢

145,86

T
SIRM RN
L e A KL

L

e,

N on

VD (S L)

17. 7.2
9.¢ 9.8
17.0 17.0
Q.5 Q.4
PR} [ -2}
0.9 30.%

- o

»
-
z
?
a
-
[
s
>
s
.
3.
»
-
13
.
13
»
3
.
k]
»
»
13
»
H
B
L]
»
»
>
»
[ ]
.
l
LY
»
.
1 3
-
»
‘-
]
*
']
»
»
.
»
-
#
é
3
13
»
%
2
ES
B
»
.
3
L)
.
»
L)
-
Kl
.



Section E3.16
Case: 16A

Description: Fuel Cycle Center (FCC) baseline except geologic storage and
location in Europe

Summary of Input Characteristics:

Financial
Enterprise ROI - 20%
Borrowing - 2/3 of any capital expenditure at 10%
Government financial participation - none (private enterprise)

Location
Transportation - Europe
Location cost factor - 1.0
Water provisions - none

Storage
Type of storage - geologic
Storage cost factor - 1.0

Recovery
Start up time - 2000
Modular plant -~ single plant
Value of recovered products - 260 $/Kg spent fuel

Pricing '
Service charge - average over fuel population
Recovery credit - none '

Summary of Output Characteristics:
Capital investment - 6.352 billion dollars
Owners ROT - 21.4%
Service charge - $171/Kilogram of spent fuel

E3-93
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Yearty Cash Statsment
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16A.
Capital Investment Balance Sheet
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Section E3.17
Case: 1A-T

Description: .Fuel Cycle Center (FCC) baseline except transportation portion
only

Summary of Input Characteristicé:

anancia]
Enterprise ROl - 20% :
Borrowing - 2/3 of any capital expenditure at 10%
Government financial participation - none (private enterprise)

Location
Transportation - from island in Pacific
Location cost factor - 1.0
Water provisions - none

Storage
Type of storage - aircooled vaults
Storage cost factor - 1.0

Recovery
Start up time - 2000
Modular plant - single plant
Value of recovered products - 260 $/Kg spent fuel

Pricing
Service charge - average over fuel popu]ation'
Recovery credit - none

Summary of Output Characteristics for Transportation Portion£
‘Capital fnvestment - 616.9 million dollars
Owners ROI - 19.6%
Service charge for
transportation portion - $44.65/Kilogram of spent fuel
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COST -OF SFENT FUEL SEFVICE (DOLLAFSHC) 444,623
PRTE CF FETUFN Gt [IWESTHENT au, ex
TOTAL HETY CASH FLOCH CUER TOTAL LIFE COF FROJECT 1€337.2%8

o 1A-T

Yoarly Profit and Loss Statement ,
LEP IOTAL TS

FEP SEFL CH TOTRL CFEF mr
YEFP FEVEIUE FELENUE FELVETINE ELFEN EXFERM EXFEN EXFEN TFUES HLue
RAASDAARURDALRNARDARARARGD S04 RARRBAPARLSIDARDAASRIDIRRRAIRSINAREINIVISVINES SHASSCINRPADRIAEIDCAI 1040400800000 40ER0808
1978 .0 % .8 E.4 1.4 .3 B - it
1979 .9 1.4 1.9 2.7 1.5 .7
1980 .8 1.7 2. 3.2 1.9 7.2 -
1961 .0 3.8 3 .0 2.4 9,9 -
152 9 7.9 S.0 C.7 3.% 14.1 -
1983 .0 0.2 6.1 %51 3.8 -
1584 -] 2.7 T €.l 3.8 -
1983 -] 17.2 3.9 6.2 2.2
1986 0 21.3 4.1 £.9 4.4
1987 .0 2%1 4.1 6.8 L
188 .0 34,6 4B Ted 4,9
1989 -] 41.3 “.6 7.3 4,9
1999 s , 43.5 4.6 7.1 4,9
{991 .90 49,7 $.7 8.7 .9
1e92 .9 £0.0 6.3 2.2 6.
1993 .9 79.8 6.8 1.0 7.1
1994 14 84,1 7o 10.6 7.6
198% .9 $8.0 7.8 1.1 2.4
1996 -] 10%.3 8.8 11.8 8.%
1997 .0 118.6 2.0 12.1 .1
1999 © 131.8 19.1 i4.1 19.8
1999 .9 141.1 19.6 14.4 11.2
200 .0 152.8 12.2 S.E 12.2
991 .0 167.8 12.7 o1S.? 12.8
a1y .0 174.8 13.2 16.4 12.¢
2003 .0 199.3 13.7 6.4 1.7
SO0 .0 cO4. 4 14.3 1€.7 13.1
20T .0 cla,. 7 14,2 6.8 12.2
Q0L .0 cia.g 19.14 16.% 13.3
SU0T .0 214.7 12.1 16.1 12.3
2008 .0 e12.?7 13.0 16.9 12.4
2009 .9 212.8 14,9 15.2 1€.3
2ole -] 21%.9 14.9 14.¢ 1e.2 4
2011 .9 212.7 14.8 14.8 1€.4
2012 .9 212.8 4.8 14.4 12.7v
<ot3 .9 a14.9 14.7 (4.4 13.¢
2014 .9 212.7 14.5 14.1 13.¢
o1 9 212.¢ 14.6 13.6 14.1
AL .9 21%.9 14.5% 12.8 13.4
2017 .0 212.7 14,9 18.7 . 13.9
2018 .0 212.8 14,4 13.2 15.4
2019 N 214.9 14.4 12.7 1S.7
2020 .9 cia.7 14.3 12.3 16.5
N2y . .0 cié.8 14.2 11.8 17.2
aoez .8 €15.9 14.2 11.3 18,3
<023 .0 212.7 14.1 18.7 18.7
2024 .9 c12.8 14.1 s.8 19.2
TS . 214.9 14.9 8.4 19.1
.02 -] 212,7 13.¢ 8.2 3.9
3 ord . 212.8 13.9 6.7 ev.2
20ge .0 21%.9 13.8 . 9.9
2eee .0 218.7 13.8 s.2 .7
&0%0 212.8 t3.7 . 5% . 5
ABSASIPRRLLEICANIFRARTIAI OO ‘.l“‘l..‘...I.‘..A!!_‘"‘..'.ll‘.‘ll.ll.llll..'.llllllll"‘...l....l‘!l. (XA TN AR Y ¥ J
ToNL " 7519.7 To19.7 L£S. Wi.3 £18.% 1743.7 LAY a7 ed
AC | .8 41,9 141.9 19.7 10.% 11.6 2. 4.7 873
00 0 4.7 4.7 3.4 3.3 3.7 1a.3 1341 €l.g
~.
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1A-T
Yesriy Cash Statement

WIFTICED ENTEFFRISE FINRIWED ENTEFFFICE CHIRFS
LEFOFE TRZ AFILE TR
RHTIURL FHMUAL Fir AL CuM FRFIAL UM FHLNL [AET
g CRSH 14 CASH (LT HET CREH HET CASH HET KM MET REH BET € HET CRASH
BRARABSRRSAGARSSADRAIDARNISSACSSFNOORDINIANVALAARRACAGOIDDIARASINIDNDEIPOIODIINAINCCIL0L20408000¢004053408300 4008480000000
1978 .6 3%.9 - 3%.3 - 3.3 o - 4.4 - 14,4 - - fwer
{979 Lew o - .0 - 9.3 - $.7 - 19,1 - - et
19%e9 Vo7 19.4 - €.7 - 49,8 - &9 - 2E.0 - -
1981 3.8 1.3 - 12.4 -  &1.% - 8.3 - 34.3 - .
1928 7.9 30.8 - .9 - B5.4 - 12,8 =~ 46.3 - -
1963 1e.2 13.35 - 3.3 .- 87.7 - ve3 - 1.6 - -
1984 1e.7 8. 4.0 - 8.6 - 2.2 - 3.8 - -
1963 i7.2 5.3 10,2 - 7.7 4.2 -~ 9.6 -
1 21.3 17.1 4,2 - €8.6 2.9 = 47.1 -
1967 T3] 4.1 21.9 -  &47.3 .l - 8.0 -
1968 34.6 T1d.3 18.3 - .2 18.¢ = g7.6 ~
1989 41.9 4.6 2.8 7.6 1€.4 - 2.2 -
19%0 43.35 2.8 38.92 6.5 19.6 16,4
1991 49,7 3.7 7.9 ‘54,4 13.2 22.6
1992 60.0 17.9 i2.9 1€€.4 23.6 47.2
1993 72.8 2a.7 <8.2 124.6 7.9 7%.4
1994 4.1 0.4 3.7 218.3 36.2 111.3
1593 $8.9 2.8 .2 €75.% 44,9 13%.4
1996 1035.3 2l.4 2.8 379.4 47.3 cez.?
1997 11€.6 22.9 5.7 476,90 4.9 eSr.8
1998 131.8 47.8 €4.8 ££8.0 22.8 310.6
1999 141,11 3.9 1i7.2 €r7.3 £5.6 37€.3
2000 132.8 1.3 11l.4 7e8.7 83,3 41,7
€001 167.8 Ch. 4 153.4 o22.1 5 ei.2
2092 174.9 2.7 idg.2 1974.2 £8.1 S01,.4
1803 26.7 163. 6 1257.3 92.8 £94,2
2084 £04.4 30.2 174.2 1412.0 2,7 794,90
2009 c12.7 26.9 16,2 $88.2 10%.8 B9, 7
€008 212.8 29.1 184.6 - i7ea.9 10%.8 1094, 9
2007 214.9 13.1 ise.8 19g2.7 112.1 1117,0
£008 éta.7 &3, 189.6 2172.4 108,08 12e%.0
212.8 14,9 ter.e 237e.3 110.6 1335.¢
£91e@ 21%.9 14,9 29,1 év7e.4 111.8 1447.4
2011 a12.7 9.4 12,6 a7%3.9 19%.7 19%3.1
2012 c12.8 0.8 i92.8 e946.7 103.3 1€61.4 ,
2013 214,9 er.?7 187.2 2433.9 107.9 17¢8.4
col4 e12.7 g4.3 1e8.2 3322.1 106.0 1874.4
2015 e12.8 2.4 191.7 3%13.8 165,56 1991.90
o016 2135.0 19.7 195.2 370%.1 - 102.3 2070.3
2017 212.7 27.3 15%.2 894,23 . 10%.1 E19%.%
2018 212.8 39.1 173.6 40:8.0 160, 9 2398, 3
2019 214.9 e3.? 198t1.2 . 4239.1 107.2 2403. %
2029 212.7 7.3 1€3.4 . 44445 104, 4 27,9
2l | 212.8 3. ¢ 1£6.9 4631.4 184.¢ B
ooz €15.9 er.2 1e7.8 4£19.2 107, cTi7.E
xe3 el12.7 e7.1 165.6 L0C4.8 . 104.6 eEeE. €
04 212.8 éo.¢ 192.28 S197.9 166, €
2025 214.9 19.2 12,7 39,7 1991
2028 212.7 .7 178.8 “sre.? 1€60.8
exe? 212.¢ 20. 4 192.4 763,14 199.3
o0 213.9 e%.3 189.4 49%2.3 192.¢
2829 212.7 290.35 192.2 6144,7 100,72
s g12.8 co.2 1e2.% 6337.3 119.1
)
~
7 ~ s
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1A-T

Capital Investment Balancs Sheet

CAPITAL » FI%ED WoEy IhG LOHG TEFM UREFS
YERR 1IESIRENT » ABSETS CRETTAL ELT LEuTY
-lIll.“,‘l.llll\.I.‘..I‘ll.‘l"'...l...‘..ll..'l..l.l.l.l.l.ll.l'l..l.....I.‘..‘..O.l‘.l.l.‘l..l0.'0"C‘Illi.‘ll"...‘....
1979 3.2 s 33.8 .3 itew
1979 4.9 » 37.9 .7 ; 165
1900 7.9 " 43,1 .9 31, le.%
19814 12.8 » 23,2 1.2 73,3 15,
1982 25.9 . 75.8 1.8 2.9
1983 7.3 s 79.4 2.9 0.9
1584 .2 . » 76,8 2.2 29,8
1987 2.8 . 75.6 1.8 €0.5
19e6 13.9 . €4.2 1.8 68,1
167 .0 & 7a.8 1.8 AE.7
1968 1.7 - 86.6 2.9 7e.9
1989 N - 81.6 z.@ T1.2
19%@ .8 . 76.7 2.0 69,2
1991 26.9 » 96,8 2.4 $4.3
1992 1.7 - 1021 2.6 9.6
1993 19.9 - 119,9 2.3 97.2
1994 13,0 » 116.3 3.9 162.%
1995 13.9 = 121.2 3.2 197, 4
1996 13.0 ~ 12%.6 3.3 1.9
1997 12.90 . 12%.5 3.3 11%.8
1998 7.7 - 6.3 %0 13%.5
1909 13.3 » 128.€ 4.2 128.¢
2000 9.1 - 173,04 2.7 120.8
2¢01 1.7 = 174.3 4.8 1%0.8
19.5 » 1e90.2 4.9 195.2
2003 1.0 " 1£0.6 5.8 126.9
2004 19,9 ® 183.3 5.2 1€0. 1
2005 1.7 = 181.7 5.2 168,2
2008 13.0 » 191. 4 : 5.3 1€1.2
007 .9 5 169. ¢ 5.2 154,7
20e8 8.1 " 164,68 - 8.2 3.4
2009 ] . 1%2.9 ., S.@ 14€,2
avte .0 - 149.3 4,9 198, 4
£t 14,3 . 142.2 4.9 140,2
012 z.2 © - 134,7 4.9 1235.0
- 8019 13.0 . 134.7 4,8 134.8 . ', 7
2014 9,9 " 128, 9 +.8 131,95 ;i
2013 6.9 » 123.4 4.7 124.8 3.3
2016 5.2 x 15,2 4.6 17.9 1o
2017 13.90 u 114.3 4,5 11%.7 2.1
2018 24.7 - 123.6 4.6 120.6 7.6
219 9,4 . 112.3 4.9 114,7 7.4
R 13.9 . 113.8 4.9 110.9 7.8
a0l 1.7 ® 108.3 +.3 164.5 €.2
022 13.0 = 123.0 C 4.2 se. | S 1
03 13,0 » ?.3 4.1 o2, 2.3
2024 6.9 * 24,9 3.9 £0.7 7.8
2023 5.2 » 70.5 3.7 6.4 5.9
2026 20.8 " 57,6 3.7 €8, 9 6.3
aee7 5.5 » 46.8 2.4 46,9 $.3
<8 1.7 » 29.9 3.2 er.6 .9
2829, €.8 4 .0 2.8 N 2.8
- 2850 6.5 w 0 2.4 .0 2.4

TOTAL CAFTTFL IHESTMENT é16.9 S mT
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1A-T

Capital Investrnent Sources

OWNERS
INVESTMENT
TOTAL PLUS CASH FROM OWNERS
gmltg IVE  OPERATIONS INVESTMENT
oyt ki PLUS DEST PLUS CASH FROM OWNERS
YEAR T  RETIREMENT OPERATIONS INVESTMENT
1978 3%, 17999 11,£76802 L1.e004
1979 40, 05998 12. 76602 12,8178
1966 o+ ."‘.'“7 TEQO3 1%. 5
1981 50.31996 20007 0. 0THL9
1%2 26.8357397 o .avik AR
1983 PD, IGRE 39, 02007 01007
1964 ‘G. £%9y 3S.3TeN 3z .-HEé?
188% T “b°°4 3732607
196% H IB. <2, 9000
1937 116, %“° J4, CEQDS
- 1962 122. 6559 <G, Tantl
1982 123,699 51.%90012
1e%0 1€2. 6899 ugnHUlc
1991 . L2E.En 59 o, 33014
1o92 12,3099 .O.VIEIIJ
1993 176,2299 TR.0301S
l'."?'l 129,273 Z%.70012
1999 eHue . 2892 A, E00Ee
199 219.,8a%9 193, 3502
1997 26,8897 l1E. 4402
1998 - 120,41
1999 ero.1e9% 148, 9597
000 208, 5033 197, 3497 . lEll. r4¢l
cBu! 320.0073 15%, 1697 109,603
0 3R, 0093 . 124.2797 112.0361
2003 35,5073 1%9.5997 116,322
2004 368, 2491 202, 32099 121.%£18
% 350,069 21%,889% 129.4222
200 293, 0:91 31,8296 tg2.71c8
€007 393.0891 1g2.71ce -
<008 481,129 122.37¢%
£O09 491, 1ce9 122.3789
coie <901.12€9 132.372%
28t $1%.5887 127, 0715
o b4 «o £ce? 138.6074
€013 433,£257 143, 0774 .
2014 443,50€% 146.227% -.:...1446
<01S 20,0883 148, 5058 I2.31847
cvuié 455, 206S 2. 21845%
817 4€3.,VED 32,3144
3133 492, 2004 ~,c..-l<a~52
€019 02,3683 2 se
coco S15.8€83 )4, 7708
£o21 5€6.983 +22.30ee
o2 589, 269 41,9287
a3 5' .°653 Jed, £489
eued LS. 4663 &TE,. 7483
3¢ T 495, 2187
) LET. 168 e
2027 991,968 3% 19%, 2494
0 €U3. 68 Yré, (2E6 192, 2104
$0e9 610,477 €10,418% UL, 4411
2030 [ 3 g i, %189 203.%851
PPEEEIN twILUE OF CAPITAL 1IN AT FATE %) 4N 19,%9998
69,83123¢ .
FRESENT VALUE OF CAPITAL 1MW AT FRIE % 4M 1e.
12%. 8291
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CASE - 1A-T
GLOBAL SPENT FUEL LOGISTICS STUDY
- COST SUMMARY - DOLLARS IN MILLIONS

WBS CAPITAL OPERATJONS TOTAL PRINCIPLE INTEREST OPERATIONS TOTAL
Jotal Transpor"t A

Capital Expenditures 619.9 619.9 619.9 561.4 1,178.3
Total Transport ‘

0&M Expenditures 565.5 565.5 565.5 565.5



Section E3.18

Case: 1A-S

Description: Fuel Cycle Center (FCC) baseline except storage portion only ~
Summary of Input Characteristics:

Financial
Enterprise ROI - 20%
Borrowing - 2/3 of any capital expenditure at 10%
Government financial participation - none (private enterprise)

Location
Transportation -~ from island in Pacific
Location cost factor - 1.0
Water provisions - none

Storage
Type of storage - aircooled vaults .
Storage cost factor - 1.0

Recovery
Start up time - 2000
Modular plant - single plant
Value of recovered products - 260 $/Kg spent fuel

Pricing
Service charge - average over fuel population
Recovery credit - none
Summary of Output Characteristics Storage Portion Only:
Capital investment - 1.705 billion dollars

Owners ROI - 21.6%
Service charge - $131/Kilogram of spent fuel

E3-105



COST OF SPEMT FUEL ZEFUICE /DOLLARS.HC) 131,348
PRIE OF FETUPN ON [HUESTMENT R, 687
TOVTAL HET CASKH FLOW GUER TOTAL LIFE OF FROJECT  £18318.IW0

,:' ) IA-S

/
Yearly Profit and Loss Staterment
FEP SERU CH JOTAL OPES: INT LEP 10TAL €T
1 4 FELEILE FEUERHIUE FELUENUE EMFEN £XFEN E/FEN EAFEN IMES . CLrd
HRRSARSARDARARARAAAISAARASAAALRADAPARAALAALDARSANROARBAARAREADENSOPRTRIVARIRDOIDIIDAARISEDNANCARIDINRNIY SPRRAGINSIRDONARPA
1978 .3 1.8 1.8 R 2.9 1.9 +.0 Rl - .
1979 9 4.0 4.0 N 4.9 2.9 7.8 3 - 3.%
190 .9 4.9 4.9 ol -8 4.1 19.€ N .9 - <
1981 © 11.2 11.3 ol 8.8 2.3 14.2 9 - “
1982 .2 3.1 23.4 o1 2.8 7.7 €e.4 1.9 7
1963 @ 0.9 0.0 | Y4 1€.9 10.1 ce.e 1.2 ©
1584 0 3r.2 7.2 .2 19.¢ 12.1 31.9 3.0 3
1435 -] - ZR.6 0.6 12.3 ez.0 12.7 So. 2 .© - 3
1966 .8 62.6 2.5 15.3 2e.9 1s.4 2.6 3.2 &
1997 - 74.0 74,0 47,8 2%.7 16.3 ge.e .9 - ]
1938 .0 191.2 194.8 +7.8 27.¢ i7.9 ©3.6 3.1 1
1969 - 121.9 121.9 4?.8 el ig.9 “%.2 9,9 e
1690 ) 1&r.9 127.9 a7, q 31.1 £0. 4 a4 16.2 [
1993 .9 156, 1 146.1 47.9 22.8 el.2 1ee. % 16.6 ©
1592 N-] 176.5 176.% 37.9 3%.3 £3.8 106. 9 SE. 4 1
1993 .9 298.3 208.3 48.0 39.% ee. ¢ 114.4 3%.7 e
1994 .0 247.3 347.3 8.9 43.8 et 121.7 7.7 ]
1995 .0 238, % 266, 4 <8.1 47.3 3.0 12e8.9 50. 6 3
1996 0 2. 20%.% 48,1 2.6 6.7 137.4 5.4
1997 .8 349.0 $42.9 48.2 $7.8 <9.7 1487 TE. S
1998 .8 387.6 387.6 8.2 £3.¢ 49,3 157.3 €7.9
1999 .9 15,0 *1%5.9 48.3 Ti.4 $1.9 170.7 .8
2000 .8 449.3 449.3 48.3 69,1 $1.0 1€E.4 &.7
2e4 X “93.9 +93.5 48.3 B5E.€ 1.0 1€5.9 4. %
oz, .0 S14.3 T14.3 48,3 £3.9 .9 1£3.2 22.4
2603 9 A M pA 43.3 51.8 0.4 1€8.2 s1.8
2004 9 601.2 rol.2 <8.4 $2.?7 43,2 7.3 5. 7
200S .0 £23.? 6€35.7 48,4 7.5 46.7 134.6 9.9
2egs .0 625.9 5eS. 9 48.4 6.7 8.3 124.9
29007 0 32,1 632.1 <8.4 4.4 47.2 149.3
2008 .0 LE0.7 €2%.7 4.4 2.1 4%.4 145,9
ooes 9 626, 1 528, 1 48.4 49,9 44,1 142.4
de1e N 632.3 632.3 8.4 48.7 43.9 141.0
-39 9 52%.?7 €2v.7 8.4 4%.9 43.2 137.1
012 .9 €28, 9 €25, 9 48,4 «3.1 J2.1 138.7
2013 N 63,4 832.1 48.4 40.8 LIPL) 120.¢
2014 - ©eS.? 62%.7 48,4 38.3 41.3 18€.9
e 0 %, | €28, 4 $3.5 36.6 41,8 126.7
wNl6 9 £32.3 . 632.3 48.9 33.8 41.3 123.
w17 .9 62S.7 523.7 48,3 20.9 40.4 {19.¢
2918 .0 8&0.9 | 62%.9 48.9 27.9 38.5 115.0
2019 .9 632.1 &a32. 1 V0. a%.1 3.7 118.3
bz g 9 6897 £E5.7 48.3 21.4 23.6 163.9
202t «Q €26, 1 €2d. 1 48,9 18,9 3t.6 8.9
oo .2 ©32.3 832.3 48. % 1€.6 29. 4 4.9
&ves .0 62S5.7 €7 43,5 14.7 g€.8 €0.9
eedd .0 €23.9 25, 9 49,9 14,1 2%.9 £E.9
(2302 .9 ©32.1 €32. 1 48.5 12.2 8.7
s .9 2%.7 €S0 T 48,8 12.9 34.3
2027 -] g6 | €6, 4 8.0 10.7 %1
oxes .0 ©32.3 £32.3 48,8 .3 w2.T
eoee -] €2°,7 €2T.7 47. 5 4.8 2.l
2630 .9 50,9 [ 47,5 - . .
BRAARPABRAREBRARDERPDARICRARDRINSARDIAVIOTCANNIEDIDAIENRGARNIDIARIDDINDUISPIDIANINDS ..
TOTL 0 eeL19.8 ol B $cry ey c188.3 17708 1708, 9 L&3i.2 viov. ¥
RG .0 417.3 +17.2 8.7 R0 3.2 166.3 192,46
68.6

$500 0 131.3 131.3 - 10,9 18,1 33.%
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1A-S
Yearly Cash Statement

WIF TNAICED ENTEFFPRISE FINFIICED CTNEFFFSE DU 3 53
LEFORE TRV FFTEF Thu

Al AL nit AL
d CRSH (N CA2H QUT
RABAANRALLSINIDNVLIIRDIUINTALNS K

AHTIURL F i DS [EUIRSS
HEY CRASH €T ¢ ) NET Crs ey LET AT

LXR YR T Y [YERTYY ¥

1978 1.8 - z! - - 13,4 - L . 9
1479 4.0 - 2.3 - - 134 - (3 - s
190 4.9 - o2 - .5 - 11,2 - 5.4 - H]
1981 11.3 - [ B} - 11,7 - 9.7 - 47T - 1
1982 - 3.9 - 147,28 - 11,9 - e - e
1963 - .2 - 178.1 - 1.1 - (A28 - <
1434, - 12.7 - 1.8 - 3.7 - T30 - 3
19€% - 4,90 - 1M.€ - c.% -~ 7L - 1
12€e 2g. 4 - 16,4 9.7 - [ e
1687 - 8.3 - 186.7 - 1o - 4.4 - v
19¢8 14.7 - 172.0 4.9 - va.s 1
199 <38.9 - 122.2 21.9 - E.% S
1999 4.7 - 2.5 2,2 - &0.0 !
1994 - 83,7 - \e.e 39,0 - 1.8 -
1992 9.0 sl.2 SE.3 2.3 -
1993 22,1 144.2 4%, 0 £l.¢

1994 1e2. 0 6.3 79.8 T -
1999 1431 4e2.3 3 .0 ©
199¢ 170.8 279.% H 2 -
1997 V0.6 N & ) 3
1998 o 1 < 2 ]
1949 £ 7 .2 1

2060 Q 1 oy

€001 1 < “

002 b 4 s

03 Q +

2084 5

ool T

cule 1

awe? @

2uls 7

e .2

2019 I

ool 7

2012 .0

2013 &

2014 S.1

201% .6

2016 3.1

eoL7 1095, 9 ]

cule 11453, 4 3

2019 18922.90 ]

coge 18613, <

33 13178.4 4

0ee 13747.9 e

20es 14310.6 3

024 14329.95 2

202% MO €

a0 2

20e7

coes s

2089 3E7.3 CL50. 4 AL, 7
2039 3%8.6 tezqa. 1oef1.6
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1A-S

Capital Investmant Balancs Sheet

CRPITAL b Fl,ED VIOFY (116 LOHC TEFM 521 3.6

? IHUESTHENT A ASSETS CHPLTRL IRz ECUITY
RORRAARARRGRASNRDARALALINASSRIGRRDARSAUISERNINODNRARID2GSPCRIDCNINCGAIARIID CORNRADDLCAREPNANOVINNANDAENIGRING I EDIGILARDRDRIS
1978 6.9 * o tlew
1979 35.8 - £ 21.3
1900 23.1 * .7 1.1 . T
19614 32.3 - 119.7 2.3
19%€2 6.5 - » - 179,9 5.2
1983 0.7 - ezt. 1 o
1984 49,7 . e 290.7
1965 .33 » f -2
1586 18.9 - <£3.9
1987 45,9 » 319.1
1988 . 39.3 * 340. 5
1589 e3.2 * 346.9
1990 L 39.3 - 345.8
1901 33.9 = 373.%
1992 <8.6 » ¥03.3
1993 7.3 4 “%3.7
1994 7?.3 - W01.8
1999 . 7.3 - T49.3
1996 9.4 » o99.9
1997 160.3 » [
1998 114.3 » 728.9
1999 143.1 » £80.6
2000 .0 i 7€9.8
2001 .9 = 718.6
eto2 .Q » €67.65
003 14.4 » £31.9
2004 14.4 * 97.8
Faor] 14.4 [ 2.7
2006 36.2 » StO. ¢
2007 {.4 b S17.3
2eos 16,4 bt <86.2
009 14,4 = 456.%
2019 2c.4 = 441.0
eell .9 » 397.8 .~
012 14.4 L 370.1 -
2013 14.4 = 243.0 -
2014. 14.4 -~ 21€.4 -
019 8.4 » 202.9 - 2
2016 14.4 » 276.0 - G,
€017 14.4 = c%9.9 - 6.6
29016 14.4 - e2%.8 - 2.7
2019 14.1 - 203.2 1.6
e .9 o 169. S e.z
coet 14.4 » 152.3 7.2
e 14.4 - 137.4 3.
€023 14.4 » 184.9 13.1
20c4 8.4 - 127.9 12.3
0ES 14.4 » 112.1 13.4
202 eg.2 a 101.0 13.%
e0e? 14.4 a 76.3 12.6
co28 cH.4 L 2.1 13.7
26e9 9 . - X 6.5
eo3e R L - .0 b -3
TOTAL CAPITAL [IAESTMENT 179S.3

~
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YEAR -
1978
1984

1967
128€

1A-S

Capital Investment Sources

OWNERS

INVESTMENT
TOTAL PLUS CASH FROM
CUMULATIVE OPERATIONS

FACILITY PLUS DEBT

INVESTMENT RETIREMENT

1425.757
1483.757
1440,116
1494,47¢
12.68,.£26

EET TP

.4“.16

'"ﬂ.,ax;
i I ST 83
1@e3.sea
1042, 022
1031, 002
11&1.738
11€8,.40e
l‘ll <l.°
1z2vh.21e
12832, 162
1240.e42
1378, 452
1412.4%2
t4ds.11e
1475.231

PFESENT VALUE OF CARLYAL I AT FRATE 2%, th
¢0%.3833
FPESENT L¥LUE UF CAPTIAL 1Y AT FATE % M

423.8367

E3109

OWNERS
INVESTMENT
PLUS CASH FROM
OPERATIONS

424.7112

OWNERS
INVESTMENT

12,1638
24, 10649
2,379+
44, USB59
oré

. 0e?71
?J.TEBIu

134, 472°
131,979
131.4729
131.49729
151.4708

131.47¢8
131. 4728
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CASE - 1A-S
GLOBAL SPENT FUEL LOGISTICS STUDY
COST SUMMARY - DOLLARS IN MILLIONS

WBS CAPITAL OPERATIONS . TOTAL PRINCIPLE INTEREST = OPERATIONS TOTAL
Total Storage Capital
Expenditures 1,705.3 1,795.3 ],705ﬂ3 1,773.7 3,478.9
Tota]-Stbrage 0&M

2,155.3 2,155.3

Expendi tures ' . 2,155.3 . 3,155.3



Section E3.19

Case: 1A-R

Description: Fuel Cycle Center (FCC) ba;e]ine except recovery portion only
Summary of Input Characteristics:

Financial
Enterprise ROI - 20%
Borrowing - 2/3 of any capital expenditure at 10%
Government financial participation .- none (private enterprise)

Location
Transportation - from island in Pacific
Location cost factor - 1.0
Water provisions - none

Storage
Type of storage - aircooled vaults
Storage cost factor - 1.0

Recovery
Start up time - 2000
Modular plant - single plant
Value of recovered products - 260 $/Kg spent fuel

Pricing
Service charge - average over fuel population
Recovery credit - none

Summary of Output Characteristics Recovery Portion Only:
Capital investment - 1.162 billion dollars
Owners RO1 - 18%
- Service kharge - $41/Kilogram of spent fuel

E3 11



COST oF SFENT FLEL LFVICE “""LLFlF‘rF 441,101
FATE OF FETUFIL OH TDLESTHENT fald 2
TOTAL BET CFASH FLOW QULF TOTAL LIFE C'F FROJECT £34712.5190

1A-R

Yearly Profit and Loss Staternent

FEP SEFYY CH TOTAL Y R 10T6L 18]
YEFS FEVEIVE FEVENE FELEIIE ENPEN ELFEN € 1IHCRE
PRORDRARSADAARDADEN DA LAAARIACISIDRAINRAAIADSDEDIIRIDONPARRDIRADOEDALIVDOARBIARS Y BONBBAGOCBARRRAD
1978 5 N4 ] N - e
1979 1.2 .9 .0 L
1%@ 1.9 .0 .9
1561 3.% .0 ]
192 r.2 .0 N
1983 Q.4 .0 0
1984 11.¢ .0 .0
1985 12.8 @ N
198¢ 19.¢ .6 .0
1967 23.1 .9 .8
1988 31.9 .8 .e
1og9 38.2 .0 )
1920 40,0 .0 .9
1991 5.7 .0 1.9
1992 5.2 o1 T.9
feo2 8%.2 .2 a.8
1599 7.4 .2 12.2
1995 9,2 . 19.9
159 5,9 % 29.3
tee? 192.2 .8 3%,
1998 1es.3 .9 R
Sl @ .2 2.0
awe e g2.7 4%
2001 1 22.7 w5
2062, 2.7 6.5
2003 32.7 5.9
Zeud 3.7 5.9
200% 3.7 5.5
2066 2.7 5.5
267 32.7 4.9
ceos 3e.7 .8
2009 32.7 6.9
2010 2.7 w5,
dell ] 2.7 5.9
2012 1443, 3~ 19%.8 2.7 4.8
2013 1413, %~ 197.8 32.7 6.5
2014 1413.95- 199.8 2.7 8.8
o1 1413, 5= 19%.9 32.7 6.8
gele 197.9 R.7 4.6
017 19%.8 2.7 8.6
29138 195.8 32.7 36.7
2019 137.8 2.7 32.9
2620 199.3 2.7 26.9
R 19%,9 32.7 1r.2
geee 197.9 22,7 Tod
0e3 195.8 e.7 1.9
20c4 19,8 32,7 .Q
2% 167.8 2.7 .0
20 195.8 3.7 .0
eoar 15,9 sa.? .0
2028 197,9 121%.6 ge.7 Nl
¢ 19%.8 1217.7 32,7 .0
03 194, ¢ 1e1r.7 2.7 N .
."ll‘llll"!bll‘llll)l. CRBVVGCLEGADANG AR ED SR SRDBUIDIBANACUDINORIDSDORDAGNIRRRRIDIRD inlll'l'...l 2l
TOML 43818, 3~ G2,y 18E7, 0 101649 A 11619 AN 153%1.8 H{
pC - £2€.8- . 130.6 ©%6.2 1.2 2.8 e1.9 6E. 9 e < 379,90
$2/0C 2ed. 2~ 41,4 219.1 €0 €.l 6.9 21.0 8.8 o3



1A-R

Yearly Cash Staterment

WF LRI ED ENTEFFFISE FINFRn ED ENTEFFFIAE
SEFOFE TR7 WFIEF TR
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. SOT06. 4
21€83.9
ceer4. S
240959, 9
ca42.4
$EdR7.5
aréta. g

-3471€.95
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1A-R

Cabita/ lnvestmeht Ba/a};ca Sheé}

FY O AN R RE N, XF Y SRS TERY .

CAPLTAL » FIYED WEEING Lo TEFM HRIEFS
YERF IHESTHENT . $3E12 CRRTTRL e Lenity
BLABSRPAANPIDREDG0 VAP IGR B IDENENI DAL RAAABARDIIDE PEDRECAONCNE90 00402004000 AS0 0400000 AARSIN4000R88004038000 0200002
1978 0 A Nl . R
1979 N1 . .0 .9
1560 .0 - .0 ©
1561 5] L 0 .0
1562 .Q » .0
1883 . .0 ® .9
19€4 .0 = .0
1985 L oeee® * .0
1966 . x-] * 0
1957 -2 d o
.8 - .0
-] - 0
0 A .0.
26,3 hd .9
151.4 »* 2.2
8.5 * .7
$3.0 » 2.7
131,14 B b.4
244, . .1
a44.1 - 9.e
139.35 » 1e.2
23.1 s 12.2
£3.1 & 17.7
N » 17.¢
8 @ 17.2
.9 . iv.0
.0 . 16.7
.0 - 6.4
.8 hd 16.1
.0 a 15.7
-] .. 1%.3 -
N-] » 14.8 -
.0 » 2% 1<.3 -
.9 » 393.1 13.8 -
2012 .0 * 396.6 13.2 -
2913 0 u 00.1 12.6 -
2014 T .0 = 2037 11.8 -
201% .Q = amr.2 11.1 -
<olLs .9 - 162.¢6 18.2 -
017 : .9 = 124,98 9.3 -
o8lLe .0 L £7.3 £.% -
e81s .0 Il 4.3 7.7 -
2029 . -] a 27.3 6.9 -
el .9 = 10.2 ©.2 -
oeee - L 2.7 S 7 3.
e%e3 2 a .9 Ta S <.
2024 .9 Ll - .9 $.9 T
xXey ) 4 - 0 S L.
33 N » - 0 Tt .
-y ") I - .0 S 4 e
41 .0 L - 9 foR) %
aoee .0 » - .8 Sadt T
2030 . 8- » - .8 T.4 S
TOTRL CFFLIRL IHRSTMENT 1151.9
~
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1A-R

Capital Investment Sources

TOTAL
CUMULATIVE
FACILITY
INVESTMENT

1 0000000I0RDOO

OWNERS
INVESTMENT

PLUS CASH FROM OWNERS

OPERATIONS
PLUS DEBT
RETIREMENT

COOEDO00GOOO

'Uq.¢3l
25,3311

2473412

L71.TELE

EET.P314
€50, 291
5. €916
37,0518

5-:.&4:1
¥31.342 .

FRESENT UFLUE OF CAFITAL INU AT FATE 2, M

42.61118

PSLSENT UPLUE OF CARITAL LI AT FATE 2, M

£04. 346
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CASE - 1A-R
GLOBAL SPENT FUEL LOGISTICS STUDY
COST SUMMARY - DOLLARS IN MILLIONS

WBS CAPITAL OPERATIONS TOTAL PRINCIPLE INTEREST OPERATIONS TOTAL
Total Recovery Capital .

Expenditures 1,161.9 1,161.9 1,161.9 1,365.6 2,527.5
Total Recovery .

0&M Expenditures 1,016.6 1,016.6 1,016.6 1,016.6



Section E3.20

Case: 1A-W

Description: Fuel Cycle Center (FCC) baseline except waste management only
Summary of ngyt Characteristics:

Financial
" Enterprise ROI - 20%
Borrowing - 2/3 of any capital expenditure at 10%
Government financial participation - none (private enterprise)

Location
Transportation - from island in Pacific
"Location cost factor - 1.0
Water provisions - none

Storage A
Type of storage - aircooled vaults
Storage cost factor - 1.0

Recovery
Start up time - 2000
Modular plant - single plant
Value of recovered products - 260 $/Kg spent fuel

Pricing
Service charge - average over fuel population
Recovery credit - none

Summary of Output Characteristics Waste Management Only:
Capital investment - 1.320 billion dollars
Owners ROI - 27.9% .
Service charge - $45.69/Kilogram of spent fuel
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COST OF ZFENT FUEL SEFVICE (TOLLAFS. P 0) 145, EE4
PATE OF FETLFNE Ot TIESTiment SO, Kk
TOTAL 1T CASH FLOW R TOTARL LIFE OF FROJLCT 13307.903%

1A-W

Yearly Profit and Loss Sta temént

PEP - SEFU CH mIAL oPEP INT IEF TOTFL
YERP FEVENUE | FEVEIUE FEVEINE € FEN EFEN EVFEN EIFEN
BRBIDOIDIOVLOA NS ALREIIEAD 109040800 C 4240000002 0BSARDANRIAND
1978 .9 .8 % .0 .3 & .4
1979 .0 1.4 1.4 .0 1.1 o7 1.2
1330 .9 . 1.7 1.7 .0 1.4 .8 2.2
1581 .9 © 3.9 3.9 .9 S1e 1.1 2.0
182 .0 £.0 2.0 ) 2.7 1.€ 4.4
1983 .2 10. 5 18.4 .1 5.9 2.9 £.9
1984 .0 12.9 12,2 .1 [ 3.3 2.7
1985 . .0 17.% 17.¢ .9 6.1 3.7 19,7
1986 .0 21.8 21.8 ) 6.1 3.8 1€6.8
1987 .9 =.7 2%.7 1.4 £.4 2.9 11.4
19¢3 N 5.4 35.4 1.4 Bl 3.9 11.3
1989 .8 2.4 42,4 14 ..9 2.2 11.8
1999 .0 44,8 e, o4 5.8 2.9 1.1
1291 @ %0.8 0.8 1.4 2.2 %9 1.2
1992 .90 Nl Sl.4 1.8" 19.4 12.2 33.1
1993 .0 2.5 ra.s 1.8 z2.4 14.2 22.1
139q .0 2.0 65,0 1.6 ze.s - 1€. 1 8.3
150y ) 180.3 100.3 1.8 - 8.7 @4.4 e
19%6 .0 7.7 107, 7 2.9 92,2 34.7 1,2
1%o7 .8 121.4 121.4 2.2 T1.€ 4.0 12.7
1998 .9 134.8 134.8 2.3 0.3 4
199% .0 14403 144.3 2.3 $90.6
2090 .8. 195.3 1%6.3 4.1  E9,7
2001 .2 171.8 171.6 33.8 79.0
2002 .0 178.9 178.9 3.8 7.8
2003 .0 12,7 194.7 3.6 7.1
2004 .0 209, 1 fo2.1 33.8 72.2
2000 ] 217.% 217.% 2.8 0.6
2006 .0 217.7 217.7 23.€ €. 1
RTH .9 212.2 219.9 33.8 £2. 4
2008 .0 217.¢ 2176 33.8 €2.9
2009 .9 217.7 2177 33.8 za.4
2010 .9 212.9 219,90 33.8 5.2
o1 .0 217.€ 2178 33.€ 2.8
2012 .0 217.7 217.7 22.8 FEN]
2013 .9 2199 219.9 3.6 4.9
201+ .0 217.6 217.6 3.8 40,3
2913 .0 217.7 a47.7 32, .4
201¢ .9 212.9 219.9 33.6 ie.9
2017 N 217.8 217.8 2. 24.2
2o18 .9 a17.¢ 217.7 33.6 19.2
2019 .9 219.¢ 219.9 33.6 14.9
RL] .0 217.¢ 217.¢ 3.8 .9
2021 ) 217.7 e17.7 33.8 4.6
2022 .0 212,9 217,90 33, 1.7
2023 .0 217.6 217.8 33.8 .5
2024 .9 217.7 217.7 33.6 .2
xRS .0 219.9 219.9 23.6 .9
202¢ .0 217.6 217.% 3.6 )
027 .9 217.7 217.7 33.6 .0
o .0 19,9 219.9 33.8 .9
2€ee 9 2176 217.8 32.6 .9
2eGe .0 7.7 ar.T : .2 a X 3.5
BRARSACDRANIDARCHSTIDANINVICIODENTNDIRIRDONNDINININDD AVSPLABDIVALINBOIDORAISBADRAGRARY
ToTL .9 7€93,8 T%93.2 1DES. 1 19%1.4 1339, EST.8
ACc .0 148.2 14%.2 20.1 2e.3 2.9 7.2
$$0C .0 8.7 ‘.7 .3 o, T.e 23.4
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1A-W
Yearly Cash Statement

I TIICED ENTEFFRISE FINFICED ENTERFFISE CHLEFRS
LEFQFE 1RO FETEFR TFi
FHURL AL FitINBIAL cun FItHUFRL cum EEX.
CATH I LHsH LUt HET CASH VET ChAsH VET PN TET RS 1ET
DADAGORAPADBAIIIICRORNPPALIIENE 4000000004 AA0200400800400000P0R000

ARRADARSAIIDARSPAPRIROINDEIISEIIOINDIIUIRILS400ABI4RD

1978 .5 3.9 - 3.3 - 3.3 - 1.0 - 1.9 -
1979 1.4 2.7 - 3 - 14,8 - - . .
1968 . 3.9 - - 15.8 - - - -
1981 3.9 7.8 - - w7 - - . .
19ee 5.8 18,7 - - §%.s - - - -
1963 10.4 0.3 - - 3%.4 - - . .
1984 12.9 0.5 - - 42,0 - - - -
1969 iT.6 . 12.8 - 28,0 - .
1986 21.8 2.8 - 2. -
1987 5.7 2.3 2.2

1968 5.4 1.4 74

1999 2.4 1.4 8.4

1990 TN 1.4 121.9

1991 2 1e2.0

19og - g2.3 - .

193 © 4.8

1994 - 31.%

1999 - - .&38.2 - -

1996 - - iro.e - -

1eer - - 317T.4 - - - -
1948 - - 331.¢ - - - N
1999 - @ - - ER.as
2e0e - .
2001

2002

2003

2004

2008

2006

o7

2668

So02

2010

2011t

got2

2013 ¢

29014 %

cels 85,0

2016 2.1 .
217 £5.3

cote €4.%

gote - 5o,

2eco 73,9

201 3643.8 29,4

gea2 3830, 1 104,7

. eees 4914, 1 111,

veq 4198,2 112.8

29e9 4384, 1189

a202e 4866, 5 114.1

er 4722.8 114.&

cece 185.2 11%.9

2022 194,90 t14.1

2039 18441 114.1

PATE (F FETUFT TO EITEFFRITE OLIIER ar.o0%

PRIE CF FETUFN FAFTER 1A OF EINEFFFISE
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1A-W

Capital Investment Balance Sheet

CARFLTAL * ok (NG| LALons TEEn VHERS
YERF IRESIMF T A LRF{TRL RN LTI R Y
IYYYYSYISEYIRRI VAL PR XA Y ) XS TYRRR YRR RFARALE] X BOBBACAIVVR4400000000800080004800005404000000008000000040000000a
1978 * v 0 . o
1979 .7 i 1.7 .2 11.6 [V
1500 T.¢ * &8 3 i34 ©
1961 7.2 b &%.5 .3 12.4 T
1982 1e,7 » 6.9 B [N T
1983 e0.% . 4. % .7 3¢ 1%, -
1984 _28.5% * 71.7 .9 < 158
19€5 Y T4 s 7.7 1.2 o gl.v
19€6¢ 1.9 - 7.9 1.2 2 e.3
1ee7 1.9 » TS 1.2 A
1268 .8 &« 2.0 1.2 12.2
1969 .2 » 8.1 1.2 1.3
1990 o .90 = &.2 1.2 3.7
1991 +8.9 » 107.2 1.7 Elaw
1902 138.9 - 293. 4 3.9 6.5
1993 8.9 » 268.7 .8 7e.e
1904 or.8 N 2£8.4 .9 ‘
1999 13e.9 . * 202.9 .7 ©
1996 2%8.7 - 724.9 b
1997 2%6.7 - 936.6 2.2
1998 146.7 » 1032.2 12.8
1999 24.4 » 1609, 1 13.2
2000 24.4 » °7€.8 12.1
coot .0 . 0°24.0 13.8
&x02 .9 - €71.2 18.%
€003 8] » £18.9 13.1
o004 .0 - TEE. 4 1?.2
a1 .0 L 714.4 17. 4
2006 N L 5EE. 8 16.9
&0u? . » £i1.6 1€.9
2008 .9 » 61.3 1€.0 -
2009 .8 - 11,7 2.9 -
2019 .0 - @, ? %.0 -
A28 .0 » 412.7 14,4 -
2012 .9 » 2£4.8 12.8 - .
013 . .9 ® 31%.9 13.1 -
2014 .0 ¥ cer.o 12.3 -
2013 .2 - 218.1 11.9 -
201€ 8 » 171.2 10.6 -
getr .9 » 139.6 9.6 -
ole .9 - 91,9 8.8 -
019 .0 - 7.2 7.9 -
0o .0 * 2.9 7.4 - s
o2l -] ‘ 1.9 6.4 - ;
‘2022 .9 » 2.9 5.9 +.0
023 .0 « 1.0 L7 .0
0e4 .0 » .0 2.6 2.6
SUES -] » N 2.6 2.6
coae .0 » .0 3.6 2.6
0T -] . .0 3.6 .&
0e8 N » Nl 3.6 .¢
c0as .0 x .0 T.6 2.9
Fyic ] 5] ® .9 2.6 5.5

TOTAL CAFPITAL HMESTMENT 1320.0
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1A-W

Capital Investment Sources

OWNERS
INVESTMENT
TOTAL PLUS CASH FROM OWNERS
CUMULATIVE OPERATIONS INVESTMENT
FACILITY PLUS DEBT PLUS CASH FROM
YEAR . INVESTMENT RETIREMENT OPERATIONS

l.~lﬂu01

1867 4T 45006
1983 87,4896
19€9 AT, 85905
1999 7. 459
1994 146.3%

" lf‘.-h.r i
4E7.5344

432,603

PF{.&NY VFLUE OF CAPITAL 1MV AT FARTE X» <M 19.99998

€%, (2407
PEESENT WFLUE OF CAFITAL 1NV AT FATE % 10,
T2r4. 4421

-
b4
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INVESTMENT

1.202031
2.38413
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Z.7ETRER

;ni..ece
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319,6379
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CASE - 1A-W
GLOBAL'SPENT FUEL LOGISTICS STUDY
COST SUMMARY - DOLLARS IN MILLIONS

WBS CAPITAL OPERATIONS TOTAL PRINCIPLE INTEREST OPERATIONS TOTAL
Total Waste Management .

Capital Expenditures 1,320.0 ’ 1,320.0 1,320.0 1,551.4 2,871.4
Total Waste Management

G8M Expenditures 1,066.1 1,066.1 1,066.1 1,066.1



Section E3.21
Case: 1A-A

Description: Fuel Cycle Center (FCC) baseline sum of transport, storage,
recovery, and waste management functions

Summary of Input Characteristics:

Financial
Enterprise ROI - 20%
Borrowing - 2/3 of any capital expenditure at 10%
Government financial participation - none (private enterprise)

Location
Transportation - from island in Pacific
Location cost factor - 1.0
Water provisions - none

Storage ‘
Type of storage - aircooled vaults
Storage cost factor - 1.0

Recovery
Start up time - 2000
Modular plant - single plant ,
Value of recovered products - 260 $/Kg spent fuel

Pricing
Service charge - average over fuel population
Recovery credit - none '
~.
Summary of Output Characteristics: _
. Capital investment - 4.804 billion dollars
Owners ROT - 21.05%
Service charge - $180/Kilogram of spent fuel
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CUST OF SPENT FUEL SEFVICE (DOLLAFS/PC)  1180.7€€
FRIE OF FETUSN O THIVETTHENT 0,005
TOTAL NET CHSH FLOW CQUEF TOTHL LIFE CF FROJECT 164618, 760
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Yearly Cash Statement
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Capital Investment Balance Sheet
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B2l-€13

CASE - 1A-A
GLOBAL SPENT FUEL LOGISTICS STUDY
COST SUMMARY-DOLLARS IN MILLIONS

OPERATIONS

TOTAL  PRINCIPAL  INTEREST

OPERATIONS

4,804.2 4,804.2 5,255.2

WBS CAPITAL TOTAL
~Total Capital Expenditures '
Recovery only 1,161.9 1,161.9 1,161.9 1,365.6 2,527.5
Transport only 616.9 616.9 616.9 561.4 1,178.3
Storage only 1,705.3 1,705.3 1,705.3 1,773.7 3,478.9
Waste management only 1,320.0 1,320.0 1,320.0 1,551.4 2,871.4
Total 0&M Expenditures
Recovery only 1,016.6 1,016.6
Transport only 565.5 565.5
Storage only 2,155.3 12,155.3
Waste management only 1,066.1 - 1,066.1
TOTAL 4,804.2 4,803.5 4,803.5 10,056.1



Section E3.22

Case: 21B

Description: Fuel Cycle Center (FCC) baseline except recovery deferred to
1990

Summary of-Ihédf Characteristics:

Financial
Enterprise ROI - 20%
Borrowing - 2/3 of any capital expenditure at 10%
Government financial participation - none (private enterprise)

Location
Transporﬁation - from island in Pacific
Location cost factor - 1.0
Water provisions - none

Storage
Type of storage - aircooled vaults
Storage cost factor - 1.0 .

Recovery
Start up time - 1990
Modular plant - single plant
Value of recovered products - 260 $/Kg spent fuel

Pricing
Service charge - average over fuel population
Recovery credit - none

Summary of Oupput Characteristics:
Capital.investment - 4.663 billion dollars
Owners ROI - 20.9
Service charge . -'$311/Kilogram of spent fuel
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Yearly Profit and Lbss Stétsment
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Yearly Cash Statement
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Capita/ /nvmthant Balancs Sh;et
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Capital Investment Sources
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INVESTMENT
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Cost Summary — Dollars in Millions
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Section E3.23

Case: 22A

Description: Fuel Cycle Center (FCC) baseline except recovery deferred to 2010
Summary of Input Characteristics:

FinanciaT
~ Enterprise ROI - 20%
Borrowing - 2/3 of any capital expenditure at 10%
Government financial participation - none (private enterprise)

Location
Transportation - from island in Pacific
Location cost factor - 1.0
Water provisions - none

Storage

Type of storage -~ aircooled vaults
Storage cost factor - 1.0

Recovery
Start up time - 2010
Modular plant - single plant
Value of recovered products - 260 $/Kg spent fuel

Pricing .
Seryice charge - average over fuel population
Recovery credit - none

Summary of Qutput Characteristics:
Capital investment - 7.068 billion dollars
Owners ROI - 21.6% ‘
Service charge - $198/Kilogram of spent fuel
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224
Yeerly Cash Statement -
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Cost Sumwatry — Dotlers /n Milllons
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Section E3.24
Case: 23A

Description: Fuel Cycle Center (FCC) baseline except recovery deferred to 1990
and variable value of recovery products

Summary of Input Characteristics:

Financial
Enterprise ROI - 20%
Borrowing - 2/3 of any capital expenditure at 10%
Government financial participation - none (private enterprise)

Location
Transportation - from island in Pacific
Location cost factor - 1.0
Water provisions - none

Storage .
Type of storage - aircooled vaults
Storage cost factor - 1.0

Recovery
Start up time - 2000
Modular plant - single plant
Value of recovered products - variable $/K§ spent fuel

Pricing
Service charge - average over fuel population
Recovery credit - none '

Summary of Output Characteristics:
Capital investment - 4.663 billion dollars
Owners ROI - 20.6%
Service charge - $294/Kilogram of spent fuel
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23A
Yearly Cash Statement
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23A

Capital Investment Balance Sheet
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23A '
Cost Summary — Dollars in Millions
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Section E£3.25
Case: 24A

Description: Fuel Cycle Center (FCC) baseline except variable value of recovery
products

Summary of.Input Characteristics:

Financial
Enterprise ROl - 20%
Borrowing - 2/3 of any capital expenditure at 10%
Government financial participation - none (private enterprise)

Location
Transportation - from island in Pacific
Location cost factor - 1.0
Water provisions - none

Storage
Type of storage - aircooled vaults
Storage cost factor - 1.0

Recovery
Start up time -.2000
Modular plant - single plant
Value of recovered products - variable $/Kg speﬁt fuel

Pricing ‘
Service charge - average over fuel population
recovery credit < none

Summary of Qutput Characteristics:
Capital investment - 4.777 billion dollars
Ownérs ROT - 21.2% |
Service charge - $179/Kilogram of spent fuel
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COST OF SFENT FUEL SEFUICE (IOULLAPS/EC)  $179.272
PATE OF FETURIE G THOIESTMENT R0
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24A
Yearly Profit and Loss Statement
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24A
Yearly Cash Staterment
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24A

Capital /nvestment Balsnce Sheet
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24A

Capital Investment Sources
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Cost Summery—Dollars in Millions
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Section E3.26

Case: 25A

Description: Fuel Cycle Center (FCC) baseline except recovery deferred to
2010 and variable value of recovery products

Summary of Input Characteristics:

Financial
Enterprise ROI - 20%
Borrowing - 2/3 of any capital expenditure at 10%
Government financiaT participation - none (private enterprise)

Location
Transportation - from island in Pacific
Location cost factor - 1.0
Water provisions - none

Storage
Type of storage - aircooled vaults -
Storage cost factor - 1.0

Recovery
Start up time - 2010
Modular plant - single plant
Value of recovered products - variable $/Kg spent fuel

Pricing _
Service charge - average over fuel population
Recovery credit - none

Summary of OQutput Characteristics:
Capital investment - 7.068 billion dollars
Owners ROI -:21.4% o
Service charge - $194/Kilogram of spent fuel

E3-153
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25A

Yearly Profit and L oss Staternent
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1999 .0 s n12.% 1%
2000 .9 1 %53, 1 3 1%
2001 .0 723.3 7e8.3 TER 15
e .0 79,9 752,90 3454 1s
2003 .9 22%.1 236, 1 99,9 16
2004 .9 €67.2 22r.2 353.9 165,
2005 .@ €34 9234 2395 149,
s .0 23,7 23,7 : i24.90 113,
2607 .8 932.9 22,9 3 B8E.3 160,
£e0a .0 $22T.3 923.4 3 590, ¢ £
2009 .0 924,90 .G < 7 TO7.8
2010 2ee7. | e33.2 3 ! 7i7.2
2011 £512.8 $23.4 2 117.7 324.7 7i2.6
012 CE49.3 23,7 ¢ 117.6 322,90 7ig.E
013 267S.€ 22,9 7 117.9 323.8 T11.8
2014 er1%.t s 1174 13,4 Ke3,7
2043 273s. 7 1174 9.2 £70.9
2016 z7re.2 s 117.3 2841 €31, 9
2017 zee1.7 1 - 117.2 ZE8. 4 £27.9
zo18 2633.2 5.9 117, 2e3.8 £1e.3
019 29%5.8 3759.8 1172.0 237.2 20,1
020 28952 3619.9 16,9 21%.4 5%, 7
2021 29er. 6 7€51.6 116.€ 01,3 1.1
2002, 21,2 3284, 5 116.7 162, ¢ 3.2
20e3 £990.6 3914.9 116.7 153.%
2004 39082. 1 3249, 7 116.6 143.7
2ves 30%3.6 3985,5 118.5 1232.2
2026 208%.9 2003, 4 16,4 102,
foz? 3116.% 4040.% 116.3 72.8
2028 3148.0 S081.2 11€.2 25,2
&xee 3179.5 4102.8 1161 i
2030 3211.9 : PEE 115.1 : T483.9
BEIINVININUBOROIRNQOIBLOANLY SNADAD IS IWEAPRARY SPAPEIRED eABRARAINSIADDIESIORR
TOTL 0827, & E4+: 3 «TL ToEe 9 AT B 4d534, 9
X3 1147, 7 51%.9 1763.6 8.8 120.9 c 742
506 361.2 193.8 238, 1 L.t 47,9 8.8 s
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UVIF THFRICED ENTEFFFISE

25A

(20 N S T D DO I I B I O 4

aP0%e.2
33147.0
IBTEL. R
“Q423.2
44121.3
47844, 3
Z19%2.0
$9380.4
o195, 4
530%0.9
Se214. 8

TLFOFE TA®
ALUAL FeRun
rERP CAREH N CREH T 1E
IS XX ENNEYFISRAVIRENS Y2 ¥) ERXIY YT Y Y
1978 2.7 iT.Y -
1e72 T2 2%.3 -
1969 T3 et -
1531 16.7 4.3 -
1982 4.1 3.3 -
1983 4.8 4.0 -
1984 4.9 78.2 -
1938 737 73.3
19€e 2.4 $1.0
1967 199.2 £3.¢
1ecs 120.3 7S.6
1939 1£0.9 714
15999 18e.7
5031 215.6
1992 CEB. =+
1693 G7r.%
1694 54,9
1995 <2%.6
1994 4%7.0
1997 c1%.8
1998 et
139 8l2.%
2600 663, 1
20eL 7¢8.3
2002 Tv9.0
<e03 32%.1
2004 gev. 2
2005 oe3.4
N0 23,7
2007 °32. ¢
2008 “@3.4
2009 ¢4, 0
Zole 3%30.3
2011 3BZé.2
012 3%¢38.0
2013 . 3808, 7
2014 38238.%
019 86T
e01s 3703.%
eoL7v 27T
2018 T6.2
2019 37€9.8
2020 3819.9
el i Y
seR 32e4.9
2023 . 3914.90
2024 I948.7
2029 3%86. %
cecé 4008. 4
«o®e? J040.9
cves 4031.2
e 41€2.8
2039 4134.6

PATE OF FETUFN 10 EMTEFFFISE OHNER

PRIE OF FETUFN FFIEF TR: OF EMTEFFFISL

21.4€%
21.56% )
i
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Yearly Cash Statenent
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LIS B L B

Fil i

cese. 2
TOTS. 4
21e0.2
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25A

Capital Investment Balance Sheet

CRAPITAL * £D WOFY THG Lot TERN G
VERR: HEFSTNENT ) FESETS CRFETRL SFET MY TS
RARDBARBINP NP ERCLAACRRAAPSQREIP04RCP S CIODUIRIAIRIRAVDAD BUIBPDAGGANICODINOISIVNPOIDDIABINIVVINNINNRL4080040080¢000008RDRGE
1978 76,2 » T3.7 1.0 Py
1e7e 53.7 . 183.4 - : 1.7
1969 32,9 » 157.2 2.3
1981 79.7 % 221.1 3.3
1962 €s.2 » 298.8 4,5
1983 7.6 ® 373, S.<
1964 T0.5 - 528.0 6.6
1985 ©1,4 . SE4, D @.0
1586 “31.% » 477.6 a4
1957 41.8 ® +98.8 2.8
168 23.9 . 00,6 +.0
1269 8.7 ) 14,9 4.3
1999 52.8 » 132,23 P
1991 5,3 . 99,9 %.9
1e02 - a6.0 . €£2.0 .9
1993 169.2 » 724.8 7.2
1995 97.4 . ¢ 769.3 £.9
1805 11,4 - £44.8 6.0 .
1998 e7.3 » £90.8 0.2
1997 a7.4 . 232.5 1.8
1998 136.2 * 1607.% z
1o 111,94 . 1992, & 40l
2000 48,3 - 1318.7 .
2001 CET.2 - 1££8,7 4.8 o
2ve2 2%2.% a 2113.8 3%.2 4.5
2003 07,3 . E4€0.7 43.2 il.B
2004 230.8 . 2849.0 48,4 o2 4
zves 343.9 » 3495.2 £7.0 TLE.
2006 £29.8 ~ 4991, 8 €21 FET, 1
2007 L16.1 » “3%6.4 U 69.% 19,7
z00e 0.7 » 4323, 4 71,1, £94.7
o5 270, » 93993 72.2 Tre.T
2010 1¢.6 « 4160. € £9.7 " 543, S
2011 14.4 - 2844.8 is.7 97,1
ze12 5.2 » 3281.0 TE.6 378.7
2013 13.1 . 3323.6 T4.4 3.3
ol4 6.5 x 3072.3 72.0 T
2018 5.8 ® 7826.2 £9.4
2016 5.2 » 2%£0.9 6,2 -
017 13. 1 ® 2351.8 4,2 .~ -
2018 24.9 ~ 2137.90 ¢l.€ -
2019 a2 a 1716.€ 9.0 -
2029 6.6 a 1687.9 v o6, -
z021 11.7 « 1476.5 23,0 -
ez - 13.1 » 1274.8 s9,9 -
20e3 5.9 b 1681.% 46,7 -
2024 15.1 . 1.9 43,4 -
202y 16.% . 710.0 39,9 -
2026 7.4 . 548.5 6.9 -
xe? 20.9 . 2€5,9 2.7 -
2028 . 13.1 » 162,94 €.6 -
2029 5.5 % 1 &4.1
23 12.9 . - N 19.%
TOTAL EAPITAL IMVECTNENT 7057, 9
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25A

Capital Investment Sources

TOTAL
CUMULATIVE
FACILITY
INVESTMENT

TH.24001
182,29
169,92

S11,5%64
1011.508
1169, 1%8
1220.%78
1317.212
1419, 868
1951518
1662.935
609,272
2576518
3009, 068
3936.396
4007, 188
$911.047
5749.536
£2%6.96%
6547.664
6799, 023
£512.633
<627.031
5832, 3T

843,316
5851853
6558, 678
CEE3. 61

BETE. 57
€991.8%76
$911.248
€917,759
929, 327
942, £
598,551
4ar). 028
$968. 117
7015.516
TOS5. 363
7649, 41

T0LS.91

7067.91

OWNERS
INVESTMENT
PLUS CASH FROM
OPERATIONS
PLUS DEBT
RETIREMENT

112.¢079
143.5
1e8. 2%
196, 1208
S04, 1003

S22, 16
o

o4

TR, 1816
733.9617
IE0.4713
1140,092
1202, 142
12.83.472
17£2.0€3
d1l1e.322
451,001
évde,al
au4r. et
e v?
a

T11C.5%4
Ele.822
30,137
SroR.elG
T9€E,. 484
231, 1é4
492,18

£7ee. 009
TN, 497
TRe7T.T7

FRESEMT LALUE OF CRPITAL 1) AT FAIE % n

IT.0192

FEESENT LFLUE OF CPRITAL INU AT FARTE X» 1M

Co. To0R
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PLUS CASH FROM
OPERATIONS

OWNERS
INVESTMENT
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25A
Cost Summaery — Dollars in Millions

zs : CLIMITTED CrsT : FUFILLD LT
CFFITPL  CFEFRTINNS TTEL FEUGIFLE  IBVEREST CFERRITICHS

BASRAIINININBNILESANINNNRIRCARAIER IR NGRAGARERINAINAE0C0CIRIPI000EATANANNECCE009000000 400000 RS 940000000000 000c00000 0D essese

S.u IQTFL 4 THien.0 I1847.0 -8 ¢ Tres7.0 .
1.0 C?F‘ TFL 11EEMS % 7y0e8.0 » . )
$VEIEN FRCILITIES-ECUIFNENT  Sesi3.8 - -

SHIF n 1635.9 a -

CFEY . N 2€5.9 . 3

SN CFr1APCPTERP.FALL CAP - 18.4 d &9 K4

r¥iL orF LG » 0.8 4 Q.9 3 1.8 *

Cr5) SEFINFOPVER . » » . : *

"fF(F? fF-C = 1.6 u 1.0 1.8 2.¢ &

: 48.8 : 48,0 .8 1.8 >

: 24.9 a 24.0 | 41.3 6%.3 ¢

L] . »

n 116.8 - 116.9 201.2 517.2 &

= 2. « «ga. 381.% . 2.7 -

» - 18.0 - 16.0 11.7 s.T »

* K 1,75%.8 & 1,727.8 11€83. % 3e363.7 8

» [ ] . »

] - . LY

LA a 47,9 47.0 47.0 . 80,9 -

LCr{ IRTER FFRC. . . E , $7.8 c, 67.0 a é7.0 *116.9 »

Pl FFCC FRC . B 1,273.4 108741 * 1027400 1,338.6 =

FECCVERY FRC . B 1,305.8 . 198C6.8 @ 1HECE.4  15469,3 ]

-LFFC?Y F¥. C LI‘HES ZCUIPMENT - 14.7 4.2 a 16.7 © 24.% s

e b u 2.4 2.4 a 2.4 2.9 x
& . L 12.2 1z2.2. » 12.2 it d

3 CCeT L £24.0 £24,0 - £24.0 1181%.9 -
lew ’"Fts‘l‘ PG Cons » 81s.3 - £15.3  »  81%.% 12013.0 .
2.0 CFEP ¢ I'AINT e . 30E47.0 erb-h.o n B0&sT.0 *
2.1 CIFECT LRICP L 1:024.96 1r1ET6.6 B 1162, 8 K
2.14d FCFT & FEC 1FFIS » S el - .1 -
£.1.3 LETER ‘~F:m ﬁtc(\ﬁCPT) » 14%.8 1<%.8 = N ‘ !45.8 L
€.1.3 FRIES EF3IN PACITPCRT) u - . -
delos LRTER ZATIN STCOR . » 27.1 2r.1 i . .1 »
Gelel Frey Fhi. LAZCR I n L4
.40 FFrCr FRC LFICP » 313.7 313.? » M 313.7 .
&.1.7 VRLLT RPFLFCCI ENT LASCR a 44,0 44,9 = 4.0 -
2.1.8 CICLCLIC F2C 10D LALCR n » a
2.1.* CFEF TEFNS tRINT LAB » 20.8 .8 n 0.8 .
i.1.1¢8 LCI LK FFCCRE LREGP = . 14,5 14,3 Il . 14.% #
S.1.41 rlli PENC LFELP [ £21.8 221.8 » 22i.8 &
&.lail FECCICFY ILHIT LAY - 221.8 21.8 . ez1.3 *
2.4 SLIIFECT LEICR . a- tes€d.2 1r1dé2.2° = 1ex82.2 »
2.e FCPT ¢ FEC TFFNS LFB . » ol Al - . 8.4 ’
e SECINFCPTIT LA n ‘218.6 21E.6 ™ 218.& »
é .ric (SFLPTY 1 LA3 L L - o
é t.2. 2TCF IO LAS . 40.8 0.5 » 49.9 ¥
FFiY FPC (DI LAS -& ’ . » . »

FFRl} FrC 18D LAS = . ‘70. 470.4 = 470.4 a

TRLLT II'S LRECPR ¢ » 85,8 $3.3 » £€3.8 &

LEC FEC 1°CI INZ LPB » W ® . b

CFib TRFI3 MRINT LAB . 4641 <6.1 » N 6.1 ..

LIILY FEGC M LAB = 21.3 21.3 3 i 21.3 il.3 o

Vi FFCC IMD LR2 u 29%.7 8.7 i ¥ 7 S¢S, ¢

SLOFLFNT 10D LR3 & 29%.7 eee.? L 2‘...: E50.T s

FRTEFIFL SLP UTIL ECT » €83.7. 63,7 » 663.7 .7+
FIRTIFLC FI.S n 3.1 3, ¥ [ Bes 4

FEC CPNG & PCRY » 218.6 218.6 » 2lE.8 €ié.b »

. FEC RIS 2 FORT = » -

t. STCFPCE (FHS » 490.5 9.3 » 0.9 «0.5 &

FFO (P'Q’::Ool " . ~ . . I

Fm. _CFIS% » 224.3 224.5 ® : 224.9 -,y v

T CFIS . . 3.8 €s.8 » 2.8 €26 B

.:u.cc ¢ nc CFhS » . -

<) » 46,14 6.1 & 6.1 8.l B

» L] " -

SCEDTY ¢ - L& . L
CCOVERY FULANT CFES = ] s -

ul TRECYED <EF"ACi$ L 424.9 424,9 a 424.9 codgd. S »

NP ch . ' €24.86 . 2.6 = R1.6 © 3El.s

% TLRT FEE ‘ LS . Qo O & 0.4 2% S

€L.FCF FCPT FLE 2YCR ‘ . - ’

L3 FAILISE 1) STCR) . - 17.2 17.2 ™ - 17.2 17.e »

ELFCF PRI TFENS = = 3

i: STLEITIRE CREG) n 3.7 - 68.? r 0.7 8.7 ¢

LLAQP ZT0FC ' .. . » .
(R4~ T co= - s

LLFCP FRC LR ! LA ~ #

il EUFCP LGTE SIe b » .

13 ERLHRI ] 4 . 16.6 16.6 » 16.8 1,6 o
ELFCP FRIL TEFRISP .. L 3 -

ELPCF FRIL TFAIS - » a © .

I’ FfF‘I FEE » - ) Q.4 L 0.4 C.4 »

. a ]

a » [

33 » hd » [y

PFLIFTE ECET FFE . » a s

FF FRIL TBFLSP L] [} »

FRC PRLIL 2P a a f s

. A : » L3

TLOCn TELET FUND - . N 121.4 . . 2.6 s
lltl.“..‘l'40QIOOIl'.'..0Ol..l‘o!d.‘l.l....l...'ll'Q‘IDIllll I XA YT FY YA YY) SOODORIDIIDIDNEITLNINAPOSOADIRSSNAN 00
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Section E3.27

Case: 31A

Description: Fuel Cycle Center (FCC) baseline exceot recovery deferred to 1990

muTtiple recovery plants and variable repiveessing revenuc

Summary of Input Characteristics:

Financial
Enterprise ROI - 20%
Borrowing - 2/3 of any capita1 expenditure at 10%
Government financial participation - none (private enterprise)

Location
Transportation - from island in Pacific
Location cost factor - 1.0
Water provisions - none

Storage . .
Type of storage - aircooled vaults
Storage cost factor - 1.0

Recovery
Start up time - 1990
Modular plant - single plant’
Value of recovered products - variable $/Kg spent fuel

' Pricing
Service charge - average over fuel population

Recovery credit - none
~

Summary of Output Charaéteristics: .
Capital investment - 5.077 billion dollars
Owners ROI - 19.8% |
Service charge - $216/Kilogram of spent fuel:
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COST F SPENT FUEL SEFVICE (DOLLAFS,

-PATE CF FETUFN 0N TIVESTHENT 20,00
TOTAL 1ET CASH FLOCH CUER TOTAL LIFE OF FROJECT

Q)

%

ig1771.%60

e+ ————————
J1A
Yearly Profit and Loss Statemment
PEP SEFU CH ™I LEP €1
YERE: FEVEINE CIUE FEVENVE €4FEN 10t CHE
ARVALSRAIDUYASSROBIADTAS SD8LS00RSERALBPDNARSITNGS [ T TIY T YY) ..'....‘I.-...".......- .....‘..0.'..‘.l..l....‘.‘l...
1978 .2 2.9 .8 .1 - £.¢
1200 i 53 i 2 3.8 M 4
17 . o1 . - X - 1T
lggé .g 13.6 12.6 f.g ég.? - l;.:
1§ . se. ! 3.1 %. I - 18.¢
19€3 0 49.3 -9.3 c 8.9 4@.1 -
1964 . 5l.3 %l.3 7.9 9.7 -
3051 s £3.3 23.3 co.1 89,9 -
. 20.8 ££.2 -
4.6 1e%.1 -
1e7. 7 €5.3 180.7 -
00.8 55.9 132.7 -
4.9 1.3 145.2
e%.2 i24.1
£52.9 9.6 122.8
e 111.8 167.0
118.4 1£8.9
118.9 173.4
116.€ 18241
117.2 192.2
e 4 198.¢
118.9- 14,2
147.7 199.2
146.2 i€
148.7 1290.5
149.2 174.2
149, 9 1€6.2
120.4 19%.6
120.2 120.4
120.3 141.4
170.8 - 132.%
199.7 122.0
1%0.7 112.0
150.7 1u4.2
13,7 9.9
150.8 €3.4 ,
120.6 £2.6
120.6 7.4
120.5 2.8
128.6 €8.1
120.5 €3.%3 153t8.1
120.3 £0.9Q
120.3 7.3
. 1285 s2.8
120.5 49,4
158, 4 6.1
120.4 .1 161
13Q.4 “9.7
122.4 ;.2
129.3 31.5
1%0.3 204
l§5-3 12.€
%0.2 1V4T.
'l‘.l.....-':""....l..'. '..-..‘l... ..‘.....".'...‘I.'.O '.‘...'...'....I....
TOTL -6441 .S 364¢8. 7 STESS. 4 X I3-B LRI Y ie330.% 1T246.6
[ 51 1064, 9 €87.3 1732.2 113.% Ll .8 0.0 91,9
AL 3T%.2 cles e ] 5.7 31.2 0.2 av.l 250, 6
~
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31A

Yearly Cash Statement

U INALICED ENTEFFRISE FIMFICED ENTEFFFISE CHNEFS
IEFOFE TRY FF1EF THA .

AHIURL AL FititURL .Cum A UFL Curt FRIRL Cunt
YLRP CAsSH In CRZH DT HET CRSH HET CASH HET CREH  1IET CHEH HET CATH TET CASH
FTEY Y TTL PY TP RO PR RY YY) OB OISR ARSI IR INAINN00 e ORI R INPAVE0RE IR IINAN00¢00000500800000000000848080084
1978 : 3.0 76.T 73.38 cS.% ¢2. 0 S . - ¢
jere %
1989 €.1
%81 18.6
1982 38.1
1983 +9.3
1984 61.3
1985 €3.3
1988 103.1
19687 121.8
1928 167.7
1589 0.8
1999 +24.%
1991 64,9
1902 "682.9
1993 €06.4
1994 S3I9.
1999 1078.5
199 1134.1
1997 1385.8
1998 >
1999
o
3y

7.
48.7
4.3
£1.4

179.4
£0.3

127.%

]
[
e

'
o
(&

()

R

WOETRAN~) b
D=~ POBWIC- LD

(.5

2}

[T}
. « X
RN

LI U O I D O B I B Y |
LI I L I I B A L

LN I R R O LI I I A I )
L B R T B S B S SR SR

-
-
s
o
[ D I R I A B 2 e e A |
-
@
)
©
©

[ B Y]
207, %
202.7
19w, 9
ius. !
124,98
eus. !
192.9
201, 4
€00, 1
i72.%
1€3.9
<v7.8
{84.8
<05, 4
183.9

00,2

12012, %
1reif, |
15833, %
cUerT.8
21744.¢
izeae.e
2478%.%

43473, %
47223.2

817714

2€20.9

FRIE OF FEIUFH 10 ENTEFFFISE QWIIER 19.79%
PATE OF FETUPN FFTEF TR OF BIIEFFRISE 80.89% -~

.
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31A

Capital Investment Balance Shest

CAPITRL 2 FI/ED HOFY INC LCre TEFM CHHERS

IHESTHENT » ASSETS . CAPTTAL EET i
RAARBADDESRIARARDOINALIAINVORNARAFAGSADYRINDURIBIDANROEDRDNG LA CRDOADAIORGIIDICIRERNIONINDOIINNINOGIDICL0P0AINNIINAARAARARD
1979 9.9 4 T2.7 1.9
1979 3.7 A 121.% 1.7
1560 39.9 a 124.6 2.3
1%e1 106.4 » e%0.9 26
1902 212.2 L 442,7 £.2
1983 1e2.3 . %419 7.6
1984 1£9,9 R 6%9.7 a.@
1563 ¢€2.0 A 29,7 12.0
1966 - 2%6.2 . 1132.7 ir.e
1967 200.8 & 12€8.3 2.3
1968 é%6.2 o 134%.0 31.0
1%ee £0%.4 b 1£79.7 3.0
1999 @21.3% - 1799,2? 3%.4
1994 - 1€8.9 s 1£69.2 41.%
{eo2 174.4 » 1937.2 43.3
1993 112.2 2 1928.7 e
1994 Bd.4 - 1909.92 Tes
1999 1e9.1 b 1318,7 2
1999 V0.9 . 1991.9
1997 3 »> 20e4.8 &73.7
1998 197.7 * 218€e.8 V.8
1909 39,9 * 2013.8 127.9
2000 we.9 - 192¢€.0 15,9
o091 4.5 x 1€30.¢ 113.¢
002 +48.2 » 17e7.1 B
2003 3.8 a 1631, ¢ 7.3
2004 44.6 » 122%.9 &l.5
e00% $7.€ - 14322.1 T.e
2906 41.7 » 132%.1 - 4.2
2007 0.6 = 1233.1 - 1.9
<oes 49.3 A 1142.¢ - 11.2
2009 28.7 x 1637, < - 13.3
919 3.2 - ™E.2 - i1.é
2911 S7.4 » 6€2.1 - 1.7
2el2 33.9 » €1%.0 - o1
2013 9.8 » 7r0.7 7.9
2014 xT.2 » 711.8 KIxd
201% ~.6 » 672.2 1%.2
2016 48.9 - W €33.7 3 28.2
eoL7 41.7 v 296.9 e 2.6
cols 67.% w 81.9 3 33.7
019 2e.! - 36.4 33 37.0
2820 7.4 . Tl19.¢ 34.6 w5
202t 40.4 * 271.3 3.8 4€. %
foce .8 » 449, € 3.3 St.l
2923 3.9 - 416.% e.7 6.4
2024 7.1 . l2e9.2 2.4 =67
02T +48.08 - 3435, 6 31.8 +3.¢
0B 7.1 & €. 0 31.3 43,7
44 3.0 u 22%.9 0.3 39.7
<08 3.5 x 132.8 . &3 3.
oBE? 6.5 I - o1 7.3 iTv&
& ¢e.€ » - .1 28 €%.3
TOTAL CRPITRL IMESTMENT 0777
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83
83
-0

2012’

31A

Capital Investment Sources

TOTAL
CUMULATIVE
FACILITY
INVESTMENT

75,94
129.89

OWNERS
INVESTMENT

PLUS CASH FROM OWNERS
INVESTMENT
PLUS CASH FROM OWNERS
OPERATIONS

OPERATIONS
PLUS DEBT
RETIREMENT

4911.27
{249,078 *
W77, 707

ntsarr;-niz OF CRPITAL IMM AT PRTE % SN
FE )

&3, 8455

w7
FRESENT 'ALUE OF CRPITRL IM' RT PATE %

1399.631
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20,0682

42.79768
3. 97499
91.69312
161, 1224
01,5246
e61.%11%
324.5649

S arae
I8, 44T .

£22. S
£50.74%8
T€2.8%06
€19.%87€
€77, 13%2
©14.1727
T2, 0478
<4, 6301
1620822
1126.4%4

1442,.€77
1264.317
147€.266
1200,.261
1912.131
1532.06

1543, 401
12€3.814
127€.043
1396.€%6
1612, e
1£31,.%2

1645, 727
1664, 094
1€56.199
167,647

19.99998

INVESTMENT

5. 0602
42,79768
£35.974%8
21,09317
151, 1225
201, 8247
51,5417
24, %49
439, 1272
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Management

WBS CAPITAL

CASE - 31-A
GLOBAL SPENT FUEL LOGISTICS STUDY
COST SUMMARY - DOLLARS IN BILLIONS
OPERATIONS

TOTAL PRINCIPLE-

INTEREST

OPERATIONS

TOTAL

'Total‘Capital Expenditures

‘for Transport, Storage

Recovery and Waste
5,077.8

Total O&M Expenditures
for Transport, Storage.
Recovery and Waste

Management

5,077.8 5,077.8

6,019.4 6,019.4

5,253.6

6,019.4

10,331.3

+ 6,019.4



Section E£3.28

Case: 32A

Description: Fuel Cycle Center (FCC) baseline except recovery deferred to 1990
and multiple recovery plants

Summary of Input Characteristics:

Financial
i Enterprise ROI - 20% A
Borrowing - 2/3 of any capital expenditure at 10%
Government financial participation - none (private enterprise)

Location
Transportaticn - from island in Pacific
Location cost factor - 1.0
Water provisions - none

Storage
‘ Type of storage - aircooled vaults
Storage cost factor - 1.0

Recovery
Start up time - 1990
Modular plant - single plant
Value of recovered products - 260 $/Kg spent fuel

Pricing _
Service charge - average over fuel population
Recovery credit - none

Summary of Outbut Characteristics:
Capital investment - 5.077 billion dollars
Qwners ROI -19.8%

Service charge - $216/Kilogram of spent fuel
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COST OF SFENT FUEL SEPUIICE (DOLLFFS/HG)  $£223,303
PRILC OF FETUFN ON [TESTHENT g, 002
TOTAL MET CATH FLOW WEf TCTRL LIFE OF FPFOJECT  170649.316

32A ,

Yearly Profit and Loss Statement

FeP SEF CH 10TRL EF TCTFL et

YERF FELEIWE FENEITE FELEINE CFED £OFEDN = UL OHE
RASAPRBINARDOIRDANSSRINACIA G024 NISIRD 0A0DRBSVAA00 02D V200V 2040080000400 0 Y IYSRITYPRVY VY
1978 . 3.2 3 %l X -
1979 .9 7.1 7 £.6 -
1960 .0 8.8 © 11.2 -
19€1 .0 20.1 20 18.2 -
tsg2 . 4.1 4t .2 -
1963 .0 3.2 3 20,1 -
194 .9 86, 1 5 1.7 -
1983 .9 29.8 g2 £9.9 -
1986 .8 111.1 111 6.2 -
1987 .9 131.3 131 165, 1 -
1568 .0 120.8 130 120.7 -
1569 . 216, - @ -
1990 - 2¢1.1 Zera < 135.3
1994 318.2 ive.3 . 4.1
1992 379.6 312.3 &9 1£2.9
1993 341.9 369.9 167.9
1993 202, 4 339.0 8.9
1959 54, 1 $12.0 173.4
1995 €25.5 49,7 182.1
1997 £87.9 €12, 192.2
1999 748, 4 $68.2 198.9
199 £0%.8 7258 194.2

371.9 797.8 190.2
2901 332.9 £76. 1 186.3
00 4.3 ©13.0 180.%
2003 10%%.9 @93.3 174.3

1117.2 1067.3 166.3
o0s 1178.9 1110.8 @6 3
2006 1240.3 1111.2 120.4 5
o7 1249.3 1122, 4 151.4 €
2008 1240.3 1119.8 132.¢ 6
2009 1840.3 1111.9 122.9 1
2010 1240.3 1122.7 112.9 -
2011 1540.3 1110.8 104.2 o ,
2012 1249.3 1111.2 99,3 3
o013 12490.3 1122, 4 33,4 €
014 1240.3 1110.8 16,5 £2.¢ o
2019 1249.3 1111.9 136.6 T4 5.4
z016 1840.3 1122.7 120.5 7e.8 7
o7 1240.3 1110.8 126.6 €8.1 A
2018 1240.3 111.2 1565 £2.5 {
2019 1299.3 1122.4 . 20.5 0.9 1
2000 1249.3 1110.€ 129.% %7.3 e
2021 1240.3 C1111.5 120.% 2.6 £
202 1240.3 12,7 120.% 29,4 H
@03 1240.3 111€.3 126.4 461 &
2024 1249.3 1111.2 120.4 sd.1 ¢
xes 1240.3 1122, 4 150, 4 .0.7 +
086 1246.3 1110.8 126, 4 3.2 €
et 1240.3 1111.8 150.3 3.3 Y
03B 1246.3 11227 156.3 2=, 3
HNe , 1840.3 1110.8 0.3 15.6 .3
030 1840, 3 1111, 170,28 ¢ J€.% 169,35 e 154%.8
LGV ERABAIRSRIDECLAPIIDICRASRNQ 00 COABOADPADASIDISARACPOIDIPRAVAPAARARDAGEANGLARARANAGNICNARDPIR SAPOSADIPRISNIDIN
ToTL JE474.6 19271.8 Y1746, 2 0197 LEtz. TS 15350, 4 40378, 3
T 0t.4 741,09 17424 113.8 29,1 9.8 208.% 472,90 ?61.9
1446 2.2 233.2 60,4 3.7

St1.2 0.2 CeT.d . 1e8.¢ €359.8
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J2A

Yearly Cash Statement

WVFINANCED ENTEFFFIZE FUFIICED ENTEFFFIGE UHLIERS
IEFCFE TRV HFTEF TRY:

FHPORL FHNIURL AIPURL cumM Fi 0L LM FiLURL UM
YERF CREH 1M CFGH OUT VET CFiM HET CASH ney H 16T CRLM HET CARZK HET CASH
RARAAGOCRFARIDIBISSPAIIOURINCILIONDRDOCOIs ONREOPIINININI06080000000 50400400 0000800000000 00000004000cR 00000000000
1979 3.2 TELT - 7 - - - - -
1979 7.1 2.2 - - - - - -
1oce €.8 42.4 - - - - - -
1964 20.1 110.8 - - - - - -
1962 48,1 17 % - - - - - -
1263 3.2 139.2 - - - - - -
1564 €6.1 185, 8 - - - - - -
1985 §¢.8 M - - - - - -
1924 135 T% T - - - - - -
1987 131.3 | - - - - - -
1958 1€9.8 - - - - - -
19€9 21€.S - - - - - -
1999 <€E.1 - - -
1291 STT.S - - - -
1592 €9e. @ - - -
1993 g10.9 N\ - -
1994 941.4
1999 1676.1
1998 1179.3
1997 1366.6
1o98 14328.6
1999 1846,.6
2000 1€€2.2
oot 1€99.0
2e02 1997. 4
3003 2049, 3 12999.2 oS, 7
2004 2184. % 14%29.2 109, %
2005 2289, 7 1147, 4
<e0e 23%1.% 11213
2007 c3e. 6 12091 .4
<008 23%1.1 11354
a9 2351.8 [
2010 23€3.0 18€3.%
aglt °331.2
2012 e3%1.9
2013 2362.%
2014 311
1T 1.8
201¢€ 2363.9
2017 2331.1
2018 391.9
2419 a362. €
B -23%1.1
33 a3si.8
0z2 2363.0 0Qe7T.3
S0E3 e3%l. 1 2136041
2024 a3%1.9 '
20es 2%e2. 6
2026 eso1.1
T 23o1.e
&eg 2363.8
anee a3%1.8 £347€.7 = 9
2030 a3%1.5 T8649.2 124%.2 4630
FRTL OF FLIUFIL 10 ENTEFFFISE QUIEP 0. 18%
ML &F ruurn‘mru: 1A OF ENTEFFFISE 0. 35% —

-
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32A

Capitb/ Investment Balance Sheet

CAPITAL = FIYED HOFNING LOHC TEFM [ 1]

] IMESTHENT > RSIETS CRPTTRL LERY ECUITY
AMRDARRARRARRDIARENRADINIAASSCARDADRLNSIBANNISTIOCACRLIANINNAISGDRIAIDNGCARINS SOPVANSLAIDILNNDIDDISPOG00ORAB 0000000002 ARANNA
1978 ) 7%.9 » 2.9 ) 1.9 0.4 3.8
1979 53,7 a 121.9 1.7 7.7
1500 329 ~ 194,85 2.3 6.0
1981 10€6.4 » 220.9 2.6 73.¢
1982 : 212.2 = 442,?7 .2 120.%
1963 123.3 » 241.5 7.8 193.3
1984 1£0.9 ] £$0.7 9.9 190, &
1263 2e2.0 5 29,7 12,9 O
4966 . . 2%6.2 . 1132.7 17.8 1.0
1987 300.8 = . 1%€8.3 28.3 2%0,8
19€8 2%6.2 » 1949,0 31.9 291.1
19€9 20%.4 » 1670.7 3.0 3%,9
1959 . e21.5 . 1799.?7 39.4 13,5
1991 . 168.9 » 1669,2 1.2 e,z
1982 * 176.4 - 1932.3 %3.2 88,2
1993 112.2 % 1928,7 $6.2 x2.%
1994 4,4 » 19€9.8 474 7]
] 12,1 x 1918.7 “6.2 ErnLE
1996 . 200.6 » 1991.9 49,8 2rs.o
1907 . 229.3 » 024,68 1.6 73,7
1958 187.7 . 2128.2 2.% @o.8
190 30,9 » £013.8 %2.2 197, 9
2000 %9,9 . 1926.9 6. 12%.2
2001 4.5 - 1836.8 85.7 113.¢
2002 48.2 » 1727, 1 4.2 7€.%
2003 s5.8 » 1£31.8 s 53,9 ST
2004 4.6 » 1285.9 £2.¢ 2l.a
20685 7.6 x 1432.1 S1.7 7.8
X0s 1.7 » 132%.1 %0.2 - 2.8
2007 %2.6 » 1233.1 48,7 - 19,
008 49,3 » 1142.€ 47,2 - 11.2
2009 8.7 * 1037. 4 45,8 3 13.3
2010 5.2 » g, 2 43.¢ - 11.6
2011 57.1 x £88.1 2.9 - 1.7
o112 3. x £1%.0 41,9 - o1
2013 5.8 » 770.7 46,9 7.9
2014 3T.2 = 711.8 3€.9 a7
2015 49,6 ~ €r2.9 32.0 1%.2
2016 48.0 = 63%,7 7.2 e.2
1?7 1.7 . 96,9 5.4 e2.€
2018 67.5 = £31.9 3.0 .7
2019 38,1 n . $36.4 3.2 .0
2028 7.4 . 910, 6 4.8 6.5
2021 48,4 x 471.2 3.8 5.y
oee 3.8 » 44, € 33.3 2.1
&oe3 - 43,9 « 416.% 3e.7 e
2024 7.1 - 30,2 2.4 46,7
29025 48,0 . 38,6 312 43,9
2006 7.4 . 299.9 31.3 42.5
doer 43.9 . 22%.9 30.3 Fe.T
oig 3.5 - 199.8 9.3 7.8
s €.3 » - o . 27,9 @.e
#e30 28.6 » - .1 .4 .3

TOTAL CARPITAL IMUESTMENT Wr7.?
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32A

Capital Investment Sources

OWNERS
INVESTMENT
TOTAL PLUS CASH FROM OWNERS
CUMULATIVE OPERATIONS INVESTMENT
. FACILITY PLUS DEBT PLUS CASH FROM OWNERS
YEAR _. INVESTMENT RETIREMENT . OPERATIONS INVESTMENT
1978 - TS.94 2%.56002 25,0602 27,0602
1979 129,69 44.22003 42.79768 42, 79768
1809 169,62 28,7201 £5,97429 £5.974%8
1981 276.083%8 o, 9eage 91,99212 21.09317
1982 468,2499 159,8%01 161, 1224 181, 1222
1923 611.2896 Z1%. 290t 201.8246 201.8247
1954 792, 4595 262.0% 261.511% 61,2117
1983 1974, 439 3E4, 4262 34,5543 34,2649
1968 1330,£89 951, 1003 439. 1274 439, 1272
1967 1631,53 298, £704 £38. 4942 232, 4843
1969 1897.76 £9,8206 %22, 9604 :
1569 2093, 169 TES. 4714 £%0, 7458 559, 7481
1999 2314.699 ££7.1213 763.8706 ©£9Q.744%
1991 2483,3%9 &7z, 1011 319.2676 594, 7446
1992 2657.989 1953.011 277, 1262 £$Q.7444
1993 £779.239 1137.518 $14.1787 : £%0, 7441
1994 28%4, 689 1267, 162 042,8421 £90,7439
1993 2963,789 1296.602 °54, 6501 530, 7437
1996 3184.33% 191%,672 1620, €22 290, 74T
1997 3413.618 221,073 1128494
1998 3801,2¢e8 1££0. 002 11€8,42%
1999 2632. 148 1764.092 1198, 607
2000 3691.998 1265, 243 1218.3%9
2001 3746.498 1873.772 1236, 544
2002 37%4,729 neo 493 12%2.26
2003 2620, %26 . 1270.674°
3898.112 185%.389
é0es 39%2.738 1384, 403
2006 3904, 448 1318.174
2007 4845,867 1334.2872
2008 4894.367 1251. 141
2009 4123,024 138, €21
2919 4128.32 1372.846
o011 421%.418 1321.528 £99, 7462
2012 4249,248 1408.284 £99, 74
2013 4305, 149 1480. 658 599, ~397
014 4349.371 1432, 382 £%0. 732
2015 4369,93 1443.677 X
2016 4437,93 1654.817
2017 4479,6%6 1478, 286
2018 4%47.1%6 1960, 251 ne, 73E%
2019 4285, 246 1912, 131 £9G. 7252
4642, €25 1232, 08 559,738
zoet 4663, 035 E26.352 . 1249, 484 259,737
2022 4730, 632 4307031 193,614 ©%9, 2375
2923 +7681,€%9 4379, 949 Lvr8.013 LR- Bt
2024 4838, 957 483, 957 1996, €%6 £28,7371
2023 4E86, 926 253,414 1612, 659 50,7366
20c6 444,023 . 4657, 473 1£31.223 529, 7254
2027 4987, 931 © 4779,3%9 1645, 727 . 90,7263
2029 042,59 491,27 1ige, 654 520, 7251
2029 2049, 99 2049.07¢ 166,199 529, 73%€
2030 ' 077,719 5077. To7 1672, €47 %%0,73%6
mmen URLUE OF CRPITAL I AT RATE % s$n 19,9998
£54.84%
FRESENT URLUE OF CRFITAL LN AT FATE % SN TR
1369.631t .
PATE OF .FETUFM TO ENTEFPRISE CHIER 20,37%

RATE OF . FETUFN RFTER TR OF ENTEFFRISE  20.92%

-
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CASE - 32-A
GLOBAL SPENT FUEL LOGISTICS STUDY
COST SUMMARY - DOLLARS IN BILLIONS

WBS CAPITAL OPERATIONS  TOTAL " PRINCIPLE INTEREST OPERATIONS TOTAL

Total Capital Expenditures

for Transport, Storage

Recovery and Maste

Management ‘ 5,077.8 5,077.8 5,077.8 5,253.6 10,331.3
~ Total 08M Expenditures

for Transport, Storage

Recovery and Waste A

Management 6,019.4 6,019.4 6,019.4 6,019.4



Section E3.29
Case: 26A

Description: Fuel Cycle Center (FCC) baseline except service charge 200 $/Kg
and recovery credit provided

Summary of Input Characteristics:

Financial
‘ Enterprise ROI - 20%
Borrowing - 2/3 of any capital expenditure at 10%
Government financial participation - none (private'enterprise)

Location
Transportation - from island in Pacific
Location cost factor - 1.0
Water provisions - none

~Storage
Type of storage - aircooled vaults
Storage cost factor - 1.Q

Recove?y
Start up time - 2000
Modular plant - single plant
Value of recoverd products - 260 $/Kg spent fuel

Pficing
Service charge - average over fuel population
Recovery credit - 74.2

Summary of Output Characteristics:
Capital investment - 4.777 billion dollars
Owners ROI - 21.7%
Service charge - $200/Kilogram of spent fuel
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COST OF SPENT FUEL SEFVICE 1DOLLAFS36)~ 200
PRIE.OF FETURN O [RUESTNENT  2x1. £y 00
TOTAL HET CASH FLOM GLEF TOTRL LIFE OF FROJECT  255%12.0%0

CREDIT POR RECOVERY 782 26A
RECOVERY Yearly Profit and Loss Statem
PLUS CREDIT ny Statement

ve S$SRVICE ;gﬁ NET OPER INT DEP TOTAL NET
IlAlRll‘l.llgﬂelnlglEl‘Il.l“e?lY?ﬁY.lea”“g"l.l%em.ll‘lmgfﬁ l..0£¥ﬁul05llllgmg“..l'..ZI’&;IEISAOOAO.A'DAIOWQPME
1978 2.7 ) 2.7 1.3 T4 < o S0l
1979 8.1 .9 Sel 3 1.3
19c0 7.9 .0 7.9 19.4
1981 17.2 .0 I7.2 ar.l
1962 5.2 0 %2 Y
1$€3 5.7 .0 5.7 45,9
1964 6.7 N ) 6.7 W7
15689 T .8 7.1 ve.0
1$8¢ “5. 4 ] T4 76.0
1987 112.?7 9 112.7 14,2
1968 19%.1° 0 135.4 1£0.1
1999 12%.8 .9 185.8 183.%
1520 194,9 9 194,9 187.1
1991 lrr- A .0 cee. 6 142.%
1992 I8, 9 .9 £EE. 9 T2
1993 217.9% .0 317.9 7
1994 ITE.8 .0 37,8 M)
1997, 439, 4 .9 < ]
1998 +71.8 .9 iy
1957 %31.8 .0 o
1973 90,7 .0 3
1999 [Ac- .0 J.e -
2000 <098, 2 - &%,.9
oot $16%.4 - 334.0
a3 2197, - .7
oS J2E6. 4 - 2ET.9
200 2329, 9 - 294,7
200% 3366, 9 - 410.2
2008 2387.2 - “11.9
X007 a37e. 8 - 41%3.1
<00e CIES, D - <19.8
2009 2367.9 - +11.1
2019 2377.1 - $195.2
wfy el€6. ¢ - 419, 8
cote ¥y i - +11.8
2013 e37e. 8 - 15,1
014 232 - 410.8
01T 2267.9 - 411,
916 e377.1 - +41%.2
017 £3686.9 - 410.8
£04e 2267.2 - 411,90
c01e 2376.8 - 19,1 2.3
2020 23%6,9 - +19.8 3.9
2021 2387, 3 - 411.1 .3
203 a377. 1 - 415,82 2.9
2023 2366, 9 - 4190.8 €.0
o0 3362.2 - 411.0 Ted
2 e376.8 - +1%.1 Tl
&0es &366.9 - +410.8 0.9
we? 2367.5 - +11.1 1.7
02E e3?7.1 - $15.2 ?
3l 2386.9 - +19.8 3

anwr.2 - 11,0
ARGSIRPORRNADENASIRGAD

CRABACBANDIIRDIIDOSNOD 00BN OADIIABIRARES

PRBCSANDE

101L 7FTT4.1 - 13437.2  6L6er.0 4TI 2 a7 16140, 166181 30931,
[, 0 1He2.7 - a34.7 128¢.¢ ©90.95 124, 9 89.9 . T04.9 <i.2 2.3

6.5 28.% 39.2 £e.2 9%L.8 10,5 180. 1

$$40 440, 4=
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BAARRVENRONSLDORNABDOINNCR VA RIROVIGCIVROIOPROIOIONINRARGOOTRNIAINIADNNSOa00RCNGI
74.9 - F
1e3.7
158.9

WQFIHFCTD ENTEFFRISE
tEFORE TAZ
ANHUAL FitAJFIL L
YERE CASH 1N CREH DUT HET CFiM
1978 .7 2 - TS
1979 : [/ - 492
1969 - 4.9
19391 - 7.2
12 =<
1983 - 47,2
1984 - 2l
1562 6.1
1956 42.2
1987 12.2
1968 Sl.g
1eg9 1¢6.7
1990 101.7
1991 12.3
1992 - 1%6.8
1%93 72.9
1994 8.9
1599 - ls.e
19%8 - 1719
167 -~  da.2
1998 41,9
@ | 366.6

cee0 99,9
2001 1rea.7?
2002 17134
€63 1743.4

2004 17rT.
200 1600, 7
2608 17772.3
2007 1817.3
200s 1£03.7
2009 1e12.1
2eio 1203.6
2011 1312.0
€012 1806, 9
2013 1804.6
2014 1e0e.2
2018 {771.¢8
2016 (312.7
2017 {7ee.8
<018 \7e7.7
fo1e 1794.9
2020 1€613.7
2021 1891.0
0 1605.2
203 1799.9
o0e4 1799.2
20eT 1213.9
vy 178%.8
20eT 1568, 9
zace 1798.7
2029 1829.4
2 1€20.9

PRIE CF FETUFN 1O CHTEFFFISE CLRIER

PRIE OF FETUFN RFTER TAM OF ENTEFFRISE -

© e

26A
Yearly Cash Staternent

FIANCED ENTEFFPITE CMEILES
rEIEF THI7
CUH frannd cur RS [A5: 7]
HET LHSEN HET Csh (ET LASH (LR 4] 1Y ek

XXTT Y] €0800000000000000000000000

[ R R R T T R B

PR T S R SR S SRR BRI |

N
IR0
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264

Capital Investmant Balance Sheet

CAPITAL » .FI-ED . HOFY. ING. . LOHG TEFH UHERS
YCRP. IMIESTHENT x ASSETS CRETT6L TE ECULTY
ullll...""..l..‘!l..’.‘l‘.0'..‘l."'.l“l..'...‘..l....DIIDI.l.'l‘0‘.""0-0‘0..0.‘Q.Ql"".lll‘."“.C.lD'll.‘.l.“"‘.‘..‘l.
1979 . 7.9 » 7T3.4 l.1
1979 x 123.1 1.7
1960 . 157.7 e.3
191 n ecl.? 3.3
1962 » 287.9 L1
1963 » 382.8 2.5
1984 X -39.0 £
168% . 474.1 9.9
1986 - <£8.7 .9
1987 - CTlé.Q 12.%
1988 » 43,7 e,
1989 s -] 1.9
1929 » 7.7 5.8
1691 - ~ £68.3 13.%
{o02 » 1010, 1 ze.v
1993 . 1149, 9 ee.8
168 [ 1372.1 a7.2
19935 - 1760, 8 ze.&
1996 - Z2t4.8 28.¢
1997 v 2e€0. 6 2
1998 a 2973. 1
1999 - 3047.9
2000 . 2939.0
2eo1 - 2eel. T
goe2 - 2r49.1
203 - 2639.3
2004 - 2931.2
2005 - 2417.6
2005 - 232%.3
007 = 2e02.4
008 . 2058.3
2089 » 1966.7 7.9 -
<010 » 1€59.3 .l -
2011 b 1739.4 5.9 -
fot12 » 1€26.0 3.7 -
2013 » 1%22.3 %R2.9 -
2014 bl 1417.2 <i.1 -
201 * 1329.0 49,9 -
20i6 - 12a4.9 6. -
oo1? L 1124.5 47.2 -
2018 - 10%7.6 46,0 -
2019 - “g1.6 44,8 -
2029 13.0 - 880, 6 3.3 -
202t 26.1 . 791.4 41.8 - 7.9
oz22 7.4 .. 7903.8 16.2 - i
2023 7.4 » 61%.4 5.9 -
2024 36.7 » $34.9 6.7 -
xXeS 19.6 b 437.0 34.8 -
31 0) 41.2 - 377 2.8 -
cee? 0.9 » 2%.8 8.3 -~
20T 40.1 » 1£3.2 8.1 -
agae .8 = 36.7 €%.2
2630 6.3 LN 34. 9 22.1

»
~N
3
4

TOIAL CAPITARL INVESTMENT
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26A

Capital Investment Sources

TOTAL
CUMULATIVE
FACILITY
INVESTMENT

4188, 184
4208, 343
S224.98
4232.34
42€7.777
42€2.974

4777.426

OWNERS
INVESTMENT
PLUS CASH FROM
OPERATIONS
PLUS DEBT
RETIREMENT

25. 40081
43,;“001
ST

lr~.=a03
192.5303
.Oa.Ffou

£S5, 4519
Z9€.281¢
Q22,712
1838, %82
1413, 172

Py

lﬁl?.ufv
1727.723
1364 .282
l)r..dp

415:.461
4385.32
4543, 668
736,414
4744.0€6

PRESEIT LFLUE OF CARPITAL 1IN AT FATE 2, M

410.€907

FRELENT LFLUE OF CAPLTAL 1w AT PRTE % M

1032.799

E3-175 -

OWNERS
INVESTMENT
PLUS CASH FROM OWNERS
OPERATIONS INVESTMENT
9.0 25.0502
C.TITE *‘. -c'ltrs
95,2748
79,%57267
< lll 2794
140.¢044
164.6171
g2, 1ees
1*3.- :3

146@.~t6
l4lo.0?4
14149, 5%
1428.564
1438866
144r,0’5
1434,
1453.572
147€.9€3
1433.?4
1492

1% @l.&w

1376.5%

19,999%8
10,

e, AT!A
52 e726é
P
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Section Section E3.30

Case: 17A

Description: Storage Center (SC) baseline
Summary of Input Characteristics:

Financial
Enterprise ROI - 20% .
Borrowing - 2/3 of any capital expenditure at 10%
Government financial participation - none (private enterprise)

Location
Transportatidn - from island in Pacific
Location cost factor - 1.0
Water provisions - none

Storage
Type of storage - aircoo]ed.vau]ts.
Storage cost factor - 1.0

Recovery
Start up time - 2000
Modular plant - single plant
Value of recovered products - 260 $/Kg spent fuel

Pricing
Service charge - average over fuel population
Recovery credit - none '

Summary of Output Characteristics:
Capital investment - 8.182 billion dollars
Owners ROI. - 21.7% '
Service charge - $200/Kilogram of spent fuel
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17A

Yeerly Cash Staterment
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Coet Summary — Bollars In Milllons
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Section E3.31

Case: 20A

Description: SC baseline except geo]ogic storage and location in mid Pacific
Summary qf Inpq# Characteristics:

Financial
Enterprise ROI - 20%
Borrowing - 2/3 of any capital expenditure at 10%
Government financial participation - none (private enterprise)

Location
Transportation - from mid Pacific
Location cost factor - 1.0
Water provisions - none

Storage
Type of storage - geologic
Storage cost factor - 1.0

Recovery
Start up ‘time - 2000
Modular plant - single plant
Value of recovered products - 260 $/Kg speht fuel

Pricing
Service charge - average over -fuel population
Recovery credit - none

Summary of Output Characteristics:
Capital investment - 6.546 billion dollars
Owners ROI - 21.6% 4
Service Eharge - $201/Kilogram of spent fuel
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Section E3.32
Case: 27A

Description: SC baseline except finance rate 7% and no taxes (tax free
private enterprise)

Summary of Input Characteristics:

Financial
Enterprise ROI - 20%
BoFrowing - 2/3 of any capital expenditure at 10%
Government financial participation - none (private enterprise)

Location
Transportation - from island in Pacific
Location cost factor - 1.0
Water provisions - none

Storage ,
Type of storage - aircooled vaults
Storage cost factor - 1.0

Recovery
Start up time - 2000
Modular plant -~ single plant
Value of recovered products - 260 $/Kg spent fuel

Pricing
Service charge - average over fuel population
Recovery credit - none

Summary of Output Characteristics:
Capital investment - 8.197 billion dollars
Owners ROI - 21.7% '
Service charge - $159/Kilogram of spent fuel
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' 27A

Yearly Profit and Loss Statement

FEP SEFY CH TOTRL QFEP INT I0TAL e
YEFIF FELEIE FEVEILE FEVEINE EXFEN ECPED : eSS g
BRBSORANOIDINAGIR0 000804 0000004000800899000000Q0SCABCODIIDIRDIINSC0030000 0eRNOIP40020 00000000 00430023084000000 00000
jere .0 2.2 2.2 1.1 .8 - i
1979 N “.& 4.8 i.9 B
1960 .0 6.0 6.9 2.8 N -
1981 .8 13.7 13.7 2.9 K] -
1962 9 ZE.0 134 .5 .0 -
193 .9 TH.3 5.3 6.7 N - [V}
1984 0 4%.9 0 3.0 .0 .
1962 .0 51.8 2 19.7 .0 .3
198¢ -0 iT.8 o $0.3 9 L7
19e? .0 82.% S oS, .8 - 12.8
19€8 .9 t23.2 2 0.4 Y 17.0
1599 .0 147,86 3 5.3 N .3
199 .9 124.8 3.2 .8 sl
1591 .0 17€.7 6.8 .9 ee. &
19902 9 2ls.s 8.8 .8 “lle
1993 .0 ele. 7.4 ) <
1984 .0 asa.2 .S 8 <
1995 .9 349.90 2.0 .9 L
195 .2 74,7 9.8 .0 5
1997 .0 .3 9.6 .9
1998 .9 ol o2.2 .U
1899 .0 .2 .l .9
29990 N T43.7 L8.3° N
2091 .0 92,1 49.9 N
a2 -] ¢éR.3 0.6 .©
€033 .0 &e7.3 1.3 .0
200« .0 7ar. o 3 2.9 .9
2005 .0 7971 1 £S.€ N-]
2006 .9 7.4 TIT. €3.2 .9
g .0 76%.0 765.0 £3.2 .9
aves .9 757.1 7. €3.3 .8
009 .9 TIT.E TIT.5 &3, 4 .0
010 N -] ™. 763.2 3.4 .9
2011 .0 7971 770 3.4 c N
a91E .9 T4 707.4 E3ew jee ]
2013 .9 7¢5.0 765.0 83.%5 338 2.8 0
201+ .0 771 7.l e3.7 2004 -69,7 .8
23 .0 776 7.5 3.8 S06. 4 +13.8 .8
2016 .8 T€%.2 T69.2 3.9 a19.4 27.¢8 .0
2017 .8 7o7.1 TS7.1 £4.0 e21.2 wg7.4 .9
2018 .8 T 7957.4 4,1 2374 44,2 -]
cote .90 TES.Q 76%.0 £4.3 €%2.¢ CEB. 4 .8
A .9 TS 7o g4 &g, 9 $?9.9 .9
323 .0 7957.6 T97.6 64,9 <e8.7 +%2.6 .0
o 9 763.2 T6%.8 €4.28 309, 4 497.3 .0
coes .9 797.1 737.1 gd, 4 -3 I S12.€ -8
x4 .0 7.4 TIT. 4.5 341.% %e3.% .0
0ET .9 T€5.0 T€5.0 4.6 3758 Lu0, @ 0
2086 .8 V7.1 7.1 .7 vas.7 E9.7 .9
Tever 9 TS0 TS 4.9 3% .0
atee .9 7€%.2 res.2. 5.9 .0
Xee .0 RTER! 7T 2Z.1 v -
i .9 TIT. 4 3 3 € A
ARADSRBRIRANANANIADIRINDIS IO VEN [ARITEI T IANRLY Y FRIR Y .
ToTL ) CETES.T CLoTe Land, 4 & (RN 281
LA . .0 20%.0 4.7 [ .0 218.2
224 X 0 LE.2 48,7 ™, 3 Ry 8.7
-

E3-190



27A
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27A

Capital Investment Balance Sheet
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27A

Capital Investrnent Sources
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Cost Sumnmary—Dollars in Miltions
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1o1.14 FRCYAWTCING FRC » 116.9 116,90 » 116.9 130.4 256.4 &
1.1.12  CREMISTEFS X 1,017.% 1,017.5 % 1,817.% 838, 4 1,255.6
1.1.13  EMPLACELENT TPRNS > 30.9 20.9 © » 20.¢ 1%, 3.2
. 1.1.18  URLLT MTODULE J® 4,393.4 41303.4 * 4,303.4 1,€07.4 6111C,8 *.
! 1.1.45  CECLOCIC FEC MODULE . A -
: 1.1.16  FEFCSITORY STOPACE MOD = » : .
: ©lel? CPEK - 4,9 4.9 A 44,9 20,1 “.8 =
i L B 3el8 T LCHEINIEF FRC . 7%.0 TS0 a 72.0 84,3 129.3 » .
: “308.49 MW PFOC FRC ~ » e :
H : 4.1.20  PECOUERY FRC - » . »
; T1E SUPPOFT FRACILITIZS EQUIPMENT » .4 .4 5.4 %1 T16.5 »
! 3.8.1 FDM D & FLT YD - 1.4 1.4 = 1.4 1.3 2.7 »
: “il.8.8  WRPEMOUSE € QT » 4.9 4,9 @ +. 9 3.8 . 7.8 %
.3 CIRIEFS COST » 1,051.? 10985.7 N 1,0%1.7 €34, 4 11d8%,8 =
INTEFEST TUPING COMS  1,¢%2. 1,622, » 1,622.2 €34.8 19867.2 #
OFEP & MAINT » 27987 2)788.7 » € 7Yl T 217817 A
DIFECT LFLIOR » 231.9 281.6 » 261.8 61,0 . &, vl
PCFT ¢ FEC TFANS - 8.1 N Sl el W 1
VATER ERSIN FEC(SFOPT) ¥ 142.8 145.8 & 14%.8 152.8 # 3
VATER FASIN PECIZPORT) » " AL
LATEF FRSIN STOR . 27.4 27,1 = 27.1 PO S
FFCH. FRC LATCR . s O JEPL
FPCL. FRAC LRECP : » 312.7 312.7 213.7 3i3.7 &
IRULT EMFLACEMENT LABOP » 4.0 8 . S
GECLOCIC FEC MOD LABOR » » =
CFSh. TFRNS MAINT LAB . 30.7 20,7 w 3e.7 0.7
LGI LM FPGCES LABOR - 14,3 .5 m 14,3 12.0 %
M FPOC LAECR > = -
FECOUEFY FLANT LAB n s : = s
INDIFECT LFBOP x 871.8 er1.8 » 871.8 871,58 *
FCPT & FEC TFANS LRB » 8.1 8.1 » 6.1 8.1 »
W.S.FECLSFOPTIT LAS . 218.6 218.6 ™ 218.6 218.6 *
W.E.FEC (4FCRT) I LAB ¥ » <
W,Z. STCP IND LAB » 49,3 2.5 » 49,5 49,5 »
FFCY. FFC IND LAB - = -
FRCH. FRC IND LAB » 470.4 470.4 ® 470,.4 70,4 ot
tRULT IND LAZOR 5 6%.8 €%.8 » 62,8 2.8
CEQ FEC MOD IND LAB » . L
CPSY. TRAIS MAINT LAB & 46.1 .1 % 6. 1 6.t B .
LSILkh FPCC IM LAB x 22.3 - 2.3 =.3 ., 22.3 »
MUK PROC LMD LAZ . . .
' FEC PLANT M LAB L™ i BBt o st im g ot .- e
MATEPIAL SUP UTIL ECT Y 871.7 » #Ti.T &T1.7
FCPTLFEC FIS L a 3.1 « -3 L, Bl &
H.3.FEC CFI'S 4 PORT O 218.3 . . 216.8 218.5 4 .+
Mo, FEC UFIIS 2 FOPT 5 . . e e
M., STCPRCE CPHS 3 0.5 . 5.3 6.3 s
Y OF1Si2% . - . : v -
:23 ﬁ,—.},g‘i;ﬁgl ' s 470.% ] Y ) STU s &
LRILT CRIS cm e £%.8 . 6%.8 6%.3 % .
CECLOCIC FEC CFIS L] SR » - -
RS, TEANS N ; 47,0 ; » C47.0 47,0 ¥
1< 1Lk FPCC GPSM LW 21.3 21.3 » 21,3 i3 »
HLL: FFCCESSING OPNS ’ R e .
FECCLERY FLRNT OFNS » . e~y L
CCHTFRCTED SEFVICES o 3T1.8 7.8 % 371.6 371 !
ShP CM x 318.4 318.4 » 318.% 3164 @
LS FCRT FEE » Qus . . Qe m 0.4 Gt &
EUFCF FCPT FEE STCR . : . I »
LS FRILISF 10 8TOP) .m N Y Y - T 17.2 172 2
EUFOF FATH TFRNS % : S ) e
US STCF{TINE CHFC) R 19.6 9.8 @ i%.% 8.6 »
ELFCP S10FTE L - a .
US FECTY CF . § ® s
ELFCP FEC CF ~ > . b
EUFCP WRSTE LiS » e ¥ - - e -
US FRIL TFRHSP P L 15.7 12,7 » 15,7 1.7
EUFUP FRIL TEANSP ~: ) . . . R
ELRCP FRIL TFANS : . . e
Us FCPT FEE " : 9.3 B3 x 0.3 6.3 :
EUFCP FOPT FEE - o . .
LLECE FOPT FEL " : » - .
FFCIFIC FOPT FEE . . . , .
FRCIFIC FCPT FEE - . , . -y
FAC PAIL TPRHSP . ' . :
FFC PRIL TFRNEP . . . .
~ » . . [y . e - :
: ! . 20 5.7 e 0.7 55,7
. ve mtc“ TMT ’UND..'.ID » ‘Il:ll:llll.ll‘:d"l‘, ADADS PR -.l'flill..I!IIll.llA.!II.

I R 1!371:114 R



Section E3.33

Case: 33A

Description: SC baseline except finance rate 7% and no taxes
Summary of Input Characteristics:

Financial
Enterprise ROl - 20%
Borrowing - 2/3 of any capitallexpenditure at 10%
Government financial participation - none (private enterprise)

Location
Transportation - from island in Pacific
Location cost factor - 1.0
Water provisions - none

Storage _
Type of storage - aircooled vaults
Storage cost factor - 1.0

Recovery
Start up time - 2000 .
Modular plant - single plant
Value of recovered products - 260 $/Kg spent-fue1

Pricing _
Service charge - average over fuel population
Recovery credit - none

Sunmiary of Qutput Characteristics: ~
Capital investment - 8.197 billion dollars
Owners RO1 - 6.6%

Service ‘charge - $92 /Kilogram of spent fuel

E3-195



COST OF SFENT FUEL SEFULICE (DOLLAPSAYL) 92,182

-PATL OF FETURM O IMUESTMENT 7. 60%
TOTAL NET CARSM FLOW OVER TOTAL LIFE OF PFOUECT $4539.773
33A
Yearly Profit and Loss Statement
PEP SEPU CH TOTRL CPEP INT ). 2 4 TOTAL : €T

YERP FoTE FREINVE (2L 4153 £ PEN EVFEM £/ PEN EVFEN . THES 1o
SARAARADSERARSAARARARSDPAALARIASRASRALASOSCHABRREAPERAREAARSPAAARBRARALRIARARAD » » ‘.l.ll.‘.?".l.".‘
1978 -] ., 1.3 1.3 1.1 3.4 2.4 6.9 ] - %%
1979 s 2.8 2.8 1.9 %.8 3.9 11.6 -] - 8.0
1969 X} 3.5 3.9 2.0 7.9 <.1 13.4 9 - 11.9
1961 -] 7.9 7.9 3.9 10.9% 7.2 21.8 .9 - 13.7
1982 % 16.2 16.2 Te o 14,7 10.2 3.4 - - 14,2
1963 8 21.9 21.9 6.7 16. 6 13.0 . 38.2 .9 - 17.2
1564 8] 6.4 28,1 - 8.9 e1.7 19.3 2.0 .8 - 18,9
1963 Y- S 7% 1 3.8 19.7 24.9 17.2 0.9 .0 - ST
1966 0 +3.9 43.9 22.9 2.2 18.6 64,0 0 - £20.1
1967 -] - 91.9 %i.9 ‘.0 7.3 29.8 102.3 .0 - S1.4
1560 .9 1.4 71.4 T d 2e.7 22.1 106.2 7 - 34.8
1999 -] 3.6 8%.6 3.3 28.4 2.4 106, { .9 - 0.9
19 .9 3.7 9.7 3%.3 31.3 2.9 112.8 ] - 2.8
1991 T .0 182.9 102.5 6.2 31.8 -1 114,55 .0 - 12.8
1o .0 123.9 123.8 5.6 3T.4 29.0 121.7 5] 2.1
1983 .90 146,28 146.2 7.1 -1 3.1 127.6 .9 18.%
1994 .8 123.° 173.9 7.3 40,5 6.7 124,77 .0 38.7
1993 8 2.3 202.3 %8.9 46,6 43.3 148.0 . b, %

o ] e1r.2 217.2 8.8 9.4 46.9 139.4 .9 £2.1
1997 .9 Q44.3 244,.8 9.6 5.4 3.0 1€8.2 . 76.6
1998 .2 7.0 ere.e 9.9 8.5 7.7 176.3 .9 ST
1999 -] 291.2 a91.2 9.1 6,1 €d.5 187.8% .© 193.%
2000 -] 318.2 31%.2 9.3 82.5 8Q,.7 2e2.6 N7l 92.6
oot .0 348.2 346.2 °9.¢ 87.1 £7.2 24,3 .9 113.9
2082 .0 0.8 368.8 0.6 6.0 “8.1 224.7 .0 106. 1
2002 .0 IR.T 3%R.? 61.3 108.2 105.1 266,95 .8 126.2
2004 .9 421.8 +21.8 €2.0 104.2 112.9 27e.7 .0 143.1
200% .9 439,0 439,90 €2.6 118.8 {122.9 £96.3 0 142.7
2006 .0 +39,1 +39.1 63.2 116.9 133.3 313.3 .0 125.€
2007 .0 +43.5 443, 5 63.2 122.2 139.9 JC4.4 -} 119.1
o8 .0 439.9 439,90 63.3 124,14 148.2 2332.6 .0 106.4
2009 0 +39.2 +39.2 6.4 128.9 122.4 347.6 .0 °1.6
2012 .0 L 443,7 +43.7 ©3.4 13.7 163.6 399.8 .9 83.9
2011 K- 439,80 +3%.9 63.4 136.9 174.8 J74.9 .2 64,1
2012 -] 439,14 439.1 €3.4 139.9 183.7 37,1 -} W2.0
2913 s +43.8 443.9 €3.9 139.95 189.6 392.6 .8 0.9
014 N +32.8 439.9 63.7 141.% £00.4 85,7 .0 33.2
2118 -] +439.2 439.2 63.8 143.0 206, 4 413.2 .9 26.1
2016 "-] <+43.7 443,7 63.9 144,.2 219.4 427.6 .0 16.1
17 -] 439,90 439.9 64,0 142.2 223.2 27.4 .9 11.6
2016 s} 439.1 “39.1 o4,1 143.7 227.4 44%.2 .9 - 6.1
2019 - | 43,9 443,38 4,3 143.4 2%2.8 $68. 4 . - 16.9
2020 N-} 439,90 439.0 o4, 4 141.7 £68.9 - 47%.9 .8 - 6.1
w21 .9 439.2 +39.2 64.5 139.3 ce8.7 492.6 .8 - 3.9
wWee -] 443,7 43,7 4.2 122.9 300.1 +97.3 0 - 3.6
2003 .9 +439.9 +39.0 [ ) 126.7 21.8 vig2.9 .0 - 73.8
2024 -] +39.4 439.1 64,5 117.9 341.9 $23.5 .0 - £4.%
202% X 443,35 443.% 64,6 199.¢ 373T.6 49,9 .9 - 106.4
2026 x-} 429.¢ +3%9.9 o4, 7 12.3 +24.7 89,7 0 - 190.7
aR? -5 439.2 439.2 4.9 84,1 56,8 €1%.9 .0 - 179.7
eoce -} 43,7 443.7 5.0 8.2 w?.?7 791.9 .0 - Eo7.4
R .9 +29.9 439.0 Te 5.3 Te9%.1 £59.6 0 - 441.6
2030 .0 +39.1 439,1 €%.3 12.8 £68.6 - 45,6 N 2.5
BRARRLAREBASNAASRARARERASICSISSROROOARAVARMALARRAAARRAARAROMOPRAAARADRSAADRALAIDINNARDOIDD ..II.I...Il...‘.II...IIII...I.I-
TOTL .9 19918.6 13318.05 a78l. 7 dd25.¢ 01774 13404 . ¢ N 3148
a0 .0 e%R.0 2%2.8 .5 7.7 194.7 286.9 8 . S.?
60 8 =.2 .2 16.3 2%. ¢ 48,7 . 9,3 - 2 1.9
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33A

Yearly Cash Statement

UF IIRNCED ENTEPFPISE FINFOCED ENTEFPPISE © ATEPS
LEFOPE TR TER 1R

RIOUFL AR AIRUAL cum AU cum AU cum
YERe, N CRSH CUT UET CREN  MET CREM PET CREM MET CASM  LET LRSH 1€ ComM
“..-..’I-Illl-....III..I.l"|llll..ll.l.ll..'.lIIIIIIIl‘l..l....l..l...'.I..I......l..."..'ll..l.l.’.e PAPSISARADARDOS
1978 1.3 73.1 - 7.9 - T - 275 - &y - -
ta70 2.8 z4.1 - %.3 - 1&3.2 - 2.8 - 0.2 -
1969 3.3 4a.3 - %9 - (ed.) - o4 - 70.9 - -
1591 T. e,? - 6.8 - 2.9 - 3.2 - 010 - -
1582 16.2 7.7 - 8l.4 - 3V4.3 -~ 36.8 =~ 13r.8 - -
1963 21.0 .1 - Tl - 373.3 - 35S - 1734 - -
1964 26.1 re.2 - a1 - 27 - 2.6 - 202.9 - -
1983 azs.s 74,9 - 3.3 - 468 - .y - #Es,e - -
1966 43,9 23.2 - 8.3 - 4761 - 17.7 - 2t2.6 - -
1567 51.9 1.4 - %93 - 235.6 - &34 - 206.0 - -
19889 71.4 9.6 - 1.2 - 2.9 - 3@ - ;e - -
1589 £%.6 6.3 .1 - 228.8 - 7.4 - 346,32 - -
199 Lea.7 126.8 - 3. - %83 - 2.4 - 377 - -
1991 192.5 €2.2 20.3 -~ 45.6 - «0 - 3738 - -
1922 T 123.8 129.9 - 16.8 - Z6l.6 - 6.° - &7 - -
193 146.2 126.3 - %1.8 1.3 - 371.2 -
1904 173.9 142.1 - .510.4 2.3 - 2%.8 -
1993 ze2.3 a11.s - - "s19.3 26.8 - 319.0 -
1996 217.2 142, - 345.3 €0.6 - 299.4 -
1997 244.8 . 213.1 - 41401 2.6 - 193.€ -
1998 z72.0 1€9.2 - 311.3 S1.1 - 182.7 -
1999 1.2 21%.4 - 233.% 6.4 -  16.3 -
2009 31s.2 00,3 - - %20.6 - 83 - 2.7 - -
2081 346.2 209.8 - 284.2 109. 1 €4.4
2002 2£0.8 310.7 - 2341 75.3 9.7
2003 392.7 218.6 - 6.1 127.7 2e7.4
2004 «21.8 224.6 . 127.1 144.4 431.3
2003 432,90 283, 9 2g7. 1 126.2 228.0
206 429,1 209.7 432.3 111.7 €69.8
2007 4433 284.3 g54.7 111.1 760.9
2008 4399 21404 819.3 121.8 s02.7
2009 432.2 ze3.2 7.4 6.4 o891
2010 443.7 rs.o 1141.0 g2.2 1671.3
2011 439,90 322.8 1267, 4 w34 1120.7
212 439, 1 283.2 1443.3 2.1 11£2.9 21.€
2013 443.5 219.6 1657.2 71.3 1254. 1 T1.3
2014 439.9 283.0 1821.1 3.3 1287. 4 2.9
2013 439.2 é62.3 1978, 1 31.2 1318.6 36,9
2016 443.7 283.7 2138.0 21.7 1340.3 21.4
2e17 439.2 231.4 £345.6 28.1 197€.4 8.4
£018 439.1 204.7 2450.2 - 1.3, 1377.4 0 - 1.8
go19 443.3 zes. 4 2638, 1 - 43 1372.8 - .3
2020 429.2 279.9 2738. 1 - 0.3 1322, © - zo.@
2021 $39,2 282, 6 2921.7 - ze.e 1313.6 - 3.%
2e22 443,7 226.9 31€8.5 - 21.4 1292.2 - 20.3
2023 439.9 2%2.7 33%4.8 - %1 1231.1 - 2.1
2024 439.1 222.4 2571.3 - %0 11861 -~ T2
a2 +43.5 284.4 3728.6 - a4 10%l.4 - 3.3
26 439.9 300.4 2869.1 - 139.1 es2.4 - 137.%
2027 4322 22e.9 4087. 4 - 1392 £13.2 - 136.3
2a28 443,7 291.3 4229.8 - &20.2 %63.0 - 7.6
2029 439.9 &91.7 43£7.1 = 3742 2u8.8 - 279.%
F) 439,81 - 286.4 4539.8 193.2 314.0 116.8
PATE OF FCTUSH TO ENTEFFRISE OHNER 6. 62% _—
FATL OF PETURN FFTER TAY OF ENTEFFRISE ?7.66% —
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33A

Capital Investment Balance Sheet

CRPITAL » FIYED HOPY: IMG Lo 1EPM OTERS
d IRESTHENT N ASIETE CROTTAL TEET ECULTY
DEAARARRARAARARRARNEORA DI GRS » SRSBPA SPASOSRDSIPIIDAPIRDRIARIPUAARAGARARINARIEDRIINGAN24IARANPRINLANAPAARRAN
to7e 72.9 - .8 47,7 a2,
1979 2.3 . 117, 1.3 81.9 7.3
1%69 7.9 » 12 1.? 169,92 +6.2
1981 66.8 = 210.9 2.4 149.0 63.4
1562 2.2 u 291.9 3.4 2084 £5.9
1963 8.4 » o4 4.2 262.9 196.1
1964 79.2 = 419.2 4.9 es. 118.9
1963 5.2 » 457.2 7.3 338.1 126.4
te8s 23,9 » 478.6 7.6 322.0 12%.2
1997 Z6.4 . 207.2 13.2 386.3 1344
1969 4.2 " 519.3 14.9 6.9 130.8
1%3 %.2 = 2.1 13.9 3%.4 117.7
1990 71.9 x 248.2 14,4 437.3 12%.2
1991 26.0 . S47.7 14.7 43,9 1175
1992 63.2 » 600.9 13.3 489.90 127.1
1993 $8.2 » €37.9 15.8 2z2.2 128.6
1994 8.5 » 54,9 16.3 63,6 137.8
1993 123.2 » 7935.8 17.4 648.3 1€4.2
1996 .8 » 822.9 16.@ 84,5 166.3
199? 123.8 x 232.7 19.1 T62.5 188, %
1959 109.2 » 98e.2 19.8 8i0.4 193.6
1998 1%6.3 » 1076.0 20.% 26%.0 2i1.9
2000 4.1 » 1436. 4 23.7 1144.4 217.6
2001 159.9 » 1490, 24.5 1284.3 319.3
2002 2ce. 1 » 1658.1 26.1 152%.2 1.7
2003 1574 n 1703, 4 26.9 1279.3 2.0
200+ 162.6 n 17%3.5 27.7 1432.7 2%6.5
20es .3 = 16%€. 9 28,9 1517.7 368.2
2006 227.6 n 19%1.2 2.9 1597.9 223.3
2007 221.1 & 2033.3 20.9 1672.1 3%2.1
2008 . 151.1 . 2839.2 31.2 1€93. 4 37.0
2009 219.8 - 2103. 6 2.8 1722.6 383.0
2018 214.6 » 2124.6 2.7 1£02.9 325.4
2011 222, » .2 33.4 1621.9 %e.7
2012 219.9 . 2245.3 3.9 15€8. 1 1.1
213 1%6. 1 » 2211.7 3.8 1874.9 378.7
2014 221.4 n 2232.7 3.2 18959 371.0
2013 218.3 - 2244.7 34.5 1913.1 266.1
2016 219.8 - 2243. 1 2.7 1915, 1 0.7
2017 167.4 » 2191.3 34.4 1891.8 233.9
ge18 240.6 » 2194.5 4.6 1899.9 - 329.3
2019 221.1 x 2162.9 34.6 1€60.7 16.7
2020 214.6 » 2108.5 3404 1842.2 0.6
2621 221.1 » 2040, ¢ 34.8 1789. 1 28%.8
2022 1€2.6 » 1903, 4 2.9 16€3.7 2.5
2ee3 168.2 - 1779.9 31.3 1973.0 2z8.8
2ee4 152.9 » 1286.93 0.3 1418.8 1957.8
223 212.8 n 1430. 4 29.9 1274.7 184.8
fo26 . 23%.6 " 12414 27.3 1097, 4 171.%
2027 1%6.1 x 931.9 24.2 €24.0 132.9
2228 226.3 . £90. 1 22.2 289.8 102.9
2629 226.6 n 47.3 18.6 4.6 31,4
1.1 . - ] 13.2 - .1 13,4

TOTAL CAPITAL lIREATHENT e197.1 . -
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33A

Capital Investrment Sources

TOTAL
CUMULATIVE
FACILITY
INVESTMENT

Te.e3
124,29
161,81
228.6
369, 7999

OWNERS
INVESTMENT
PLUS CASH FROM
OPERATIONS
PLUS DEBT
ARETIREMENT

24.31008

224.4207
@%2.7209
ésl.9912
294.¢£011
313.0713
332.1416
ce8.2219
431.312

200, 1421
$48.6423
£€22.1726
£89,4927
T67.1626
948.8329
1938, 874
1167.7%

1271.313
1362.443
1%21.823
1€69. 124
1616, 104
1942.623
2196,433
2271.704
24350, 932
J634.911

4681, B4d
s1€0.801
192,879
18%6.79

62€9.738
5599, 168
7E39.664
7941,363
8197.191

PPESENT URLLE OF CﬂPXfﬂL INV AT FATE % M

1284.993

PRESENT UARLUE OF CRPITAL IMU RT RATE %, 3n

I, 46

E3-199

OWNERS
INVESTMENT
PLUS CASH FROM
OPERATIONS

23.7699

41.91569
%3.39729
7S.43792
10%.£639
134.6426
197.80%3
173.4248
1£6,.32046
204,915
21€.2191

217,233

405.9%21
457,354
493.6359%
48,2252
£90.7731
740.2428
€22.7763
£74.707
%2e.3%1¢
1003, 028
1078, 132

1344,307
1419,92%
1492.4%5
1243.92%

2112.93%
21€6.63¢
ceze.7ie

OWNERS
INVESTMENT

22,7699

41.81%69
$3.3%728
7%.43797
107, 86

124, 0427
157.20%4
173. 4247

1372.48
1372.48



A

[ I R AR A R R N A R R N R N Y AN X R L]

Cost Surmamnary—Dollars in Mitiions
WS COMITTED COST FUMKCED COST
. CPPITFL  OPEFRTIONS  TGTAL PPINCIPLE INTEFEST CFEPRATICNS 101
s ! N - ananans - A a susnanm
0.0 TOTF, B 0197.2 20781.8  100976.9 B 8,197.1 6s422.3 217861.8 17,401.4 »
1.8 CAPITAL ITEMS = @ 197.2 S1197.2 » 841S7.1  6e422.5 14161%.6 =
1.1 SYSTEN FRCILITIES-EQUIPHENT * 60876 €10BT.6 B 6s067.6 41477.4 100265.0 &
11,1 SWIF 163,90 162.0 »  16%.9 199.0 =20 &
1.2 CRY » 24308 233.0 2428 1722 $1%.2 »
1.1.3  CASh TRMSPORTERFRIL CRR n 19.9 19,0 @ 19,0 16.8 2a.7 =
1.1.4  FRIL CRP UG = 2.9 0.8 » 2.5 0.4 1.2
1.1.%  CRSK TFFISPOPTER » » »
11,6 STAPORT FRC n 1.8 1.0 0» 1.0 1.9 2.3
1007 WATEP DASIN 4 PORT n 48.0. 4.0 ® 8.9 e2.6 - 1%0.6 =
1.1.8  HOTER IASIN 2 FORT . » , »
10103 WRIGER IRSIH STOPRCE . 24.0 24,0 @ 24,0 41.3 2.3 &
1.1.16  PRC) ACING FRCILITY - » "
fo1e1l FRCHARTCING FAC = 116.8 116.0 = 116.0 201.2 317.2 =
1.0.12  CAUISTERS » 1,017.8 $0017.5  * 1,0817.% sie.8 1636 s B
101013 ENFLACLEENT PRI . . 0.8 = 0.9 22,9 2.9 »
108014 LPT NTOMAE n 412302.4 413094 B 4,303.4 2:728.3 71631.7 ®
1.1.15  CECLOCIC FEC MOTALE = - . »
1.1.16  FLFOSIICPY STOPAGE MOD . . .
10,47 CcARe. " 44,9 sw“a » 44,9 77.3 122.2
11,48 LOMCIMIER FRC » 7.9 %0 75.0 120.1 203, 1
1413 KK PrOC FRC " » )
1.1.20  FECOUERY » »
1.2 SUFFORT mcxun:s EQUIPYENT = S.4 s.4 » 5.4 7.9 13.3
12,1  FOM D L » Tod 1os ® 1.4 2.0 3.3
15t beeoouss AT » 4.9 4.0 M 4.0 z.8 9.8
1.3 oears cosT " 1,051.6 106516 A 1,031.6 67,9 21019.%
1.4 INTEPEST DURING CONS — 2 s . 1e@%2.5 m 1H0%2.3 | 969.3 . o 21821.8.
2.8  orLO t MAINT » 2.781.8 217818 = 21781.8 20701.8
2.4 BIFEXT LABOR » 381,14 1.0 » 28111 261.1
2.1.3  POPT & PEC TPAME » EN *i4 . £ .1
2,12 LRTER DASIN PEC(4PCPT) . 142, 145.8 = 1458 145.8
£.1.3  VATER BASIN PEC(2PORT) - -
2.1.4  LATER BASIN STOR . 27.1 & » 27, 27.1
2.1.5  FRCH FAC LADOR n a
2.1.6  FPCH. FAC LABOR . 313.7 313.7 » 313.7 312.7
2.0.7 . UPWLT CRPURCEMENT LABOR " g 4.0 = 44,8 4.0
2.1.8  CEOLCCIC FEC MOD LABOR » » »
2.4.9  Cher. 1FAIS KAINT LAB » 20.8 0.8 ® 20.8 20.8
2.1.10  LE1 L FROCES LABOR . 145 14.5 = 14,5 14.5
2.1.11 KUl PFOC LAROR " .
2.1.12  FECCAEPY PLENT LAB n » :
2.2 WIBIFECT LALOF " 871.8 §71.8 » 871.8 o71.8
2.2.1  PCFT ¢ FEC 1FANS LAD » 8.1 8.4 = 2.1 8.1
2.2.2  M.D.FEC(SFCPT)! LAB » £18.6 216.6 * 216.6 218.6
2.2.3  W.B.PEC (SFCPT) | LAB . »
2.2.4 M., STCP IND LAD n 40.5 4.5 » 0.5 40.2
g.2.2  FFCh FRAC IND LAB n »
2.2.6  PRCL. FAC IND LAB - 472.4 4Te.4 N 470.4 470.4
£.2.7  VAWT IND LABOP = 6.8 65.8 ® €2.8 65,8
2.2.8  CEO PLC MOD (11D LAS " a
2.2.9  CRS). TRANS MAINT LAB " 46,1 ‘6.1 = 46,1 46,1
2.2.10 LLILN FROC IN LAB » 22.3 2z.3 v 22.3 22.3
2.2.11 WL PFOC IND LAB n »
2.2.12 _ PEC PLANT IND LAR . _ » o]
2.3 FATIPIAL 8P UTIL ECT a er1. 71,6 &
¢ M. : s i I
ede . [ ] eis, 212, n -
£.3.3  H.3. PEC oA 2 FOPT » és.e g1e.6 L 218.8 s.¢
13.4 - W.D, STOPRCE OPMS " ‘0.8 io.s » .
2.3.3  Frch P 2eoe) . .2 es 3 6.3 0.5
136 FPCH OPIS(Z00@) . 470, 0.4 m
2.3.7  VRILY OFPE » 1209 e a 478.4 78-4
g.:.s E.gcwt#c FEC CPI/S » IS . Ladd
2.9 ] Flis - v 6.9 6.9 & Q
2.2.10  I1GILW FFCC OPSH - 3 203 253 23
2.3.11 MW FROCESSING CPhs » » : :
g-g. 12 :(‘;%gg’c’?;y PLFIIT OPHS N »
. {TF. D SERVICES & 1. R = -
2.3.1 <P . EA EE T S 3i1.e 1.4
2.4.2  US FOPT FEE » o4 %y » 8.3 o4
£4:3 trck PoRT FEE ST .= = : )
T4 US ERIL(SF 10 STCR) " . »
243 EUPCP FAIN TRENS - 17.2 7.2 = 7.2 17.2
146 US STCR(TINE CHBG) " s, 9 s
£.4.8  EUFCP ST1CFG . 19.6 1.6 2 19.6 12.6
2.4.9  US FECOM CP . - .
2.4.10  EUFGP FEC (R = »
2.4.11 EUPOP umSTE Dis - M »
e S FRIL TFRIGP . ™ s, 57 "
2.5.13  EUFOP FAIL 1PRrep - 15.7 2.7 3 1%.7 18.7
g4ils PG FAIL TRANS » .
14212 US FCPT FEE » o. 3 »
3.4, 16 ELFQR FCRT FEE . 3 0.3 . e.3 .2
2.4.17  EUFGP FCPT FEE . .
2.4.18  FFCIFIC FOPT FEE . -
2.4.1%  FRCIFIC FOPT FEE * »
2.4.20  FRC FRIL TRRISP . "
2421 FRC FRIL TRANSP n »
» [
| X LECON TRULT FLTID . es.? ®w.? v e, 7 R
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Sgction £3.34

Case: 28A

Description: SC baseline except ROI = 15%
Sumaary of Input Characteristics:

Financial
Enterprise ROI - 15%
Borrowing - 2/3 of any capital expenditure at 10%
Government financial participation - none (private enterprise)

Location
Transportation - from island in Pacific
Location cost factor - 1.0
Water provisions - none

Storage '
Type of storage - aircooled vaults
Storage cost factor - 1.0

Recovery
Start up time - 2000
Modular plant - single plant
Value of recovered products - 260 $/Kg spent fuel

Pricing
"Service charge - average over fuel population
Recovery credit - none

Summiary of Output Characteristics:
Capital investment - 8.191 billion dollars
Owners ROI - 14.5%
Service charge - $148/Ki1bgram of spent fuel

E3-201



COST OF SFENT FUEL SEFUICE (DCLLFFS/HQ)

PRIL OF FETURNI (i TINIES
TOTAL NET CARSH FLOW OVEF TOTAL LIFE OF FPOJECT

THENT

1%, 0%

212%99.120

28A

Yearly Profit and Loss Statement

HETY

g

BOUNOIPDICE009880400BAPSRRRRAR

&, 7T

6.2

FEFP E AL TOIRL OFEP J U} er TOTAL
YEFP FELENUE FELVENUE FEVEIVE €. FEN EPEN E-FEM ESFEN 1FES
BASCRRARRRARSSIDARRRNOIDISRSANIGOINONIENIRLINAVDRRRUDIEONAFISINLISROCOBIREOQS BOCOE40 000040008000 0000494000000080000000
1978 .0 2.9 .8 4.3 Se% .0 .0
1879 . +.9 1.9 3.9 12.7 )
1980 .9 %. 2.% .1 1e.3 v
1981 .0 12.8 3.6 7.2 €9.9 N
1ee2 -] 26.4 . 10.2 36.6 .8
1983 .9 33.8 S 12.8 5.6 .0
1964 -] . 2.9 g Sl v2.8 .0
1963 .0 .1 19.4 7.1 70.9 0
1966 .2 - 19.9 .0
1987 .0 §3.9 5.0 .6
1988 .9 114, 9 °%.3 .0
1589 0 137.7 2%.3 7.l
19%¢ . 144, 4 3. 5.8
1991 -] 1€64,9 %w.2 13.%
1992 N 199.2 5.6 é%.2
1993 . eW.2 STl 4.1
19984 .Q ere.2 LTS 47.%
199% .0 389.¢ 8.0 %1
1996 .2 49,6 ..8 g
1997 -] 3%4.0 9.8
1908 .9 o37.8 9.9
1999 . +68.9 9.1
2000 -] 07.3 2%.3
2001 .9 . nST. 9.9
ooz 0 $66.5 é?.c"
2003 © £31.9 el.3
2004 .9 ©r8.7 3
S .8 TOS. 4 0 3
2006 .0 TO6. 8 7
2007 .0 T13.7 T13.7
2008 -] ToS.4 TO5. 4
e -] 706.8 705.8
2ele .0 713.9 713.9
o1l .0 706,.4 706, 4
012 .9 T06. 5 795.6
€013 .90 T13.7 T12.7
2814 8 TOd. 4 T06.4
2015 N 706.8 706.8
2016 .9 713.9 ?13.9
eol17 .0 705, 4 706.4
2018 0 766.6 706.6
eote 0 ?13.7 713.7
2050 .0 TOE. 4 706.4
[3353) -] 706,89 705, 8
oo .0 T13.9 713.9
0es -] T06. 9 T05. 4
2084 .9 7056 T06.6
3y .8 ©7138.7 713.7
e .@ 7¢6. 4 704
ooe? 14 706.8 706.8
228 ) 713.9 712.9
09 .0 T06.4 706,4
[310) . T, 6 TS £9. ¢ €D 1 .
SRR ECARRARRORRARA NP AT RRAARASSRRNARAINPNRALARAIRIDARIENIRAAGISIINVOIGQRENSNDY [ IXIIYIFTRET]
T01L .8 _24972.4 e497TS. 4 2rsel.8 edid.d Biv1.8 1T Sois. ¥
LT : .0 471.2 471.2 2.9 181.9 4.6 8.1 6.9
148.3 148.3 14.% 20. 4 48.6

$8AC - 0

£3-202

103.3 : 17.2

il



28A

wrnencep eerertce Y 88rly Cash Statement ¢ ivucen emesseice ChLERS
LEFOFE TR/ FETER THZ

A INURL FIAL AL CuM rHUIN CLM RIS
YERF 841 RSk oy HET CreiM HET CRSH el Crh DET LFH PET Lk
I YYPEYYY IR VYRR YR SRS FALRRY AT Y LY A ] 4409 0000RSBIRDAUPIINEDNDIOIOBR 00044000 4080008480400 00040080
1978 72.8 - T0.8 - .€ - - TR - : -
1979 - W3 - 12041 - - -
1560 - 344 - 124,93 - - -
1981 - oT.6 - 212.1 - - -
1962 - T2 - 263.3 - - -
1983 - f2.e - 326.2 - - -
1904 - 35.8 - 3Tt - . -
19€5 - 17,9 - 33,6 - - .
19¢€ b - /371.8 - -
1987 - - 39,7 - - -
1988 - 373.8 -
1989 - ¥%.C -
1590 - era. -
1991 - 16,4 -
1ee2 - 126.4 -
1993 - &5 -
1904 199.6 2 -
S ] 283.7 H
1996 429.7 177.2
1997 £10.6 832.€
1998 2791 SEE.© J
1999 11z2.2 n79.3 1
2009 115%.2 EE6.9 fi
2001 14686,5 263,72 7
g2 1736, 4 T -
20u3 C1€9.¢ 1156.6 7
004 2e82.8 13%6.2 -
2005 041, & 1%8%.9 %
2006 3487.0 1759, 4 LT o5
200? 38€6. 4 1991,9 61,1
008 4378.4 TE0N.E 4.4
2609 4€81.5 en9.e 121.7
2019 713.2 278.9 2337.4 2%T1.8 160, %
2011 706.4 29z.¢ 581,28 ET24.8 ’
29012 Te6.6 293.8 CO74. 5 873,32 3
2013 18,7 212.6 &T68.7 2071.,9 3
2014 7O, 4 £€%.0 £5999,9 3212.8 3
201% 7906.8 Zee.3 TH4.8 3261.4 H
2916 713.9 23,7 7844, 3 3%01.0 3
2017 7OE. 4 231.4 2319.8 6%9.8 199.8
2018 TOE. 6 304.7 ¢rat.6 IT84. 4 184,14
2019 T13.7 =L ©149,9 3710.2 18%. €
2020 786.4 279.9 o577, 2 924, 4 114.9
021 706.8 2E%.6 0L, 9 ViE2T.0 161, 1
022 712.9 ger.2 194€%.2 129.8
2023 TRE. 4 223.9 10728, & wLE
2624 705.6 2e2.7 11422.9 L0
20y 713.7 2e4.8 11€%51.4 &
202¢ 706.4 30,7 122%7.0 T
2627 T06.8 e21.3 1aveg. € 40,7
2088 712.9 £91.¢ 13164, 9 - - ZE.e
2829 705, 4 e9e.0 13979.2 - - 1TZ.€ +313.9
2039 TO6.5 €6, T 13999, 1 39,8 $2835.7
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28A

Capital Investment Balance Sheet

CRPITAL » FIZED HOFY: 1HG LOIG TERM P
vere IHESTNENT . ASSETS CRRITAL BEET , LLutTy
SRRAARANSARRBRINEDDRUNARARSIRICILD A0S DS PRPABI VSR ADNORAISVIPADCEPIRDOBOBRANIDGSOVG0RALRS0L000A0RARD; Y XYY I XYY YY ] 1 13
1579 72.9 » 69.8
te7e £2.3 » 117.9
1960 . 373 » 150, 4
1961 . €6.8 » 210.0
1952 2.2 * ze1.9
1463 s0.4 . 3%9.%

1923 70.2 » 414.€

1%e . w52 . “z2.7

1986 - 23.6 » 487.3

1987 6.4 . 263.0

15886 3.7 « £13.8

1989 5.2 » 597,98

1290 T1.% » Z44.0

1991 - 2¢.9 » 243.7

1892 ge.é . £96. 5

1993 68,2 » &3z,

1994 84.% . €€0.9

195 153.% » 791.3

1996 . - £za.3

1597 123.5 » °29.4

1998 189.2 . o81.1

1799 156.3 . 1073.1

2060 431, 1 # 1433.7

&vel 146.9 - 1496.6

e 2%0. 1 » 1648.8 .
2063 157. 4 . 1791.3 .2 12521
204 1€2.6 = 17%1.6 .4 1510.9
2008 226.3 . 1gss.2 03,
2006 ge7.7 » 1649.8

o7 2211 0 ze32. 1

) 191.1 » z028.2

oo £ze.3 a 2103.3

2010 214.6 0 Z1%4. 4

2011 222.1 . 22ee.2

ael2 2i9.8 - 284S.4

2013 1%6.1 » z211.9

2014 221.4 » z232.3

2015 218.% » £z44.9

2016 219.8 x f245.3

2017 1€7.4 » £191.3

o1 240.5 n 2194.7

2019 221.1 .- 2163.0

2020 214.6 » 2108.7

2021 . zz1.1 = 2041.1

e 162.6 . 1963,

o3 168.2 » 1770.1

cecy 157.9 - 1286. 4

PR 219.8 » 1450.5

2026 e3%.6 N 1241.5

axe? 1%6.1 1 231.9

2026 z06.3 x £50.0

2609 2z6.6 . 574 -
2630 2211 ® - it

TOTAL CAFITAL IMSESTMENT €191.6 ——
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28A

Capital Investrment Sources

OWNERS -
INVESTMENT
TOTAL PLUS CASH FROM -OWNERS
CUMULATIVE  OPERATIONS INVESTMENT
FACILITY PLUS DEBT PLUS CASH FROM  OWNERS
YEAR INVESTMENT  RETIREMENT OPERATIONS INVESTMENT
- 1978 72,03 29, tege2 e3.7€39 2. 759
1972 124,29 +41.85003 b +1.91569
1960 161.84 T4, 92999 T3.39729
19814 a2k 6 7. 9201 TY.43737
1962 20,7998 19,3379 100, 864
1983 401, 1897 128.22 122.,2927
1984 471.379¢ 1€2.3363 5. 55%3
198% 26,3698 {24, 9207 173.7745
1986 959,855 99,2607 184,6%47
1997 S19.9%99% ee.onl V3. EEAT
1989 €89, 7099 £38.0318 Sld,4nde
1989 B, 20 e4%9.19012
199Q 726.43%2 27%.831¢8
1991 TS. 4392 291.1%14
1992 S3%. 0591 387.8014
1993 LN, 309 20, 1917
1994 68,8389
1395 1142, 299
1950 1eev,.eeq
1397 13860, 349
12798 1489,772
199 . 1648, 08
ceve ee37. 13
001 2aT7.07%
202 S4BT, 168
<093 244, 526 1192.472
c004 207,085 1297.113
200% 3U33.372 1430, 104
<06 3261.033 171,234 1076, 148
€007 3482.187 1719,E64 1147, 102
coos 3E33.247 1833,604 IR, %71
cee 3893.527 1987.7%4 1371.6€67
col1e9 <068, 127 2146,.594 1342482
eotl 4297.273 2320.0%1
cotz 40517.068 249,133 ¥
2013 4673, 181 262,069 €e7.£313
2914 4894, 469 2859.%947 ceT.e218
13-4 5112.9%57 056,895 Cav.£3217
€91é 3232.746 TCE6. 329 EeP. 6317
017 oS00, 129 3434,.604 cer. €319
cole $749,71% 681.9%4 Je7.£314
2019 961,809 2912.004 Se7.£314
2020 €176,39% 1£8.34 g27.5314
co21 397 . 484 G441, 553 €e7.e311
eoee €TE0,043 4711.842 CET.E3L)
2023 &748, 281 L01%,032
2024 5906 14 333€,437
c0eS T189.93 T3, 777 b
c02¢ ?7361,578 £14%, 9246 ET2.7133
2027 717,637 5 €02, 263 Tu4, (42T
coce T743.9¢6 - T180,69% C3EB.TLE
089 7970.473 724,53 442,4795
2030. 9191.%42 B191.,602 943,479
FRELENT UALUE OF CAPITAL IMU AT FRTE % fM ) 1%,
472.8%3<8
FRESLNT \NLUE OF CAPITAL INU AT FATE %» $M 3 1e.
83,8328
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: Cost Summéry - bollars in Millions

PRrEPESYFPPFRENIFPrPIENeY

s ' . crprrm EEreriae ey oo
: 3 . ks S E TOTA
;:”“;"." ” . vaese M CPERRTICIS 1rntu 1 csstfngxs ‘.’Tff....
Q CTAL, $ 64162.3 2»780.9 > TE0. S T226.3
1.6 CPPITFL ITEMS. ‘A @i 182.3 - & 7es.2 }2,;-,1,2
€21EM nr'un:s :wxm " gel77. 3 . 100232, 5
IMIP » 1€2.9 a 38%.0
SRSy n 243.9 - ~1%.¢
CREH TRFISPCPTERFAIL CRR . 19,9 » .7
$RIL CFR TLE [ 0.8 » 1.2
CPY TELIBFGPTEP I »
ILVFCPY FRC L] 1.9 [ 3 . 2.2
TEF RSN 4 PRt . 36.9 ) 166.7
S : : | -
2 1 STCRF - 269 . . 4.8 » .0 o, *
"ﬁ‘ﬁ.‘,'fv’é‘;ﬂr' . . : ™ 2 1.3 . .3
“C 1t » 116.9 T 116,80 116.9 $201.2 2.2
-CPINITSTERS 8 1,917.8 1017.5  » 1,217.9% 9186.7 10638, 2
.u:{t?:u:an 1FRNS » mao.e 30.0 0.9 i2.¢ 2.9
¥ HIORE B 4 o 3.4 B 4e303.4 2:726.2 (] .
CLCLECIC FEC MODILE . : s Te6at.7
:g;:sncm' STCEALL MOD » 5 . . x
. » o 4.9 » 4,9 77.3 122.2
LCLGINIEP FRC ] .9 7.0 ® . . .
Ll FECC FRC . ] . - 7.9 138.4 “ !
BECCLEPY FRC " =
SLPFCPT PFLCT anzs LU MY » S.4 S.4 ® S.4 ?.9 13.3
FSH DL PL - 1.4 14w 1.4 2.0 Y
FRFERCUSE t u.T . 4.8 0 K +.0 88 g
Li4LPS COST A 15622, - 15022, 1,0%2.4 “g,9 2:621.3
SUTEFEST P UG CLiS ¥ L0473 , 1eQ47.C W 1,047.6 1.3 21408.3
CFEP ¢ HALNT [ 2:780.5, 7205 B Eritu.S eriiv.s
: :;rzc'r LAZCR » 3t.e 61,0 2£1.8 281.6
1 FCRT & SEC YPANS . %o .1 = %1 2.1
2 VATEP IRSI1 FEC(SFORT) » 1430 14%.8 » 145.8 149.6
3 PATEP IRSIN FECIZFOPT) . » .
& FRTIEP FRSIN STCR u - 27. S T 7.1 &7.1
2..% FFCY, FFC LRZLR - -
For FEC) FFC LPICP . 313.? 313.7 % 313.7 315.7
2.1.7 LELLT ELFLFCLLELT LREGP a .9 4.9 @ .0 .0
&.3.8 CECLCLIC FEC r.CD LALCR . ]
i.1.7 CFS) VERIS BAINT LAB x 0.7 0.7 = 0.7 0,7
2.3.36 LD UL FROCES LREQR n 14.3 4.2 » 14.5 1%.9
2.0.41 M PPOY LFIGR n ..
2...44  FELCVTF'T PLENT LAB . .
L nmnct LAICR . -. €’1.8 |, e71.8 «® 71.8 £71.8.
F FCRT & FEC TFRNS LAD . 8.1 .4 = 0.1 8.3
2 K.3.FEC (nFCPTI T LAB » 218. 218.6 @ 218.¢6 218.6
F i-...s:c (JECPT) 1 LRB s u -
F STCF LD LA = 0.5 0.5 » 0.5 3.8
2 srrv FEC 15D LAB L] a
i FFCH FRC 1M LR s 470.4 470.4 & 470, 4 ~70.%
2 LALLT 111D LATGP . » 5.8 65.8 o 3.8 6.4
CEG FEC FOD 11D LS [ .
2 CFr. 1FALS PAINT LAB " 46,8 6.1 ® 6.1 . 1
2 LIILK FPCS I LAB » 2.3 2.3 . 2R.3 .3
2 PLE PECT 1D LR3 . . hd
2 FEC PLFNT LIID LAB » .
. 1 ATEP IR, SUP LTIL CT » 870,93 870.5 o iC. 0 $7C.Y
$ERIIFEC FliS » . 94 .1, » 6.4 tos
$LC,CFLS & FCRT » 218.4 218.6 = 219.6 §ib.6
FEC CFIS 2 FOPT = . ’
bes, STEEFRE CFUS u 0.5 0.3 @ 48,9 «0.9
FFCY CPISLISL0) " .
FELY CRUS I SG0R) . 470, 70,4 » 470.4 470, 4
IPILT GRS » 4S.8 6%.8 & ¢ 5.8 6%. ¢
CECLLCIC FEC CPNS = ]
CRLY. TEFNS [ 43.8 5.8 & e <%.8
ISk FROC CPEN » 21, 21.3 21.3 &i.e
HLY- ;ruu.s»'rc-cms = L&
SECCHER' AL (RS » : : . »
CCITFACTED 2ESMICES 371.6 371.6 » 1.4 .6
SHP oM ' . 313. 2i8.4 » 318.9 3it.
uS PCRY FEE ‘ » 0. Cod & Y Ven
ELFCP FOPT FEE STCR = . » .
% FRILISE 10 S1CR) n 17.2 17.2 » 17.2 17.2
CLFCP FRIN TFANS = L
LT CILEATINEG C¥EG) = 19.4 19.6 @ 1% 1%.6
ELFCP STCP0 . . .
LS FECEH CR - 3
: CURCH FEC 9 s .
ELFLR YRSTL LIS = »
s LS FRIL TFRIGP . n 18.7 19.7 » 15.7 1%.7
EVFCP FALIL TRRIEP . = [
ELFOP FRLL TRFNS . »
vL PP FEE » 0.3 2.3 n $ 0.3 0.3
LLFLP FCFT FEE 7 » »
ELECE FLPT FEE - - .
FreariC FCPY FeEC » »
FECIBIC FCPT FLL n a
£6C $RIL TEEINP s I
F6C FAIL TSP : :
2.% TICCH TPUST FLND ) €%.?

oooaoo..too-t.D.-'o.o.."a.a--o'.o'Il...oo..oo-.nnal.o-
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Section E3.35

Case: 29A

Description: SC baseline except ROI = 25%
Summary of Input Characterjstics:

Financial -
Enterprise ROI - 25%
Borrowing - 2/3 of any capital expenditure at.10%
Government financial participation - none (private enterprise)

Location
Transportation - from island in Pacific
Location cost-factor - 1.0
Water provisions - none

Storage
Type of storage - aircooled vaults
Storage cost factor - 1.0

" Recovery
Start up time - 2000
Modular plant - single plant
Value of recovered products - 260 $/Kg spent fuel

Pricing _
Service charge - average over fuel population
Recovery credit - none '

Summary of Output Characteristics: .
Capital investment - 8.191 billion dollars
Owners ROI - 28.3%
Service tharge - $273/Kilogram of spent fuel

E3-207



COST OF SFPENT FUEL SEFUICE lIlClLLftF z?C) 273.047
PRIE OF FETLUFH 1 IIVESTMENT

© TOTAL MET CASH FLOW OL'EF TOTRL LIFE CIF F‘F‘OJECT $33008.2%8

29A

S ———— —_—

Yearly Profit and Loss Statemnent

FEF SERL CH TOTAL CPEP INT DEP T0TAL HET
YERP. PEVENUE FEVENLE FELENUE €/PEN EXFEN ESFEM EVFEN TFES ICOHE
RANRRANBAARAD SRR ARADESORNAIAANRISADRAGONAFCRANRDIIARARASGARSNASNARNSOSIRARNENIDINASINANDISLIDAPIRIOSCA0AERasIsINAIARIDRRS
1978 9 3.7 3.7 .8 4.3 c.4 +8.9 .8 -
1879 .9 8.3 8.3 1.5 8.3 2.2 7 R -
1980 .8 18.3 10.3 2.2 10.8 %1 .0 -
1981 -] 23.9 23.9 3.6 19.2 7.2 U -
12€2 .0 8.1 =6, 1 9.1 21.2 19.2 é 4.4
1963 9 €2.3 €2.3 6o [ 1234 2.8 ® .3
1984 .0 TTe T4 7.7 3.0 1%.1 %3.8 .0
19€% . T10%.2 18%.2 192.4 4.4 17.1 79,9 12.v
196 -] 130.1 1308.1 18,9 36.4 1€.4 T4 T gl
1487 .8 193.8 1%3.8 S5.0 3%.8 2.7 115.9 14.9.
195¢ 5] 211.5 211.¢& 3%.3 4.6 Fof] 112,72 3%.2
1589 .0 a%2.% 232.% .3 41.% <e. t1e.u St
1920 .2 25,8 ée%.8 3.4 4%.5 e%.3 1es.% 3.0
1991 .9 203.6 303.6 6.2 98,9 26.3 e, 4 6. T
1992 0 6.2 6.8 6.6 St.7 8o.8 132.1 SE. %
1993 .2 433. 1 33,1 7.1 $T.s 32.% 4
1594 0 14,0 $14.0 2.9 0.1 6.5
1993 .0 ] - 992,80 28.0 59,2 *3.4
1996 .0 ©43.7 €43.7 8.8 73.4 45,7
1997 .90 =1 7T % 9.8 £2.0 3.4 N
1958 .0 £0%.8 $0%.€ 9.9 £7.4 7.8
190 -] eL2.7 C £62.7 9.1 .7 €4.3
2000 0 “34.90 ¢34.0 °%.2 122.¢ €0.9
eool. .@ 1023%.2 10€3.8 9.9 129.¢ 87.0
2002 9 1959.0 1069. 0 €0.6 143,04 ar.e
<003 .0 1163.% 11€3.9 61.3 143.7 104.9
2004 .0 1249.7 1249.7 2.0 136.1 112.3
2003 .9 13090.6 1200.6 €2.€ 1€6.2 122.?
2006 .9 1281.9 1291.9 63.2 173.8 133.1
207 .9 131441 1314, 63.2 182.8 132.8
2608 9 1308.6 1309.6 £3.2 137.2 15%.8
2009 .2 1201.9 1301.9 £€3.4 14,7 12%.2
fote N1 1314.8 1214.9 53,4 201.0 163, 4
011 8 1200.¢ 300.¢ 83.4 207.% 174.4
eole .0 1301.90 1201.0 £3.4 212.4 1€3.95
2913 .9 1314.1 1314.1 £3.5 212.4 189.6
<ol4 -] 1200.5 1300, 6 83.7 213%.8 €00.4
2015 B 1301.% i201.5 $3.8 218.1 k.4
2016 9 1314, 5 1214.9 53,9 8e0.4 e19.4
01?7 N 1300.6 1300. 6 64,0 217.9 g2t.2
€ots8 .9 1201.90 1204.0 . 4.1 .14 237.4
2919 -] 1314, 1314.1 £4.3 229.7 2.9
2020 .9 1300. 6 1200.5 64,4 218.8 . @
22! .Q 130¢.3 1301.9 L adt] 219.8 2e8.?
e’ ] 1314.9 1314.9 €4.8 o4 300.2
0R3 .9 1308.6 1300. ¢ v4,8 197.% 221.7
2024 8 1301.e 1201.0 64,9 122.9 34,9
2035 - 1314, 1314.1 3.0 171.?2 27%.7
2026 0 1300. 6 1300.6 63,1 127.0 424.7
&oe? . 1361.% 1301.% £5.2 132.9 ©66.0 ~“"a.7
2028 -] 1314.5 1314. 8 €3.3 196, 7 wr.8 6.3
089 .0, 13€0.¢ 13 X ] 55..» 71.5 769.2 ced. 8
1201.0 .0 T (3,4 CEE.E ) 8.1
H‘ll.lll.llllll)IDIIIIII\I.’GIIDIQQI‘IDII.ID.‘Ill.‘lll..lll‘!.‘l.I!llllll.l'.!b.lllll.o.ll!ll.l..ll' assrsscuvannasass
YOI X 45081.46 45204.6 e, 8 Bedid. 4 §19t.% 17387.7 10873.3 17780: 4
nC . 8 €67.6 E67. € %2.% 121.0 1%4.6 2e.1 ¢e%.2 334.3
"N e .8 272.¢0 er3.® 18.% 3.1 8.6 103.3 4. € 185.2
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29A
Yearly Cash Statement

U IHENCED ENTEFFFISE FINFWED EHIEFFRISE ChHIEFS
TEFORE TR0 MFTER THY
RHUAL ATeRL AMUAL (AL} Farmwe eI

VEFP CRSH TN R OuT HET CFREM HET CAZH . VET FREM 1 13

FRSYRYXYSRIRAYRP YR F AL 22 ) RO QAUIAVNISINSIAINGBO00 SOSORTADEDOODROIVIDRGIN 0N 0420008000004 000D00008

197¢ 3.7 T2.8 - £9. 1 - - &e.0 - a9 7] -

1979 . 8.3 3.8 - vS. 9 - - 1.2 - e 3 -

1980 10.3 <9.0 - o7 - - 1€.9 - 51.3 -

1484 €3.3 T0.4 - - - 18.3 - 2.8 -

1982 48,1 ar.3 - - - 14.% - ETRY -

1983 ¢2.3 €6.7 - - - 3 - 99,4 -

1984 77.4 7.9 - - 4.2 - 0.2

19835 1935.2 4.6 - 17.8 - 73.8

1986 130.1 L .32.9 - 3.9 - I%.5

1997 133.8 1114 - e1.6 - 1€.0©

1588 211.6 . e9.1 €3.% <S.9

1989 253.5 0.5 “%B.% 144,90

1999 2€5.8 1ze. 9 81.5 22%.6

1991 203.6 £2.2 -118.4 44,1

12 266.8 13%.2 13%.¢ 479, 7

1943 433.1 12€.3 178.3 EL7 .4

1994 S14.0 {<g.1 219.¢ E7T.8

139% 099.8 211.9 g44.8 1122.9

1996 €43.7 143.8 290.3 1412.3

1297 3.9 213.1 312.1 17ee.3

1988 £0%.8 169.8 37e.% Us6, 2

1999 6é2.7 1% 4 SBE. T 836

2000 234,0 200.3 1.3 CEO4. R

ae0t 103%.8 gve.B JET.E IETEL 4

00 1€59.9 ol 7 ¥51.5 2ATE4L.0

<003 11863.% 4 033.% e8NS

2004 1249,7 776 +23%.1

2002 1200.6 ire.e 413,23

2006 1301.9 19131, £3.0 3

euT 1214,.4 11t UL E o1

oS 1300.8 1ees7 83,4 s

2009 1361.9 12269 wol.7 z

2010 1214.95 14321 254.4 ]

2228 1300.6 1% 31.2 €

2012 1301.0 16347, LET.e v]

2013 131s.1 17442, . 0.8 4.3

014 1300,.5 12457, 9 LGl

01e 1301.9 19477.1 Si4.3

2016 1314, 5 v 5 Sig.9©

2017 1306.6 21%77.2 %er.e

cels 1%01.0 i 493.1

2019 1314.1 a% 493, 1 1&82ed.
220 1360.& c46 52,7 13347.3
et 1301.$ el ) 4€72,3 . 12817.8
2022 1314.5 £67ar. L 491,7 143385, 6 143104
2083 1300.6 EP774.8 482.2 1¢3517.8 14774, 1
c0c4 1201.0 ce3%e 460, 8 13878, 8 198371
202 1314.1 Y e EicioN 13712.0°

2006 1360.6 ceze.2 39T, ¢ 1e162,9

0er 1201.% 3 405.2 1551%.2

oacs 1514.3 fokogs 345.8 16851, 0 5
eoee - 13008.6 33993.9 2%8. ¢ 17180, % 17U, 0
2030 1361.9 3T . Y995 17720. 4 17706, 4
PRAIE OF PEIUFH 10 ENTEFPFISE CUIBER $.22%
- PRTIE OF PETUFN RFTEF ThRe OF ENTEFFPISE . g, 887

~



294

Capital Investment Balance Sheet

CRPITAL » FIVED VOF? (MG LONG 1EFH Db EFS
TR IMAESTHENT » FESETS CRPITAL ) LEET €Ly
.“..".‘lll.”s.:0.'...'.O'Q.:Q’O.:.QQ'.C'l'.l..l.‘.l..l...‘I..'.'I.Il".‘ll"0.0.:‘10.“"."'.0‘0‘.‘l‘.......l".lll‘.0..'0‘.‘_4‘."'0
1978 72.9 “ 69.6 .8 R :
1979 2.3 x 117.9 1.6 N
1580 3T . 120.4 @2 166.9
1981 .8 * 210.0 3.1 150.5
1582 e2.2 . 2919 gt 211.0
1983 60,4 « 3%9.% EX ze2.9
1284 70.2 * $14.6 6.4 307.%
1285 A X . 452.7 .0 41,5
1566 33.0° x 467.3 o4 260.3
1597 6.4 . . 263.0 15.5 393.¢
1368 33.7 x (4.8 16.2 1.7
1589 5.2 » ie7.8 16.1 +69.9
1290 . 71.% » 244.0 16.9 451.2
1991 26.0 » £43.7 17.2 41,3
1992 2.6 . £96.% 12,90 07,9
1993 $9.2 » 632, 9 18.3 S4q.1
1994 8.5 = 680. 9, 19,6 28,9
1908 153.3 s 31,3 2.2 §77.3
1996 24,8 » ¢ee.3 z2.0 TIT.%
1997 123.9 » 229, 4 3.8 0. 9
1998 109, » °81.1 2e.6 €2, %
1950 126.3 » 1672, z3.8 2.1
“31.1 '- 1433.7 0.3 1197.8
2001 149.9 a 1496. 6 3.e 1263.6
2o02 2=0.1 a 1648.3 34.0 1221, 6
2083 157.4 . 1761.3 3.2 1452, 1
2004 162.6 a 1751.6 6.4 1916.0
0us 22%.3 a 1655.2 28,1 1€03.3
2006 227.7 * 1249.8 3.2 1669, 8
ve?7 e21.1 » gel2. 1 +1.8 1771.%
2009 1%1.1 - #028.2 +1.8 1799.6
2v0s 2z0.3 » 2163.3 43,08 1868, &
2010 214.¢ - 2154.4 44,1 1921.9
20114 . 229.1 » zze9.2 4s.2 1977.2
2012 219.8 = 28454 56,0 2018,
2013 126.1 » 2211.9 46,0 2u1e.1
2013 221.4 x 2g32.8 46.6 E034.5
2013 2188 » 2244.9 47.9 6.7
2016 219.8 '- 224%.3 47,4 2066.4
2017 167.4 - 2191.5 47.0 2045.3
2018 240.6 = 21%4.7 475 260%8.6
2019 221.1 = 2163.8 4v.8 7043.%
o020 214.6 L] 21e8.7 CTY-4 e, 1 T
2ee1 z21.1 » 2041. 1 46.7 1995.% z
ze22 152.6 w 1903.5 48,2 1646.€ w9
2023 128.2 = 1770.1 43.7 1733.& 20.6
2024 157.9 . 1286, 4 41,8 19697 6.2
20es 219.8 » 13%0.% 39.3 19121 7.6
206 z3%. x 1241.5 7.0 12156 ie.6
x27 126. 1 * %31.% 3¢ 915.3 9.1
2u2e 226.3 » £59.0 e.? z63.2 0.5
coee 226.6 » 47,4 z2.8 3.9 34.3
2z1.1 » - L 14.9 - 0 14.8

TOTAL CFPITAL IHESTMENT €8191.6

—_— . A P m e e tf c pr - e mmsivms o emis mmmie aeee g o e

E3-210



29A

Capital Investment Sources

TOTAL
CUMULATIVE
FACILITY
INVESTMENT

72.03
124.29
1é1.814

1142.299

$740.7195
S961.£05
6176,33%
€397, 464
5368, 043
6748, 221
6596, 141
7189.93
7351.578
T917.637
7743, 926

OWNERS
INVESTMENT
PLUS CASH FROM
OPERATIONS
PLUS DEBT -
RETIREMENT

.24, 1002
41.88093

1633.¢04
1987, 734
2146.%94

SU%£.2535
30€6.38T
34%4.204
3681, 904
3216.004
41€5.34

4441,9%3
4711.842
3B ]
2336,437
713,777
6143, 928
S¢02. 363
71€0.69%
7934.3231

8191.802

FEESENT UALUE OF CAPITAL INU AT FRIE %y 4N
233,568
PRESEMY LFLUE QOF CAPITAL INV AT FATE % M

OWNERS
INVESTMENT
PLUS CASH FROM
OPERATIONS

v3.2124
£8B, TECE

€r03.21%

e
10.

OWNERS
INVESTMENT

23,7699

LY X YUY Y

128.117¢
129, 1174
12€.117¢
122,117¢
132, 1174
1e2.1174
18,1174
128, 1174
1£8. 1174
166,1474
1881174
128,1474

T1EBL LTS

128, 1174
132, 1174
188, 1474
188, 1174
ige. 1174
138.1174
182, 1174
122, 1174
122.1174
188, 1174
188, 1174
182.1174
13%. 1174
(&8.1174
1851174
122.1174
128,1174
13€.1174
188. 11724
188, 1174
128. 1174

128. 1174



- 29A
: " Cost Summary — Dollars in Millions

PPEPOERYFPPPIFRSESITOEILY

HES ' . COMMITIID COST - FIENCED (OST R
. CAPITRL LPEFATICHS OTRL ﬁmrr*ru: lmui“t CREFATICHS TOTRL
;I;“.;;.l.l...'.l’...l..l » ASOSRBIRRNSRNDDIADSADRGIVOCeNCDDARRLS POV OLPRE0RANEPIOABIRIGISSC90T 450D
. 7 b §41€2.3  2,7€0.% 101962,y a »7E0.
1.9 CFPITFL 1TEMS. ™ @, 1£2.9 €11£3.2 &ie0.2
1.1 SYSTEM NC.L!T!E. {OU!PP’:NT " $0077.9 G &i?.% a
1.8, IHIP [ 16%,0 1€%. Y
1.1.2 ¢ " N30 243.6 *  243.0 172.2
1.4.3 I4 TRIIAPCPTER SAIL CAR » 12.8 %9 » 19,9 10,8
ledod FFIL PR TUC n 9.9 0.8 @ .8 0.
10,9 Cr9 SELIKFCRTER . » . :
fed.od FFC . 1.9 1.0 B 1.0 1.9 ‘
[ 31N 4 PCRT. » 29.9 20.0 » .. 3.7
1.4.8 ih & FCPT L4 . .
1.d.% 1 11 STCRALE » 240 24,6 v 24.0 41.3
1lei€ ﬁ»cnc.m FECILITY [ ] 13 .
lelodt SRRt G PR u 116.8 114,86 w 11€.9 Q1.2
1.4.43 uf-lu-:tﬁs 8 1,017.8 917,38 *» 1,017.% €i6.7
14448 EtTUFCEL - 30.9 9.0 & 30.0 iz.9®
11014 CRLLT LE N 4,5853.4 49303.4 > 4,203.4  20786.3 -
1.1, e 'LfC [ FEL HOMAE a . . N
i.1. FEFC).‘IFF\ STCFFALE MOD L X » 3
les Cr.iy b 5.9 .9 & ‘-, 77.3 122.2
l.d Lot INTEP FAC A 7.8 7%.0 - 7.0 150.1 20%.1
leid PLil FFCC FRC u . L
1.4 FRECVEFYC F n -
1.2 ‘Lf?(" F¥Cl LlTl[$ EQUIPMENT a S.4 S.4 n S.4 7.9 13.3
r: D ¢ FLT . 1.4 f.4 @ 1.4 2,0 3.%
3 I‘FFUC& € L L‘LT & 4.9 0 N 4.0 38 .8
GRS (LT a2 1,692.4 . . 1026 b 1,032.4 68,9 2:638.3
LITEREST Mdt cis E 1,047.0 . HOS?2.C ®  1,047.0 “51.3 k3.3
(FES ¢ nAInT a 2,780.% &1720.5 » &rién.Y EriéVeT
SIPECT LAZCR » 531 0 w%81.86 2 1.0 &L,
FCET § FEC TFFAIES » el . Tl .
VATEF TRSINL FECISFCPT) Ll x4...a 14%. » 145.8 143.56
VRTEF IRSIN PECIZPORT) » ~ B
LATEP EFS]N 3762 - az.1 a7.1 L 7.1 &8
FFQ). FEI LAICP » »
FECH FFL \PICH » 313.7 213.7 I 313.7 313.7
LEAT ELFLICLLENT LPTCR - 4.0 4. » 4.0 .0
CECLCCIC FEC £.CD LAIOR. A . a
cExd TERUS PRIGT LAB = 0.7 0.7 30.7 0.7
LT U FROCES LAZOR = 15.8 14.% » 14.35 1.5
YLl PFOC LAICR . ~ ) .
FECLVERY FLFHT LRB - M
. €?7L.8 . ern.se u 71.8 £7L.8
. g.1 Q.1 A 6.1 6.4
: 218.6 218.8 : 218, 218.¢
: 40.3 0.9 : .3 8.9
, » 470.4 4790.4 L 470.4 47C.4
LrRT THD LRTOR . a 6%.8 ‘6%.8 4 6.8 .6
CRO FEC KOS IND LA3 = »
CFEY. TRRLS MAINT LAB L ‘.t 46.1 x «6.1 8.1
LIILH FRLC th LAB el 22.3 2.3 ¢ 82.3 2.
FLH FEOT [ND LAS - hd '
FEC FLFNIT MD LAB » .
I RIESIFL SLP LTIL ECT » 87v0e.9% £70.9 . 84(-.4 BIL.Y
BLETIERL ENS » 8.4 e.l. » 3] Y
: FEC.CFLS 4 PCPT 4 218.5 218.6 - 21? & ZiE.6
ti.ie FRC CFIS 2 FORT n - .
3. SICFFLE CFHNS = 4.8 3.5 - B 4€.5 3.9
FFC). CR1:S -0 a .
EF) CRUE - 470.4 4“0 4 = 47¢.4 $70.%
VPIAT wns - 63%.86 5.8 * 9. § .8
TECLCLIC FEC GRS n b
CFor TSRS 5 . 4%.9 <%.8 & 42,8 1 ]
1S ILh FEOC CPEN B 21.3 €1.3 = 21.3 , €1.3
Pl FTOLESSIS CFHS x »
LECCHER F'.r'm' CPIS § . =
CCL "FRCTED SRFMICES s 371.6 S71.6 & 371.8 3786
S)P %} & - 313.4 318.4 » 318.4 2t
S FCFT F a Q.4 [ L U Ve
uFCF’ F(‘#T FEE STCPR & I
L3 FRILIEF TN 3TCR) » 7.2’ 17.2 e 12.2 17.2
ELFCP SPIN TEANS n a
Lo STEFLTINE CHFC) = 19.8 . i%.6 » 19.6 1%.6
LLFCP TePR . . . .
Lo FECCLY CP » A
CLUFCF FEC 1P . »
LR VASTE DIS = »
£. L% FRIL TFRISP - 1%.7 19,2 » 1%.7 1.7
EUFIP SRIL TFRLEP = 3
CLECP PRIL TEFNIS - a a
L5 FOFT FEE u 0.3 2.3 ® Q.3 0.3
CLFCP FCFT FRE g . s .
CLICF FOPT SER - » s
ErLIFIC FUFT FEC » s>
SPCIFLL FORT FEE n »
FEC BRIL IFFIEP . »
PO PALL TFRNSP * =
. » 3
A [{d1Ii 1EA S AR TL] A £%.7 9.7 €%.7
v‘.‘....l Ql‘...‘....‘.‘.'l‘..00..00"..00'.'...'.00‘....‘lﬂ..i.‘.‘.ll'lll.. Shaee @ .A.l..“.‘.‘....l‘.‘l...llll.’..

P AP P RPPE TP ERP RN RIS EP RN ERE PPN E PSPPIV PORPSV PP PN IDPOCREP YA AP FrFYER
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Section E3.36

Case: 30A

Description: SC baseline except ROI = 30%
Summary of Input Characteristics:

Financial -
- Enterprise ROI - 30%
Borrowing - 2/3 of any capital expenditure at 10%
Government financial participation - none (private enterprise)

Location
Transportation - from island in Pacific
Location cost factor - 1.0
Water provisions - none

Storage
Type of storage - aircooled vaults
Storage cost factor - 1.0

Recovery
Start up time - 2000
Modular plant - single plant .
Value of recovered products - 260 $/Kg spent fuel

Pricing
Service charge - average over fuel population
Recovery credit - none

Summary of Qutput Characteristics:
Capital investment - 8.191 billion dollars
Owners ROI’ - 34.8%
Service cﬁarge - $351/Kilogram of spent fuel

E3-213



COTT OF SFENT FLEL SEFOICE 'Ilf'LLFF’zN‘) -:::31.465
FATE OF FETLFN o1 LICITHENT (424
TOTAL MET CASH FLCH OL'EF‘ T0TFL LIFE CF FPOJECT  #46214.010

30A

Yearly Profit and Loss Statempnt

FEP SERUL CH TOTAL IFER INT T0TAL
YERF: - FEVENLE FEVEIRIE FEVEIE EXFEN EXFEN :
SBRRRDGASUIND S0 0 ‘.l"..l.o‘.00"0‘)'.O.!Ol.l!.llI.booll.llb‘l..h.D‘Al'oll)'o‘lilovlll.
1978 .9 4.8 4.8 .& +.8
1979 .0 10.5 16.5 1.3 8.3
1980 .0 13.2 12.2 2.9 19.8
1981 .0 N0.2 30.2 3.€ 19.2
1962 .0 61.9 81,9 5.1 1.2
1983 .0 €0.2 £0.2 5.4 26.%
1984 .0 0.6 9.8 7.7 31.90
1%8S .9 13%.4 13%.¢ 19.4 344
1986 8 167,.9 167.9 1 36.4..
1%a7 . 197, 1o7.9 5.0 3%.8
1988 .0 274 are. ¢ %%, 1.6
1269 .0 3.2 E6.3 5.3 1.5
1990 N} 342.2 2.2 53 9.8
1994 .0 390.8 .$ %e.2 46,9
1992 .8 472.8 .2 [T 1.7
1293 90 (A 5 7.4 8.4
1994 .9 &él. g £ 87.% €0.1
1948 .9 71,7 .7 £3.0 69,2
1926 ) e.5 .S 2.8 3.4
1907 ) 933.3 .8 %2.6 82.0
] .0 1037, 8 .2 29,9 7.4
1999 N 1119.% 1119.9 saut o8, 7
] .9 (802,32 1392.3 29,3 122.¢
2001 .9 1320.4 329 %e,.9 129.8 5
2002 ) 1375, 1 S 143.1 29t
2003 .0 1992,7 i+2,7 < 319.
200 N-] 1688.5 196.1 2 30
2005 .0 1674.2 1€6.2 7 o
2006 .0 1674.7 175,86 o1
2007 .9 1£91.% 133.8 .8
2008 .6 1674.2 187:3 0
2009 .8 1€73.2 154,7 .2
2010 .9 1692.1 201.9 o
2011 .Q 1674,2 207.% o4
2012 .0 1674,7 212.4 .5
20123 ] 16%1.9 212.4 9.6
2014 .9 1674.2 21%.8 00,4
2019 .0 16£7%.8 Z18.1 205.4
2016 .0 16,1 220.4 219.4
o017 .0 1674,2 217.% g21.8
2018 .8 1674,7 220.7 237.4
2019 .8 1691.% 20,7 . %28
020 .0 1€74.2 218.8 8.9
2021 .0 1675.2 21%9.6 ges. 7
e .9 1692.1 705, 9 1190.2
2023 .0 1674.2 197.% 21,7
aoe4 .0 1674.7 183.9 341.9
] .0 1€91.% 171.7 ITE.T
2tee .0 1674.2 157.9 484, 7
027 .0 1875.2 122,90 86,0
26028 00 - 18%2,1 106.7 T B
Q022 N 1674.2 1.9 76%.2
29030 .0 147 12,4 5
‘Dl.lll.l..'l).‘lllll..! asBedRIDS apesINIAA SABRARRINS aRABADAD S
TorL 9 LI1ET.3 Er81.3 Sl 19140 178877 13658, |
ne .0 111E.7 1116.7 %2.% 124.0 1%4.6 328.1 . e¥o.8 “EE, @
$384C ] 331.,% 1.5 . 16.% 28,1 8.6 193.3 - 193.¢
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30A
Yegrly Cash Statement

WIF LIFMCED ENTEFFRPISE FINANCED ENTEFFRISE HIEFS
LEFCFE TR FFTER 1Ry

RN IUFL AremAL FHLIRL cuM Fard, UM s N
VESP CASH I oyt HET CASM  NET CRSH HET CREH NET CRSH TET CREH HET CHSH
BRARBDORIIANEIRADIDRAODOCR L4V DD ANRAINIIICIDIRODIIARS CROARBRVORDIGL0ANANACUPE00P 00000000 ¥ LYY TYYVYYYY VY)Y
1978 4.8 2.8 - £8.0 - €E.0 - 4. - ] - %8
1979 10.€ 23.8 - 4341 - 1111 - 16,9 - -3.%
1520 12.2 30,9 - @8 - 1379 - 131 - - 57
1961 0.2 70,4 - 0.l - 1734 - 132 - - ThLe
1e22 61.9 97.3 - %4 - 213.% - 60 - - 720
1903 €67 - 6,6 - zee.i <. - - iZ.8
1984 .79 1.7 - 193.3 1€.0 -~ - .8
19SS 7.6 €0.8 - 137.5 3%.9 - - @304
1986 T2, 9 1146 - ea.e £1.€ P,
1987 111.4 €6.S 53.6 43,0 £Q. 4
1988 €o.1 1€3.4 247.0 o112 1.8
1592 £6.3 5.8 si2.8 143.7 .3
1990 128.9 21%.3 re8.1 128.9 .2
1991 £2.2 68,6 1035.7 172.9 .3
tee2 5%.2 332.9 1359.7 00, 9 .4
1993 186.3 431.2 1600, 9 2854 1
19 142. 1 312.6 220, 4 Si1.4 5
1993 211.9 : 25E0.€ 3%1.0
1926 365,85 S0, 9
1o7 4226.3 444.3
1948 Y154.3 18,0
1999 B84, 4 249.3
2600 675t 4 487.%
2001 762,90 £20.3
o2 E927.4 41, ¢
2003 10206, 4 70,7
2004 11270, 4 £00, 1
2005 1297%.7 £02.8
2006 14329.6 799, 7
2007 197€6.8 £62.8
ecos 17225.6 €1%.8
2009 1€618, 4 TE3.9
2010 soos2. 2 TEB, 4
2011 21415.8 762.8
2012 £2£03.2 7%%.9
2013 24277.2 TE$.€
2014 266, 3 74,0
2013 27699.3 746.8
2016 E8467.6 745, 1
2017 €9219.4 7°8.8
2018 31286.4 783.8
2019 326£6.5 732.1
2020 34881.7 T14.2
2021 3%8471.3 701.9
ez 26936. 1 785.8
2ees 283%7.3 $93.8
2024 39€02.3 . 892.9
2023 41216,0° €67.4
2026 425575 : £29.5
2027 44043, 4 837.0
gees 45443,9 72,8 24%29.6
2829 458Z€.0 91,5 &LRz0.1
) 48214.9 831.2 28711.3
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30A
Capital invsstmsnt Balance Sheet
CRPITAL 5 FILED HOFY ING LonG TEFM Gise
NRESTHENT » - ASSETS AP LTAL 3l FOUITY
SANBNDSPASARARALRRARARSDAPRSC4SPORIEANSARADIANARARNSBOINERRADSODILANDARANRRAANRANDPRAASINIALGRNACDNS4404BLNISRAGAGRRAR
to78 72.0 » .® “Few
fore %2.3 . 1Hr.? 1.6 62.4
1400 37.9 » 120, 4 2.2 166.9
1981 €5.3 2 210.9 a1 1%0.6
1982 e2.2 s 291.9 4.4 211.9
1963 €0.4 . 329.5 .3 2¢2.9
1984 .2 » +14.6 6.9 367.9
196% “L8.2 » 432.7 0.0 341.€
1983 33.0 - 467.3 .4 266.3
1987 - %€.4 = 203.9 12.8 393.9
1988 .7 » £14.9 16.2 11,7
1989 9.2 - 92,8 16. $99.8
19% . 71.% s 244.9 16.9 v1.2
1591 26.0 » %43.7 17.2 461,3
1992 . 82.6 . £96.5 18.0 7.9
1993 69,2 » 632.9 18.9 %44, |
1994 64,5 b 6£9.9 19.6 2£8.9
1959 1£3.9 = 791.3 21.2 677.3
1996 84,8 " £29.3 22,8 717.6
1997 153.8 » 929. 4 23.6 200, 9
1998 109.2 » %81. 1 4.5 8%2.%
1999 126.3 . 1073, ¢ 2s.8 932.1
2000 <4l . 1433.7 0.3 1197.6
200t 149,9 » 1498.6 31.6 1263.6
2002 . 2%0.1 . 1€48.8 4.0 1391.6
203 152.4 » 17e1.3 3.2 1482,
2004 . 1€2.6 a 17%1.6 6.4 1210.9
2003 226.3 » 165%.2 38. 4 1603.3
2000 &27.? » 1949.8 9.8 1€€9.8
2007 221.1 » 2oz2.1 41,2 1771.3
2003 151.1 . ce3s.2 41.8 1799.%
2009 220.3 » 2163.3 43.9 1865.6
2010 214,86 a 2154, 4 44,1 1921.%
011 229.1 4 2209.2 49,2 1977.2
2012 219.8 » 2243.4 46.0 2018, %
2013 125.1 » 2211.9 46.9 2910.1
2014 21.4 . 232,89 44.8 2034,2
2018 218.8 1 2244.9 47.8 20%6.7
2016 219,8 » 224%.3 4.4 2066, 4
2017 167.4 . 2191.% 42,9 204%.3
2018 240.6 . 2194.7 47,5 20%9.8
. 2019 221.1 n 2163.0 7.5 2943.8
2620 214.6 » 2108.7 4.2 2008, 1
2021 221.1 = 204t. 1 6.7 1958, 2
202 162, » 1903.3 8,2 1240.8
2023 188.2 » 1770.1 43.7 1733.2
204 157.2 - 12€6. 4 1.5 1%€9.7
202% 219.8 x 1430.% 2.4 1412.4
2026 23%.6 » 1241.5 37.9 121%.8
20? 126.1 . 931.% 32,9 €1%.3
2028 226.3 » 50,9 e8.7 23,2
2029 226.6 u 47,4 22.8 5.9
2639 221.1 » - .1 14,6 - .0
TOTAL CAPITAL IMESTMENT 8191.6 — i
- o T
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30A

Capital /nvesr'ment Sources

OWNERS
INVESTMENT
TOTAL PLUS CASH FROM  OWNERS
CUMULATIVE OPERATIONS INVESTMENT
FACILITY PLUS DEBT PLUS CASH FROM OWNERS
YEAR . INVESTMENT RETIREMENT OPERATIONS INVESTMENT
1978 72.03 24. 16002 23.76%9 22.7699
1979 41,5003 - 41.01%5% 41,01269
1900 b, 92399 PPEN +3.39728
1961 77.9C01 ST.TPS
{egp 162,399 £%. 69298
1963 138,28 8,577%2
1964 153,363 8278
198% 164, 207 2. 87738
1986 199, 2607 124. 5345 .27y
1987 Z2e. 086! F0Z.2E66 45,2778
1983 238.0312 14,981 e, E7749
1969 242, 1013 5. 1301 87747
1990 are.a3t2 I, 7E49 28, 57747
1991 246, 3049 S5, 87745
1992 T “%. 27746
1993 WL ETTIE
1994 2. 37746
199% AT B774E
1996 28, 57746
1o97 %, 27746
1998 8, 8776
1999 w8 E7THE
2000 W, E7TIS
200l %, 87746
2082 %%, 27746
ggee 87746
208 W5, 87THS
2005 1091, 014 %, 02746
2006 1OTE. 142 L S7TIE
2007 113, 102 25, E7746
2028 1198.971 5. E7746
2009 T1.667 ©%. 87746
2010 1342. 432 <%, £7746
2011 1413.1 <3.8774€
2012 1490.63 A, BPTHE
2013 1942, 13 . 87746
2014 145, 17% 9%, 37746
2018 16567.276 ©5.EP746
ge16 - 1759, 806 <%,87746
2017 $300. 129 1S1%.041 ©%.87746
2019 1748, 718 1874,436 . 3. 57746
2019 £961,80% 19T 379 - BPT6
2020 E17€.39% 038,81 “%,E774€
2021 5397, 454 e111.17 W, GTTHE
2022 260,043 £164.514 <5,.87746
2023 5748, 261 226,933
2024 906, 141 serr.ueEs
203 712%.93 LTI, 77T 351,557
026 7361,%7¢ €145, 926 429,321
eve? COTUIT.e57 CEOR, 263 2450,53
2028 . 743,926 7120, 595 299,455
2029 TOT0.473 TOZ4,9%1 | 2€30.2%6 0T G7746
2039 . ©191,%2 €191,5602 2793.21% 95. 67746
PPESENT LFLUE OF CRPITAL INU AT PATE % M 39
208,467
PSESLIN URLUE OF CAPITAL INU AT FRIE % fn .19, P
. 9328 S
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. Cost Summary — Dollars in Millions

" wes : : COMITIID COST

) + FIENZCED COST
CEPITIFL  (TEFRTICIES TOTFL

FRIFCIFLE THIEPRST CFEFATICLS TOTRL

[ ITITYY IR YT Y YLy V'Y (1 1]

E3-218

SFoPNVErFEYPPPIFIRIIVYISLSLES

° a H. BASRCODIPORSANDOIOADDANRINNCILDIEDADRIGS CPPBODOVINEIOOCRROPICAD SISO IO e
N 7 . Bs162.3 2,7€0.5 1019€2,9 = €13T6.9  Er7EU.S 17
1.9 CRPITFL ITEMS S ‘h 8s182.3 8r1€3.3 = w""o... 19
1.1 $VLTEM rF-C'L'TIta-ENIm g0 077.8 &eT7.5
1.1.1 IHip 5 1€3%5.0 1€2.0 =
1.1.2 ChSY. = 243.0 243.0 »
1.4.3 CRS). SPRISFCPTERFRIL CAR n 19.0 12,9 >
L.l.s FrlL CFR LG = 0.8 0.3 @
1.1.9 CrY TRCINECRIEP » n
lok.8 ZEFFCFT FRC - - 1.9 1,0 =
t.1.7 IRT1ER TRSIN 4 FCPT L] 8.0 8.8
t.1.8 S FTER IRSIN 2 FORT ] »
.0 LET{ER IRS1N TICERCE L4 278 24.6 & 6%.3
lele i€ FROFGINLG FRCILITY = =
1.4.11 SPCY LG FRC = 116.9 114.9 = 217.2
1.1.12 CFINISTRPS: " £,017.9 12017.5 » 10836.2
1.4.13 ELFLALEIENT TPAMS » 20. 0.0 » 2.2
ledold AT TR B 40303.4 4303.4 » 7:681.7
1.3.12 CECLLCIC FEC MODLLE - . N
1.1.14 FLFLSITCPY STCHFPLE MOD » . . (Y
e Chivones ree s B3 e o= 22 i 7
ode x . . . T.Q 130.1 .1 ®
151018 FLL FRCC FRE . . paatli
led. FECCLERY FRC | ] . u »
1.2 SLEFCET FACILITIES COULIPMENT a S.4 S.4 '®m T.4 2.9 13.3 »
| YY-981 A KD & FLT YD e 1.4 cled W 1.4 N I
lede2 FFEERCUSE AT . - 4.8 +0 ™ 4.0 2 e, s
1.3 CiLEps COST B 06824 . 19€%2.4 ®» 1,0%2.4 ©¢g, 9 2:€21.5 »
t.e LTEPEST RIS CL1S BTN ] -ca?.o B1047.C “31.3 2 lLs.3 2
2.0 CFEF ¢ MAINT a sl7€°..¢ Q70,5 @ &riEued eV, 8
2.4 SIFECT LRICR » <81.9 ‘L81.90 2£1.0 ELE o
.11 FURT ¢ FEC TRRIS u S. .1 0= %l 2.1 0
T 2.1.2 LATEP TRSIN FECISFOPT) » 143.8 14%.8 » 145.8 15%.6
i.1.3 FRTEP IASIN PEC(ZFOPT) I - . . 3
2.1e% FRTEF IFSIH STCR L 27.1 0% S av.e AN
2.1.9% FFC). FRL LAICR " . L3
a.8 FEL FEGL LFICP s 313.7 243.7 = 213.7 313.7 =
2.8.7 LFLLT ETFLFLLIENT LATCR - 44.90 4.9 @ 44.8 .5 =
2.iaC CLCLCCIC FEC 1.CY LATOR » c. L)
d.1.% GESY RIS LATNT LR3 ® 20.7 0.7 30.7. 20,7 3
21446 LU LN FRCCES LASGR n 14.S 4.5 » 14.3 15.5 &
Salall LI P ECE LAZOP - n »
2eoadd  FRGIEFY FLAUT LA s - L
2.é HOIFECT LRICR . . e?L.8 871.8 » $71.8 1.8 &
2.3.1 FCPT ¢ FEC TFPIS LAD a 8.1 8.1 & 8.1 $.1 &
| 19 » 218.6 288.6 : 218.¢6 &18.8 :
» .
37 = 40.5 4.5 » 49.9 ~6.5 ®
;rn FFC D LAB = .- 3
FFCr FRC IMD LEB n 470.4 470.4 o 470.4 “rlen o
LAAT N3 LASCP . a 0.8 6%:8 & 6% 8 6.5 »
CE0 FEC 103 IED LAB o » . [
CASY. TRRIS MALNT LAB x 4del 4.1 = 6.3 4.1 b
LILH FRCC 111 LAB - 2.2 ®.3 2.3 &.3
PLE FEQC MO LA2 ‘. . ~
FEC FLENT 1D LAB » . . LI
PRTEPLAL P UTIE ECT - 870.9 €70.95 » $7C.0 67,4 n
ir.:".r.n.c FUIS » 9.1 84, » . 8.1 tea =
1L 3.68C,CPLS & PCRT » 216.6 219, . 218.6 “skt.o ®
Yiebe FEC CFUIS 2 FOPT » . .
b SYCPPGE CFHS n 40.5 4.3 » 48.% 0.2 &
BECY cnsnaﬁm n . .
BAE GRS (I00) x 470, 4 40,4 m 470. 4 §78.% &
PRULT GFNS - 5.8 2.8 » £%. 8 €.5 b
ZENLCCIC FEC GPHS » a .
CFRLY, TEFNS a . 42.8 3.8 .8 <S5 =
Il FREC CP'N » 21.9 21,3 @ 21.3 L &1.3 o
FLb FPLCESSING CFNg x - .
SECCHER, FLEnT LEUS L s »
[44 3 ;r.CT!D SEPLIICES = 371.6 371.¢ » e o7l.e
e » - 313.4 318.4 » 31€.4 St »
1€ F-’PT FEE » 0.4 O:4 A .4 [V
ELFCP FOFT FEL STOR - » .
% ERILLEF 10 STCR) a 17.2 17. L] - 17.2 7.2
;LFCP FRlN TRANS » » : [
L2 CTCRATIFE Q0BG . 19.¢ 19, v 19.6 17.6 *
ELFCR 2107C . . . s
3 FECO) (P ] X L]
CUFLF FEC ¥ - n .
ELFCP vRSTIE LIS ] »’ s
L ERIL TRRIEP n 18.7 i8.7 = 1%.7 wW.7 »
EVFIP FRIL TFRISP - = x a
ELFCP FAIL TPRIS » » s
Ve FOPYT FEE n 0.3 .3 = 0.3 8.3 »
CUFLP FCPT FEE [ » »
ELFLE FLET FEE - u .8
PrCiFIC FOFY FEC 3 » .
SECIFLL FCFT FEE n a 4
FPC BRIL TEF1IP . s s
FFC BAIL TFFIP " g s
[ . [ ] ]
TICCH TRUST FLND ) 5.7 €2.7 v . <. T
-IQIQIQIIAOI.."..ll.'.l...l'...h.Q..a.- Y2 XYY aosas Y YTYYPYY) 205D PRARSCSSIGIALRARIDICDsaR



Section E3.37

Case: 17A-T

Description: SC baseline except transportation only
- Summary of Input Characteristics:

Financial
Enterprise ROI - 20%
Borrowing - 2/3 of any capital expenditure at 10%
Government financial participation - none (private enterprise)

Location
Transportation - from island in Pacific
Location cost factor - 1.0
Water provisions - none

‘Storage
Type of storage - aircooled vaults
.Storage cost factor - 1.0

Recovery
Start up fime - 2000
Modular plant - single pTant
Value of recovered products - 260 $/Kg spent fuel

. Pricing
‘Service charge - average over fuel population
Recovery credit - none

Summary of OutBLt Characteristics Transportation Only:
. Capital investment - 617.1 million dollars
Owners ROI - 19.7%
Service charge - $45.90/Kilogram of spent fuel
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ST OF SFENT FUEL ’EF"I"E l["'LLi $
FRTE OF FETUFTE 0L LIV ERTM .
TOTRL HET CASH FLUW 1 P TUTFIL LUC £

17A-T

Yearly Profit and Loss Statement

FEP SEFV CH TOTAL OFER v UEF TOTFL 1T
YEFP FELEINE FEVENLE FELVENLE €FEN EVFEH €FEN €LFEN TRAES NES TS
RRASBAADRRARAPADAIRDFIONIADASCIDDIRANALIINARDIDRINIRINDAPIDIDDDULGLSIIDRIDIIOPICI LIPSO ANVAONID PGB A0000 000000 4000R0AN
1978 0 & _.b & &.3 1.¢ 4.5 oo - 3.8
iova .9 f.d 1.5 2.5 1.8 S.6 - 4.3
199 .9 1.7. Cod 3.1 1.9 2. - 'a.T
{981 .9 3.9 3.4 3.9 2.4 n7 - 3.7 .
1eg2 . .9 8.1 S.8 S.5 3. 13.2 - 4.8
1e€3 9 1€.% S.4 %.? 3.6 15.7 - .
1284 @ 13.0 7.4 %D 3.7 17.90 - -, 0
1963 .9 A7 4,7 6.0 3.8 14.% £.9
1966 ) 21.9 4.7 .8 .3 1$.8 3.8
167 -] 3.8 6.9 T.7 .0 19.2 3.’;‘
1968 .0 . .6 S$.9 S.4 T3 4 .8
1289 .0 42.€ .8 2.6 o7 4.9
1990 .9 4,7 S.6 8.5 3.7 12.5
1991 .0 5t.0 6.5 .9 .7 h.J
igo2 .2 5l.7 5.8 19.% 7.2 3
1993 .9 7.8 T.2 11.2 T8
1994 .0 £o. 4 7.5 1.8 Hes
159 .9 10,8 7.9 12.2 2.8
1946 .0 103.2 8.2 12.¢ .3
17 .0 1e1.9 .1 12.9 9.7
1998 0 13%.9% Q.4 4.2 ti.¢
1699 .9 155.9 .7 13.2 11.7
2680 N 1%7.e w7 14,5 1.7
Ul .9 172.4 10.4. 14.3 12.9
eco2 .2 1.7 18.7 15.9 12,2
S .0 193%.8 1.2 1.0 1&.0
W ® 219,14 11.8 1%.¢ 12.%5
2000 .0 e18.€ 12.3 (3.4
<0Qs .0 _218.7 12.7 1%.7
cxXo? N-] i20.9 12.7 T3
] .9 218.6 .
G .9 2i3.8 14,7 2
éole .8 <2l.9 .9 8.2
2041 .9 218.¢& 4.1 50 1
ot 9 ci2.7 13.€ %
2013 .0 g29.9 13. 9.2
c0t4 .90 218.8 12.2 ES.
<o1s .2 218.8 12.% 3.6
<016 .0 §21.9 11.9 70.9 2
354 N -] 218.6 11.7 Y] t1e.%
2018 .8 218.7 12.9 2.1 1.2
019 .0 2g8. 9 t1.2 £9.é& 118,49
ool 9. 213.6 ie.s 5, % ile. 4
3131 "0 213.8 19.14 po. 1 [ Y-o
2 ord .0 ¢2l.9 10.3 wa 112.8
023 .9 218.% 10.1 £E.0 111.6
v+ .0 218.7 N7 £7.68 i19.2
e Nl £20.9 3.6 ] 111.¢
e .0 ¢18.6 oo %4 7.2
eer .0 €13.% 7.3 105.7
NTe .0 221.9 v.€ LOm,
e 0 2ig.¢ 3.2 r.e
. ol : o4 &3,
Abe ‘I“II.I".?i."."I“1'."‘-.- 49040 A00A0SNGS .“..O.CO.‘."..O'.“‘I‘C'l‘.llll.‘.l"..‘."“.‘. ConDLSROBDORES
TOTL 0 Tred.e TTE4 %8 <3 P 41T.0 1564, 1 CEHIB. G 3Ir:Wv
nG .0 142.8 14%.8 ar 10.4 11.8 1.8 <2.8 0.5
L2 221 .0 43.9 9.9 3.1 Sed 2.7 10.9 15.7 gz.e

- : £E3-220



17A-T
Yeerly Cash Statement

UIFINAMICED EINEFFPISE FINFIICED ENTEFFFISE LHNEFS

IRFOFE TE rFTER THZ

FHNURL R ung AL cuM o DLE I LR RRIZ L
YEFP LASH IN e OUT HET CHSH BET CASH L1 CATH BET CFe BET LR LT CREM
ROAPPARSNRAGORIIURNIDRLINS COLNBVIO0NO 000 XYY TT YY) FY ST EYRRIT YR YRR Y REY V] G400 00004000 4300000000008 00s0000n
1978 6 - HLE - 4.5 - 1.1 - - le.5 -
1979 1.4 - 4.7 - 3.9 - Nt - - 4.7 -
1969 1.7 - 2.3 - 47.8 - €T - - ] -
1%1 3.9 ! - 11.8 - 9.9 - 7o - - -
1982 2.1 p - @2.1 -  Bl.7 - | S PN - 1é.0 -
1963 10.5 13.1 - e.7 - 4.3 - $.7 - - oY) -
1984 13.9 8.6 4.3 - TR.9 - 1.6 - - 1.8 -
159% 17.?7 . 7. 10.3 - 89,7 2.9 - .3 -
192€ - 21.9 17.7 s - €5.9 2.6 - .9 -
1987 2%.8 ce.? 3.1 - ea.s3 c.& - I.7 -
1988 3S.8 18,2 16.7 - 43,7 .3 - @3 -
1969 +2.6 11.9 31.7 - 14.0 1€.1 - L8] -
1999 44,7 5.8 9.1 2T.1 19,1 P4 -
1791 - %51.0 2.9 18.8 3.6 12.0 2.6
1992 51.7 18.9 43.2 €6.9 3.6 Zes
1993 7e.8 23.8 +9.3 126,35 3.3 .1
1994 €6.4 $9.9 > 02,4 2 I
1995 100.9 16,3 &e4.9 Kl ]
1996 198.2 2.9 371.6 € o5
1997 121.9 19.9 474,90 - : 2. T.0
1998 138.5 47,1 T€2.4 < $4.9
1599 143.9 22.0 €€4, 4 E7.9
€00 157,90 T 7 231.7 7.7
2081 172.4 16,9 3.8 °@7r.2 Sh. 4
2002 179.7 1.8 147.9 1132.4 G4.5
23 199.6 2s.% 179.1 1203.2 7.9
2004 210.1 21.3 172.8 1484.0 192.7
2008 218.6 24.0 194, 7 1678, 8 e 1.2
0eE 218.7 es.7 192.9 1871.7 119.6 110.9
2007 20,9 12.2 201.7 2073.4 1131 1191
<008 218.8 20.7 197.9 2271.3 113,90 1159
2009 213.8 17,9 €00.9 2472.28 1583.7 113,
2010 221.9 12.?2 208.3 25E0.9 (16,6 11€.
@011 218.6 er.2 191.4 2er1.¢e 116.3 [S178
2012 218, 7 i7.0 2en. 8 20re.7 112.8 113
2013 ee0.9 2.7 19%.2 3267.9 112.% 11é
2014 218.6 19,4 129,2 SHE7. L 113,90 113
013 21€.9 16.6 év2.2 3w, 3 113.2 13
2016 221.9 17.9 203.1, 23re. 4 119.4 |$ 5]
017 21B.8 24.6 194.9 1066, 3 111.% i1l
2eis 218.7 23.7 1€0,0 4246.4 1605, 4 166
2019 220.9 19.2 <ot.?7 4443, 1 114.3 114
2020 21€.6 fe.7 €08.0 4848 1.3 11
-3 213.8 19.8 199.8 4623.6 113.3 {
2022 221.9 3e.2 12g.8 0424 103,37 1
el 218.8 e8.9 199.1 2232.9 119.9 1
<024 eig.?7 5. 193.9 TNED.T 116.5 1
&S 2en. ¢ 1?.9 202.0 25e2.9 113.% 1
eRes 218.8 2.7 1e4.9 13,4 1o, 72 1
ae? 218.8 el 193.1 EQRE S 196.4 1¢E.8
o0es ¢21,9 24.4 126.6 5303, 1 106, 1 S, 4
2029 218.€ 24.6 199.0 B397. 1 1606, 7 61,1
2030 218.7 1e.2 199,95 6576.6 123.4 1é4.9

.‘/.
. ‘ /_’-’
PATE OF FETUFTI TO ENTEFFRISE CLIIEP 19.71%
19.88%

FATE OF FETUFN RFTEFP MW OF CHTEFFFISE

£E3-221




17A-T

Capitsl Investment Balsnce Sheet

CRPTITAL a FIVED EnJFs 11 LONG TEFM VHNERS
YERP IIESTHENT . TESETS CEPTTRL LEET ELLLTY
DARABABERLAARSAASRARIRICSIIDS SO ADSODORIARDPADREDRARDVSARDEDBODNDVIGIANAAL0R 0000000200000 022000009800 0400080000¢
1978 . 34,85 a 3.2 &5, 19,5
.7 * . . 6.3 ; b
76 . 2.9
12,2 - 21,3
%3 » 72.8
7.0 x 7
1.2 x T?
2.7 » e
13,9 > 2.3
5.2 x e3.2
130 > 160.7
G2 -E 1602
0 N S4.5
- 0 = 1138
7 = 8.2 2
o9 x 16,8 1
30 » 130.9 2
.4 » 13206 3
12.3 x 136,25 z
19,4 . 127.2 H
377 o 13,7 |
13.3 » i€5.2
0 » 193,58 '
6.5 > 147, i
21,1 . et 3
14:3 » 3
19,5 * 5
1.7 » i
i3.0 - Jir
65 2 ' .7
8.1 . i
%2 » s
. a 4,4
1416 » 4
5.2 » 4
13.0 L] .
6.8 » 43
3.9 = .z
5.2 » ol
12.0 w ai
6.9 . e
8.5 u 4.1
. .9 L) .9,
6.5 x 3.e
19.5 x ie
15,9 x 3.2
130 x 37
n2 x 3%
21,1 x 3.0
13.9 * 2.3
. 1.7 » 3.1
12.0 . 2.7
<z x z2
TOTFL CPPITAL IIWESTNENT 17,1 4 R
~.
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17A-T

Capital Investment Sources

TOTAL
CUMULATIVE OPERATIONS
FACILITY PLUS DESBT
YEAR - INVESTMENT RETIREMENT
1978 34.62 11.26002
1979 39.27998 12, 48002
1960 46.£6998 1£..27003
1961 V9. 10?7 E
1962 84,33997 22, QN4
1963 $1.39726 32, 1980%
1764 92.26%2% 34.41€06
1999 ’ ©3.299%6 2€.34909
1786 108.3 <1.86011
1987 124.13%9 4€.350114
1968 137.15%9 “4.53012
1982 142, 3999 2C. 14014
1990 162.2999 £Q.2301S
1991 1£8,3%%9 71.2e01%
1992 120, 0592 7725014
1993 195, 9199 6. 36012
1994 Q08,2199 04,2503
1993 219.3199 191.7102
19 32,3799 1135102
1997 242,9799 113.0802
1998 269, 679?7 137.32901
1999 ge3.939% 142, 1698
293. 9373 188, 2899
<001 390.4393 165,3099
oeue 321.4993 131.0897
€oul 330.7991 192,019%
2004 359.2991 SO7. 1996
2005 366,972 P18,0899
Q006 379,999 E3L 199
£e0? 386,499 €<0.28%%
e0U8 V4. 1568 30,5393
2009 399,783 20,2393
2010 I99.7%88 ¢6€.8191
2011 414.3136 2.2
2012 419.9126 292,459
20t3 432.51€6 305.2994
2014 +39.2783
co1s 443, 17€2
321 448, 3782
oLz 448, 3381
2els8 +86.3281
019 492.3381
2029 +92,8381
2021 99,3231
e ©18.8881
2023 £34.5%8 245, 4487
<024 $47.698 SE£4. 728D
20e% 52,8979 4E2,4087
2026 C73.9%78 TR, 4787
ee2? 926.7578 536, 9783
2028 . 593.657?7 TE9. 0483
2029 618.6177" £10, S84
617,.60504

2 617.117?

OWNERS
INVESTMENT

PLUS CASH FROM  OWNERS

PPESENT 'WLUE OF CAFITAL INU AT FATE %, 4M
T 79,3264
FRESENT UFLUE-OF CRPITAL [NV KT PATE % ¢

1388, 4964

£3-223

INVESTMENT

PLUS CASH FROM OWNERS

OPERATIONS

11,4246

.87
T9.81977
€4.,653%5
58, 94396
72,3755
TE&.7OL26 -
0. 18335

o7
DL 14%
1G5, 0247

126,789

128.4411¢
142.7311
144,918
14%,.2428
147, 9643
191.9116
1£0,4916
1€2.63€6
1E2, £2366
184,716
171.2164
178, 4507
te0, 74a3
1€2.4363
162,400

293.£458

19.29098

INVESTMENT.

=
2554

£3.62%34
6532
.65

33.03%29



vee-e3

" CASE - 17A-T
GLOBAL SPENT FUEL LOGISTICS STUDY
COST SUMMARY - DOLLARS IN BILLIONS

515.5 © 515.5 ‘ 515.5

WBS CAPITAL OPERATIONS TOTAL PRINCIPLE INTEREST OPERATIONS TOTAL
Total Trahsport

Capital Expenditures 617.1 617.1 617.1 551.5 1,168.6
Total Transport

‘08M Expenditures 515.5



Section E3.38

Case: 17A-S

Description: SC baseline except storage portion only
Summary of Input Characteristics:

Financial
" Enterprise ROI - 20%
Bbrrowing - 2/3 of any capital expenditure at 10%
Government financial participation - none (private enterprise)

Location

' Transportation - from island in Pacific
Location cost factor - 1.0
Water provisions - none

Storage
Type of storage - aircooled vaults
Storage cost factor - 1.0

Recovery
Start up time - 2000
Modular plant - single plant
Value of recovered products - 260 $/Kg spent fuel

Pricing
Service charge - average over fuel population
Recovery credit - none ‘

Summary of Output Characteristics Storage Portion Only:
Capital Investment - 7.207 billion dollars
Owners RO1 - 22.1%
Service charge - $137/Kilogram of spent fuel
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CUST CF SFENT FUEL SEFUICE (TOLLFRS/KCQ)  #137.369 ,7A.S
PRTE CF FETUFHN OGN [IRSTHENT 20.00%
TOTFL MET CRSH FLOM CUER TOTAL LIFE OF PPOILT  $13704.2020

T T T " Vaarly Profit snd Loss Statement

FEP SEFU CH TOTAL CPEP m vIF TOTFL LS
YEFF FEVENLE FEVEIVE FELENUE EXFEN LPEM EVFEN VEEN TRES jiL=2, 3

€
[TRAS Y IV PN IS LT PAST T Y Y

AP SPOAIRDIVAGOIRIPEPDDEN 044 B ARATFRONCASANDIDEPARSIANGLIRASPERDP BAPUBRPIONRLIIN LS AARNRBRRSRSIIA
1978 .8 1.¢ 0 1.3 .0 - 1.7
1679 .0 $.2 .9 .7 .0 - 3.2
1589 .0 <.z od 3.8 .8 - 5.
%81 .0 11.8 o Z.5 .90 - .2
1838 .G es.2 o 7.3 1.3 2.i
1562 .0 3i.3 27 16.1 1.7 2.8
1984 4 8.9 .2 1e.1 e.7 %.3
1€S% ~ %z.9 <.3 12.8 .7 1.1
1939 .0 65,4 19.3 4.3 .8 T.®
1867 .0 77.3 47.8 18.1 14 - 11,9
1928 ) 106.4 47.8 1€.9 2.8 “.%
1989 0 1e7.3 47.8 16,9 14,0 2.9
1999 .0 133.7 47.8 1¢.8 13.7 éad.3
1991 .0 1%2.7 47.8 19.8 &3.! ]
1978 9 1849 47.9 ed.¢ 30.8 «3.8
1593 .9 217.8 47.9 2%.% Y 6.3
L3S 9 2%8.9 48.9 <e. 4 2

16¢5 . 301.9 8.1 4.1

1596 | 9 223.7 43,1 6.9

1642 9 364.8 +8.2 €2.7

1908 .9 +8.2 49.%

1599 .8 48.3 .2

cove .0 48,4 r.8

<eC! .9 g 43.% 2.7

R .9 ] 43,8 1.9

2083 .0 ) 4B.7 TE.S

acos .90 BE8. 4 3.8 €0.8

2o .0 EY4.0 8.9 8.8

icos D §%4.2 49.1 .2

gco? .9 ££0.8 49,2 1€2.4

08 .8 24,0 49.3 106. 6

évee .0 834.9 49,4 114,9

ecle .G €51.0 49,6 123.¢

[$33) 9 €%4.0 9.7 134.%

gvi2 .0 24,2 9.8 144.2

2013 .9 £¢0.8 49,9 1%8.4

a014 .0 €3, 0 S9.! 1€S.

¢TI 9. €24.% 0.2 177.2

el .9 4il.9 0.3 192.¢

{354 4 £34.0 0.+ <od.?

ecis .0 £3<,2 9.3 é16.%

aeie .9 <£0. 8 0.7 €33.6

ecao .9 0. 8 0.8 49,3

ceat © 0.9 e79.3

éeaz .0 S1.8 2£2.4

ecis .9 21.2 204.2

€34 .9 6%4,2 1.2 2.3

(s W0 £50.8 1.4 3L8.9

e .0 534,90 1.3 407,

eler .0 §94.3 v1.6 43,9

ices 9 £61.Q S1.7 247.9 -

aeze .9 554,90 1.9 TS6.4 -

2330 . £fa. 28 &4, 2 1.9 4.4 2i4.€ ¢eo.8 141.2 a3i.%

RRABEDARAUD PABDSAARANANIS ORI DD ARRANSSORIDARMAKNARANIARAAKARRD ADAARAAREDASSADARASSAPISIS0DSDRDAPASIANASRARYSDASANRARASLY

TOTL | .0 asiga.3 a3182.3 2210.4 32,4 707.3 19770.1 32€1.¢ W7e.5
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17AS
Yearly Cash Statement

WIFTIRICED ENTEFFPISE FUStCED EINEFFRISE HHIEFRS

(EFOFE 1R/ YEIEF TR

ANHURL AL FRitUre Clpt ' Al IAL (X {] FAUOI (&3 ]
i CRSH [N CASH (UT HET CREM NCT CRSM PET CREH BET CASM 1ET CHEM NET CREM.
.ll..'.....‘.‘..’.lI..'...’.'CCO.‘.'.‘.I.I".Il.l‘,"ll'.l."l‘.".ll'l"l.Ql..lll‘..‘.ll‘l..“.l“‘l.l‘ll....Q‘.OQ!‘OO.II
1979 1.9 3.5 - 3.7 - 3.7 - 11.7 - 11.7 - leow -
1979 4.2 - - 0.8 - 2.9 . - 12.9 - - ig.% -
1969 .2 - Q. ? - 83. 4 - 195.% - - 0.7 -
1901 11.8 - 3%9.9 - 118.4 . - 14,1 - - 14,5 -
12 e4.2 - 30.¢ - 148,06 - - - {e.e -
1963 21.3 - 8.8 - - - - ] -
1964 38.9 - !9 - - - - = -
€9 2.9 - S - - - - -
1926 5.4 - - -
1387 7.3 - - - - ¥ - -
1288 166, 4 - - b -
199 187.8 - - ¢ -
1990 123.7 - - 0.7 -
1991 152,7 6.9
jo9e 154.9 7.1
{¢93 2i7.8 138, 7
1994 a08.3 cle.7
1999 01,3 esl.é
1990 Q3.7 2.9
1997 36+4.8 .3
1968 <0S.2 4.4
1959 433.3 2.4
2000 wEQ,? Tt
[31-31 $1%.8 EE .6
002 37.8 o
02 o0 %
004 “28. 4 €
00T 54,0 4 19€4.7
05 £54,2 b
371 5£9.8 3
[ £%34.9 7
oo 654, % 3
2019 861,09 £
<011 6%4.9 °
o1 €o4.2 S
2013 ££0.8
efld 654.0
2019 24.5
eol1s 561.0
cel17 624.0
2018 654.2
2019 ££0.€
Fa.4 €S4.9
2024 554.9
fee2 £51.9
&xes 654.0
e0es £%4.2
0% €£0.8
3o £l%.0
coe? 584,95
afes é61.8 - -
vge 4.0 - -
2039 6Z4.2
PATE OF FETURN TQ ENTCFFRISE (AP 22, 14%

FATE (F FETURN FFTER 1A OF CITEFFFISE e2.81%
—
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17A-S

Capital Investment Balance Sheet

CARITAL I F1:ED HOPS.INIC LG TEFM MIEFS
A INUESTMENT » g CPRPLTAL MEET ECALTY
RARAARSARNIIDENARDIN 04 ARASAN200SAURRRDADASEINIDAIN$04RNIIIIIONIAVANARNIASARACAIIDAIISPIINANIININE000000A4NNIDIAOIRARY
1978 3.9 - .4
1979 34,9 » .8
1969 26.90 » 1.1
1981 46.7 - 1.5
(o€2 4.3 - 2.2
1983 T - 2.8
1984 8.6 » 3.3 3
1985 42,90 . £.2 3 N
196¢ 16.0 + 3] és.8 S0
19g7 39,9 - 2.2 &29.,0 7.l
1968 21.2 b 12.4 e%E. 4 7e.3
1969 .0 - 12.3 3.0 Q.
19 T1.0 * 13.0 3249 1.8
1ol . .9 - 1.2 Eg7.4 %3.8
1o T1.9 v 13.5 ET. N7
1993 7.9 » 15.2 TEL.Y V.9
1994 71.9 » 14,9 L) £3.9
1995 143. ¢ . 6.3 Y, 1 111.¢
19 71.% - 1€.9 UlE.E 112.7
1997 1431 * 18.3 SR6.7 126.9¢
128 T1.9 “~ 12.8 e 0 13%.1 .
1299 143.1 » 9. L 598, 4 1%4.8
2000 143.1 # &£1.3 TER.S 17e.v
2001 143.1 I 2.9 .1 187.8
e 230.2 - 24.¢ “3%. cgb.?
NBS 143.1 . A €24.%
AL 153,04 » < &39.7
0% ci4.6 = 8.5 €nS.)
&S 214.6 » 0.2 <e%. &
oo 214.6 * 31.2 1.0
008 143,01 & 2e.7 R
AT ] 214.6 - A4 eor.e
2010 214.6 » %.0 .4
2011 214.8 - 7% ¢?9.8
o012 214.¢€ ~ 2.9 eS8
2813 143.1 » 9.3 &€6. 1
ol 214.% - “8.3 £29.%
2019 214.6 I 1.9 LT IS}
e016é 214.8 ~ 42.3 ee6.0
L7 128.7 > 42.3 cug. 1
eola 214.6 - 2.7 199.7
2019 214.6 » $2.9 ige, 1
2020 214.6 - J2.8 165.9
2021 214.8 x 48.S 120.0
o2 {43.1 » é1.1 112.2
xe3 172.4 B 3.7 1.3
ey - 14341 » Sr.S .Y
x2S 214.6 » 3T.7 %. 2
e 214.6 - 2.3 .3
a0e7 13,1 ~ &3 *7.6
&Xas 214.6 * €%.3 8.3
ceed 211.6 » 19.7 - 19.8
voc) 214.6 » i1.9 - it
TOTAL CAPITAL IMUVESTMENT 07,4 -
—- . E. . . e .
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17A-S

Capitsl Investment Sources

OWNERS
INVESTMENT
TOTAL PLUS CASH FROM
CUMULATIVE  OPERATIONS
FACILITY PLUS DEBT
"YEAR INVESTMENT  RETIREMENT
1978 23.20%90 1§.29001
1979 £8, 45992 3. Se002
1989 N, 45979 3 (7100
1981 141.13 €3, 13005
1982 . 19%.46 €8, £2609
1963 64u-37 £9,8701
1964 201.9199 199.57
1963 343,550 125.66
19€6 261.9197 13%.3¢98
1387 +01,£196¢ 1%2.77%8
1¢€8 422.059% {5, 56592
1989 422.06%6 176, 0202
1990 4034, 504 evo, 1104
1994 84, 5994 SO7. 1704
1992 e, 1298 227.0003
1993 537, 0959 e72.2uoe
1994 709, 1887 e ,.2101
1999 £32.248% w8719l
196 ?23.7783 YO%. 6001
1997 10€5,828 $70, 1501
1998 1128.35% 213.3¢01
1999 12891.422 293.03
000 : 1424 ,458 655,76
<ol L1967, $47 TIR.AE99
2002 1797.73 £32. 1292
<003 1940, 797 e, 01
2004 ev83.8%57 100?.82
20035 . e2%8, d47 11e1.541
€005 ‘8913.037 183%.%¢1
2007 reT.628 {321.62
ceos 2STO.EE6 1545.71
£009 308%T.276 1885, 761
2010 3292.2:6 1£52.25
2ol 314,455 1€84.581
012 ITSA. 048 1962, 482
£018 3872.10% cege,avt
29014 4026, 59% 344,821
c901S 4201.88% c419, 131
2016 4T1%.873 930,92
€oL7 +674,3531 aree.e1s
c0ie 1869, 121 ceEn, 028
2el19 2103.711 3186,.c88
2029 . £31e.301 412, TR
Facco i 553%2.€91 SETH, 209
o002 f67%. 949 321827
eoe3 “E48, 328 4
2024 se91.587 }. 45
2085 6205, 977 1655023
o026 €aEW, TES Lt I 11
cei? eIE3. 685 «r91.14l
2028 6778.219 3%
029 2202, &%
2630 TIOT.399

"E‘EHT VRLUE OF CAPITAL Ih m FATE “ 1N

€. 964
PRESLNT LA UE Of CAPITRL [N AT FATE % M
GV, Vo

£3-229

OWNERS
INVESTMENT

PLUS CASH FROM OWNERS

. OPERATIONS

11,0583
S2. 38159
21, l/l:d

119.433%
33204
.bla.

lr...:n.-.
126,826
.10.4c74

37%.4614
4E2.8711
70, CERS
7.2
93,8222

B, 6L
EE7.B7CS
TSB.45732
529,202

1542, 559

1bla.4£
£ e &

1873.653
L3, n*n

1907,

<04

INVESTMENT

11.8%83
e2.32189
31.17178
46.%2267
e, 90T
TR, WE4TT
L1831
104 . 6072
196. 0872
L9, 1242
12,1742
19 ivde
124.1917
et 1947
L1942
d1.1%17
$1.1917
S1.1217
555 P kol g
121,427
121.1217
121.1¥17
121.1%17
181,177
1214947
1&1. 1217
2.7
181, 4817
1211917
11,1947
1e1.121?
1&L. 1217
et 197
1211917
f21.1917

i
1
i

181,917

181,197
12117
121.1%17
121,17
1211317
121.19217
1814217




0£2-£3

CASE - 17A-S
GLOBAL SPENT FUEL LOGISTICS STUDY
COST SUMMARY - DOLLARS IN BILLIONS

WBS CAPITAL OPERATIONS TOTAL PRINCIPLE INTEREST OPERATIONS TOTAL
Total Sto?age Cepital :

Expenditures 7,207.5 7,207.5 7,207.5 5,352.4 12,559.9
Total 0&M Expenditures 2,210.5 2,210.5 2,210.5 2,210.5



Section E3.39

Case: 17A-W

Description: SC baseline except wast management portion only
Summary of Input Characteristics:

Financial
Enterprise ROI - 20%
Borrowing - 2/3 of any capital expenditure at 10%
Government financial participation - none (private enterprise)

Location
Transportation - from island in Pacific
Location cost factor - 1.0
Water provisions - none

Storage
Type of storage - aircooled vaults
Storage cost factor - 1.0 )

Recovery
Start up time - 2000
Modular plant - single plant
Value of recovered products - 260 $/Kg spent fuel

Pricing
Service charge - average over fuel population
Recovery credit - none

Summary of Output Characteristics Waste Management Only:
Capital investment - 97.5 million dollars
Owners ROI - 20.6%
Service charge - .$21.56/Kilogram of spent fuel

[
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COST OF SFENT FULEL SEFUICE FLOLLIFS PO £21.%€2
FRIE GF FETUFN CI1 THVESTHENT . Qe
TOTFL NET CASH FLOW CUER TOTAL LIFE OF FFOJUECT #2439, 146

17A-W

Yaarly Profit and Loss Statement

FEP SEFU CH T0TRL GFEF thY LEP 10TFL 1ET
YEFP PEVEIUE FEVENUE FEVENE CFEr EYFEN gren frren TFES THE OHE
‘ll‘l‘.‘lh..ﬁ.’%'&.‘.D‘l.l.'All...QQ'QOAIOQDll.llOAllll.lllﬁl.“i\‘l.ll!!0.06.'.00..‘llloll..’0"!0._‘0..‘.50nuo.‘oo.ol.lll‘.ll
1978 -] .3 .3 N .3 W2 o N -
.0 .? .7 N 1.1 .7 1.9 N -
9 .8 € 2 1.4 ] .3 ] -
-] 1.9 t. o 2 1.9 1.4 3.2 9 -
.2 2.8 2.8 3 2.7 1.8 s NY -~
5] 4,9 4.9 - 4.0 €.% 7.0 o -
.9 6.1 6.1 6 b 2.3 a3 Y -
@ © 8.3 8.3 1.2 €.1 2.7 it.o o -
.0 "19.3 10,3 1.2 6.1 3.3 1.t ok -
.9 12.1 12.1 2.1 6.1 3.2 12.1 1]
0 ‘16,7 16,7 2.1 6.1 3.9 2.0 <
.9 €0.0 ¢v.9 2.1 S.¢ T 1.2 1
.9 21.9 e1.9 2.1 <.8 3.2 L7 b
0 24.9 4.8 2.1 $.7 s.9 1.5 n
R ¢ 29.90 e9.9 2.1 $.8 .2 1.5 v
.9 34.2 34.2 2.1 T.2 3.2 11.3 7
@ 9.5 0.5 2.1 J.2 2.2 1t.1 3
9 “7.3 472 2.4 4,9 3.9 9.2 S
.0 0.2 0.8 2.1 4,7 2.2 0.7 3
.9 7.3 37.3 2.1 4.9 2.2 10.4 <
.9 63.6 3.6 2.1 4.2 3.3 19.8 z
.9 3.1 €8,1 2.1 3.2 S.¢ oy [}
.0 73.8 73.8 2.1 3.5 3.2 KR <
.90 81.0 81.0 2.1 2.2 z.9 w8 3
.0 - 84,4 e4.4 2.1 c.2 S.? 3 h
.0 1,9 .9 2,1 2.4 2.7 z.2 <
.9 “3.7 28,7 .1 1.9 3.2 7.3 &
.0 1.7 12,7 2.1 1.5 Z.1 €.7 %
.0 {02.7 102.7 2.1 1.1 2.3 .S g
.9 183.8 193.8 2.1 .7 2.3 %0 <
.9 lee.? 192.? 2.1 o~ 1ot 3.2 £
.8 1.8 1ee.8 g.1 ol o €. D]
9 103.8 193.8 2.1 .0 .2 e.2 &
.9 102.7 102.7 2.1 ] .1 @l 4
.9 102.7 102.7 2.1 .0 .0 [T 3
.8 103.8 103,82 2.1 .9 .0 P 7
0 102.7 102.7 2.1 .0 0 ol .3
-] 102.8 162.8 2.1 9 .Q .1 8.3
.0 103.8 103.8 2.1 9 0 e.l 30T
.8 102.7 102.7 2.1 .0 0 2.1 8.9
.0 1e2.7 <107 2.1 %" .0 2.l 35.3
.Q 103.8 102.8 2.1 0 .0 2.1 5.7
.0 162.7 102.7 2.1 0 .0 el 3
-] 102.8 102.8 -2 .0 .0 2.1 5o 3
.9 103.8. 103.8 -2 .0 A e.1 T
.Q 1.7 102.? c.d 0 .0 e.1 .3
0 16e.7 162.7 2.1 N Nl c.1 ]
0 . 163.8 103.8 2.1 .9 & Tol e T
.0 162.7 1.7 2.1 .0 R 2.1 3
.0 1€ 1ee.e 2.1 .9 .0 2.1 fe S
.0 102 193.8 2.1 U ) el v
0 e 102.7 2.1 .9 0 2.1 CRE.
X .9 tee. 7 e .1 ) NN &l & ..
\'A.O‘\!\!D.‘A.‘.\l"'ll'.'!!Qv’lbt"l.'"lO‘OO.Q'D...'lll.‘ll..ll.')'D_”OQ".I'Dll.'.I.'l.l!llll"..l)l"..cblbl"ll 4904804 00RBRA YA
ToIL N 31.& BT O 4 4.6 11446 . Wi A WO P
LA . .0 £8.5 68,$ 1.¢ 2.2 1.8 0.8 .8
2 1.8 12.2

10 .0 z1.¢ 21,6 . € or &
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17A-W

3 .
’ us e enresesice - T 09rly Cash Statement ey cnesseize IERS
LEFCOFE TR0 *¢TER. 1F7 .
rilgIuRL et [N UM FARBINA, i pairn L Lo
YEFF ChASH 1IN Crrih e HET Ve H BET CRriM 1E£T CRSH MET CSH i wrip NET LFEK

BASPRAROROIL 406009000003 0000040 0040000100800 000A0RDDAINRESARNCRRIRNIANGANIS400000080R0044048040000000000000 4004ass0000a00

.

1978 .3 3.2 - S8 - 3 - - -

1979 . 1e.8 - 181 - <. - - - -
1969 .8 4.1 A 23.e - 19.0 - - - -
1%€1 1.9 2. - .2 - as. - - - -
1962 3.3 13.9 - 2.2 -  34.3 - - - -
1483 4.9 cu, 9 - 16.0 - 0.4 o) - - - -
1924 8.1 R3S - 1%.90 - S.4 e - - - -
1733 2.3 12.9 - 4.4 - 70,9 - - - -
19€6 10.3 3.2 7.1 - €2.3 - -
1987 2.1 4.9 2.1 - S4.7 - -
178 16.7 2.1 14.7 - 0.0 - -
19%9 <0.8 2.4 18.9 - 2.1 - -
1999 .2l.0 2.1 12,2 - 3.4 - -
1991 34.0 2.1 & 13.8

1oe2 9.9 a.1 4%.7

1993 4.2 2.1 7.9

1994 49,5 2.1 %S 116.4 1

1995 47.3 2.1 43%.3 181.7 =

1996 9.8 2.1 49.8 210.2 Cr

1524 7.3 2.1 w.2 7 g

1998 - 63.6 2.1 1.8 Se

1992 €8.1 .1 £6.1 6.7

2009 3.8 2.1 7.7 <. 4

001 €1.8 g.4 7.0 4.9

2092 . 4.4 2.1 €2.4 46,4

2003 .9 2.1 9.2 1.1

2004 8.7 2.1 9.6 5.9

SRS i92.7 2.1 100,7 8.3

2008 1¢2.7 2.1 68,7 SU.B

2007 103.8 2.1 101.7 €0.%)

8 102.7 ~ 2.1 109,7 0.4

009 192.8 B 2.1 100.7 sLlE

2919 103.8 2.1 101.8 £2.2

2011 le2.7 2.1 108.7 £E.3

201 ez.? 2.l 166.7 €244

2013 103.8 2.1 1o1.7 £2.1

29014 1g2.7 2.1 1€0.7 2.4

V1 102.8 2.1 1€0.? .4

o1 103.8 2.1 101.8 w3l

8017 102.7 2.1 100.7 TN

2018 102.7 2.1 1€0.7 LE . 4

2019 103.8 2.1 01,7 )

<ecy 1e2.? 2.1 1€0,7 4

3 102.8 2.1 108.2 4

022 193.8 g.1 10t.8 !

o3 1€2.? 2.1 1€0,7? 4

a4 1e2.7 2.1 €n. 7 .4

2025 1€3.8 .1 (01,7 1

0% 102.7 2.4 1€0.7 4

X7 102.8 .1 100.7 4

208 1e3.8 2.1 101.2 1

2029 1e2.7 2.1 100.7 '

-] 192.7 2.1 80.7 4 LS. 6

1
H
i
t
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17A-W

Caplta/ Investment Ba/ance Sheet

. . L. CRPITRL . ... & .. FI1/ED . ame L WOERIMC 0 LONG TEFM . | UHHERS
YERP ICSTHENT . HS3ETE CretTRL TEET erUlTY
BAAGARARANAADAIANEI RN AEe00 R IRIRINIPARAIN RO DRINSANIRA I PARAAIANNAGANIIRIDERINIOSGLIRAOL0008000002004000AIRARA.
1978 3.9 » 3.7 A g8 l.g
1979 12.7 A . 9.7 ~--- .2 1.0 u.U
1960 3.9 = 3 13.4 Jcl
1981 T. - €5.% o2 1G4 Tew
1e€2 12.7 « 6.9 .5 6.9 0.4
1283 0.2 - .S 7 9.8 1%2.9
1964 20.95 b 71.7 t.0 2.8 19.9
1985 S P - 79.? 1.2 B8 él.1
19€6 t.9 = 77.8 1.2 8.2 18.¢
1987 - T 1.9 - .9 e EQ.% 16.8
1958 .0 b 72.9 1.3 9.3 15.0
1$8% . .9 - €. L 1.2 2.9 t.s
s R 3] » 64,2 1.2 6.5 9.8
1994 .9 I 8.3 1.3 %1 S.4
jo92 .0 bl . 1.2 3.4 &
1993 K- Lt .S 1.2 U1.é .1
1594 .9 i 8.6 1.2 4. 3
1595 N Lo 4,7 t.2 47.3 - 1.4
1996 .9 - 9.8 1.1 - 44,8 - e.¢
1997 .9 . 3.9 1.1 +e.d - s
1999 .9 - 33.0 1.0 29.1 - .4
1999 .9 b et 1.9 2.8 - %
20U .0 a 2%.2 .9 e.e - LI
(2 . * 1.3 .3 for 2ol - .1
X602 0 - 17.4 £ 3.9 - Yol
2003 .90 », 13.6 .7 2.2 - 2.0
B0+ .0 [ . lo.4 or 10.2 - .. &
ees .0 e T3 . 1.1 - 3.2
<O0E .0 [ L33 -] 7.8 - dot
aor .0 Ld 2.3 - 3.7 - 1.0
2003 .0 s 8 .4 1.4 - .2
2009 : @ d .2 o4 o4 2
2010 .9 a ol «3 .1 <
cott 9 o - -] 3 .0 3
ao12 .0 - - .0 .3 .Q 3
e013 9 - - .9 3 ¥ o3
o1 . .0 . - .8 .3 ] 3
<015 .9 It - .0 .3 .8 .3
2016 .9 » - 8 .3 .0 .3
<817 .9 = - -9 .3 .9 "3
2018 - - - Q0 .3 .9 3
o9 BN - ] = - .0 3 .0 2
X0 . .0 - - N -] .3 .9 .3
(33 .9 » - -] 1.3 9 .3
e ] x - .Q 3 i) 3
2023 .8 - - .9 .3 9 3
034 E 8] » - .0 <] .0 .3
] .0 e - .0 .3 .5 ]
XSS . 0 - - .9 .3 .0 .3
027 .0 - - .9 .3 .0 3
oes .0 » - .0 i3 .90 3
IO .0 » - Nl -] n] .3
a8 . . - .0 .3 .0 3

-0
Q-
(L}

TOTAL CAFTTAL. THUVESTMENT

E3-234



17A-W

Capital Investment Sources
OWNERS
INVESTMENT
TOTAL PLUS CASH FROM OWNERS
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FACILITY PLUS DEBT PLUS CASH FROM OWNERS
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CASE - 17A-W -
GLOBAL SPENT FUEL LOGISTICS STUDY
COST SUMMARY - DOLLARS IN BILLIONS

WES CAPITAL: . OPERATIONS TOTAL PRINCIPLE INTEREST  OPERATIONS  TOTAL
Total Waste Management :

Capital Expenditures 97.5 97.5 97.5 °  114.6 212.1
Total Waste Management '

D&M Expenditures 94.5 94.5 - 94.5 - 94.5



Section E3.40
Case: 17A-A

Description: SC baseline except sum of transport, storage, and waste manage-
ment functions

Summary of Ipput Characteristics:

Financial
Enterprise ROI - 20%
Borrowing - 2/3 of any capital expenditure at 10%
Government financial participation - none (private enterprise)

Location
Transportation - from island in Pacific
Location cost factor - 1.0
Water provisions - none

Storage ’ .
Type of storage - aircooled vaults
Storage cost factor - 1.0

Recovery
Start up time - 2000
Modular plant - single plant
Value of recovered products - 260 $/Kg spent fuel

Pricing
Service charge - average over fuel population
Recovery credit ~ none

. Summary of Output Characteristics:
Capital investment - 7.922 billion dollars
Owners ROI - 21.3%
Service charge - - $204/Kilogram of spent fuel
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i

Capital Investment Balancé Shee
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Capital Investment Sources

OWNERS
INVESTMENT
TOTAL PLUS CASH FROM OWNERS
CUMULATIVE QOPERATIONS INVESTMENT
FACILITY PLUS DEBT PLUS CASH FROM OWNERS
INVESTMENT RETIREMENT OPERATIONS INVESTMENT
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CASE - 17A-A
GLOBAL SPENT FUEL LOGISTICS STUDY
COST SUMMARY - DOLLARS IN MILLIONS

INTEREST

WBS CAPITAL  OPERATIONS  TOTAL. - PRINCIPLE OPERATIONS  TOTAL
Total Capital’ Expenditures’ |
for Storage only ~ 7,207.5 7,207.5  7,207.5  5,352.4 12,559.9
Waste Management orly ° 97.5 97.5 97.5°  114.6 212.1
Transport only 617.1 ° 617.1  617.1  551.5 1,168.6
Tota] 08M ‘Expenditures ,
‘for Storage only - 2,210.5 2,210.5
Waste Management only = 94'5 9475
Transport only * - 515.5 515.5 -
Total 7.922.1  2,820.4 7,922.1° 7,922.7° 6,085  2,820.4 13,9406 -
[
!





