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COMPUTER PROGRAMS FOR THE
DETERMINATION OF CAPITAL COSTS
FOR HTGR—RFDP PROCESS EVALUATION PROJECT

G. H. Llewellvn

ABSTRACT

Three computer programs. BAL. CEP. and TCP, have been written to obtain the total capital costs
for the HTGR fuel recyeling plant concepts in which various methods of processing are used.

BAL is a material balance program that calculites the mass flow rate of each stream ard the mass
throughput to and the product cutput from each of the 29 processes in the plant.

CEP is a capital equipment cost program that calculates the cost functions for each of the
processes. The program produces graphical output data through ORGRAPH, expressing capital cost rates
as functions of process throughput.

I'CP is the towal capital cost program that interfaces BAL with CEP 10 provide as output the
breakdown of the total capital expenditures between the " U2 reeycle. “*U(25) reevele, and initinl and
makeup (1M) fucl clements,

INTRODUCTION

Many computer programs have been developed to do quick and systematic cost estimation
work on complex projects. An example is CONCEPT,' which is used for the evaluation of the cost
of constructing power generating plants at various locations where labor and material cost data have
heen compiled. This type of program interfaces two or more programs to yield cost figures or, more
important, to show differences in the total costs due to changes made in the plant location, size, type
and distribution of power. and design. The result is to obtain optimum designs for specified
conditions,

More specific programs such as FABCOST” have been written to calculate the fabrication cost
of rod bundle fucl elements; these programs take into consideration special design parameters such
2s tubing tequirements, testing, tolerances, and special alloys.

These programs use a technigue common to the cost estimating profession which is expressing
the cost or unit costs as functions of throughput or plant capacity. Usually the functions are linear,
logarithmic, or exponential and can be handled by linear programming. An excellent discussion of
this subject and the subject of optimication is given in ref, 3.

The basis for the cost estimation work for the BAL, CEP, and TCP programs is 4 compiiation
of area and volume cost factors for repeated processes in the HTGR fuel reprocessing plant
presented by Jarvis and Anderson.’

This report outlines methods for identifying, organizing, and estimating the capital cost
associated with a large fuel reprocessing plant, The data are based on existing technology and cost
experience obtained from hot-cell and radiochemical facilities at ORNL, such as HRLEL, HRLAL,
TRU, TURF, and TRL.

The purpose of these programs is to develop a system that can be used to obtain a quick and
fairly reliable estimate of the total plant cast. Cost comparisons can be made which are based on
differe 1t plant processes used to meet the production requirements.

Th.- overall objective is to obtain total cost comparisons that involve the determination of
operating and possitly transportatior: costs which will be obtained later in the project using methods
similar to those employed in correlating the capital equipment cost for the project.
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It must be emphi sized that the costs obtained from these programs are based on arbitrary
constants that can be changed to meet the specific case under consideration. The mass throughput is
based on heavy-metal content, and no effort has been made to split the fissile and fertile streams.
The assumption is made on all the programs that there is neither a loss nor a gain of material in any
of the processes. It is assumed that the plaat is running at full capacity 80% of the time.

These programs are designed to operate independent of the input data, and the cases presented
are shown only for the purpose of illustrating the use of the program. The base-cose data are only
expressions of one conceptual basis.

All three of the computer programs have been written in FORTRAN 1V, with no machine
language involved. BAL and TCP can operate on any cumputer capable of compiling FORTRAN
IV. At ORNL the programs are operational on either the 1BM 360/75 or the 360,/91. CEP uses five
library subroutines, which are listed in Appendix B-4. These routines must be added to the
FORTRANM at other installations. CEP also uses the QRGRAPH® plotting subroutine that is called
from an ORNL disk by the GRAP subroutine. A CALCOMP plotter is used for the production of
the graphs. In order to get plots at other installations, a similar routine will have to be written for
the plotting system used there. The plotting call may simply be deleted ecither by not calling for the
plot on the trigger card or by dzleting the CALL. GRAPH card in the main program.



HATGR FUEL REPROCESSING FLOWSHEET

The plant flowsheet showa in Fig. 1 shows the 29 process blocks with the flow connectors. This
flowsheet shows the irput and discharge from each of the process blocks. The mass flow rate in the
throughput can be made by summing either the input or output streams. Each of the streams is
assigned an arbitrary identification number which is used in the BAL program. The units on the
flows are in terms of kilograms of heavy metal per day. Heavy metal is defined as either fissile or
fertile and is either uranium or thorium. The product and throughputs from exch process are
tabulated in Table 1.

The cost can be based cither on the throughput or the product for the processes, as discussed in
the TCP program.

Each process block conti:..s a flowsheet. At present a few of these have been made, and it will
be necessary to complete the flowsheet in all the blocks before the BAL program can be completely
integrated into the other programs.

The material entering the plant is either spent fuel coming in from storage or reactor sites, UFs,
or thorium oxide. The material leaving the plant goes either to storage or back to the reactors. This
material 1s in the form of fabricated fuel efement: from the IM, 23. and 25 processes.

Table 1. Product znd throughput streams for each of the processes
in the HTGR fuel reprocessing plant

Product streams

Process Product Process Product Process Product
1 W49) 11 W(21) 21 W60), Wi61). W(62),
Wi63)
2 W(47) 12 W(20) 22 W(69)
2 WELY) 13 Wi(9) 23 W(19)
K] W43} 14 W(7) 24 W(14), W(16)
5 W4l) 15 W(s) 25 W(15), W(i7}
o V(403 AT wi3) 2% W(ll), W(13)
7 W(29) 17 W2} 27 W(39)
5 W27} 18 W(68) 28 W(36), W(37). W(38)
9 W28y 10 W{34), W(@35). 29 W(31)
W(6E), W(67)
0 Wi 20 W{64)

Throughput streams

Process  Throughput Process Throughput I Process Throughput

1 W(d9) 1 W(21). W(2a) 2! W(19), W(64)

2 W(49) 12 w2l 22 W(69)

3 W(45). W(43) 13 W(4) 23 w(l9)

4 W45) 14 W(7). W(10) 24 W(14), W(16)

5 W@, Wdd) 15 W) 25 W(15), W(7)
6 Wi4t) 16 W3 W) 26 W), W)
7 Wiil) 17 W(@3) 27 W39)

8 W(29) 18 W(68) 28 W(36), W(37), W(38)
9 W{25). W(28) 19 W(34), W(35), 29 wa3h

! W(66), W(6T)

10 W(25) I 20 W(66) !
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PROCESS ALTERNATES AND BASE CASE

Mast of the 29 processes that {ormulate the 29 process blocks can be aliered. Many processes.
which might be called competitive alternate processes. have been proposed for some of the blocks.
The slternate processes presently being considered are shown in Table 2, Process Alternatives A-C,
and in Table 3, Process Alternatives D-N.

The processes designated with an asterisk (*) are defined as a base case and are used as a
reference to which other processes or process combinations can be compared for trade-off studies.

These alternates include the type of element, burner tevd preparation, burning process. ash
handling process. classified ash treatment. SX feed preparation, extraction process, nartitioning
process. stripping process. microsphere preparaiion and cooling processes, fuel stick fzbrication
process, and tuel clement assembly.

An an example. in pracess A from Table 2. the IM fuel element used as a base case consists of
equal ratics of ThO: with a BISO coaing: and © U0, with a TRISO coating. The 23 recycle
base~case clements comsist of ThO; with a BISU coating with four parts of ThQ; and one part
*'U0- with a BISO coating. The 25 recycle clements have the same specifications as the IM
clements. The selection of a base sase is suictly arbitrary and is presented here as an example. The
base-cise data have been selected tor 26 of the 29 processes and are indicated by asterisks in Tables 2
and 3.



Table 2. HTGR fuel cycle processing alternatives A-C

gRL GNC 7e-TaRd

TYPE OF FUEL ELEMENTS
*REFERENCE ELEMERT

A

1. I elemnt: ThOy BISD ¢ 2509; TRISO
2. 1% element: ThOz2 BISO ¢ #?%ucs TRISO
3. IM elemant: ThOz TRISO + 23002 TRISO
4. 1M elecent: TAOz TRISO + 2% TRISO
5. IM clesent: ThOz BISO + 2*"us; BISO
6. IM elerent: Thoz BISO ¢ 2'uC; BISO

7. 23 recycle elerent: ThO, BISQ +
g, TRISO

8, 23 recycle element: ThO; BISD +
23%C, TRISO

9. 2] recycle element: ThO; IPISO +
2310, TRISO

10. 23 recycle elexent: ThO, TRISC +
2I%, TRISO

11, 23 recycle eleqent: ThO, BISD ¢
23%9; 8150

12, 23 mecycle elesent: ThO; BISO +
233y¢, BISO

13. 23 recycle element: ThG. IS0 »

(Ih + 23)0, TRISO 0:1 to 4:1

14. 23 recycle slement: THG, TRISO +
{Th + 2339)0, TRISO 0O:f to 4:1
*15, 23 recycle element: Th0, 8150 +
{(Th « 3339)0, 8IS0 O: to 421
16. 23 re:;:le elenent: ThO. BISC +
(Th + 2By)¢; TRISO C:f to 421
17. 23 ncgcu element: ThO, TRISO 4+
(M + 233y)c, TRISO “0:1 to 4:t
18. 23 recycle element: ThD, BISO +
(™ + 23Y)C, 8IS0 02 to 420
“19. 25 recycle element: ThO, BISC
23500, TRISO
20. 25 recycie element:
2a%yC, TRISO

21. 25 recycle elament:
23540, TRISG

ThO, BISO ¢

ThO, TRISO

22. ZSVr!qycl'e ejexent: TRISO +
3, TRISO

23. 25 recycle elesent:
2330, BISO

Tho;

ThO; 6150 +

24. 25 recycle elament: ThO, BISO ¢
e, 8IS0

25. 25 rl:{:le element: ThO. 8IS0 +
(™ » 2xp)0, TRIS0 0:f to 42

26. 25 n:!:le slemnt: ThO, TRISC +
(Th « 2354}0, TRISG Q:1 to d:1

27. 25 recycle elemnt: ThO; BISO +
(Th #» 235Y)0, BISO 0:1 to 4:)

28

29.

»

3

32,

k)

-

34,
35.

3.

BISQ «
ty 4:)
TPISD «
td)

25 recycte elerent. ThG.
{Tn s 230)C, TPISD 01

25 recycle element: ThO,
{(Th » 27%0)¢, TRISC o.f

25 nc;:!e elerent. ThD BISC »

(th + 234c; 81SO0 . o 4:1

IM elements T'G; BISQ (Th « 2%y
2

I elerent: Thl; TFISO (Th » 2-Suny
[kt
]

2
1V elerent. ThO, BISC (Tn + ¥ 7"4)0r RISS
)

=3

1H elerert: ThO; BISO (¥h » 2329)C; TRISO
01 %040

1M element: ThD; TRISO {In 532 UL, TRISU
Q01 to 4

(M elerent: ThO, 8IS {Th » 23%4)L, BISQ
G:Vto &)

B

BURNER FEED PREPARATION
*REFERENLE PRODESS

1.
2,
3.
LR
5.
6.
7,
8,
9.
0.
-,
"2,
‘",

*4,

15,

. Stfick remaval, mechanicat,

crushing 23 elzrents

Grushing IN spent and 25 elements
crushing IM spent reject elements
crushing 23 reject elements
crushing 25 reject elemgnts
Prirary and secondary crushiny 2} elements

Primary and secondary crusiing

IM spant and 2% elerents

Primary and secondary crushing

IM reject elerents

Primar=y and secondary crushing

23 reject elenents

Primary and secondary crushing

25 reject elerents

Primary, secondary znd tertiary crusntng
23 #lermnts

Primary, cecondary and tertiary crushing
1M spant and Z5 elenents

Primary, secondary and tertiary crushing
IM rejrct elerents

Prizary, seconjdry ang tertiary crushing
23 raject elements

Primary, secondary and tertiary crushing
25 refect elements

Stick removal, mechanical, 23 elerents

Primary
Prirary
Primary
Primary
Primary

I¥ spent #ad 25 elements

Stick removal, mechinical,
IM refect elements

: Primary sphitting, secondary

. Stick rectoval, mechamical,

23 reject 2lements

. Stick removal, rechanical,

25 reject elements

. Megeratar graphite separation 23 elements
« Moderatos graphle separation

IN spent ang 75 elements

. Mygerator griphite separation

M reject elements

. Myderstor graphite s2paration

23 reject alements

. Moderator graghite separation

25 reject elenents

Primary splitting, secondary ¢rushing
23 elermnt:

Primary splitting, secondary
1M spent and 25 eTements

crushing

.rushing
11 rejece elesents
Primary splitting, secondory
23 reject elements
Primary splitting, secondary
25 reject elements

cr.shing

crushing

C

BURH [NG
*REFERENCE PROSESS

AN

~

w

o

Exothermis fo)lowed by entotrarmic fluide
tted deq suming, Al,0, 45 Feat transfer
media for exothermic burner, 317 graphite,
23 recycle elerents,

Ex, followed by en, fluidize¢ Led burning,
A120; 33 heat trersfer media for ex, bur-
ner, al) graphite, IM spent ¢nc 15 recycle
elements,

. Ex, followed by en. flurdizee ted buming,

A};D; as heat transfer meciz for ex, bur-
ner, all graphits, (M reject elemsnts.

. Ex, followed by en. fluidized beo buming,

A1,0;as heat transfer eedia for ex bumer,
aﬁ graphite, 23 reject elerants

« Ex, folloved by en, fluidized bes buming,

A1,0; a3 heat transfer sedia for ex. bur-
ner, 811 graghite, 25 reject elerents,

Ex. followes by en. fluidizeq bed bumning,
a1l graphiz, 23 recycle elemorts.

Ex. foll-wed by en, flurdized bed buming,
all graphite, IM spent and 25 recycle
elements,

Ex, followed by en. fluic¢ized bed bumning,
all graphite, IM reject elerpnts.

€x. followed by en, flutdized bed bumning,
all graohite, 23 refect elements.

. Ex. followed by en. Flutdized ved bumning,

all graphite, 25 reject elements,

20,

21

2,

28,
29.
0.
a,

1. Ex. followed by en. flufdized bed buming,

Al1,0y a5 beat trensfer modta for ex turner,
fuel values only, 23 recyc’s elumenty,

£x. 7ollowed by en, fluidized bed buming,
A1,0. 15 heat transfer sedts for ex tummer,
fuel values only, IM spant ang 25 recycle
¢elaments.

. Ex. fellowed by en. flu.drzed bad bumtng,

A1.02 as heat transfer zmedia for ex burner,
fuel values only, 1K rcject elements,

. Ex, folloed by er, fluidized ded duming,

£1:03 a5 heat transfer mediz for ex burner,
fuel valies oniy, 23 reject elements

Ex. f91lowed ty en. fluidized bea burning,
£1,0;y as heat transfer media for ax burmer,
fuel values only, 25 reject elements,

Ex. f3lloeed by en. flufdized ded buming,
fuel values only, ¢3 recycle elements.

. Ex. followsd vy en. fluigizes bed buming,

fuel valuss erly, IM sgent ¢rd 25 recycie
elements,

Ex, followed by er, flurzized Sed purminy,
fuel valuss oaly, IM refect elerents,

. Ex, followed by en. fluicized bec tuming,

fuet values only, 23 reject elements,

Ex, followed by en. flyidized bed huming,
fuel values only, 25 reject elements.

€x. burm all graphite, A1,0, 2s heat trans-
far medis, 23 recycle ¢ smorts,

£x, bum a)l graghite, Ai Y as heat trans-
fer media, INspent and 25 rrcvele elements
Ex. urn ali graphite, A1,0, a5 heat trans.
fer redia, IN roject eleme~2s.

£x. bum a1l graphite, Al,ty as heat trans-
fer megta, 23 refect elerents.

- £x. burn all graphite, A1,Cy 85 heat trans.

fer mdia, 25 reject elerents.

Ex. burm 811 graphite, 23 recycle elemnts.
Ex. burn &)} graphite, IM spert ang

25 recyzle elements.

Ex. bum 211 graphite, IM refect elements,
Ex. burn all graphite, 23 reject elements.
Ex, bum a1l graphite, 25 refect elements,

Ex. bum fuel values enly, Al;0; as heat
transfer mecia, 23 recycle eléments.

Ex. bum fuel values only, Al,0y 35 nezx
transfer media, IM spent and
23 recycle elerents,

Ex. burn fuel values only, Al,0yas heat
transfer medta, [N reject elements.

. Ex. bum fuel values only, Aly0s as heat

transfer madia, 23 reject elements,
£x. bumn fuel values only, A1,04 as heat

18.

9.

40.

4.

a2

43.

9",

45.

48,

tramfer wadia, 25 reject elemmts.

Ex. followsd by en. Whale block oumning,
all graphite, 23 recycle elesents.

Er, followeg by en. whale block bumning,
a1l gr.chite, 1M spent and 25 recycle
el pnur.

Ex. followed by en. whole block duming,
a1l graphite, 1M reject elomnts,

Ex. followed by en, whole block buming,
#11 graphite, 23 reject elements.

Ex. folloved by en. whole block buming,
411 grephtte, 25 refect elecents.

€x. followed by en. chunk byring, fuel
values only, 23 recycle elements.

ix. foliowed by en. chunk duming, fusl
values on)f, 1M spent and 25 recycls
elements,

£r. follewed by en. chunk burning. fuel
valyes only, IM reject elemnts.

Ex. followeq by en. chunk buming, fuel
values only, 23 reject elemnts.

Ex, fo)loweq Ly en, chiak buming, fuel
v1lues anly, 25 rejrct elesmnts.

{x. {o)lewen by on. chunk buming, 311
graph .1z, 25 recycle elements,

Ex. fcllowed by en. churk turning, 61t
qraphite, IM spent and 25 recycle
alezents,

. Lx. followed 5y en. chk bumfag, all

graphitz, I¥ reject elements,

tx f.ilowee by en, chunk burning, &id
grephice, 2: »pject elements,

Ex. foYigwes by en. chunk buming, all
grapkite, 2% refect elements,

En. burning of reject ThD,,




Table 3. HTGR fue] cycle processing alternatives D-N

TINL D96 24- 1454

ASH HANDLING 11. Er, bum al? feel vatues (P50 ) -
. k PISL, Morey 2 23, Solids removal by fily-crecu, fi -
*REFERENCE PROCESS 12. €n. bum 311 fuel valyes (bISCH, 23 re material 25 n-;e:t traren, ferttl £7. Sol1ds removal by certrifuge from 14 spent ]
15, En. tum a11 fosl valoms (S1s01. 25 s 1| 20 30058 ' and 25 recycle witn maed fuel. STRIPPING
. En, vel values (S1803, 25 re1 ot . S0lids removal by f112-3--on, ThG; refect. | 58 Solids wasting, Ix ’
1. Screen size separation, IM spent and 14, TRISO fissile particles to storage *25, Soltds washing, 23 recec’s. with mized fugl.,' scent and 25 recycle AEFERENCE PROCESS
25 recycle ash, IM spent anc 25 recycle. ' .. .
t 26. Solids washtng, IM spery 59. Adfustmeni of nitr-ts solytion IM spent an .
2. Screen size separation, IM reect ash. 15. grmu;nfmsnguel particles ans en, tum 27, S0Mds washing from ferrile stream, i 25 recyele. i g«;‘cemr:uaﬂ and rercesl of SHy,
3. Screen size separation, 25 reject ash, from 25 rec c'l.“’lﬂue‘"d Tertile materd:” spent and 25 recycle wiyo 87 fissiie presen | 60 S011ds removal by fi'tration, IM spent - e e
. ycle and iM spens, 25 recycle + IM spent and 2. Corfentration and resoval of 233
. Density separation by 1lquid medfa, 16. Crush fissile particlps, IM ary 25 28. So1ids ashing from fecc e materiat, IN P 23 reject. e
IM spent and 25 recycle ash. e asteriel ang en bur . ary 25 recy. spent § 25 recycle. *6). Leach fissile naterfal Im reject. + 3. Concentretd d
. . . - . Concentretion an of 238
5 (E;:‘n’s‘l;:‘:e::;anw by 1raquid medis, 17. €r. bum TAC, BISO partécles, :i; :”;:" washing, ferti- -atertal Iw reject. [ % :::e’ﬁ.m'ﬂ,:{,“"""‘* fisstle 75 recycle (1v ,,m':',".'"’ of 1%,
3 . 5011ds washing, 23 relic* : . * 4. Concen P
6. Danslty sepiration by Tiquid medis *31. selt : : *63. Soltds washing fissia materfal IN reject ogects reml ot 214,
Damlty seosration by . F X FEED PREPARAT IR . Solids washing, fertil. .aterfal 25 reject. et .
.5 Cfonc
7. Geastcy senaration by qaseous medta, *REFERENCE PROZESS 2. Saltds washing, 10 reject. S eyt and remal of 2150,
! v ’
pent and 25 recycle ash. - 1 terent " —a} "33, Soltes drying, 23 recy o *55  Lesching fissile rutrind 25 reject,
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5. benaity separotion by gose Y : z3 :ach:ng. fissile material freq [H spenc 35, Saltds drylng, I¥ refc- material 25 reject 3( WICROSPHERE PREPARAT | DN
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2 6. teacht \ . 59. Solids removal by 1:.tration fiss:'e P B
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13. A1,0, recycle, 23 reject ash * 6 Leaching, 23 reject 0. Solids resoval :
. . - . by ‘totrat 1 -
18, 81,05 recycle, 2 * 7. Lescning, fertile matartal 26 material 7y meyery | Lreien fisstle Steem denitration » CISE sracess
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* 8, lgaching, ThO; rmject . ey il 2 recrne
: =ject. t. gt
+ 3, Snhids removal by certrifuge, 73 recycle “"_”“)02 1:1 25 recrcte
{Tws .
610, Soitds removal by tentrifuge. iM Spent G EXTFACTION ¢ {TvBuD, L e
CLASSIF 13. Solids removal by centrifuge from fertil REFERCHLE PROCES 4 ©F process
E 1ED ASH TREATMENT Strean, N spent and 25 recycle with S T e TSy aw
SREFERENCE PROCESS BT fissile present, !
12. Solicgs removal by centrifuge from fertaile 1. Purification of 235 salution to UF, b ”sm’ "
1. Crush TRISO fue) particles and en, bum, strean, IM spent and 25 recycte. » factor, 25 recycis w1 scontd. L 1L, 23 recrele
23 recycle, 13, Sol1ds removal by centrifuge, fertile 45, Solids disposa¥, 23 rescle, 2. purification et 734U sojution to O, 0. M8yry 2 .
2. Crush TRISO f material 16 re ’ 46, Solt factor, 25 recycle G . ) 1 1) recyrie
Crus? ertile particles and en. burn Ject. . Solids dispasal, M speat and 25 recycle. . yele G speet), * bl iM%w0; 25 1
H reject. v18, Salrds removsl by centrifuge, 23 redect. 47, Solids disposal, IM rejact. * 3. Purificatfon of 233 solution to OF S i e e
3. Crush TRISO fertile particles and’en, bum | *15. Sullds remival by centrifuge, fertil 43, Sotids disposal, 23 factor, 23 recycle, UGy 25 recycle
23 refect. raterial 25 reisct 3¢, e » 23 reject. 4, purt’icetion of 333 solution to OF, 4, SHAH
. e . 19, Solids disposal, 25 refec factar, 23 recyel ? : process
« Crysh TRISO fertile particles and en, burn | 16. Scltds removal by centrifi 1 " * = ’ yele. 21
IM spent and 25 refect. W s Y uge, ThD, refect. 50, Solids drsposal, Th, roject. o 20y M
S. Crush TRISO Thd, reject particies and - Seluds remual by filtreticn, 23 recycle. b Ty 1
on. dum. 8. gglids v:mvﬂ by fiitration, 1M spent & PARTYT ¢ 33900, 23 recycle
resycle,
* 6. Crush TRISO fisstle particies and en, bum rele 52. Leaching 23 recycle and fertils materisl H 10HING 4. 73%¢; 23 reercte
% spent. 19, z:::x; nl;n:aln:, f;l;ruhon from ferti‘e from 25 recycle. *REFERENTE PROCESS e. ?%500, 25 recyel
. s 25 .
» 7, f;"::;:“lso fissile particles and en. bum fisstie pru':u. and 25 recycle with 87 53 s'::}lﬁ removil hyfr.!ntrwuqb 23 racycle & taM%uey 28 recyele
ct. e materfal from 25 recycle * i
20. Saltds removal by Fileratt . 3. Recovery of thorfum, 23 recycle iy
* 5. Crush TRISO f11s17e particl ration fertile stread f 54 SOTds wash : re g M7AU0g .12 reevcle
25 refect. 1 cles and en, burn 2 ;H‘::nt and ‘;5 recycle. mm.i"im'-\gz'szfegfi;f’ o59 fertile * 2. Recovery of tnoriue, 25 recycle h. (TR230)0, 4:1 25 recyele
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Table 3 (continued)

QL OFe 74- 1483

S, SOLEX process

* A (M), 4:1 23 recycle
b. (Th2350)0; 41 25 recycle
e (Th23%0)0, 4:) N
4o (Mo, 231 23 recycle
e, (Tnd35G}0, 2:1 25 recycie
. (M3B0, 2:) 1n

6. Resin process
a. 2o, ix
b, 238y, In
€. V590, 23 recycle
d. 25ycy 23 recycle
.. nsw, 25 recycle
. n:ucz 25 reeycle
¢ 3. U precarstion
* 8. Th(n0,), orepsration

L MICROSPHERE COATING
*REFEPENCE PROCESS

1. 8IS0 coating
. IN fartila pacelele The;
¢ (1) 500 um
{27 68D um
b. 23 recycle particie 233y
(0 20
(2) 400 ur (rasin)
{3) 600 ym (resin)

€. 25 racycle pasticle 235

) 200 wm

{2) 400 > (resin)’

(3) 600 uM (resla) .

4. 2) racycle particle (Th22%) 5t
(1) 250 um

e. 23 racycla particle (Th1334) 2:)
{12 300 ur

€. 23 racycts particis {TM23%p) n,25:1
(1) 400 um

9. 25 recycle particle (Th235¢) 1)
1) 250 um

h. 25 recycle particle {Th235) 2:t
(1) 300 um

i. 25 recycle particle {Th2%%U) &,25¢1
€1} 400 um

jo 1% fissiie particte 350

(1} 200 um

{71 4C0 e {retir)

(%) 600 wr fresiny

2. TRISO coating

a. M fertite particle ThD,
L1 500 wr

(2) 600 vr
b. 23 recycie panvicte 2320
t1) 200 wm

12) 400 v {cesln}

£} 600 vm itestn}

c. 25 recycle particle 23%y

* ) 200 wm

£2) 400 wr .tesin)

£3) 600 un tresin) .

¢. 23 recys'c aarticle (Th23y) 12
1) 250 1~
e. 23 cacycle particle (Th33JQ) 2:1
(1) 300 1=

f. 23 recycie particie {Tn2370) 4,25:1
1) AD0 e

g. 25 recycle particla (Th235y) 1.1
€13 250 wr

h. 25 recycle particle (TR2Y50} 214
1) 300 vm

}. 25 recycie particte (M%) 4,25:0
{1} 400 o

1. I8 fisiite garticle 275
o U 200

(21 400 r

€) 600 um

FUEL STICK FABRICATION
CREFERENCE PROCESS

M

1. Intruston thermosetting

a. Out-uf block carbonlzation
{17 1M stlck

(2 23 stich

{3) 25 stick

b. in-block carbonization
€1} 1M stick

€2) 23 stick

(3) 2% stich

2. Admix thermoplastic

a. Qut-of-block carfonization
() 1M stien .
20 25 stlek
(3) 29 stien

t. In=block carbor zation
1) 1M <tfric
() 2% stich
(3) 25 stick

3. Slug injectfon thermosetting
8. OBut-of-plock carbonizstion
{1 ™ stick
(21 25 otl-n
%) 25 sefeh

b. in-block carbonization
1) rrex
{2) 2% srich
{3) 25 otick

4, Siug infection thermcplestic

8. Qut-of<bluck carbonization
(4} IM s*ick
(2) 2% streh
€3) 25 stick

&. In-block carbonizazion
C3F 1v 5t1ch
‘21 24 stlekh
1325 stk

5. Slurry blending thermosetting

o. Out-of-block carbonization
CIF B4 stick
137 2% stick
VI 2 stick

t. in-block carbonization
ML IPTY
() 23 srich
{31 .5 atfek

6, Slurry blending thermoplastic
a, Out-of-block carbonization
1)} M stich
120 23 stick
13) 25 stick
b. In-hlock carbon!zation
LR ]
€2) 2% srich
13) 25 stien

7 Eatrusfon thermosetting

#. Qut-af-black caroonlzation
1) 1 ostick
{2} 73 stich
(3} 25 stick

b. In-block cartonizeior
) IN stick
(2} 2% oticy
(3 25 stich

8. Eatruston thermoplastic

a. Our-of-block carbonlzation
1) 1% stick
12} 23 sticy
{3} 25 stick

b. In-block carbonization
() v stick
€2} 23 stien
(31 25 otien

3. Hot intrusion

4. wi-of-block carbonlzatlon
1) im atice
(2) 23 qtick
(3} 25 stice

b. In-block carbonization
1D stick
(2) 73 sticw
(3} 75 atlen

i N FUEL ELEMENT ASSEMBLY
SREFERSNCE PROCESS
1. Qut of block carbonfzation
* 8. INelemant

* b, 2} slement
.

£, 25 element

2. In block carbonfzation
8, 1M slement
b. 23 alement
Go 25 element




MATERIAL BALANCE PROGRAM, BAL

The materizi balance program was written around the flowsheet to determine the component
heavy-metal flow rate in the input and discharge streams of the 29 process blocks.

There are 62 unknown flow rates, W(2) through W(71). W(1) is known since W(1} = X(1).
W(53) through W(59) are set to zero and are reserved for any flow lines that might be added in the
future. The mass flow rates are determined from the input data, which consist of the total
heavy-metal plant output, X{(1), and 32 fractions, ratios, or flow splits from X(2) to X(33). These
input quantitics are defined in Table 4; the input variables have the base-case conditions tabulated
for heavy metal flow rates of 500, 1500, and 3000 kg/day.

The material balance program is based on the following assumptions:

1. The total mass flow rate of heavy metal entering a process block is equal to the mass flow rate of
heavy metal leaving the process block.

2. The sum of the component flow rates is equal to the plant capacity.

There are no losses in the system.

4. There is no distinction made between fertile and fissile heavy metal.

L

The program involves the sglution of 77 linear simultaneous equations for an equal number of
unknowns consisting of 63 mass flow rates and 14 parameters used in the program which are also
linear functions involving X and W.

In addition to calculating the mass flow rates in each of the lines in the flowsheet, the BAL
program also calculates the throughput and the product for each of the process blocks as shown in
Fig. 2.

The BAL program has the option of producing a punched card output. The punched output
contains the mass flow rates in both the throughput and product for the 29 process blocks. The
program also has the capability of handling multiple cases.

The input format is shown in Fig. 3. The variables have been previously described, and the
triggers for the program are as follows:

NC = the number of cases being run, IS
NP = a decision parameter or whether punched output will be produced, IS.

NC and NP are entered on the first card using a 215 format.

ID =the case number for the individual cases and is input with an 15 format on a separate card.
Each case must be preceded by one of these cards in sequential order.
The variables X(1) through X(33) are input with a 6F12.5 format on cards 3 through 8 for the first
case. '

The program produces as output a summary of the input variables X(1) through X(33), the
throughput to each of the process blocks R(I) through R(29), and the product from each of the
blocks Q(1) through Q(29).

The program produces a punched card output as an option by inputting a | for NP. Ifa0ora
blank is enterec, no punched output is produced. The punched card output consists of one card
indicating the total number of cases under consideration using an 15 formant and a second card
indicating the cas~ .umber and the mass flow rates calculated for W(1), W(12), W(70), and W(71)
using an 15, 4(2X,E12.5) format. Cards 3 through 8 punch the throughput, WT(I), to each of the
process blocks using a 3(4X,1PE12.5) format; and cards 9 through 14 punch the product, NP(I), for
each of the process blocks using the previous format. Cards 2 through 14 are produred for each case
that is run.



Table 4. Input variables for material balance program, BAL

HMPFR = heavy-metal flow rate = X(1)

. . Quantity
Variabl it Unit.
ariable em s Case 1 Case 2 Case 3
X1y Total heavy-metal product from Kilograms per day 500.0 1500.0 30000
recycle plant
X(2) 23 recycle fucl from recycle HMFR to 23 recycle fuel 0.3700 0.3700 0.3700
plant Total HMFR
X(3) $ recycle fued from recycle HMFR to 25 recycle fuel 0.0450 0.0450 0.0450
plant Total HMFR
Nty IM fucl from secycle plant HMFER to IM fuel 0.5850  0.5850  0.5850
Total HMFR
X(5} M fucl from reject HMER to IM fucl element reject 0.0100 0.0100 0.0100
HMFR to IM fuel elements
Xt6i IM stick fab reject HMFR to IM stick fab reject 0.0500 0.0500 0.0500
HMFER to 1M stick fab
N Ratio of T'h w total Uin type IM ‘Thorium in 1M stick fab process 13.100 13.100 13.100
fucl stick Uranium in IM stick fab process
Xi¥p M patticle coating reject HMFER in reject from IM particle coating process 0.0500 0.0500 0.0500
HMFR 1o IM particle coating process
X% 15 microsphere preparation HMFR in reject from 1IN microsphere preparation process 0.1000 0.1000 0.1000
fejest HMPFR ta IM microsphere preparation process
Xtloy  Type 25 recyele fuel clement HMER in reject from type 25 fuel element assembly 0.0100 0.0100 0.0100
fefect HMER to 1ype 25 fuel element assembly
Xty Type 28 seeycle stick fab reject HMER i2 mject from type 25 fuel stick fab process 0.0500 0.0500 0.0500
HMFR to type 25 tuel stick fub process
Xt12)  Ratisof Thio tolad U in type Thorium type 25 fuel stick 3.50 3.50 3.50
33 recyele fuct stick Uranium in type 25 fucl stick
Xtid  lepe 28 reeycle particle coating HMER in reject from type 25 recycle particle couting process 0.0500 0.0500 0.0500

reject

HMER to type 25 recycle particle coating process

o1



Table 4 (conunued)

S aisaber

Xeldy

®ilds

Mtes

Xel™y

Xitikg

X{bh

Nty

x2h

LYRA

X5

Xi24)

Tape 2R ecesele o rnphiie
PIEPItATINN f01o S

.

Thosage tov Acad Thoten

sspracraasg DA 24 7S

Troots Traarle Patiicles 14 sfxorit
158 3md 28 soovuic Tucl

th T amd T wpatated
1 head-etnd teptovconing 1M
it 28 terakke opivand
ftactymn of total coavy el
fror plant

Prscand fiony tpe 28 ook
head-ctid fepingssing

Tapw 2% tecvdle Tue cloment
tepect

Trpe 2Y geesade o8 b Kab
fexx e

Rates o Th fo satad U s e
2V eeosile Tush sk

hape 23 reasvle panticke
Cuatng st

Tape XY terole muctunphicre
prepatateng fojoct

it of 1h 1o £ feed to taoe 23

seckele microsphiste
preparation
Fharn to sppe 23
reerche Acud Thores
Proen

Quantity

Tharium flow rate 10 Acd Thotex reprocessing (TM and 25 recyele)
HMER to Acid Thorex reprocessing (23 recyele)

[
Case | Case 2 Case 3
HMEER . wegect from tpe 28 1e0 o sierosphere preparation proce- 0.1000 o 100y 0.1000
Pt R oo type 28 reeacde o osphicte prepasation process
VPR manum hu’ to A_o_"d LIMCY Processing (l\l and 28 ree el ) 0.0000 0.0004 0.0000
AR o Aend Thoten re: ¢ cessing tIM and 25 recyele)
Eoplus thotium wparated . uud-end eprocessing process 0.5463 0.3463 0.5463
To . MER

HMER m 20 covele vream 0.2238 02235 0.2238

HMER in 25 rec v plus M streams
HOEER i seect from type . ~eopele fuel clement ; asseanthly 0.0100 (tHe1nd 0.0100

ﬂ\ll Rn l\p: 2drec. tuel element .lsscmhl)
ANMPE m reject rom i T recyele stk tab pracess 0.0500 G.0200 0.0500
HMER o wpe 3V paencde stick fab provess

‘Tharium in type 27 reeyele fuel siek 8.5000 ¥ 8000 4.8000

Uranium in type 24 reevele fuel stich
HAER 1o ejeet from type 27 ceeyele particle coating process 0.0500 0.0500 0.0500

TMER from vpe 2 Y rende particle coating process
HMIR to repect foom type 23 reccde microsphiers preparation process. 0.1000 0.1000 0.1000
HMER from e B} reeyele vmcm\phn.rc preparation process
Therum in feed 1o 23 secyele preparation process 42500 42500 4.2500
Uranium in feed to 23 recyele preparation process

0.95601 0.9561 0.9561

It



Table 4 (continued)

Varniable ltern Units Quantity
Case } Case 2 Case 3

X(25)*  Thonum particle coating HMFR 10 reject from 1M parsticle coating process 00 0.0 0.0
reject HMFR from IM particle coating precess

X(26y  Thorium microsphere HMER to reject from IM microsphese preparation process 0.1000 0.1000 0.1000
preparation reject HMIR from IM microsphere preparation process

X2t Ratioof Th to U feed to Thorium in feed to 25 microsphere preparation process 0.0000 0.0000 0.0000
type 25 recycle microsphere Uranium in feed to 25 microsphere preparation process
preparation

X(28) Rutoof Thto U feed to Thorium in feed o IM microsphere reparation process 0.0000 0.0000 0.0000
type IM microsphere Uranium in feed to IM microsphere preparation process
preparation

X(29)  Uranium to storage from HMFR to storage from type 23 recycle Acid Thorex process 0.0000 0.0000 0.0000
type 23 recycle Acid HMFR 10 type 23 recycle Acid Thorex process
Thorex process

X330y  Uranium to storage from HMER 1o storage from type 25 recycle Acid Thorex process 0.0000 0.0000 0.0000
type 25 recycle Acid HMFR to type 25 recycle Acid Thorex process
Thorex process

X(31)  Heavy metal to storage HMFR to storage from IM spent-fuel head-end process 0.0000 3.0600 0.0000
from type 25 and IM spent HMFR to IM spent-fuel head-end process
recycle head-end process

X(32)  Hecavy meial to storage HMFR to storage from reactor 0.0000 0.0000 0.0000
from reactor HMER to plant

X(33y* Ratio of feed to ThO: HMFR to IM microsphere coating process 0.0500 00506 0.0500

microsphere coating to
feed to reject coating
removal

HMFR to reject coaling removal process

*Either X(25) or X(33) must be equal to 0.000.

(A}



INPUT STREAMS

13

OQUTPUT STREAMC

ORNL DWG 74-148.

——P WT(1)-WT(29)

P H(1)-W(TT)
> WP(1)-WP(29)

51,32 > @ (49)
49 b (2> 36,(41),50
16,47,67 W __(45),48
45 ,(0 _(43),46
62,43 > Os (41),44
41 > Os (40),42
N % (29),32,38,31
29 > Os (27),30,37
13,27,34 ‘»@ (25),28
25 $@7 (23),26
51,23 @ (21),24
21 . > @2 (20),22
12 (8)
9,11,3% @% (71),10

X(1)-%(33) 7 @ (5).8
5,60 > O"‘ (3).6
3 > @, (2).4
14,15, 30,50 @ (68)
13,68,69, 70 ’@ (34),(35),(66),(67)
66 2) (64),65
19,64 > @‘ 18,(60),(61),(62),.?
63,65 @ {69)
18 > (@3 19)
42,44,46,48 @ (14).(16)
2UBB o (15),(17)
4,68,10 @ (11),(13)
39 ’® (39)
36,37,38

k]| > @ an

FIGURES IN ( ) IMDICATE PRODUCT STREAMS

Figure 2. Input, output, and product streams for the process blocks in the HTGR fuel reprocessing plant
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Figure 3. Input format for BAL program

t 56 lO‘;l IS%G 20 2;—-'--- ‘“z.;lisw B "X)SI 5136 ag4a! a5 QS 61 65|66 ©n 73
He Ne lm.'%. . { 14013 FR S Y [ N | [ U [ N 1131 |2'5l ) ! 1.3 Ao s ORI | 3. b-43 _LJ--ICARD.;-It-—‘——Li
10 ! i I5 CARD 2 |
x(1) ! L x(2) | i x(3) X(8) X(5) . O) CARD 3
x(7) { ! g | { 1la) goy . . _ duny CARD b, , ..
x(13) [ ! ‘ x(15) x(16) x(17) . £(18) LCARD 5
x(19) : ' x(20) | i x(z1) | [ x(22) x(23) . L X(2b) CARD 6
x(25) ) U x(26) | | x27) | 1x(28) x(29) %(30) . CARD 7
X(Bl) i X(Bz) l l x(33) I T R} H [ ) ) LI Y B ] [ Y t it ACARD 8 koA
PR B % . . . . 1 P } . . 'l . END CA.SE N 6Nt [ [ | 1 i t 3 N 1 [ ] o . a
0| i i | ! ‘ ! . CARD_9
x{1) ? x(2) ! x(3) X(4) L xG) X(6) . 1 . lcapio ..
x(7) j L X(8) 5 X(9) i 'x(10) L xgy x02) . | | .caro.11, .
x(13) ! x| L x15) IX(16) Poxup _X08) CARD 12|
%(19) E © X(20) ! R |x(22) %(23) X(24) CARD 13 | |
x(25) ? X{(26) ' : X(27) Ix(28) x(29), X(30) CARD 14
x(31) i ' x(32) | L x(33) J P N S I I CARD 15 ,_._
| ! . } . i o ’ v , . END‘ (.:ASE, ' lwo e . 1 ' ' Lo ' o]

14t



CAPITAL EQUIPMENT COST PROGRAM, CEP

CEP is a computer program version of the capital cost estimating procedure for commercial
fuel recyele plants described fully in ref. 4.

Two kinds of factors are used to relate actual space requirements to gross space requirements;
these are equipment stacking factors, ESF, and space utilization factors, SUF. These factors are
shown in Table 5. which lists the ESF and SUF for differcnt types of processes and processing
support sprees.

Cost estimating factors are utilized in the program for estimating incremental building and
support space cost. These factors are unit costs per cubic foot, UCCF, and unit costs per square
foot, UCSF. These factors are shown in Table 6.

Indirect construction estimating factors are shown for various cost elements in the form of unit
cost factors, UCF, in Table 7.

The owner's cost estimation factors, OCEF, are shown in Table 8. The factors shown in Tables
5-8 are input into CEP through the block data tile PLCEST. The compiete program consists of the
data block PLCEST, the main program MAIN, and eight subroutines: INPUT, PRODAT,
OUTPUT, SHIFTS, INITS, FDBK, FUNC, and GRAP, as listed in Appendix B-2.

The MAIN program is used for processing, and it calls the subroutines. The INPUT subroutine
reads the input data and transfers the information to PRJDAT. Subroutine PRODAT is used for
calculation of the output parameters. Subroutine OUTPUT is used to output the desired
information. Subroutine FUNC is used to calculate the coefficients and exponents for the evaluation
of costs. Subroutine GRAP provides a graphical display using the ORNL library routine
CRGRAPH This subroutine nrodoces semilogarithmic pints on demand for any or all of the
processes being mvestigated. 1his subroutine will plot irom two to five points whose coordinates are
obtained from the input data. Subroutines SHIFT, INITS, and FDBK are character and string
manipulation subroutines. Library subroutines PUTIN, REPLAC, SQUEEZE. LENGTH, and
BCDTOILI are also colled on for character manipulation. These subroutines are listed in Appendix
B-4. These routines must be included in the programs that are runatinstallations other than ORNL.

The computations are done in the PRODAT subroutine, which is the computer version of the
colculutioas e o bl Y

Case data input is prepared for the CEP program by filling in the data sheets shown in Fig. 4.

The shets, for the most part. are selfexplanatory. Character manipulation subroutines used inthe
program alow data outpet in the same form chosen in the input. Exceptfor the first four cards, the data
zan be entered for up to five plant sizes ina SF10.2 format in columns 1-50. Data for various plant sizes
may be placed in any order as long as the format isadhered to. Anexample of this feature is illustrated in
the case where the data for three plant sizes is desired to be input into the program; the data may be
entered in columns I-10 for the first plant. 21-30 for the second plant.and 41-50 for the third plant size.
The output would have a simifz, ~vacing. The data could have been entered in columns 1-30 con-
secutively, but very little spacing wou'd be offered in the output. Once the choice of the arrangement is
made in card S, it must be adhered to for the rest of the input data. The process title is entered in card 1
using a 20A4 format. In order for the title 10 be printed on the graphs, the title must be followed by a
dollar sign (3). Any identifying number may appear after the dollar sign without being printed on the
graph.

Case names such as CASE-i, CASE-2. and CASE-3, uarc entered on card 2 using a S(8A, 2X)
format.
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Card 3 lists the capital charge rate expressed as a percentage for all cases and the three types of
cells using a (F10.2, 10X, 312) format.

Card 4 lists the plant capacity for each case in terms of meiric tonnes per day using a 5(4X,
F6.2) format.

Cards 12-20 can include from one tc three cards as A, A and B, or A, B, and C. Only one card
is required if only one type of cell is designated on card 3. Two cards are required if two cells are
designated on card 3, and three cards are required if three types of cells are specified on card 3.
These three cells might be (5, 7, and 4). If only one cell is required, only the A card is necessary, with
the B and C cards being deleted.

The input consists of a data file containing the headings used in the CEP printed output which
precedes the case data. In the heading data the cell types (TYP) data is preceded and followed by
four asterisk in columns 1-4 as sentinels for reading. Both of these decks are preceded by a trigger
card. The trigger card uses a (215, 4X, 2911, 8X. 2911) format, with variables NX, NC, JP, and JG
read in. NX is the plant aumber (1-10,000). NC is the number of process biocks being run (1-29).
JP is a trigger for each of thc NC cases being processed. If JP = |, the case will be printed; if JP =0
or is left blank, the printed output will be deleted. In like manner, JG is a plotting trigger for each of
the NC cases being processed. If JG = 1, the case will be plottecl, and if JG = 0 or is left blank, the
plotting for that case will be deleted.

In recapitulation. the stacking order of a case to be run with a FORTRAN deck of CEP is as
follows: the necessary JCL cards, the CEP FORTRAN deck, JCL necessary for the GO step, the
heading data, the trigger card, the case data for each of the cases called for by NC in the trigger
card, and the end of file cards (/*,//).

The program produces output in printed graphical and punched form. The printed and
graphical output can be deleted, but the punched output has no option. The punched output is used
for input into the TCP program along with output from the BAL program. The punched output
consists of one trigger card with the plant number NX and the number of processes. NC, being run
(1-29) using a 215 format.

Each process block that is run produces three output cards. The first contains the title of the
process. The second card contains the number of cases or prints being run and the throughput in
kilogram: using an 12, 5 (3X.PE125) format. The third card contains the process block number and
the unit -ost in thousands of dollars using the samic format as the preceding card.

These cards are input into the TCP program and are tollowed by the output cards from the
BAL program.
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Table 5. Summary of space ¢ timating factors

Equipment Space
. 1acking utilization
Type of sp: s
¥pe ol spuce factor, factor,
ESF SUF
. Heavily shielded hot cell— remote maintenance 0.7 4.0
2. Heawly shielded hot cell—-contact maintenarnce 0.6 233
3. Medium shielded hot cell—remote maintenance 0.7 40
4. Medium shiclded hot cell--contact maintenance 06 233
5. Lightly shierded hot cell—remote maintenance 0.7 4.0
6. Lightty shielded hot cell—contact maintenance 0.6 233
7. Unshielded hot cell (alpha cell)—contact maintenance 0.6 25
8. Glove boxes and hoods—direct mainteranrce 0.8 22
9. Shielded hot cell analytical cell) - remaow maintenance 08 36
19. Shiclded hot cell (hguid waste storage )—contact mamtenance 1.0 25
11, Shielded hot cell {solid waste storage)—contact maintenance 1.0 5.3
12. Indirect processing support area— direct maintenance 00 5.6
Controlled atmosphere building areas
13. Chemical maheup and process support system space 0.6 2.7
14. Cell operating space 0.0 0.0
15. Crane bay space 00 35
Table 6. Summary of cost estimating factors
Unit cost Unit cost
. . per cubic foot,  persquire foot,
I'ype of spuce UCCF UCSF
(dollars) (dollars)
P Heavily shictdad hotoell  remote muintenance 42.00 1258.00
2. Heavily shucided hat cell - contact masntenance 18.00 730.00
1. Medium shielded hot cell- remote maintenance 39.00 1124.00
3. Medium shiclded hot cell  ¢ontact matntenanee 16 00 622.(0
S Lanly shiddded hoteell  weinote muntenance 300 1028 00
6. Laghtly shiclded hot ccli  contact maintenance 13.00 538.00
7. Unshielded hot cell (alpha cell) - contact maintenance 9.00 180 00
8. Giove boaes and hoods  direet maintenance 146.00 500.00
9. Shuelded hot eell Ganalyticad cell) teinote maintenance 78.00 934.00
10. Shiclded hot cell digud waste storage)  contact maintenance 230 114.00
1. Shieled hot cell (solid waste storage)  contact mamtenance 2.30 114.00
12, Indiect processng support space  duect nunntenance 700 100.00
Controlled atmosphere building space
12. Chemical makeup and process support syatem space 7.00 100.00
. Cell operating space 7.00 100.00
15. Crane bay space 230 100.00
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Table 7. Summary of irdirect constructiva
estimaung f2clors

Unit cost

Cost element factor, UCF*

FORTRAN name

1. General and administrative Q.10 GAUCF
2. Engineering 0.30 ENGUCF
3. Miscellancous construction 0.05 PSCUCF
4. Contingency 0.20 CNUCF
5. Spare parts 0 0U7 STUCF
6. Nommnstalled spare equipment 0.03 SEQUCF
7. Quality assurance 0.06 QLAUCF
8. Outside utilities 0.10 OUUCF

“Fraction ol direct construction costs.

Table 8. Summary of owner's cost estimating
factors, OZEF

Unit cost

Cost element factor, UCE*

FORTRAN name

{. Land 0.01 OLNUCF

2. Project management c.02 PJMUCF

3. Lizensing 0.04 OLCUCF

4, Taxes, insurance, and interest 0.20 TIUCF

5. Preoperational testing and 020 POTUCF
startup

6. Site improvement costs (1/26 of 0.005 SICUCF

direct coastruction costs for
equipment and space)

‘Fraction of direct construction costs.
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Table 9. Cost ~ timate preparation procedure for HTGR fuel reprocessing plant

Direct construction cost

Processing equipment cost

3

a

OO

Estimated equipment cost (S)

Actual in-cell equipment space requited (&)

Pape (1)
type 2)

Type 3)

Actuat out-of-cell equipment space required (ft')

Processing space cost (hot celis) (§)

PEEOO

~,
IJ)
~

5
\
\

DEEEE!

’
1

26

(

®

OO 6BG

Giioss in-cell space required

Type (1) Swndard cell width (1t}
Standard cell height (1)
SUF (from Table 5)
Gross cell velume (ft')
Lineasr fect of cell (ft)

'l'_\-pc(_Z_) Standard cell width (ft)
Stand o ot teight i)
SUF (from fable 5)
Gross cell volume (1)
Lincar fect of cell (ft)

Type (3) Standard cell width (i)
Standard cell height ({t)
SUF (from Table 5)
Gioss eell solume (1Y)
Linear feet of cell (it)

In-cell space unit cost (5;1t))
Type (1) UCCF (from Table 6)

lype _(2) UCCF (from Table 6)
Type _(_}l UCCF (irom Table 6)

In-cell space to1al cost ($)
Type 1)

Type (2)
Type )

Total

Record

Record
Record
Record

Record

Record
Record

Record

EELONN
10 0.0N

Record

Record

Record
G
(1) + 1(1Dx (12)

Record

Record

Record

O30]
(19)+1(16)x (17)

Record

o Record

Record

(<D
—x@
)+ @)+ (o)
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Table 9 (continued)

Groas out-of-cell space 1equired (1t°)
AMakeup and pracess senvice space
Standard ared width (1)

Standatd area height (1)
SULE (rom table by
Gross volume (it

Celt operating space (it')
Type (1) Standied area width (11)

Stndard area height (1t)
Number ol cell sides with operating area

Gros volume (ith

‘s

OEREEE EOEE ®BBE

Type (2) Standard quea width (to
Standard arca heeht (tr)
Number of cell sudes wath operating area
Groos volume (ft')

Pyvpe (3) Standard area widith (4

-

Standard arca height (11
Number of cell mdes with operating arca
Giross volume (¢t')

Crane bay space
Type (1) Cell area (11°)

Sttt (trom Table 5)

-
=

Standiund hay height (f)
Giross volume (tth)
Type (2) Cell area (1t

SUt (from Table 5)

@EORO® GG

b4
=

Standard bay height (ft)
Gross volume {ft')
Type (3) Cell area (ft°)

SUF (Irom Table §5)

wn

@OOOOC

Sundard bay height (ft)
Gross volume (ft))

Out-of-cell space unit cost ($/ft")
Makeup and process service space

Cell operating space (from Table 6)

Record

__Record

Record

0@

Record

Record

Record

- ~,
1) X (32} X
x

Record

Record

Record

Record

Kecord

Record

(6 2:(w)

Record

Record

(44 x@x@
11)x(15)

Record

Record

28) (19) x (50)
(19)x ()

Record

Record

52)x (53)x (54)

Record
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Table 9 (continued)

O OB

>
9

(4]

IO ©

V(=

ey

i)

DROE

l)pcgl_l
Type 2
Tape (By

Crane bay space (from Table 6)
Iype (h

Type (1)
Lype ()

Out-of-cell spirce totiad cost ($)
Makeup and process service spice

Lol apesating space
Fype (D)

type (2)

Lype (3)

Total

Crane bay space

Type (1)

Ivpe (.3:.

Type (3)

Total

Total aut-of-cell space com

Prrocessing spice total cost (%)

Processing support space cost (building excluding hot cells)

~3
@

¢

®

@G

hidirect process support spice
Standard area height ¢ty

SUE ¢liom Tablke §)

Uotal space required (1Y)

Indirect process support spa.: unit cost (3/t")
UCCE (from Table 6) ($/1tY)

Processing support spice total cost ($)

Outside utilities cost (3)

clelo

UCF (from Table 7) (9)
Fquipment and facility cost

Qutside utilities cost

Record

Record

Record

R cgnrd

Record

Record

BOLON

35 x@
B ONON

43 x@
HOUOUOH

@xE
OO
B OION
_(®+()+ (o)
EOOGHD]
ONOM

Record

Record

@,!,44 +

+

Record

76)% (37)

Record

79)x (80)
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Table 9 (continued)

Site improvements cost (8)

UCF (from Table 8) (%) Record

@ Subtotal direct construction cost ($) 80 )+ @
@ Site improvement cost (3) ____&ED}_@__
Total direct construction cost {$) L QS_\ ?+!\M )

Indirect construction cost

General and administrative cost

UCF (from Table 7) (%) Record
Subtotal general and administrative () 86)x(85)
Engineering cost

UCF (from Table 7) (%5) Record

®&

Subtotal engincering cost (8) . X ‘

isccllancous construction cost
9 UCF (from Table 7) (¢4 Record

91 Subtotal miscellancous construction cost ($) ‘ % ‘

g

®®

Cont

ngency allowance
UCF {from Table 7) (%) Record

Subtotal contingency allowance (5) ‘x ‘

®®

[22]
b~
e
147
b=
=]
a
7
[ o]
=]
@
=

UCF (from Table 7) (%) Record

Subtotal spare parts cost ($) . X ‘

Noninstalled spare equipment cost
UCF (from Table 70) (%, tecord

®E

Subtotal noninstalled spare equipment cost (3) 96 )X @

®6

Quality assttrance cost
UCF (from Table 7} (Y5) Record

Subtotal quality assurance cost (3) ‘ X ‘
100) Total indirect construction cost ($) @ + @ + +
93)+(55)+(57)+ (%)

Owner's cost

olelo

Land cost
UCF (from Table 8) (%) Record

Subtotal land cost (8) @ X @
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Table 9 (continued)

Project managemcnt cost
UCF (from Table B) (%)

®6

Subtotal project management ($)

-

icensing cost
UCFE (Irom Fable 8) (C))

®E

Subtotal licensing cost (8)

-

axes, insurance, and interest
UCF (from Table 8) (Cp)

®

I9§ Subtotal taxes. insurance, and interest ($)
Decoperational testing and startup

UCF (from Tablc 8) (&)
Subtotal preoperational testing and startup (S)

Fotal owner’s cast (§)

e

‘Total capital construction cost

®

112 Increment of total plant cost (S)

N ,
335 Processing throughput of aceeptable product
(kg o1 heavy metal per day)
Annual production rate (kg of heavy metal per year)

Capital charge rate (57)

Annual capital charge (S/year)

eRe®

Peaduct unit cost {dolars per kilogrars of heavy metal)

Record

@x 85

Record

@03 x 3)

Record

GEIO),

Record

@6
AT

() @+ @)

) Record

2920 x (1)
Record
1) x (13
CE@)
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TOT,«\L CAPITAL COST PROGRAM, TCP

The TCP program was written to interface the BAL program with the CEP program. The TCP
program reads in the throughput and product flow rtes {rom each of the process dlocks from the
punched output obtained fram the BAL program. The ce<t vates for several - ~ditrary throughpuls
are oblained from the CEP program. The cost of the throughput Sor i spectae black is determined
by interpolation, and the cost is summed to obtain specific totals and subiatals of capital cost for a
specified plant sive.

Output from the BAL program consists of a number of cases of fow throughpui and product
oulput. The product information is not presently being uiilized because the functions generated in
CEP are based on throughput data only.

Qutput from the CEP program consists of the title of the process block, the mass flow rate for
each of the cases (plant sizes), and the cost rate {dollars per pound of heavy metal) of the process for
she given tlow rate. The point pairs may consist of a minimum ot one and a maximum of five. This
information s included for cach o the process blocks considered. Punched output from the two
programs, CEP and BAL. arc combined as input data for the TCP program. with the BAL output
cards immediately following the CEP ourput cards. A cost function is generated for cach process
block considered. and the mass flow rate is used to determine the capital cost in dollars for each of
the process blocks.

Referring to Fig. S (Unit capital costs as a function of mass throughput), the flow rates
VALSTUCN,LI? and the unit cost data VALST(ICN,1.2) atc read in from the CEP program as
point pairs, where ICN is the process block number and 1 is the case number or plant size. The mass
flow rate is read in from the BAL program WX(ICN) for cach process block. The TCP program
finds which function WX({ICN) is associated and caiculates the coefficient and exponent required to
calculute the unit capital cost C(l) and the total capital cost, CST(IBX,ICM), for each process
hlock, ICN, and each plant size, IBX. .

‘The algorithm in TCP which calculates the costs requires much of the information available in
the CEP program. It was expedient to transfer the point pairs calculated by CEP to the TCP
program rather than transfer the coefficient and exponents calculated by the CEP program. The
TCP program recalculates these coefficients and exponentz and arrives at the costs by the
procedures described below.

If the flow rate WX(ICN) is equal to or less than YVALST(ICN,2,1), then the coefficient is equal
to A(1). and the exponent is equal to B(1). If WX(ICN) is greater than VALST(ICN,2,1) and iless
than or equal to VALST{ICN.3.1). then the cocfficient is equal to A(2), and the exponent is equal to
B(2). if WX(CN) is greater than VALST(ICN,3.1) and less than or equal to VALST(ICN 4,1), then
the coefficient is equal to A(3), and the exponent is equal to B(3). If WX(ICN) is greater than
VALST(ICN4,1), then the coefficient isejualto A(4), and the exponent is cqual to B(4). The cost rate is
then established for VWX(ICN) as VALFX(ICN,L1) * EXP [VALFX(ICN,1,2) * WX(ICN)], and
the total cost for the process block is established as VALFX(ICN,1,1) * EXP [VALFX(ICN,I,2) *
WX(ICN)] WX(ICN).

The costs of certain blocks are summed to obtain the cost of such items as refabrication,
storage, and 23, 25, and IM recycle reprocessing for cost-breakdown information. The total cost is
de.ermined by summation of the individual processes.
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Figure 5. Unit capital costs as a function of mass throughput
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BLOCK DIAGRAM OF BAL
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ORNL DWG 74-1488

READ
1D

/

v

/

\ READ
X(1)-X(33)
'3

GALCULATE

W(H-w)
R(1)-R(29)
a(1)-0(29)

PUNCH
D.N(1), W(2), W(T0).¥(7
WP(1)-WP(29)
WI(1)-WT(23)

< vy

2l

WRITE HEADING
WITH CASE
NUMBER

v

WRITE

X(1)-X(33)
W(-W(T1)
R(1)-R(29)
0(1)-0(29)




Appendix A-2
FORTRAN LISTING OF BAL
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PROGRAM BAL
dAL (MATERIAL BALANCE PROGRAM]

THIS PROGRAM CALCULATES THE MATERIAL ENTERING AND LEAVING EACH

PROCESS [N THE HYGR FUEL REPROCESSING PLANT.
THE REQUIRED INPUT DATA IS

{1) THE TOTAL HEAVY METAL PLANT OUTPUT (KG/DAY), X{1l}

(2) 32 FRACTIONS REPRESENTING SFIREAM FLOW SPLITS OR RATIOS
0OF COMPONENT MATERIAL TO HEAVY METAL, X(2) THRU X{33),

THE OUTPUT PRODUCES 63 CALCULATED FLUW RATES FROM WLl TO W(71).

WI52) THRU W{59) ARE NOT USED AND ARE ALNAYS ZERO.

THE TOTAL HEAVY METAL THRUPUT TO EALH PROCESS, R(l) THRU
AND THE TNTAL HEAVY METAL PRODes W(1l) THRU 0(29) FOR EACH
IHE PROGRAM ALSO PROODUCES PUNCHED CARD DUTPUT ON DEMAND,
EITHER THE THRUPUT OR THE PRODUCT FUR INPUT TO THE TOTAL
COST PROGRAM, TCP.

MULTIPLE CASES CAN BE QUN CN BAL PROCUCING MULTEIPLE CARD
OuTPUT IF DESIRED.

DIMENSTON XI33)oWITLIsRU29 o UHTI25¢29) e WP L2502G)¢0(29)
DO 1 I=1.71

Wii)=0.0

READ(S061001 INC NP

DO 32 t=1.NC

RFAN(S0, 1007 ) ID

iX=33

i = 71

IR = 29

10 = 29
REANDISO.1002¥IX(T)el=1,1IX)
Wwili=x(1}

Wi i vl =rild
Wi26)zx{29)3ull)
Wi3dTi=X{30)84lL)
Wi3B)=XI31)*KI1)
Wil9h=x{32)2wil)

W2)=Wl1)exiv)
AlI)=H(2) /L 1a0-X(5))
Wl4abt=Wl3)-wi2)

A6 =WV EX {6}/ {10-X10))
WES)I={W(3)¢W(6))I*IXI28)¢1.0)7(X(7)01.0)
Wl60)=H{3)eW{bI-HIS5]
W(T)=WlS)/E1.0-X(8]))
WlB)=WIT)=W{S)
AF=W{TI/(1.0=-X{9)}]}

W10 )=WF-wlT)

A=X€T)/78k.0 +X(T7))

d=X(28)/L1.0 » X{28))

Wll13) = tWl4) ¢ W{6)IEA » (H(B) + W(l0))®B
W3S )=WFeX{281/(1.0¢X(28})
Will)=plele{6den(B8) oWl 101 -H{13)
WII=WF-W(11l)-W{35)

At12)=w(9)

Al20)=wll)eX(3)
Wl21)=wl20) /78 1.0-%X0(10})
Wl221zW€21)~-W (20}

A= IX(271+1.0)/7{X{L2)¢1.0}
B=1.0/(1.0-X(81))
Wi23)=A%Rey 21)
wWl264)=8eX(11)eu{21)
Wi61)=pl(21)+W(24)-HE23)
Wi25)=wWilzZ23)1711.0-%X{13))
WA(26)=wW(25)-%{23)
Al403=wWillex(2)
wWiliel)=wl6G)/(1a0-X{18))
Wie2)=Wial)-H(40)
Wlhs)=Wlelie X191 /{1.0-XL19))
WEATI=(W(al ) +Wi4a) )0 (X{23)41.00/¢XE20)+1.0)
WLH2)=WiA1)tWl4L)~H(43)

RI29) «
PROCESS.
BASED ON
CAPITAL

BAL
BAL
BAL
KAL
8AL
BAL
8AL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
8AL
8AL
BAL
BAL
BAL
8aL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
sat
8AL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
BaL
BAL
BAL
BAL
BAL
BaL
8aL
BAL
BAL
BAL
BAL
aaL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
Bat
BAL
BAL
BAL
BAL
BAL

290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470

490
500
510
520
530
540
550
560
5%0
580
590
600
610
620
630
640
650
660
670
680
690
700
710
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Wla5)=W(43)/7{1.0-X(21))
WI=W(65)/7(1.0-X{22)}

Wl4B)=WZ-Wl45)

Wiab)=H(45)-H(43)

C = X(200/(51.0 + X{20)}

D= X{23)/7(1.0 + X(23))

Wilée) = (W42) + WLA44))IXC + (Wl4b6) + Wi4B)}*D
WiLlE)=Wl42)+R{44)4+H{46)+ul48)-Ni1s)
W(67) = wWZ%D

WlaT) = WE45) + W{4B) ~ HWi16) - WIGET)
WB=WI60)+HW{61)+RIL62)
Wi64)=WB/!1.0~X(25))

Wil8) = X{i33)*H(64)
wil9) = Wil8)
Wl63) = WlbE4) ~ W8

Wl66)=H{64)/11.0-X(26)}

WI65)=W{66)~W(b4)

WI69)=W{63)+H(65])

WA=H(25) /M1 0-X{14))

Wi281=HA-W(25)

A= Xt123/01.0 & X{12})

0= X(27)/tL.0 ¢ XU27))

WIL5) = (W(22) +v Wl24))%A + (H(26) + wWi(28))%8
WlLT)I=Wi22) +Wi24)+HL26) ¢4l 28—l 15)

Wwi34) = WAsB

Wi27) = Wi25) + WiI28) — WL17) — Wi34)

WISLE = (W(4T) ¢ W(363)/7(1.0 — X242} - W(32)
WiS0) = X424)%{W(51) ¢ wW(32))

A= (WL3T) &+ W(2T7) & W(38I*XX(LTII/ELeU - XI1T))
N = 1.0 —- X{15)/(1.0 - X(LT)}

W(33) = (4(32) « N(38) + A)/D
Wi72)=R139)+UWi51 )M {33}

Wia9) = HIS0) + WI4LT) + Nt 36)

Wwi30) = x{15)¢H(33)
WI68Y=W130) +H{50) e 14)+n(15)
WITO)=WI6EI+WIOTIHN(34I4W(35)~WI13)~H(68)~H[69)
Wi291=W(30) +Wi27)¢H (37}

Wi3l) = (W(38) & WL29))&X(17)/82.0 ~ X(L17))

RIY) = Wt49)

RULZ) = Wl49)

R(3) = Wl4A5) ¢ K{4B)
R(6) = Wila5)

R(5) = W62} + W(43)
R(6) = Wial)d

RITY = WL33)

RIB) = W(29)

R{9) = W(25}) ¢ W(28)
RU10) = wi25)

H{11) = Wil6l) + W(Z23)
RU12) = wi2l)

REL3) = wW(l2)
“R{L4) = W(T) + W(10)
RELS) = WiT)

RE16) = W(3) + W{6)
RELT) = %(2) + Wl4)
R(18) = wW(b68)

UL9) = Wi34) + WI35) + WI6E) + Wl6T)
R(20) = W66

RE21) = Wil9) + W{64)
R{22) = W(69)

R(23) = wil8)

R(24) = Wil4) + HiLlG)
RE25) = Wl1S) + wW(l7)
R{26) = will) + W(13)
RE27) = wWi39)

R(28) = W(36) + WI3T) + W(38)
R{29) = WI31)

UL = Wi49)

QL2) = Wial)

0(3) = W(45)

0{4) = W(43)

0(5) = Wl4l?

BAL
BAL
BAL
BAL
BAL
8AL
BAL
BaL
BAL
BAL
BAL
BAL
BAL
BAL

8aAL
8aL
BAL
BAL
BAL

8AL
BAL
BAL
BAL
BAL
BAL
BAL
8AL
BAL
SaL
BAL
8AL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
8AaL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
8aL
BAL
BAL
BAL
BAL
BAL
BAL
Bat
BAL
BAL
BAL
BAL
BAL
BAL
8AL
BAL
8AL
8AL

720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
S60
970
$80
990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
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1?2
13

39

Ql6) = Wi4N)

7)) = Wiz29)

0(8) = W(27)

0(9) = W{25)

Q{10) = W(23)

i1y = W(21})

Q0(12) = W(20)

9i13) = W(9)

0l14) = W(7)

0r15) = Wi5)

Q(16) = Wi

QU17) = W2}

a(18) = wW{b68}

0119) = W(66) + W(6T) + W35} + Wl34)
Q(20) = W(b64)

Q(21) = WIH0) + WI61) + WIL62)
Q(22) = W(b69)

0(23) = W(l9)

0624) = WIL4) ¢+ WL1G)

QA(25) = W(1S} + WLLT)

Q(26) = Wl(l1l) + WEL3)

QL27) = W(39)

0(28) = W(36) + WI3T7) + W(38)
0(29) = W(3l)}

IFINP.EQ.0Q) GO TO 7
N0 2 K=1.29

WT(IDK) = RIK}
WP{IDWKY = 001)
CONT INUE

N=0

IF{IN.EQ. 1) PUNCH 1005, NC

PUNCH 115 1D » WCL)s W{Ll2)e W(70}s wW{71}

TFINJLFL20) PUNCH 1003y WT(IODeN+1)oWT(JDeN+2) oWT(IDsN+3),
L WTLINNSS) o NT{IDeM+5)

IF{NLEQe25) PUNCH 1004e WT{IDeN+L)oWTI{IDeNt2) ¢WTLIDsN+3),
1 WTLIDN*4}

N=N+5

IFIN.FO.30) GO TO 5

GO YO 4

N=0

IFIN.LEL20) PUNCH 1003, WPIIDIN#L)eWPEIDeN+2) WP{IDsN#3),
1 WPLIDeN#4)e WP(ID,N+5)

IFINGEQL25) PUNCH 1004¢ WP{IDeNt*L)oWPLIDeN#2) JWP{IDeN+3),
1 WT{TD«Nt4)

N = N+5

IFiIN.EQ.30) GO TN 7

GN TH 6

WRITE(SLs1015)

WRITE(S1l«1008)10

WRITE(51.1015)

WRITE(S51.1010)

WRITE(S1.1015}

IXB = IX

is 1]

1E o

IS IX - IX8 + }

IF(IXB.LT.4) GO TO 9

1FE = IS + 3

WRITE(S51e101Lk) ({TeX{IDDeI=1SsIE)
IFIIXB.EQa%) GO TO 13

IX8 = IXB -4

GO TQ 8

GO TO (10s11e12),1IXB
HRITE(51.1014) T{IX(I) )y I=ISsIX)
60 TO 13

WRITE(SL1e1013) (e XUID)ok=1SeiX)
GO TO 13

WRITE(S51s1012) ({1 X{IX)I=1Se1X)
CONTVINUE

WRITE(51,1015)

WRITE(51.,1015)

BAL
BAL
BAL
BAL
BaL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
B8AL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
8AL
BAL
BAL
BAL

BAL
BAL
BAL
BAL
saL
BAL
BAL
BAL
BAL
8AL
BAL
BAL
BAL
BaAL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
saL
8AL
BAL
DAL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
8AL
BAL
BAL

1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1630
1700
1710
1720
1730
1740
1750
1760
1761
1770
1771
1780
1790
1800
18140
1820
1821
1830
1831
1840
185¢
1860
1870
1880
1890
1900
1910
1920
1930
1940
1950
1¥00
1970
1980
1990
2000
2010
2020
2030
2040
2050
2060
207Q
2080
2090
2100
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15
16

17

18
19

20

2t
22

23

24
25

26

217
28

24

30

31

32

1001
1002
1003
1004
100%
1006
1007
1008

dRITE(51.,1009)
HRITE(51.1015)

Wl = 1w

Is=20

IE = 0

IS = 1w - {wB ¢+ 1

IF(IwR.LT.4) GO YO 15

IF = 1S + 3

WRITE(S1,0018) ({LaWii})al=1SelE)
IF(IWB.EQ.4) GO TO 19

IWR = IwB - 4

60 10 14

GO TN (16,1T718)s IWB
WRITE(5141021) ({TeW{I))eI=1Selm)
60 10 19

ARITF(51.102G) ({1sWll))el=StSelm
G TN 19

WRITE(5141019) ({T.WlI))oI=IS,elm)
COMNTINUF

ARITE(S51.1015)

ARITF(51.101%)

WRITE(S51.10161)

ARITE(51.1015)

[RB = IR

1S =0

1€ = ¢

IS = IR - s + 1

[FIIRN.LTa%) GO TO 21

IFE = IS + 3

WRITE(51,1022) ({1,REID)eI=1SeiLl
[F{IRN.FQe4) GO TO 25

IRB = IRB - 4

GO 10 20

60 T (22623424)0 IRB
WRITF{5161025) {LT.RLTIDDe1=1SelR)
GO T} 25

WRITE{51,1024) ((IR(I)Val=ISelR)
60 T3 25

WRITELS1,1023) (L1.R{TI}DeI=1Se1R)
CONT INUE

WRITE(S51.1015)

WRITF(51.1015)

ARITE1S51,1017)

WRITE(51.1015)

I8 = 10

IS=0

iF =0

IS = 10~ 108 ¢ 1

1F(I0B.LT.4) GO YO 27

tF = IS + 3

WRITEF(S51+1026) (L1oQLT))eB=IS,IED
"IF{1OR.EQ.4) GO TN 31

I0B = IOB - 4

GO TN 206

60 TD (28,29.30).108
ARITF(5141029) ({1+s00(1))e1I=1S,1Q)
60 T 31

WRITE(S5141028) ((1,00I))el=1S5,kQ)
60 TO 3t

WRITEIS1.,1027) ({T1,001))e1=1S410)
CUNTINUF

CONT INUE

- FORMATY {215%)

FORMAT(6(EL2.5))
FORMATIS5(4X, 1PEL12.5))
FORMAT{4({4Xe 1PEL2.5))
FORMATI 215)

FORMAT{1S5. 4(2X:,F12.5))
FORMAT(IS)

40

BAL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
Bat
BAL
BAL
BAL
BAL
BaL
BAL
BAL
BAL
BAL
BAL
BAL
asr
v
(=T
BAL
BAL
BAL
BAL
BAL
BAL
BAL
8AL
BAL
BAL
BAL
BAL
8aL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
8aL
BAL
BAL
B8AL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
BAL
BAL

FNRMAT(60HIOVFRALL HTGR FUEL PRUCESSING MATERIAL BALANCE, CASE NUMBAL

1RER . 12)

BAL

2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420
2430
2440
2450
2460
2470
2480
2490
2500
2510
2520
2530
2540
2550
2560
2570
2580
2590
2600
2610
2620
2630
2640
2650
2660
2670
2680
2690
2700
2710
2720
2730
2140
2150
2760
2170
2780
2790
2800
2801
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1009 FORMAT (3TH HEAVY METAL FLOW RATES « KG PER OAY ) BAL 2810
1010 FORMAT{18H INPUT PARAMETERS ) aaL 2820
1011 FORMATI2H +412HX(» 12431} =oFLliabeTX)) aaL 2830
1012 FORMAT(2H o 3(2HX(,12¢3H) =eFll.%e7X)) BAL 2840
1013 FORMAT(2H ¢2(2HX{¢ [2¢3H) =4Fllaée7X)) BAL 2850
1014 FORMATI2H o LI2HX1 ¢ 12¢3H) ZeFlle4s7X)} BAL 2860
1015 FHRMAT (1H } gal. 2870
1016 FORMAT{49H TOTAL PROCESS THROUGHPUTs KG/UAY OF HEAVY METAL ) dAL 2880
1017 FORMATE'OPRODUCT QUTPUY FOR EACR PRULESS BLOCK, KG/DAY OF HEAVY', EAL 2890

1* METAL ') BAL 2891
1018 FURMATL2H +412HWle12¢3H) =eFlle4r7XJ) BAL 2900
1019 FORMAT(2H +3(2HWI+12+43H) =oFllab«7TX)} BAL 2910
1020 FURMATIZH o« 2(2HW(e 12¢3H) =¢Fllads7X)} 8AL 2920
1021 FORMAT(2H o« 1(2HW(s 12¢3H) =eFlla4e7X)) 8aAL 2930
1022 FORMATIZ2H +4(2HR({41243H) =,Fllebe7X)) BAL 2940
1023 FURMAT(2H «+34(2HR(o 12¢3H) =eFllase7X}i BAL 2950
1024 FORMAT(2H «20(2HRE s 12¢3%) =eFllabe7X)) BAL 2960
1025 FORMAT(2H 4 1{2HR(y 1243H) =4Flle4sTX}} BAL 2970
1026 FORMAT{2H 4E2HQ(«1243H! =oFlLla9.T741) BAL 2980
L0027 FORMAT(Z2H +3(2HOts1203H) =,F1l.%47X)) BAL 2990
1028 FORMAT(2H «2(2H01e12+3H) =¢Fllees7X)) BAL 3000
1029 FORMATI2H o LI2HOU ¢ 12¢3H) =¢Flla4e7X)1} BAL 3010

STOP BAL 3020

END 8AL 2930



Appendix A-3
INPUT TO SAMPLE PROBLEM FOR BAL

One sample problem has been run with three cases to be used as an illustrative example of the
use of the BAL program. The input is set up as shown in Fig. 3. The mass flow rates in these
cxamples are based on the throughput in each of the process blocks. The input used in the sample
problem is strictly one concept of the flow split for three arbitrary plant production rates. The
example used here assumes heavy-metal production rates or plant sizes of 500, 1500, and 3000
kg, day. The flow splits are shown in Fig. 3, where the splits are the same for all the cases. The only
difference in the input is the production rate X(1).

The output from the BAL is shown in Appendix A4, listing the 33 input variables, X, the 71
component rates W, the 29 process throughputs R, and 29 product outputs, Q. The optional card
output for BAL is shown in Appendix A-5, which is combined with the card output from the CEP
program to be used as input data to TCP.

The card output lists the number of cases on the first card, which is 3. The second card lists the
cise number (1) and specific information on the flow rates W(1), W(9). W(70). and W(71). Cards 3
through 8 list the 29 process throughputs, R, and car’s 9 through 14 list the 29 process products, Q.
The 15th card introduces case 2, and the 28th card introduces case 3. There is a total of 40 cards in the
punched output for the sample case.



3 0

1
0.500E+03
13.100E+00
0.050E+00
0.050E+00
0.000E+00
0.000E+00

2
1.5008+03
13.100E+00
0.050E+00
0.050E+00
0.000E+00
0.000E+00

3
3.000E+03
13.100E+00
0.050E+00
0.050E+00
0.000E+00
0.000E+00

3.700E-01
0.050E+00
0.1008+00
8.800E+00
0.100E+00
0.000E+00

3.700E-01
0.050E+00
0.100E+400
8.800E+00
0.100E+00
0.000E+0D

3.700E-01
0.050E+00
0.100E+00
8.8008+00
0.100E+00
0.0G60E+00

0.450E-01
0.100E+00
0.000B+00
0.0%0E+00
0.000E+00
0.0S50E+00

0.350E~-01
0.100E+00
0.000E+00
0.050E+00
0.000E+00
0.050E+00

G.450E~01
0.100E+00
0.000E+00
0.050E+00
0.000€E+00
0.0508400

45

0. 5858+ 00
0. 010E+00
5. 463E-01
0. T00E+00
0. 000B+00

0. 585E4 00
0.010E+00
5. 463E~01
0. 100E+00
0.000E+00

0.585SE+00
0.010E+00
S.463E-01
0. 100E+00
0.000E+00

0.010E+400
0.050E400
2.238E-01
4.250E400
0.000E4+00

0.010E400
0.0508+00
2.2388-01
4.250B+00
0.000E+00

0.016E+00
0.050E+400
2.238E-01
4.250B+00
0.000E+00

0.050E+00
3.500E+00
0.0107P+00
9.551E-01
0.0008B+00

0.050E+00
3.500E+00
0.010E+00
9.561E-01
0.000E+00

0.050E+00
3.500E+00
0.010E+00
9.561E-01
0.000BE+00



Appendix A4
OUTPUT FROM SAMPLE FOR BAL PROGRAM



OVERALL HTGR FUEL

INPUT PARAMETERS

XC )
X< 5
X< 9)
XC13)
XN
X2
X285
XC29)
X33

HEAVY METAL FLOW RATES

we 1)
we 5
k¢ 9
Wil
welT
wea
we2s)
wea9)y
Wwe3d
we¢37)
wealy
weas)
WCAY)
w(Sd)
wesn
wcol)
weesd
weey)

TOTAL PROCESS THROUGHPUT,

RC 1)
RC 5
RC 9
RC13)
RCIT7)
R(21)
R(25)
RC29)

{1 T I 1 O I 1 O S ' IO T T} [ (O VI (O VR TR 1]

nawnauunnna

Sgg.0000
0.010¢
0.2850
2.0500
L.223g
6.0500
G.0000
0.0000
u. 0500

Sog.00u0
22,0571
20.7447
17.1924
1.2179
22.7273
5.5%61
S.0u040
279.5916
t.VBUO
186.8687
110.5232
430.0126
6.0000
6.0000
16,6071
44.3202
44,3202

430.01z6
196.7039
0.2179
20,7447
295.4545
4l8.8257
2.3250
l.asle

X 23
X 6)
X110
nC14)
ST -2]
xXeea2)
X(20)
X300

, KG PER

we 2>
W &)
wWel0)
wel4)
wls)d
vez2)
wv(eoe
w3
wve3a
WCsy
we42)
We46)
W¢s0»
wesa)
wese)
w(622
w66
w702

RC 2)
RC &)
RCIUD
RC14)
aC18)
K(22)
FC26)

PRODUCT QUTPUT FOR EACH PROCESS

ac b
Q¢ S
ac
ACI™

Qc17):

wezld
9ees)
acesd

OVERALL HTGR FUEL PROCESSI

430.0126
186.8667
5.5961
20,7447
292.5000
3%98.bblo
Z.3250
lo4416

INPUT PARAMETERS

X¢ b
X 5
X 9D
X¢13)
XC17)
X21)
X(25)
X(29)
X3

LI L (N (I (I 1}

1500.0000
0.0100
g.1000
0.0502
0.2238
0.0500
g.0000
0.000¢0
0.0500

Q¢ 23
Q¢ &)
©C10d
14
Q¢
QLe2)
c(2e)d

X 2>
X( 6)
X1
X114
X182
xe22)
X(26)
X33

[ T T T (O T 1

[=]
=1
i

XGs DAY OF

#HoHWHnu N

BLOCK, KG/DAY OF HEAVY METAL

aononunon 8w

o Uy

49

PROCESSING MATERIAL BALANCE,

0.3700
0.0500
0.0100
0.1000
b.0150
g.1000
0-1000
0.0000

292.54800
15.5%02
2.5798
24.9766
19.944)
0.2273
Ve.27%0
G-000D
6.0000
G.00800
15687
Se3462
411.1350
6.0000
g.goag
9i.3268
443.20108
44.2427

HEAVY METAL

430.0126
L86.8687
5.5961
25.797%
437.21b67
44.3202
22.2455

18.877¢
185.0000
£.3163
23.2160
437.2187
44,3202
22,2455

NG MATERIAL BALANCE,

0.3700
8.0500
0.0100
B.1000
g.o0100
0.1000
0.1000
g.queo

CASE NUMBER

X¢
XD
Xl
Xc1s)
XC195
X2
xan
X3

we 3
wve
vl
vels)
welo)
ve2ddy
wean
weadn
we3s)
w39
weadd
ue4an)
WS
wess
W59
Weed
Weo?)
weTld

RC
RC T
RC1D)
RC1S)
RC19)
R(23)
R(2TD

¢
Qe D
Q1
€19
Q19>
aczdH
Q27T

[T T TR N T (O 1

F T T (T O V| O O O O

I I T T TR 1)

wa o nmun

CASE NUMBER

X¢
X¢ s
i
X152
xXC19)
X2d
X27)
X¢3n

[ LI VO T A Y T 1]

0.0450
13.1000
0.0s00
0.0080
0.0508
4.2500
0.0000
s.o000¢C

295.4545
23.2180
$.0531
1.1071
19.9441
$.3163
£. 0000
l.agl6
0.0000
0.0000
185.3771
16,8776
156.8626
0.0000
0.0000
0.0000
99,7722
436.4542

123.2480
279.991
23.9234
23.2180
S42.9740
i9.9441
0.0000

110.9232
5.0000
22,7273
2e.0571
542,9740
19.9441
V.0000

0.048¢0
13.10u0
0.0500
0.000¢0
0.,0500
4.2500
0.0000
0.0000

X a)
XC )
Xc12)
XCl6)
Xc20)
Xc24)
x(28)
X¢32)

Ve 4
ve 8)
wiia)
w(16)
vea0)
v 24
vias)
¥(32)
wE36)
w40
V44D
W 4ab)
weser
w(S6)
w60
w(64)
w(es)

RC 4)
RC B
RC12)
RC16)
RL20)
R€24)
RC(2y)

Qd 4
Q¢ 8)
Qclas
Qlis)
Q20>
Qc24)
Q28

X 4
XC 83
X(12)
X(16)
X208
X(24)
X(28)
xL32)

[ R T L T B TR B O I B 1) [ T T (O T T )

[ O [ O U TR Wy tHnun

oW enauu

0.58S0
0.050u
3.5000
0.5463
8.8000
G.9561
3.0600
0.0060

2.9545
1.1609
20.7447
4.5983
22.5000
1.1962
p.6216
273.1500
G.0000
165.0000
F.835¢
12.3248
0.0000
p.ubCU
265.9477
396.8816
437.2187

110.9232
5.0000
22.7273
211.0048
443.,2018
29.5748
0.0000

105.3771
5.000¢0
22,5000
295.4545
338.68106
29.5748
0.0000

0.5850
0.0500
3.5000
0.5463
§.8000
0.9561
0.0000
0.0000



KEAVY METAL FLOW RATES

we 1)
v s
w¢
WOl
LIS A
viz21)
vees)
wizy)
Vi3y)
WC3T)
wial)
wE4as)
weas)
(S
%9
wlol)
w65
Ll(69)

TOTAL PROCESS THFRQUGHPUT,

R 1)
RC S)
RC 9
RCI3S
RC1T
RrR¢21)
R(25)
RC(29)

L IO N N NI NN RN O RN B RN B )

Ed
=
=
£
=
=
=
=

1500.0000
6o. 1712
©2.2340
51.5772

3.653s
65,1812
16. 7004
15.0800
83v.7749
L0000
sé6l.6061

332.7697

1290.0378

6.0008
0300
55.5214
132.9605
132.9005

123U.,0378
S59u.1116
16,6538
vee.2oal
586.,3636
1256.4771
6. 9751
Ge J24Y

» KG PER

e 2
ve &
wel0)
vl
Wils)
Lz
vzs)
w3n)
wiaqg)
wias)
v(&2)
W46
weodd
w(Sa)
w38
w62
V(66)
v(700

RC 2)
7C¢ 6)
HC10)
Rt14d
RC18)
R(22)
R(Zo)

PRODUCT OUTPUT FOR EACH PROCESS

e
FIS -}
Q¢ 93
Q1)
SCI T
a2l
9¢25)
@29

QUERALL HTGR FU:EL PROCESSING MATERIAL BALANCE,

1290.0370
S5¢6U.6U01
16.7co4
o2,2344
877.5000
1156.6449
6.9781
4.32489

INPUT PARAMETERS

X¢e b
Xt 5
X¢
X1
X117y
Xzl
X(25)
xe29)
X(33)

HEAVY METAL FLOV RATES

we 1)
we 5
w9
w3
wil?n
wea2i
w25
weao
w3
W37
Weald
w(as)
wea9)
w(53)
w(s7)
w(el)
w(65)
w(69)

HuRrBRU OB O

3000.0000
o.0100
v.2000
6.05060
0.2238
J.0500
0.0300
0.0300
0.0500

3000.0000
132.3425
124.4681
103.1543

7.3075
136.3636
33.5768
30.0000
1677.5498
0.0000
i121.2121
665.5394
2560.0756
0.0000
g.0000
111.6427
265.9211
265.%9211

et &
Q¢ o)
el
QC14)
1Y)
=22
[I§*1-D)

X¢ 2
Xt &)
XC1)
X1
Xeie
X(e2)
xX{z26)
X¢30)

» KG PER

v 2)
v &)
wilim
wila)
vilg)
v(a22)
v(26)
we3Im
w34
w3y
w(42)
w(ae)
¥is50)
V(54>
v(s58)
ez
wi686)
w700

oay

L I T I T I O )

oW

LT O O I T )

BLO

nw W oN

BT I BT I ]

DAY

WH MW UNY N NN R KN

877.5000
46.0507
7.7393
74.9297
59.8322
J.6818
0.83%a
pD.0008
U.0300

B. 0000
5.6061
16.6305
1233.43051
0.0600
0.0000
273.3834
1329. 6054
132. 7282

¥G/DAY OF HEAVY METAL

1290.0378
560.6061
16. 7884
77.3933
1311. 6562
132.96805
66+7364

CK, KG/DAY OF HEAVY METAL

56.6327
555.0400
15.94990
©9.6539
1311.6562
132.9605
£6.7354

0.3700
¥. 0500
0.0100
0.1000
0.0100
0.1000
0.1000
0.00800

1755.00060
93.3014
15.4747

149.8595
119.6645
1. 3636
1.6788
0.8000
0.00080
0.0000
11.2121
33.2770
2466.8102
0.0000
0.0000
547.9608
2659.2109
265.4564

50

we )
ve
vl
v(is)
w9
wzd)
w27
we3l)
ve3as)
ve3s)
ve43y
W(L4T)
wasn
wss)
w(s9)
v e dd
ween
w7

RC D)
RC T
RC11)
RC15)
RC19;
R(23)
R(2T

a I
8¢ T
oc1 1)
14 -3
[ (S L-2]
Q2
w2

BHOWHN N

CASE NUMBER

X¢ 3
X¢ D
Xt
X(15)
X(19)
X(23)
x¢27»
X3

we 3
we 7
Vi)
w(ls)
w9
w23
w27
w(3
wW(3s)
w3
wiad)
INCYR]
w(51)
w(S5)>
wes9)
wedd
wi67)
w71

LU I

886.3636
89.653%
15.15%92
3.3214
59.8322
15.949¢
15.0000
4.3249
0.0000
0.0D0@
316.1312
S56.6327
470.5878
0.0000
0.0000
0.0000
299.3167
1309.3627

369. 7441
838.7749
731.7703
6246539
1628.9221
59.8322
0.0000

332.7€97
15.00080
od. 1618
66.1712
1628.9221
59.68322
0.0000

0.0450
13.1090
8.0500
0.0000
0.0560
4.2509
0.0000
0.0000

1772.7273
139.3079
30.3184
6.6427
119.6645
31.68979
30,0000
8,6496
0.0000
0.0000
632.2625
113.2653
941.1156
0.0000
0.0000
0.0000
398.6334
2618. 7254

Wl L
we 8)
walay
wled
we20)
w 24
we2e)d
we3ay
weised
wWC4a0)
Leaq
Wi4b)
w(s2)
wis6)
wed)
w64
wWioB)

RC 4)
RC 8)
RC12)
RC16)
RC202
R(24)
R¢2d)

0¢C @&
¢ 8
0¢i2)
Q16
Q¢z2d
acz24)
Q¢23)

X( )
X 8
X¢<12)
X(16)
X200
X(24)
x(eY)
x¢32)

wve @)
w( 82
vila)
weled
wez0)
weza)
w(28)
weaa2)
w(36)
weao)
vaaQ)
w(4s)
vs2)
w(56)
ween)
w(64)
w(e68)

7 T I T T T T N I T I I I}

U HBNNN Hawuenun

[ I I )

B.8636
3.4827
62.2340
13. 7948
67.5000
3.5885
1.8654
819.4500
0.Q000
555.0000
29.5056
36.9 744
0.0000
0.0000
866.8431
1196. 6449
1311.6562

332. 7697
15.0000
68. 1518

933. 0144

1329.6054
88. 7245
0.0000

316.1312
15.0000
67.5000

88643636

1196.6449%
88,7245
0.0000

0.5850
0.0500
3.5000
0.5463
8.8000
0.9561
6.0000
0.0000

17.7273
6.9654
124.4681
27.5896
135.0000
T.1770

3. 7308
1638.9000
a.go00
1110.0000
59.0112
73.9488
0.0000
0.0000
1733.6862
2393.2898
2623.3125



TOTAL PROCESS THROUGHPUT,

RC D
RU 5
RC 9
R(1DY
RULIT)
R(z1)
R(2%)
R(29)

LTI T I 1 )

2580.0756

1180.223y

37.3075
124, 4681
1772,.7273

2512.9543

13.9503
6.6498

51

AC/ DAY OF HEAVY METAL

RC 2>
RC &)
RC1D)
RC14Q)
RC13)
R(22)
R(26)

PRODUCT OQUTPUT FOR EACH PROCESS

Q¢ 1)
Qac Sy
QC 9
a1
IS WP
Gc2l
925
QLey)

LU U | I V)

2580.0756
1121.212}1
33.5768
124.40681
1755.0000
2353.2096
13.9503
d.64%b

< 23
W 6)
QClb)
14
i)
W22)
H206)

2550.0756
11z1.2121
33.5768
154.7865
2623.3125
265.9211
133.4727%

[ VI TR T I T

BLOCK, KG/EAY OF HEAVY METAL

115.2653
1110.0000
31,8979
139. 3079
2623.3125
265.3211
103.4727

o gwnann

R¢C 3
Rt 72
RC(11)
RC15)
RC19)
R(23)
RC2T

QaC 3
Q¢ 7
aclil
Qs
QCLI9
U2
e

Wt

739.48B83
1677.5496
143.5407
139.3079
3257.8442
119.6645
0.0000

665.53%94
30.0000
136.3636
138, 3425
J287. 8442
119.6645
2.00U0¢0

R( 4
RC 8
R(12)
Ril&)
R(202
R(24)
R(gg»

Qc &
Q( B8)
Qcl2)
Qcied
Q20
Q(24)
Qczb)

E I I I [T T T 1)

ouwuuun

665.53%4
s0.0000
136.,3636
18€6.0287
2659.2109
1776451
0.0000

632.2625
30.0000
135.0000
1772,7273
2393.26%0
177.4491
G.000D



Appendix A-5
PUNCHED OUTPUT FROM BAL



3
1 0.50000E+03

4.300138+02
1.86869E+¢02
2.39234E+01
3.11005E+402
2.18826E+02
2.228552+401
4,.300132+02
1.850008+02
2.27273B+01
2.95L55R402
3.98882E402
2.22455E4+01

2 0. 15000E24+04

1.29008E+03
5.60606E+02
T7.17703E+0?
9.33016E+02
1.25688F+03
6.67360E+01
1.2900ue+03
5.55000E+02
6.81818F«01
8.86364B+402
1.19660E¢03
6.67360RB+01

3 0.30000E+0O8

2.58008E+03
1.12121F+03
1.83581E+02
1.86603B+03
2.51295E+03
1.33473E+02
2.58008R+03
1. 11000R+03
1.3636UE+02
1.77273E+03
2.39329®2+03
1.33473R+02

0.207458+02

4,30013E+02
2.795928+02
2.272738+01
2.954558+02
8.832022+01
0.00000E-01
1.88776E+67
S.00000E+00
2.25000E+01
2. 92500E+02
4.43202E¢01
0.00000E-01

0.622352+02

1.29008E+03
8.387758+¢02
6.81818E+01
8.86368E+02
1. 32961E+02
0.00000E-01
S.66327E+0D1?
1.50000E401
6. 75006E+01
8. 77500E+02
1.32961E¢02
0.00000B~-0D1

0.12887E+03

2.58008E+03
1.677558+403
1. 36360E+02
1.77273E+03
2.6%921E+02
0. 00000E-01
1. 13265B+02
3.00000E+01
1. 350008402
1. 75500E+03
2.65921p+02
0. 00000801

55

0.88243E8+02

1.23248B+02
5.00000E+ 00
2.07U8TB+01
4,37213E+02
1.994881E+01
0.00000E-01
1.10923B+02
5.000002+00
2.074087B8+01
4.37219E+02
1.9984 12+ Q1
0.00000B-01

0.13273E+03

3.69784PE+02
1.500008+01
6.22380E+07
1.311668+03
5.98322E+01
0.000008-0%
3.32770E+02
1.50000E+01
6.22340B+ 01
1.31165E+03
5.98322E+01
0.00000E-01

0.26536E+03

7.39588E+02
3.00000E+01
1.28468E8402
2.623318¢03
1.196648E+02
0.00000E-01
6.65539E+02
3.000008401
1.244688+02
2.62331R+03
1.19664E2+02
0.00000E~-01

0. 836452+03

1. 109232402
6.21792B400
2.57978R+01
5. 8429762402
2.957a82401
T U0 164 B+ 00
1.053778¢02
S.59613E¢00
2.32160B+01
S. 82974 Rs 02
2.95748B¢ G
1. 88 164E+ 00

0. 13094E+04

3.327708+ 02
1. B86538E+01
7.739332+09
1.62892R+ 03
8.87245E+01
§,.32492BE+ 00
3.16131B+ 02
1.67884E+01
6.96539E+01
1.628928+03
8.87245R+ 01
4.32492E+00

0.26187B+04

6.65539E+02
3.730758+ 01
1.54787R+02
3.25784R+ 03
1. 7748498+ 02
8.64983E+ 00
6.32262B+02
3.35758R+ D1
1.393088+02
3.2578u4R+03
1. 774498+ 02
8.64233R+ 00

1.9670488+02
5.59613E+00
2.32180FE+01
8.83202B+02
2.325042+00

1.868698+02
5.31632E¢00
2.20571B+01
3.98882R+02
2.325048¢00

5.90112B+92
1.67884E+01
6.965398+01
1.32961E+03
6.97513E+00

5.60606B+02
1.59390B+01
6.61712E+01
1.19664E+403
6.975138+00

1. 18022E+03
3.35763F¢01
1.22308Ee02
2.659218+03
1.39503E¢01

1.121212¢03
3.18979E+401
1.3235828+02
2.393298+03
1.39503E+01



Appendix B-1
BLOCK DIAGRAM OF CEP

Program PLCEST
MAIN Program
INPUT Subroutine
PRODAT Subroutine
OUTPUT Subroutine
FUNX Subroutine
GRAPH Subroutine
SHIFT Subroutine
FDBK Subroutine
INITS Subroutine
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ORNL DWG 74-1484

QPRUGRM PLCESY )
BLOCK DATA

FO THRU F3
FST

KTYP

ESF

SUF

UCCF

UCSF

1%$



MALIX PROGRAW (CEP)

e

INITIALIZE STORAGE

NPT=0
VALSE= 0.0
CASENN = 4H
TITLE = 4ysee*
LTTL = 4ljeee
SUNTTL = 4ljsse+
TYPTL = 4H**°

g

READ BUFFER. ICHAR, NUM

é [ nean wx, r.. e, 16 |

T

l

iCN=1

(OD—>—>

o —»

60

CALL INPUT
CALL PRODAT
CALL FUNX

JE(ICN)=D

WRITE NX,

ORWL 0NG 74-148)

WRITE NPT,
WRITE 1CN.

VALSTUIEN. 1, 1)
VALST(ION. 12)

WRITE NPT,
NRITE ICN.

VALST(ICN, 1, 1)
VALST(ION.1.2)

YRITE NPT,
FRITE 1IN,

YALST(ICN, 1, 1)
VALSTOICN. 1. 2)

N
[wRi7e 1onvaLsTCron. 1. 2)

1PCICN) = 0

WRITE PRCTTL
WRITE VALFX

[ casomms ]

{ S0P ]




Guaknurme INPUT)
v

NAR=0
RIT-0
=-1
=

)

I1=11+8
CALL PUT IN *

RIT=RIT+1
HAR(NIT) =}

WOV = MY
CALL INITS(SYROUT. 16)
J=1

K=1

i

CALL FDBX
CASENM,J.B.ILT, IRT, INS

L

NOSPL = (12 - 185)/2
CALL PYTIN®
CALL REPLAC*

f J=1+8 j

61

ORXL OF6 74-1485

1

K=-1
=1
CALCULATE,
K
CASE NM(X) A
CASE NN(K-+1)

Y
L READ TMPVAL, CARD J
v

VALUE = THPVAL
NTYP=0
=1

———

CALL PUTIN *
CALL SQUEEZ *
CALL LENGTH *

READ PLICAP
READ VALUE
CALL SHIFT
READ VALUE
CALL SHIFT

v

!

{ RETURN 1
v

C )




S.R. PRODAT

wk-0
=20.15=3
kS = KTYP(K)
1S=15+5
=1+t

w!=0

VALUE( 1, 15) = SUF(KS)
VALUE(), 1U) = UCTF(KS)

CALCULATE

VALUE(S. 1)

1=30.45, 43,
53,75.71

a '
i=0
CALCULATE

VALUE(L. 1)
1=79,82,.86,88.90,

‘j

f=1+1

92,94,96,98, 101
103,105, 107,109
27,61.100,111

CALCULATE
VALUE(1. )

1=13,20,26.43

52.5%

CALCULATE
VALUE(1.0)

}=14,15,25.38,

48,51

CALCULATE
YALUE(L. 1)

1=9,10.24.35,

4.4

T L

LLM v

62

CALCULATE
YALUECD, 1)
1= 68.71

ORNL D¥G 74-140T

CALCULATE
VALUE(1.))
1= 72,13.16. 79,

CALCULATE
VALUE(1.))
1=§5,67
0< sp| CALCULATE
0 VALUE(1,))
1=43,62
CALCULATE
YALUE(L. 1)
1=69,71
s CALCULATE
NTYP YALUE(!, ))
J=10.10

VALUE(Y, 111)

L= 1Ce(L)

KPI=K+1

| CALZULATE
& VALUE(2, KPD)
VALUE(E.81)

A
[ x=1ccny
KPI=K+1
St caLcuATE
4 YALUEC KP1)

CALCULATE
YMUE(L.))
1=12.18. 116,

"

+ CALCULATE

|
v ‘L VII.S,T(= I:NZIJ)

<YALUE(, 113)= 0>

CALCULATE
SUMYAL(Y. 1)

ll=l.2 3.4 58.7

WRITE:

THE PROCESSING

1=1+1 CALCULATE THROUGHPUT DATA
VALUE(), }) y 1S BISSING
) 31,83
y @
? RETURN
CALCULATE
(LU LIPS VUL LE 3 WP B
1=06.87

L#*%

END

THERE 1S AN ERROA-

q Ll=t+1

WRITE:
THERE 1S AN ERROR-
CELL WIDTH OR CELL
HEIGHT WAS NOT 61 VEN!
FOR CELL TYPE &




S R.OUTPUT

TENP = FST( 1)
FRT1 = TEMP
FRT2 =TEWP
FRT3 = TEMP
FRT4 = TEMP

1S+ NAR(D)
IBY=(}S 1)*8 +1§
CALL REPLACE

y

L=
LRD < 0
NLP =9
NPG =1

CALL IDAY (10DAY)

TRITE
DATE
HEADING

N ONLT(D)

¥R IE
PROCESS
BLOEK TITLE

KTIFL= KTP(1) |
WRITE CELL TYPE \

FOR 1 CELL

‘ H/m

KTYPL = KTYP(1)
KTYP2 = KTYP(2)
\ WRITE CELL TYPES
FCR 3 CELLS

l. KTYPy = KTIP(1)
Y KTYP2 = KTYP(2)
KTYP3=KTYP(2}

NRETE CELL TYPES
FOR 3 CELLS

NLP=HLP +§

63

. -
—

-

L g
| Iu

v

NSL(HLP) =2

N=KLO (1)

4 1=14

IND = LND +1

JTIP (LKD) =
TP

‘,

NLP=NLF +1 g

A HLS(NLP) = O

LSSW=hLS{NLP)
LSSW

NPG =NPG+1

WRITE
PAGE NO.

4

RRITE
OUTPUT
DESCRIPTION

NUM = NUM + 1

CALCULATED
DATA

BRITE
COST SUNNARY
COEFFICIENTS
EXPORENTS

OXML OWE 74-148B

I1S® =JFT(LND)

TRITE
81, FRTY
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@BROUTINE FU@

=1

B—

VALFX (ICN,1,1)=0-0
VALFX (ICN,1,2)=0-0

i=1+]

JE=NPT - |
1=1

£ — "l

C1=VALVE (1, 117)
C2=YALVE (1 1, 117)
¥1=VALVE (I,113)
Y\ W2 =VALYE (1 1,113)
RAT =ALOG (£1/C2)
B =RAT/(W1-42)
A1 =C1/EXP (B*W1)

A2 =C2/EXP (B*W2)
A A=(A1 A2)/2

YALFX (ICN, 1, 1)=A
YALFX (ICN,1,2) =8

e I1=1H
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ORNL OWG 74-1488
( SUBROUTINE GRAPD

CALL QQSI1zZE*
CALL QGQcPa
25.7,28

v

SET PARAMETERS
AMIN ANAX
YMIN YNAX

v

CALL RNDPLT*
CALL LINPLT
CALL GRID UALL LABEL

CALL QQQCPA-15
CALL QOINCH

Y T

A4

SET PARAMETERS
DX, XA(1), XA(2)

CALL ARROW* ~p
-B. 1.1

CALL ARROW*
'6.-1, 1 >

CALL ARROW* >
-6,-1,-2 >

v %
C RETURN )
v

C END )
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ORNL DWG 74-14%1

C SHIFT j

NT=NARCD)
YALUECI, K)
~VALUE(RT. K)

p—
( RETURN )

¢
( END j




ORNL DWE 74-1490

CSUBROUTINE FDBK)

CALL FETYPE

A

1=1+1

| <Z>—*

RETURN

ILT=1
I =IFST+i¥-1

CALL FTYPE ‘_j

ITYP =3
A
IRT =1
v |ns=n$-|u-1
L RETURN ) Jx

IRT=ILT-1
19S=-1

C RETURN )




ORNL CWE 74-1482

@BROUTINE INITg

S(N)=0-0

v

RETURN

y
C ENDj




Appendix B-2
PROGRAM LISTING OF CEP
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Program PLCEST
PROGRAM  PLCEST PLCES 10
*x %X ¥ X % & &2 & % ¥ £ %2 & %k = x & ¥ ¥ & £ k & T & = & &£ & & ¥ x £ 2 % PILLCES 20
THIS PROGRAM CALCULATES THE ESTIMATED COST GUF A PLANT FOR PLCES 30
PROCESSING HKEACTOR FUEL MATERIALS ETC. REQUIRING EITHER PLCES 40
RFMOTE EQUIPMENT OR CONTROLLED ATMOSPHERE AND TABULATES PLEES 50
THE RESULTS. PLCES 50
o ® & ¥ ¥ & kX & % & & &k & & &k & & F X & ¥ ¥ & & X &k« ¥ X & ¥ & & &« &% PLCES VO
BLNCK DATA PLCES 80
CUMMUN/ZXMAIN/ BLANKLs BLANK2(E3) e CASENM(10), PLCES 940
1 STROUT(16)e  PLTICAPIS) PLCES 91
COMMON/TITLAB/TITLE(LS ¢38) oSUMITLLLS»7) oLTTLIL5,1172, TYPTLL19,15) PLCE 100
COMMON/TABDAY/PRCTTLEZ0) VALUELSe124)s VALST(3045¢2)s PLCE 110
1 TARLL{T)» LARZ2{9,3) ¢ VALFX{304%42) PLCE 111
COMMONSDATUC F/CNUCF ¢ ENGUCF+ GAUCF. PLCE 120
1 OLCUCF, OLNUCF o OUUCF, PLCE 121
2 PJMUCF, PUTUCF .« PSCUCF, PLCE 122
3 OLAUCE, SEQUCF SPUCF PLCe 123
4 FIIUCF« SICUCF PLCE 124
COMMONZEDAT/  ESEL15). SUF(L51 . UCCF(153 PLCE 130
H UCSFL1S), KFYPL15) PLCE 131
CUMMON/DATARY IFT(1LT),. NLE(31) . NLO(31), PLCE 140
1 NLSL155) PLCE 141
COMMON/ZFMYDAT /FOL 3], FL(3), F243), PLCE 150
1 F313), FSTi15) PLCE 151
DATA FO/Z4HF L0.44HO  40.0/4FL/74HF 10294HL  +0.0/¢F2/41F10.94H2  LPLLE 166G
10.0/¢F3/4HF 1009 4H3 v 0.0/ PLEE 161

DATA FSTULIGESTI2)sFSTU3) oFSTI4GDeESTIS)eFSTLIO)WFSTLTISFSTIB)WFSTLOPLLE 17C
1)eFSTUL0)FSTILY) o FSTE22 e FSTUL30eFSTLL14)¢FSTELS5)/6HIIH ¢4He15A, PLCE 171
24H4e S.4HXe 1044HX vo@H2X e 1o 4HOX o#He2Xs ¢4H10X s4H 92Xe4He 10X, PLCE 172
34H 24 4HXe 1044HX }e 0,0/ PLCE 173

OATA KTYP/1v2¢3¢405:6¢T79899¢ 1003101201302 4+15/ PLCE 180

DATA ESF/0e7¢066000700.60Ce79005r00620a810e8¢14001640¢0+0¢046:040y PLCE 190
1000,0SUF"'-OI2-33'“.0'2.33.“.0'2.33.2.5.2.2'3-6.2Q5'5.3.506l2l7. PLCE 191

20.04 3.5/ PLCE 192
DATA UCCF/42.00:418.00039.0909 16.00¢54¢00013.0009.005146.00,78.00 PLCE 200
12030022304 70007009 7.0042.30/UCSF/12584730411744622,1028, PLCE 201
2538¢180¢500093401149114¢1000 10010041007 PLCE 202
DATA GAUCF. ENGUCFe PSCUCF+CNUCF» SPUCF ¢ SEQWUCF ¢ CLAUCF OUUCF/0,. 10, 0.30PLCE 210
1¢0.05+0.20,0.007,0.03,0.06,0.10/ PLCE 211
DATA OLNUCFePIMUCF¢DLCUCE,TI YULFsPOTULF e SICUCF/0.01¢0.02,0.0%, PLLE 220
10.20+0.20,0.005/ PLCE 221
DATA BLANKI/Z2H /eBLANK2/4H e eH s4H / PLCE 230

DATA IFT/71elolelele2020301030202930003¢2020301003¢3¢39¢391sl0lelov2s PLLE 240
12030102¢2:¢2010202020102¢2¢20100030200¢003¢2¢10de302¢1083¢34343,343.,PLCE 241
23slelelolelelololelelels2a3vlodeleadelehoGelyloly3sle3ele3sls3s1le4PLCE 242
310¢39le3vlele3gle3els3yle3ele3rdeleleid le3el 3/ PLCE 243

NDATA NLT/3¢le2¢lelo2elololololodoleln2alololo2elvlololedsle2olele PLLE 250
1lsbel/ PLCE 251

DATA NLDZ 104015030490 el20120103030109¢09302930%¢202020292020302+2.PLLE 260
12¢2¢3e6/ PLLCE 261

NATA NLS/2e101¢10190000002¢101eU0¢000e0¢lvUv0s0v00ly0s050¢051¢1,0.,0PLLE 270
1olede0e0s0v3¢Lele0eDe0¢lels0e0s091e000e0s1e09s0¢0eksle0r0,0s1e0.0.0PLEE 27
2a1000060elvl91lele0000leleNy0e30lvleolele0¢0vlele0¢0e00090¢2916140+0PLCE 272
3-l.lvO'Z'l'Oval-1v0v0'0v3vl'10002'100'201v002!IOO-ZOIlOOZvI-O'ZVIEtgg 273

4000003¢10140¢201¢0¢2019002¢1¢062¢Le0¢002¢160+040¢0¢00/ 274
DATA [ARLI/1136¢1:428¢429956974+5/ PLCE 280
DATA TAR2/2¢0e7+32933434040,5740003011012¢36¢37+38¢50158¢06L049169 PLCE 290

117640+41+,42¢54¢59¢62/ PLCE 291

END PLCE 300
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MAIN Program

PROGRAM MAIN MAIN
COMMON/ XMAIN/ BLANK1. BLANK2L3)» CASENM{10}, MAEN

l STROUT (16} PLICAPLS) MAIN
CCMMON/YMAIN/NXoNCe ICNoNPT ¢ JG(30),J4P{30) MAIN
COMMON/TITUAB/TITLELLS+38) o SURTTLELS54 78 +LTTLILS5,117), TYPTL(19,15) MAIN
COMMON/VABDAT/PRCTTLI20), VALUELSs124)s VALST(3045¢2)» MAIN

1 1ARIL 7). T1AR2(9+3) » VALFX13044¢2) MAIN
DIMENS TUN BUFFERI20). 1BUFL20) MAIN
FOUIVALENCE (BUFFERIL).IBUFI1}) MAJ i
EQUIVALENCE (STAR.ISTAR} MAIN

OATA IT/1NY/410/1HD/,1S/71HS/ MALN

DATA STAR /4Hss*%/ , DUX/HHTY / MAIN

1001 FORMAT(20A%) MAEN
1002 FNRMAT(215) MAIN
1003 FORMAT(15A6 4 15X¢AL, 14) MALN
1004 FORMAT(1H1) MAIN
1005 FORMATIIH « 10Xel584¢10X013) MAIN
1006 FORMAT{1HO.10X.'* % * & THERE 1S AN EKRUR IN THE TITLE DATA DECK —MAIN
1--THE CARD IN FRROR 1S ® & % #3/1H ¢10Xe15A4e15%X,A1,14) MAIN
1007 FURMAT(15A4.A2412) MAIN
1008 FIORMATIIHO, 10X.'s & & & THERE IS AN ERRUR IN THE TYPE TITLE DATA DMAIN
LFCK——THE CARD IN ERROR IS * = # #8/|H 10X+ 19A4,A2,12) MAIN
1009 FORMATIZ2I544Xe291148Xe2911) MAIN
1010 FORMAT (LHO®FUNCTION COEFFICIENYS ARE AS FOLLOWS :°) MAIN
1011 FORMATUIHOYA]L = $,1PEL12.5¢5X+"A2 = *,LPEL2e5¢5Xs*A3 = *c1IPEL2.5.5XNMAIN
letA4 = *,1PEL2.5) MALM
1012 FORMATi1HO*FUNCTION EXPONENTS ARE AS FULLOWS 2%} MAIN
1013 FORMATIIHO'BL = ¢, LPEL12,5¢5X,%82 = #,1PEL2.5+5Xv"B3 = *¢1PEL2.5¢SXMALIN
1.'84 = ', 1PE12.5) MAIN
1014 FORMATI12.212Xe LPEL12.5)) MAIN
1015 FORMATII2,3(2X.1PEL2.5)) MAIN
1016 FNRMAT(12+412Xe 'PF1245)) MAIN
1017 FIRMATEI2.5¢(2Xe1PEL2.5)) MAIN
NPT = O NAIN

L J= 1.12¢ MAIN

D1 I = Le5 MAIN

1 VALUF(T,J) = 0.0 MAIN
021 = 1.10 MAIN
CASENM(1) = ALANK2( L) MAIN

2 CONT INUF MAIN
na 3 J = le38 MAIN

on 3 1 = 1.15 MAIN

3 TITUF(I«J} = STAR MAIN
N 4 4 = Lell? MAIN

DU &1 = 115 MAIN

4 LTTLL1.0) = 1SEAR MAEN
DS U=1.7 HALN

no 51 = 14195 MAEN

5 SUMTTE [ 1eJd) = STAR MAIN
D} & J = 1elb MAIN
N6 § = 1.19 MAIN

6 TYPTL(Ted) = STAR MAIN
7 RFAD(S0«1003) (BUFFEREK) K=1s15)0 ICHAR¢NUM MAIN
IFLICHARJNELIT) GO TD 9 MAIN

NN 8 [ = 1.15 MAIN

8 TITLE(LWNUM) = BUFFER(TI) MAIN
G0 TO 14 MAIN

9 IFLICHARLNELIDY GO TO 11 MAIN
DO 10 § = 1.15 MAIN

10 LYYLE{F.NUM) = IBUF(I) MAIN
GN IO 14 MALN

1 IFLECHARJNEL IS) GO TO 13 HAIN
DO 12 1= 1.15 MAIN

12 SUMTTL(L1.NUM) = BUFFERLI) MAIN
GD TO 14 MALN

13 IF(BUFFER(1).EQO.STAR) GO TO 15 MAIN
WRITE(51.1006) (BUFFERIK)eK=10eL5)¢ ICHAR.NUM MAIN

G0 7D 28 MAIN

14 Gt} TO 7 MAIN

180
181
190
200
210
211
220
230
231
240
250
260
270
280
290
300
310
320
330

350
360
379
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
$60
570
580
530
600
610
620
630



15

16

17

18
19

20

21

22

?3

24

25

206
27
28
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READ{S50,1007) [BUFFERIK)«K=1,13)eDUMs NUM

IF(DUM.NELDUX) GO TN L7

NN 16 I=1.19

TYPTLEI.NUR) = BUFFER(T)

CUNT INUF

Gn Ta 18

IFIBUFFERIL) .EQLSTAR) GU TO 19

WRITF(51,1004) (BUFFERC(K)oK=1429)oDUMoNUN

GO T 24

60 Ta 1Y

CONTINUF

REAND(50,1009) NXoNCe(JPIICN)s ILN=1,29de (JGLICN)» ICN=1.29)
) 26 ICN=1.NC

CALL [INPUT

CALL PRUDAT

CALL FUNX

IFLJGLICNI.EQG.O0) GO TO 20

CALL GRAPH

IFIJPIICN).EQ.O) GO TO 21

CaLL guteur

IFLICNCEQ.L) WRITE(S2,1002) NXeNC

HRITE(52,1001) PRCTIL

IFINPT.NE.2) GO TO 22

IFINPT.EQ.2) HRITELS52¢1014) (NPT, IVALSTUICNsI,1)el=1,2))
ARITE(52+1014) (ICN, (VALSTCICNIo224i=1+2))

GO T 25

IFENPTLNEL3) GO TOD 23

[F{NPT.EQ.3) WRITEIS52:1015) (NPT, (VALSTLIULNeIsL)sl=1,3))
WRITE(52.1015) (ITN, (VALSTUICNIe2)41=143))

G TQ 2%

IF(NPT.NE.4) GO TO 24

IFINPT.EQa4) WRITE(S2,1016) (NPT {VALSTLECNIIo1)el=1,4))
WRITE(52+:1016) (ICNo(VALST(ICNelc2)el=1.%})

G0 TO 25

IF{NPT.EQ.5) WRITE(52+1017) (NPT (VALSTUACN,1,1)eI=1,5})
ARTTELS2:1017) (ECNS (VALSTUICNeIo 2} 08=1e5))
IFIJPLICNI.NE.O) GD TO 26

WRITE(S1,1001) IPRCTTLLULDL1=1,20)

WRITE(S1.1010)

MAIN
MALN
MAIN
MATN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MALN
MALN
MAILN
MAIN
MAIN
MAIN
MAEIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MA{N
MAIN
MALN
MAIN
MAT

MAT

Mar

WRITF(S1+ 101 LIVALFXCICNe Ly 1) o VALFX(ICNG2¢ L) s VALFXEICNAS 3410 VALFX{THAL

1CN.4, 1)
WRITF{51,1012)

Mal
MAL

WRITE(S1e 1013)VALFX{ICNe 11 2) o VALEXU ECN92¢2) » VALFX( [CNe 342), VALFX( IMAL

1(Ns&+ 2)
CUONTINUF
CALL ADVANS
CONTINULE
STNP
END

MAT
Mal
Mat
MAL
MAT
MAI

£40
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
8l0
820
830
840
850
860
870
880
890
900
910
920
930
940
950
3960
970
280
990
1000
1010
1020
1030
1031
1040
1050
1051
1060
1070
1080
1090
1100
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INPUT Subroutine

SUBROUTINE INPUT INPUY 10
C % ® x & x & % & % ¥ ¥ & &« % & & & ¥ &« & ¥ & & & * & & % & « & &« ¥ *x x INPUT 20
c EXCFPT FOR THE 1ST 4 CARDS THE INPUT DATA MUST BE RIGHT ADJUSTED IN INPUT 30
c THE ALLOTTED FIELD OR EACH NUMBER WHICH UOES NOT CONTAIN A DECIMAL INPUT 40
c
C

MUST BE FNLLOWED BY ONE. INPUT 50
R £ % & % x4 % ¥ &k % & ok kX EEEFECKF DOk S &k ® xS &R INPUT 60
COMMONZXMATN/ BLANK 1. BLANK2(3), CASENM(10), INPUT 70

1 STROUTU16ds  PLTCAPLS) INPUT 71
COMMON/YMAIN/MXeNC o [ICNoNPToJGE30) « JP (50) INPUT 80
COMMON/TASDAT/PRCTITLL20),  VALUE(S54124)s VALST{30,5,2), INPUT 90

1 1ARLL T, 1ar289,3) » YALFX(304s4¢2) INPUT 91
CUOMMNN/ZINDXZ NIT, NAKES ) o NTYP INPU 100
COMMON/FDAT/  ESFIL15), SUFI15), UCCF(15), INPU 110

1 UCSFL 15}, KTYP(L5) INPU 111
DIMENSIUN SKELU3), STRI2L) CARD(20) INPU 120

1001 FORMATI2044) INPU 130
1002 FORMATE5(28442X) ) INPU 140
1003 FORMAT(1H1.,20X,%* * & x & THERE IS AN ERROR -- YOU DID NOT GIVE ANINPU 150
1 ESTIMATED PLANT LIFE %= %x ® ¢ x ¢} INPU 151
1004 FORMATI5F10.0) INPU 160
1005 FORMAT(5{A%6X)) INPU 170
1006 FORMATIF 10444 10Xe154%) INPU 180
READ(50,1001) PRCYTL INPU 190
REAQ(50,1002) [CASENM(I),I=1,10) INPU 200

N0 1 JZ=1.5 INPU 210

k NAR(JZ) = © INPU 220
NIT = 0 INPU 230

i1 = -7 INPU 240

pn 31 = 1,5 INPU 250

L= i1 +8 INPU 260

CALL PUTIN(SKEL.BoCASENM.I1) INPU 270
IFCICOMPALSKEL +BLANK2.8).£0.0) Gu TO 3 INPU 280

2 CONT INUF INPU 29¢
NIT = NIT + 1 INPU 300
NAR{NIT: = } INPU 310

3 CONT INUE INPU 320
NPT = NIT INPU 330

CALL INITS(STROUT,16) INPU 340
J=1 INPU 350

DU 5 K = Le49s12 INPY 360

CALL FOBK(CASENMiJo8sILYoIRT4IWS) INPU 370
IFLIWS.EQ.C) GO TO & INPU 380
NOSPL = {12 — [WS) / 2 INPU 390

CALL PUTIN{TEMP,IWS,CASENM,ILT) INPU 400

CALL RFPLAC(STROUT¢K+NOSPL o1 WSeTENP) INPU 410

4 J=1+¢28 INPU 420
5 CONT INUE INPU 430
K = -1 INPU 440

Nt & 1 = LeNIT INPU 450

LJd = 2 % NARCI)Y - 1 INPU 460
K=K ¢ 2 INPU 470
CASENMIK) = CASENMLJ} INPU 480
CASENMIK+1} = CASENM{J+1) INPU 490

& CONTINUE INPU 500
REAG(5041006) TMPVAL, (CARD(L),I=1,15] INPU 510

00 7 I =L.NIT INPU S20

7 VALUE(I.115) = TMPVAL INPU 530
NTYP = O INPU S40

D0 9 I = 1,542 INPU 550

CALL PUTIN(STRy2+CARD, 1) INPU 560

CALL SOUEEZ{STRy1lH ) INPU 570

CALL 1 ENGTHUSTRSLTH) INPU 580
IFILTH.EQ.0) GO TO 9 INPU 590

8 CUNTINUE INPU 600
NTYP = NTYP + 1 INPU 610

CALL BCDTOL(STRGINT) INPU 620
KTYPINTYP) = INT INPU 630

9 CONT INUE INPU 640

READ(50,10051) (PLTCAPIT)+I=1,5) INPU 650



OO0

10

11

12

&

*

1001 FORMAT(1HO.10X¢* * * % THERE

00 10 I = 1eNIT

NT = NARLI)

PLTCAPLL) = PLTCAPINT)

CONTINUE

D0 11 1 =1.7

K = TARI1{I}

READ(50+1004) (VALUE(I1c¢K)sI1l=1s5)
CALL SHIFTIXK)

GCONTINUE

Do 121 =1.9

DN 12 J = 1eNTYP

K = IARZ2(1.J)

READ(50+1004) (VALUE(L+K)el=1,5}
CALL SHIFT(K)

CONTINUE

RETURN

END

PRODAT Subroutine
UBROUTINE PRODAT

*
TH
3

COMMON/YMAINZ/NXNCo ICNNPT 4 SG(30),4P(30)

S
* % % & ¥ & & & x & % * ¥ ¥ 2 £ &£ T X & & &k % kX &£ T 3 £k &£ & & ¥ X
t

S SUBROUTINE CALCULATES THE RESULTS FRUM THE INPUT DATA.
£k 8 & % T R XK DK FEEEEFTEETE SRR LT &R

COMMON/TABDAT/PRCTTLL20) VALUE(5+124)¢ VALST(30+5¢2)¢

1 ARt 7y, 1ARZ2{9.+3) .
COMMON/ZINDX/ NIT, NAK(3) ¢
COMMON/EDAY/  ESF(15), SUFL 15)

1 UCSF{15). KTYP(15)
COMMON/DATUCF/CNUCE, ENGUCEK +
OLCUCF, OLNUCF, UUUCF .,

1PJMUCF, POTUCF, PSCUCF «

20LAUCF. SEQUCF, SPUCF,
3TLIUCF. SICUCF

EQUIVALENCE {(VALUE(1,118)s SUNVAL(LeLN)
DIMENSION ICCI12)
DIMENSION SUMVAL{S+T7)

VALFX{30,4,2)
NTYP
UCCF(15)«

GAUCF,

DATA ICC/86,88¢90+92¢94496¢98+1019203+105+107+109/

IHT WAS NOT GIVEN FOR CELL TYPE ¢,(2,* L A |
1002 FORMAT(1HO+10Xe** * & & THERE [S AN EKRROR == THE PROCESSING THROUGPROD

1HPUT DATA IS MISSING * %= % & )

Iy = 20

IS = 3

N0 1 K = 1eNTYP
KS = KIYP(K)

IS = IS + 5

1U = U + 1

DN L 1 = 1eNIT

VALUE(TI,IS) = SUF(KS)
VALUE(I,IU} = UCCF(KS)
CONT INUE

N0 2 1 = 1l.NIT7

VALUE(T.30} = SUF(13)
VALUE(1.45) = SUF{15)
VALUE(1.,49) = SUF(15)
VALUE(T.53) = SUF(1S)
VALUE(LT.75) = SUF(L2})
VALUE(I,77) = UCCF(12)
CaONT INUE

DO 3 1 = 1.5
VALUE((.79) = OUUCF
VALUFL1+82) = SICUCF
VALUE(1.86) = GAUCF
VALUEILTI.88) = ENGUCF
VALUE(1,90) = PSCUCF

INPU 660
INPU 670
INPU 680

NPy
INPU

690
700

INPU 710

INPU
INPU
INPU
INPU

720
730
740
750

INPU 760
INPU 770

INPU

780

INPU 790
INPU 800
INPU B10
INPU B20

PRNODA
PRODA
PRODA
PRODA
PROLA
PRODA
PRODA
PRODA
PRNODA
PRODA
PRODA
PROD
PROD
PRQD
PROD
PROD
PROD
PROD
PROD

IS AN ERROR = CELL WIDFH OR CELL HEIGPROD

PROD

PROD
PROD
PRAOD
PROD
PROD
PROD
PROD
PROD
PRCYO
PRND
PROD
PROD
PROD
PRUD
PROD
PROD
PROD
PROD
PROD
PROD
PROD
PROD
PROD
PROD
PROD

10

20

30

40

50

60

61

70

80

81

S0
100
101
102
103
110
120
130
140
150
151
160
161
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
3290
330
340
350
360
370
380
390
400



10

11
12

13

14

15

76

VALUE(1.92) = CNUCF
YALUFL1.94) = SPUCF
VALUE(1+96) = SEQUCH
VALUEL1.98) = DLAUCF
VALUE(1+101) = OLNUCF
VALUE([+103) = PJMUCF
VALUF(1.105) = OLCUCF
VALUF{1.107) = TIIUCF
VALUE(]1,109) = POTUCF
VALUE(1.27) = 0.0
VALUF (1«67} = 0.0
VALUE(I.71) = 0.0
VALUE([+100) = 0.0
VALUE(I«111) = 0.0
CONT INUF

IV = 1

DO & K = leNTYP

IV = Vv + 5

IVP1 = IV + 1

DA 4 I = LeNIT
IFIVALUELT. [V ).FQ . 0.0.0R.VALUEt1,1VP1}.EQ.0-0) GO TO
CONYINUE

D0 8 I = 1eNIT

GU TO (74645),NTYP

VALUE(I.19)
VALUF(1.20)
VALUF(1.26}
VALUE(1.43)
VALUE(1,+52)
VALUE(1.55)
VALUE(T,.14)
VALUE(I.15)
VALUE(1,25)
VALUF(I.39)
VALUE( .48}
VALUF {151}

VALUE(1.9) =

VALUE(I:10)
VALUE(1.24)
VALUE(1.35)

[ I T 1]

VALUE(1,2) *

VALUE{T,4) * VALUELL.18)

VALUF(1,19) / (VALUE(L1:16) * VALUE(I1,17}1}

VALUE(I,19) * VALUEC1,23)

PROD
PROD
PROD
PROD
PROD
PROD
PROD
PROD
PROD
PROD
PROD
PROD
PROD
PROD
PROD
PROD
PROD
PROD
PROD
PROD
PROD
PROD
PROD
PROD
PROD
PROD
PROD

VALUE(T,20) * VALUE(L.40) & VALUE{I,41) *VALUE(1,42)PROD

VALUE( 1,16} * VALUEL1,20)

VALUE(1,52) * VALUE(I,53) ® VALUE{I,54)
VALUE{1,3) * VALUEIT1,13)

VALUE(T,14) /
VALUE( I, 14} *
VALUE(Ts15) %
VALUE(T.11) %
VALUE(I.48) *

VALUE(1.22)

VALUE( I, 15)

VALUEL1+49) * VALUE([.50]}
VALUE(1.8)
VALUEUT+9)Y/(VALUELL ¢ 7) #*VALUE(]+6))
VALUE( 1,9} = VALUE(I.,21)

(VALUELL+20) * VALUE(I.12))

VALUE( K +36) * VALUE(1,37) VALUE(I]

PROD
PROD
PROD
PROD
PROD
+38)PROD
PROD
PROD
PROD
PROD
PROD

VALUE(1s10) * VALUEU1432) * VALUE(1,33) *VALUE(I,34)PROD

VALUF(1.44) VALUE(T,6) * VALUE(1,10) PROD
VALUEL §,4T7) VALUEU T,44%) & VALUELL,45) *® VALUE(I,46) PROD
VALUFL1,27) VALUF( 1924) + VALUE(1+25) ¢ VALUEL1,26) PROD
CONTINUE PROD
N0 9 1 = 1.NITY PROD
VALUE(I+31) = VALUE(I,5) * VALUE(I.30) PROD
VALUE(1,63) = VALUE([¢31) * VALUE(1.56) PROD
NO 16 1 = 1.NIT PROD
VALUECL1e64) = VALUE(1,35) * VALUE(L+57) PROD
VALUE( 1.67) = VALUE(Il,64) PROD
GO YO (12+10,10)NTYP PROD
‘VALUE(1+65} = VALUE(1,39) * VALUE(I,58) PRND
VALUF(1+67) = VALUE(I67) + VALUEL 1.+65) PROD
GO TQ (1212411)sNTYP PROD
VALUF(1+,66) = VALUE(I+43) * VALUE(I1,59) PROD
VALUE(T+67) = VALUE(I1,67) + VALUE(Ii,606) PROD
VALUE(1+68) = VALUE(I.,47) * VALUE( 1,60) PROD
VALUE{T.71) = VALUE(I1.68) PROD
GO TN {15134 13)s NTYP PROD
VALUE( 1.69) = VALUE(I,51) * VALUE(K.b)) PRO
VALUEC(!+71) = VALUE(L.71) + VALUE(I,69) PRO
GN TN (15+,15.14)sNTYP PRO
VALUF(I.70} = VALUE(!.55) #* VALUE(L,62) PRO
VALUECI.71) = VALUF{I.71) ¢ VALUE(1.70) PRO
VALUE(T.72) = VALUE(I,63) + VALUE(1,67) ¢ VALUE(I,T1) PRO
VALUECI«73) = VALUEC(I 27} + VALUELL.72) PRD
VALUE(F+76) = VALUE(L,74) * VALUE(1,75) & (VALUE(I:44) + VALUE(I, PRO
148) + VALUE(T1.52)) PRO
VALUEC[+78) = VALUE(L.T6) * VALUE(L.77) PRO

VALUE( 1.80) =

VALUE(T,1) + VALUE(L.73) + VALUE(IL.78)

PRO

410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
&00
610
620
630
640
650
660
670
680
6390
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
960
970
980
990
1000
1010
i020
1030
1040
1050
1060
1070
1071
1080
1090



16

17

18

19

20
21

2 Xz Xal gl

% & & & & & ¥ & k % &k & X & X Kk X &k k &k & X & ¥ ¥ ¥ X & X & & & & &
THIS SUBROUTINE SPECIFIES HOW THE INFURMATION (BOTH THE INPUYT DAYA
AND THE CALCUL ATED RESULTS) IS TOU APPEAR ON THE OUTPUT SHEETS.

% % & X Kk kB 4 K K K E KK TR KK KX E K EEE KX T K

REAL *8 WGT.

1

VALUE( I.81)
VALUE(1,83)
VALUE{1.84)
VALUE{ 1+85)

VALUE( T, 79)*®VALUE(L.80)

VALUE{ 1,80} + VALUE(]L,8L1)
VALUE(1+82) * VALUE(1.,83)
VALUE(T,83) + VALUE({,8%)

CONTINUE

DD 17 1 = leNIT
DO 17 L = 1.7

K = [CC(L)

KPl = K + 1

VALUF{1.KP1)
VALUE{(T.100)

VALUET T oK) * VALUELL1,85]}

VALUE(T o LOD}+VALUE(L.KPL)

CONT INUE

DD 18 1 = 1NIT
00 18 L = 8+412
K = ICCILY

KPYl = K + 1

VALUEC(T.KP1)
VALUE(T+111)
CONTINUE
00 21 ¥ =

VALUELI,K)} * VALUEL(1.8))
VALUE(I, 111} + VALUE(I.KPL)

1. NIY

VALUE(I.112) = VALUE(I,85) ¢ VALUE(1.100) # VALUE(I.111)

= VALUE(I,113)
VALUElT,113) % 292

VALUE(I,112) * VALUE(L.115)
VALUE{T+116) ¢ VALUE(I.LlLai
VALST{ICN.I.2) = VALUE(1,117)

IF(VALUE(T.113).EQ.0.0) GO TO 20

VALST(ICNGI,
VALUEL1.114)

VALUE(I+116)
VALUFI{T.117)

SUMVAL(I,1)
SUMVAL(T.7)

SUMVALLT,2) = 0.001 * VALUE{I.1)
SUMVAL(T.3) = 0.001 * VALUE(I,85)
SUMVAL {I,4) = 0.001 * VALUE(I,100)
SUMVAL(I.,5) = 0.001 * VALUE(I,111)
SUMVAL{I ot = 0.001 # VALUE(I¢Ll1i2?
GO Ta 21
WRITE(S1.1001) K
GO ¥n 21
WRITE(5141002)
CONT INUE
RETURN
END

OUTPUT Subroutine

1)

[T ]

VALUE(1.113)
VALUE(I+117)

SUBROUT INE QUTPUT

COMMON/ YMATN /NXeNC o ICN NPT 9 3G(30) » JPL30)
COMMON/ TITLASB/TITLE(15+38) o SUMTTLULS o T)oLTTL(15:11 7)o TYPTL(19,415)

PERTM
COMMON/XMAIN/ BLANK1,

COMMON/FDAT/

STROUTI(16)

ESF(15),
UCSF{ 15},

1
COMMON/TABDAT/PRCTTL(20),

1

1

1

COMMON/ INDX/
CNMMON/DATAB/ IFT(117),

[ARLI( 7D
NiT.

NLS(155)

COMHON/FMTDAT/FO{3) o

F3(3).

BLANK2(3)»
PLTCAPLS)

SUFL15), UCCF(15),
KIVP{15)

VALUE(Selc4le VALST(3045+¢2),
IAR2(9.3) » VALFX{30¢4+2)
NAR(5), NTYP
NLI(31), NLD(31),
Flis), F2(3}),
FST(15)

CASENM{10),

COMMON/FMTCM/ FRTLULS5) o FRYZ(15) FRT3(15)+FRTG(15)
EQUIVALENCE (VALUE(1e11E), SUMVALIL,1))

DIMENSION
DIMENSION

TODAY(2),
WGTI(S) »

JTYPLLLT)
PERTM(5)

PRO 1
PRO 1
PRO 1
PRO 1
PRG 1
PRO 1
PHO 1
PRO 1
PRO 1
PRO 1
PRO
PRO
PRO
PRO
PRO
PRO
PRO
PRO
PRO
PRO
PRO

PRO
PRO

PRO
PRO
PRO
PRO
PRO
PRO
PRO
PRO
PRO
PRO
PRO
PRO
PRO
PRO
PRO
PRO
PRO
PRO

ouUyPU
gurePu
autTPu
our ey
outPu
QutTPU
our ey
oureu
gureu
auteu
aure
curp
oure
aute
oure
ourp
ouTe
ous P
auTte
ouTe
oure
oure
aure

100
110
120
130
140
150
160
170
180
190

1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300

1310
1320

1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500

10
20
30
40
50
60
70
Tl
80
90
1040
101
110
111
120
130
131
140
141 .
150
160
170
180
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DIMNENSION SUMVALIS.T) uure
VATA WGT/5%8H TONNE /7,PERTM/S*SHPER DAY / ouTte
DATA JTYP/04142¢340¢lololslele2e2¢202¢203039¢3¢303¢102¢30142032000,0UTP
10e0e¢00¢1leloeleleZ2e?02¢20e393¢e30e3¢leloeleoleZ2202v2130393¢3900192¢3¢192.0UTP

23¢06192030¢0¢192¢340¢0¢Co0+0+0+40+090900¢0+0¢0+0+0+0+0+0404050+0,0420,0UTP
30¢0,0+0e0¢0+40¢0¢0¢s090v0¢0+04040¢0+0+0+00040,0/ aquTe
1001 FORMATILH o4Xe'* & % *,20A4¢ %% % 28, 3X'DATE (S %4 2X+2A4¢4Xe* PAGE OUTP
1 1277} ourp
1002 FORMAT(1H . 15A4) oure
1003 FORMAT(1H )} aute
1004 FORMAT(1HO) autp
1005 FORMAT(1H1) qure
1006 FNRMAT('CASE NUMBER = %,13) ourep
1007 FURMATI(1H +15A4) oure
1008 FORMATIIH1.120Xe*PAGE *e12) QuTe
1009 FORMATILIHO'FUNCTION COEFFICIENTS ARE AS FOLLONWS =1) aurPp
1010 FORMAT{LIHO®AL = %, IPF12.5¢5Xe®A2 = "o lPEL2.5+5Xe*A3 = ',IPEL12.5.,5X0UTP
1e2A4 = t,1PF12,5) auTe
1011 FORMAT(LHO*FUNCTYION EXPONENTS ARE AS FULLUNWS =°) ourp
1012 FORMAT(IHO'B]l = *¢ LPEL245:s 95X+ B2 = ?2LlPELLaS5e5Xe*Bn = *91PEL245¢5X0UTP
1,*84 = 3,1PF12.5!} aurtPpP
INITTIAL IZF FORMAT IN ARRAYS oure

Nt 1t = 1415 ouTe

TEMP = FSTLY) gure
FRT1I(1) = TEMP ourTe
FRT2( 1) = TEMP oure
FRTILL) = TEMP [¢]¥] 4
FRTG(I) = TEMP our e

1 CONT INUF curpe
PRODUCE YTHE FORMATS IN THE ARRAYS QuTe

V0 2 T = LeNIT oure

JS = NARI(I) oure

18T = (JS~1) % 9 + 15 oure

CALL RFPLACIFRT1¢1BTe5.F0) aure

CALL REPLACI(FRT2.iIBT¢5,F1) oure

CALL REPLACIFRY3I,IBT,5,F2) ouT P

CALL REPLAC(FRT4¢IB1+5.F3) ouTP

2 CONT I NUE oure
L1 = 0 aure

IND = 0O aurp

NLP = O aure

NPG = 1 oure

catL 1DAY(TDDAY) oure
WRITELS1,1005) our e
WRITE(S51,1001) (PRCTTL(I)elI=1¢20)¢ TUDAY, NPG ourP
WRITE(SLe1013) (STROUT(I)el=1,15) oure

1013 FORMAT{IH +B7X.'CASE ESTIMATES?/LH +65Xs15A%) oyt e
Do 18 1 = 1,31 aure

N = NLY{L) oure

NN 7 J =1eN aurep

t1 =1l +1 aurte
WRIYE (51.1002) (TITLEIL.LL)L=1s15) aure
IFIL1.NE.%) GO YO S oure
wWRITEL(S1, 1003} oure
IFINTYP.NE.L1) GO TO 3 aute
KTYP1 = KTYP(1) oure
WRITEC(SLe1014) (TYPTLUKNeKTYPL) KN=Ly19) oyre

1014 FORMAT(IH +8Xe*TYFE (1) = ¢, 1984} aure
GO 70 5 aute

3 IFINTYPJNE.2) GU TO 4 oure
KYYPL = KTYP(1) oure
KTYP2 = KTYP(2) oyvTe
WRITE(SL:10L5) (TYPTLUKN)KTYPL)}4KN=LelD)s EITVPTLIKNLKTYP2),KN=1,L9)0UTP

1015 FORMATIULIH +BXe*TYPE (1) = *,1944/71H +8X'TYPE (2) = *,19A4) aure
GO Ya 5 outP

[ KTYP1l = KTYP{1) aure
KTYP2 = KTYP(2) aure
KTYP3 = KTYP(3) oure
WRITE(S1e1016) (TYPTLIKNSKTYPL)KNZL oL ) oA TYPTLIKM,KTYP2) KN=1,19)0UTP

Lol TYPTL(KNo KTYP3}yKN=1,19) oure
1016 FORMAT(LH +B8Xe?TYPE (1) = " 19A4/LH «BX+*TYPE (2) = *,19A4/]1H +8X OUTP
1 'TYPE (3) = *,19A4) aurp

5 CONTINUE aure

190
200
210
211
212
213
220
221
230
240
250
260
270
289
290
300
310
311
320
330
331
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
599
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
B8lo
811
820
821
830



10
11

12
13

14
15
te

17
18

1017

1018 FNRMAT{LH «S50X. *SUMMARY OF RESULTS?*///LH +73Xe"PLANT CAPACITY®/
11H + 15X, *ODESCRIPTION ',37X+5(A4.A8))

1019

1020
19

1021
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NLP = NLP + 1

IFINLSINLP)."™ .2)60 TO 6

WRITE{S1¢1003.

60 10 7

WRITE151,1004)

CONTINUE

N = NLDI)

DO 17 4 = 1.N

LND = LND + 1

IF(JTYP(LND) .LE.NTYP) GO TO 8
WRITE(51,1007H{LTTLIL3,LND),L3=1,15)

G0 TO 13

(SW = IFT(LND)

GO TO (9,10,11,12),1SW

WRITE(51,FRTL) {LTTL{L3,LND)sL3=1¢15)+(VALUECM2,LND),M2=1sNIT)
60 T 13

WRITF(51eFRT2) {LTTLIL3¢LND) oL3=1015) ¢ (VALUE{M24LND),M2=1,NIT)
GO TO 13

WRITE(51, FRT3) (LTTLIL3,LND)sL3=1+15) ¢ {YALUEIMN2,LND),M2=1,NIT)
G0 T0 13

WRITE{51e FRT4) (LYTLIL3,LND) sL3=1+15) ¢ IVALUELMZ,LND),M2=1,NIT)
NLP = NLP + 1

IFINLS(NLP).EQ.0)GO T0 17

LSSW = NLS(NLP}

GN TO € 14415416} +LSSW

WRITE(51.1003)

GO TN 17

WRITF(51l,1004)

GO TO 17

NPG = NPG + 1

WRITE(51.1006) NPG

CONTINUF

CONTINUE

WRETE(S51¢10175 (PRCTTLUI}e 1= 1,208

FORMAT(1HLe 14Xe %% & % T4 2044e'% & #¢,3X//)

WRITE(S51,1018) C{PLTCAPUL) JWGTLEI)oi=LoNIT)

WREITE(S1,1019) (PERTMII}eI=1NIT}
FORMAT(1H ¢66Xe5(A8,4X).")
DN 19 NMUM = 1.6

ourtp
ourp
qure
aute
Qure
aute
aure
gure
aute
aure
oure
outre
gure
aure
aurte
aure
qurt
our
our
our
QuTt
aur
our
auT
our
our
out
our
out
our
our
uT
out
our
ourt
our
ouTt
our
our
our
uur

WRITE{51,1020) (SUMTTLFI.NUM)i=1+15)0 {SUMVAL(M1,NUM), M1=1sNIT)OUT

FORMAT( 1HO» 1 5A4¢2Xe 5{FL10.1:2X) )

CONT INUF

WRITEI51.1003)

ARITFI5162021) (SUMTTLIT+7)el=1el15) ¢ (SUMVAL(ML 471,y ML=1eNIiT)
FORMAT{IH +15A4,3X%Xe5(F10.242X0)

WRITEIS51,1009)

out
out
QuTt
ouT
ouTt
out

WRITFI51¢1010IVALFX{ICNele 1) VALFX{ 1CNe2¢ L} ¢ VALEX{ ICNe3 s 1} o VALFX{TUUT

1CNe 4o 12

WRITELS51.,1011)

nur
ouT

WRITE(S1+1012)VALEX{ICNe 1920 VALFXUICN 202} VALFXUICN,302) s VALEX{IOUT

1CNy 44 2)
WRITE{51.,1005)
RETURN

END

ourT
our
ouT
ouT

840
850
860
870
B8O
290
900
910
920
930
940
950
960
910
980
990

1000

1010

10206

1030

1040

1050

1060

1070

1080

1090

1100

1110

1120

1130

1140

1150

116C

1170

1180

1190

1200

1201

1210

1220

1230

1240

1250

1260

1270

1280

1290

1360

1310

1311

1320

1330

1331

1340

1350

1360



80

IF(T1.LT.NPT) CALL ARROWCVALUE(T¢113) ¢ VALUE(T +LL17)s—6

le$ 28t I5AsXAwLA)

FUNX Subroutine
SUBROUT INF FUNX FUNX
COMMON/ INDX/  NIT, NAK(S) o NTYP FUNX
COMMON/TAHDAT/PRCTTL{20),  VALUE(Se124)e VALST{30¢5+2), FUNX
1 1AR1IL 7)., 1AR2E 9, 32 v VALFX{30¢492} FUNX
COMMON/YMAIN/NXoNCs ICNe NPT« JUGI(30) 4P 130) FUNX
DO 1 I=1.4 FUNX
VALFX{ICNe¢I+ 1) = 0.0 FUNX
VALFX(ICN.1.2) = 0.0 FUNX
CONT INUF FUNX
JE=NPT-1 FUNX
DN 2 1=]1,.JE FUNX
Cl = VALUF(I,.117i FUNX
C2 = VALUFIT+1.117) FUNX
Wl = VALUELT,4113) FUNX
W2 = VALUE(T+#1,113) FUNX
RAT = ALOGICL/C2} FUNX
8 = RATZiWl-w2] FUNX
Al = CL/EXPC(B&WL]) FUNX
A2 = C2/7EXP{B*UH2) FUNX
A = 0.5%(al+a2) FUNX
VALFX{ICN,I.,1) = A FUNX
VALFX{ICN.1+s2) = B FUNX
CONT INUE FUNX
RETURN FUNX
END FUNX
GRAPH Subroutine

SUBROUTINE GRAPH GRAPH
CONMON/YMAIN/NXoNCe ICNJNPT,JGL30).JP(30) GRAPH
COMMON/TABBATY/ZFRCTYYL(20), VALUE(S5¢ 124)e VALSTL1306502) GRAPH
1 1AR1{ 7, TARZ(Y, 3) o VALFX(30¢4¢2) GRAPH
COMMON/INDX/Z  NIY, NAR(S5) .+ NTYP GRAPH
DIMENSION IPX(2)s XAL2)e LAL2), ISAL3) GRAPH
DATA 19X/=2e~1/y ISA/=2e=2¢~1/s LA/2.:2/ GRAPH
CALL QOSIZE( l4.+9.6) GRAPH
CALL 0QOOCPA(25,0.55) GRAPH
CALL Q00CPA(T,0.70) GRAPH
CALL QO00CPAL 28.0.1) GRAP
XMIN = VALUF{1.113) GRAP
XMAX = VALUF(NPT,113) GRAP
YMIN = VALUEINPT.11T7) GRAP
YMAX = VALUF(1,L17) GRAP
CALL RNDPLVIXMINXMAXo YMINoYMAXe ' YLOG! s *MECH  o=1e9—1a+Bs4000,°* LLEWGRAP
LELLYNS?) GRAP
CALL GRIND(-e5¢04ue0a1} GRAP
L,CALL GRID(le¢0.¢0.) GRAP
CALL LINPLTEVALUE(1+113)VALUE(Le117)uNPTV1+0) GRAP
CALL LABEL(24¢2204PRCTTLy-1) GRAP
CALL LABEL({1+.20,'HEAVY METAL PRUDULT THROUGHPUT (KILOGRAMS/DAY) GRAP
150 ,-1) GRAP
CALL LABELI-1¢.20,*UNIT CAPITAL COST (DOLLARS/KILOGRAM)S$i,~1) GRAP
CALL LABEL(=2,.2+'PROCESS BLOCK NUNBER = $% '»IPXsICN,0) GRAP
DO 2 I=1.NPT GRAP
CALL OQQQCPA(—=15.YT) GRAP
CALL QOINCHIVALUE(L1oL13)sVALUELLsLLT) e XPeYP) GRAP
0x = Y7 - YP GRAP
XA(l)=VALUE(I,113) GRAP
XA{2)Y=YALUE( 1,117} GRAP
IFI(DX LTl e25)AND.({I1.EQ.2}) GO TO 1L GRAP

l.'l-l-l'. (‘GRAP

GRAF

IF(1.EQ.NPT) CALL ARROW(VALUE(I+113) o VALUE(L+117)e~6v=lavlevals* (SGRAP

10
20
30
31
&0
50
60
70
80

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240

10

20

30

31

4«0

50

60

70

80

90
100
110
120
130
140
150
151
160
170
180
190
200
201
210
220
230
240
250
260
270
280
290
300
301
310
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leSIS'.ISAVXALLA) GRAP 311
GO YO 2 GRAP 320
1 CALL ARROWIVALUEU(I¢ 113)+VALUE(L 4117} s=6slas=2eselo®{5:3)S"ISA,XA,GRAP 330
1LA) GRAP 331
2 CONTINUE GRAP 340
RETURN GRAP 350
END GRAP 360

SHIFT Subroutine
SUBROULTINE SHIFT(K) SHIFT 10
COMMON/TABDAT/PRCTTL(20), VALUEL Sel24)e VALST{30:5,2}, SHIFT 20
L TARL( 7}, 1AR2(9,3) SHIFY 21
CUOMMONZINDX/ NIT, NAR(S) NTYP SHIFT 30
a0 1 1 = 1.N1T SHIFY 4«0
NT = NARLT) SHIFT 50
VALUE{I,K) = VALUE(NT,K} SHIFT &0
1 CONT INUE SHIFT 70
RETURN SHIFT 80
END SHIFT 90

FDBK Subroutine
SUBROUTINE FDBK{STRIFSTelWs ILTeIRT,10S2 FDBK 10
L GIVEN A SUBSTRINGe. THIS SUBROUTING FINDS THE POSITIONS IN THE STRING €DBK 20
C 0F THE FIRST AND LAST NONBLANK CHARACTERS UF THE SUBSTRING AND EDBK 30
C  REPORTS THE NUMBER OQF CHARACTERS IN THE SUBSTRING FROM THE FIRSY €DBK 40
C 'O THE LAST NONBLANK CHARACTERS FDBK S50
c FOBK &0
CI INPUT PARAMETERS FOBK 70
CI STR CONTAINS THE STRING FDBK 80
Cl IEST THF CHARACTER OF THE STRING WHICH IS THE FIRST FOBK 90
(09 § CHARACTER OF THE SUBSTRING TD BE SCANNED FDBK 100
C1 W THE NUMBER OF CHARACTERS UF THE SUBSTRING YO BE SCANNEDFDBK 110
C ¥0BK 120
co QUTPUT P ARAMETERS FDBK 130
co nry THF POSITION OF THE FIRST NUNBLANK CHARACTER IN THE F0BK 140
on SUYSTRING. IT IS THE PUSITIUN OF THE LAST CHARACTER ¥FDBRK 1S5S0
co 1Ff ALL CHARACTERS ARE BLANK. FDBK 160
(W3] IRTY THE POSITION OF THE LAST WONBLANK CHARACTER IN THE FDBK 170
cn SUBSTRING. 1T IS YTHE POSITION OF THE LAST CHARACTER FDBK 180
cu IF ALL CHARACTERS ARE BLANKe. FDBK 190
cn AN IMPROPER CALL TD THE SUBROUTINE MAY LEAD TO THE FDBK 200
co VALUE OF IRT BEING LESS THAN THAT OF ILY. FDBK 210
[o81] InS THE NUMBER OF CHARACTERS FROM THE FIRST TO THE LAST FDOBK 220
cO NONBLANK CHARACTERS IN FTHE SUBSTRING. IT IS ZERO IF FDBK 230
cn ALL CHARACTERS ARE BLANK AND NEGAYIVE IF THE FOBK 240
cn SUBRQUT INE IS IMPRUPERLY CALLED FDBK 250
[ FDBK 260
. THE FOLLOWING LO0OP FINDS THE FIRSY NUNBLANK ON LEFT FDBK 270
C FDBK 280
DIMENSION STR({1} FOBK 290
I1=IFST FDBK 300
12=IFST +I0~1 FDBK 310
i CALL FETYPE(STRoIIL1l,ITYP) FDBK 320
IFIITYP.NF.3) GO TN 2 FOBK 330
I=l+} FDBK 340
IF(IJLELT2) GO TQ 1 FDBK 350
C AT THIS POINT HAVE ENDED LOOP TO FIND FIRST NOUNBLANK ON LEFY AND FDBK 360
. HAVF FOUND ALL BLANKS FOBK 370
ILY=IFST4IN~] FDBK 380
IRT=ILY FDOBK 390
1WS=0 FOBK 400
C ANY TRANSFER T0 134 ON THE FLOWCHART IS CLOOED AS A RETURN TO THE FDBK 410
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C CALLING PROGRAM
RETURN
C A TRANSFER T STATEMENTY 20(1A4) BEGINS A BACKWARD LOOP TOU FIND THE
C FIRST NONBLANK ON THE RIGHT
2 Inr=t
I=1FST+IW~1
3 CALL FETYPEUISTR.I.11,1ITYP)
IFLITYP.EQ.3) GO TO &
IRT=1
INS=IRT~-ILT+1]
RFTURN
4 1=1-1
IF(1.GE.ILT)IGO 1O 3
IRT=ILT~1
IWS=—1
RETURN
END

INITS Subroutine
SUBRAUTINE INITS{S+N)

G

C GIVEN A ONE~-DIMENSIONAL REAL ARRAY S OF DIMENSION N, THIS SUBROUTINE
€ ASSIGNS A BLANK TO THE FIRST N—-1 WORDS AND 0.0 TO THE LAST WORD

C

DIMENSION S{1)
DATA BLANK/4H /
M=N-1
IF(M,.EQ.0) GO TO 2
DN 1 Isl.M

1 S{T)=BLANK

2 SI{N}=0.0
RETURN
END

£DBK
FDBK
FDBK
FDBK
FDBK
F0BK
FOBK
FDBK
FDBK
FDBK
FDBK
FDBK
FOBK
FOBK
FDBK
FDBK
FOBK

420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
560

INITS 10
iNITS 20
INITS 30
INITS 40
INITS 50
INITS 60
INITS 70
INITS 80
INITS 90

INIT
INIT
INIT
INIT
INET



Appendix B-3

HEADINGS FOR CEF (BLOCK DATA)
(Submitted with Data)
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*+*xLO0ST ESTIMATE PREPARATIONZ® =

DIRFCT CONSTRUCTION COST
PROCESSING FOQUIPMENT COST

ACTUAL IN-CELL EQUIPMENT SPACF REQUIREV tey M)
PROCESSING SPACE CDST tHOT TELLS) (s)
GRNOSS IN-CFLL SFACE REQUIRED
IN-CELL SPACE UNIT COST {s/CU FT)
IN-CELL SPACE TOTAL COST {s)
GROSS QUT-OF-CELL SPACE REQUIREL {CU FT)
MAKE UP AND PRDCESS SERVICE SPALE
CELL OPERATING SPACE {Cu F1)
CRANE 3AY SPACE
OUT-0OF-CFLL SPACE UNIT COSY ts/CuU FT)
CELL OPERATING SPACE UCCF (FROM TM-46l13, TABLE 6}
CRANE BAY SPACE UCCF (FR0OM TM=4613, TABLE 6)
OUT-DF-CELL SPACE TOTAL COSTY {s)

CRLL OPERATING SPACE
CRANE BAY SPACE

PANCESSING SUPPORT SPACE TGST {(8l0G. EXCLUDING HOT CELLS)

INDIRFCT PRACESS SUPPORT SPACE
INDIRECT PROCESS SUPPORT SPACE UNIT CudT (s$/CU FT)
AUTSTIDE UTILITIES COST (s}
SITE IMPROVEMENT COST (s)
INDIRECT CONSTRUCTION COST
GENFRAL AND ADMINISTRATIVE COST
ENGINEERING COST
MISC. CONSTRUCTION COST
CUNTINGFNCY ALLOWANCE
SPARE PARTS COSY
NONTNSTALLED SPARE EQUIPMENT COST
QUAL fTY ASSURANCE COSY
UNFR®S CNNT
LanD C0SY
PROJECT MANAGEMENT COST
LICENSING COST
TAXESe INSURANCE AND INTEREST
PREOPERATIONAL TESTING AND STARTUP
TOT AL CAPITAL CONSTRUCTION COSY

1 ESTIMATED FQUIPMENT COST {s)

? TYPE (1)

3 TYPE (2}

4 TYPE {3)

5 ACTUAL QUT-DOF-CELL EQUIPMENT SPACE REQUIRED tCu FT)

6 TYPE (1) STD. CELL WIDTH {FT}

7 STD. CELL HEIGHT {FT)
8 SUF (FROM ORNL TM-46ld. TABLE S)

9 GROSS CELL VOLUME (CU FT)
10 L INFAR FTe OF CELL (FT)
11 TYPE (2) STO. CELL HIDTH {FT)
12 STD. CELL HEIGHT (FT)
13 SUF (FROM ORNL TM-4613. TABLE 5)

- 14 GROSS CELL VOLUME {CU FT)
15 L INEAR FT. OF CELL tFT)
16 TYPF (3) S10. CELL WIDTH (FT)
17 STDe CELL HEIGHT (FT)
18 SUF  (FRCM ORNL TM—40l3, TABLE 5)

19 GROSS CELL VOLUME (CU FT)
20 L INEAR FT. OF CELL (FT)
21 TYPE (1) tUCCF FROM ORNL TM=-46l13, TABLE 6)

22 TYPE (2) (UCCF FROM ORNL TM—46i3. TAHLE 6)

23 TYPF (3) (UCCF FRGM ORNL TM=46L3, TABLE 61

24 TYPE (1}

25 TYPE (2)

26 TYPE (3)

27 TOTAL

28 STD. AREA WIDTH (FT)}
29 STD. AREA HEIGHT tFY)
30 SUF (FROM ORNL TM-4613, TABLE 5)

3 GRNSS VOLUME (Cu FT)
32 TYPE (1) STO. AREA WIDTH (FTi
33 STNe AREA HEIGHT (FY)
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TYPE (2)

TYPE (3)

TYPE (1)

TYPF (2}

TYPE (3}
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NO. OF CELL SIDES WITH OP. AREA
GRO3S VOLUNE

STD. AREA WIDTH

STD. AREA HEIGHT

NO. OF CELL SIDES Wlid OP. AREA
GROSS VOLUME

STD. AREA WIDTH

SThe. AREA HEIGHT

NO. OF CELL SIDES WITH OP. AREA
GROSS VOLUME

CELL AREA

SUF (FROM ORNL TM—4ol3. TABLE 5)
STD. BAY HEIGHT

GROSS VOLUME

CELL AREA

SUF (FROM ORNL THM-46l3e TAHBLE 5)
STD. BAY HEIGHT

GROSS VALUME

CELL AREA

Suf (FROM ORNL TM=—4013. TABLE 5)
STDe bAY HE IGHT

GROSS VOLUME

MAKE-UP AND PROCESS SERVICE SPALE

TYPE (L)
TYPE (2)
TYPF (3)
TYPF (L)}
TYPF (2)
TYPF (3)

MAKF-UP AND PROCESS SERVICE SPACE

TYPE (11}
TYPF (2}
TYPE (%)
TNTAL
TYPF (1}
TYPE (2)
TYPE (3}
TOTAL

TOTAL QUT-0F-CELL SPACE COST

PROCESSING

SPACE 10vAL COST

STD. AREA HEIGHY
SUF  (FRUM DORNL TM-49ul3, TAWLE 5)
TOTAL SPACE REQUIRED

(CU FT)
(FT)
(FT)

(Cu FT)
F7)
(FT)

(CU FT)
LSQ FT)

(FT)
{CU FT)
(S0 FT)

(FT)
(CU FT)
(S0 FY)

(FT)
(CU FT)

(s
(FT}

{CU FT)

UCCF (FROM DRNL TM-4613. TABLE 6) ($/CU FT)
PRNCFSSING SUPPORT SPACE TOTAL CUST

UCF (FROM ORNL TM-4613, TABLE 7)
FOQUIPMFNTY AND FACILiIIY COST
OUISIDE UTILITIES COST

UCH {FROM ORNL TM-4613, TABLE &)
SUBTOTAL OIRECT CONSIRUCTION COST
SITE IMPROVEMENT COST

TOTAL DIRECT CONSTRUCTION COST

UCF (FROM ORNL TM—4613, TABLE 7)
SUBTOTAL GEN. ¢ ADM. COSY

UCF (FROM ORNL TM-4613, TABLE 7}
SUBTOTAL ENGR. COST

UCF (FROM ORNL TH-4613, TABLE 7)
SUBTOTAL MISC. CONSTRUCTIUN COST
UCF {(FROM URNL TH-40l3, TABLE 7)
SUBTOTAL CONTINGENCY ALLOWANLE
UCF (FROM ORNL TM-4613, TAHBLE 7)
SUBTOTAL SPARE PARTS COST

UCF (FROM ORNL TH-4613, TABLE 7)

(s)
(FRACT, )

(FRACY.)
(s)
(s)
ts)
(FRACT.)
(s)
(FRACT.)
(s)
{FRACT.}
(s)
{FRACT.)
(s}
(FRACT.}
(s)
(FRACT. )

SUBTOTAL NONINSTLED SPARE EQUIPMENT COST(s$}

UCF (FROM ORNL TMm-40l13, TABLE T}
SUBTOTAL QUALITY ASSURANLE COST

TOTAL INDIRECT CONSYRUCTION COST

UCF (FROM ORNL TM-4613, TABLE 8)
SUBTOTAL LAND COS7

UCF (FROM ORNL TM—4613, TABLE 8}
SURTOTAL PROJe MANGF. COST

(FRACT.)
(s)
(s)
{FRALCT.)
($)
(FRACTY.!
(%)
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105 UCF (FROM ORNL TM-%0l3, TASLE b) (FRACT.) D 105
106 SUBTOTAL LICENSING COST (s D 108
107 UCF (FROM ORNL TM-4613, TABLE 8) (FRACT.) D 107
108 SUBTOTAL TAXESes I[NSURANCE ANO INT. (s) D 108
109 UCF (FROM ORNL TM-4ol3, TABLE 8) {FRACT.) D 109
110 SUBYTOTAL PREOP. TESTING aNO STARTUF (s) 0 110
111 TOTAL QOWNER'S COST (s} D11t
117 INCRFMENT OF TOTAL PLANT COST (s) 0 112
113 PROCESSING THROUGHPUT Ot ACCEPTA3LE PROD {KGHM/ DAY ) D 113
114 ANNUAL PROVUCTION RATE (KILOGRAMS OF HEAVY METAL/YEAR) D 114
118 CAPITAL CHARGE RATF {FRACY.) D 115
116 ANNUAL CAPITAL CHARGE COOLLARS/YEAR) 0 116
117 PRODUCT UNIT COST (DOLLARS/KILUGRAM UF HEAVY METAL) D 117
PRNCESS THROUGHPUT (KILUGRANMS) S 1
PRNCESSING EQUIPNENT COST {$1U00) S 2
PLANT DIRECT CONSTRUCTION COST {$1000) S 3
PLANT INDIRECT CONSTRUCTION COST ($1000) S 4
PLANT OWNER®*S COST {s1000) S 5
PLANT TOTAL COST {s$1000) S 6
UNET Cnsr tOOLLARS/RILODGRAM) S 7
E 2 22 4
HFAVILY SHIFLOFD HOT CELL — REMITE MAINTENANCE (ITEM 1, TABLES 5 AND 6) TV )
HEAVILY SHIELOEND HOY CELL — CONTACT MAINTENANCE (ITEM 2, TABLES S AND 6} TY 2
MEDFU4  SHIFLDED HUT CELL — REMOTE MAINTENANCE (ITEM 3, TABLES S AND 6) 1Y 3
MED LUK SHIELUED HOT CELL ~ CONTACY MAINTENANCE (ITEN 4, YABLES S AND &) TY 4
LIGHTLY SKIFLOED HOT CELL — REMGTF MAINTLHNANCE (IVYEM S, TABLES S AND 61} TJY S
LIGHTI Y SHIFLDED HOY CELL — CONTACT MalNTENANCE (ITEM 6. TABLES 5 AND 6) TY 6
UNSHIFLOFD HOT ALPHA CELL — CUNTACT MAINTENANCE (1TEM 7+ TABLES 5 AND 6} 1Y 7
GLUVF BUXFS AND HOODS — DIRECT wMAINTENANCE (I1TFEM 8. VABLES 5 AND 61 YY B
SHIELDED ANALYTICAL CELL - REMOTE MAINTENANCE LITEN 9, VYABLES 5 AND 6) 1I1Y S
SHIFLDED LIOUID wASTE STG — CONTACY MAINTENANCE (ITEM 10+ TABLES S5 AND 6} TYLO
SHIFLDFD SOLID WASTE STG. — CONTACT MAINTENANCE (ITEM 11, TABLES S AND 6) TY1l
DIRECT PRNC. SUPPORY AREA — QIRECY MAINTENANCE (IFEM 12, TABLES S AMD &} TY12
CHFM, HMARFUP PRGECFRS ARTA - U72ECT nmadiNTzWanie (LTES 13, TABLES 5 AND 61 TYL3
CFLL OPERATING SPACE LI¥EM 14e TABLES 5 AND &) TY14
CRANF BAaY SPACF CITEM 15, TABLES 5 AND 6) TYL1S5

e



Appendix B4
LISTING OF LIBRARY SUBROUTINES USED IN CEP
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REPLACE Subroutine

REPLACE START O REPLA 10

USING %415 REPLA 20

ENTRY REPLAC THIS 1S A TRUNCATED 6-LETTER FIN-IV ENTRY. REPLA 30
REPLAC EOU » THIS IS A TKUNCATED 6-LETVER FTN=IV ENTRY. REPLA 40

STM 2430+ SAVERE REPLALE € STRING « J o« N ¢ C ) REPLA 50

LM 0.3.,001} X0 Xl X2 X3 REPLA 60

L 1+0{041} X1=J REPLA T3

L 2:.0(0.2) X2=N REPLA 80

ALR 1.0 X1=A(STRINGI+I XO NOW AVAILABL REPLA 90

LA 0.1 X0=1 REPL 100

SR 240 X2=N~1 REPL 110

8M END NO ACTIUN TAKEN FGR N.LELO REPL 120

SR ls0 X1=A(SIRINGI+tJ~]1 = ADD. START REPLACE REFL 130

STS 2eMtl STORE N=1 IN MVC INSYRUCTION M REPL 140

AR 2.0 RESTORE X2 TO N REPL 150

LA 0.256 SETYT xO 1O 256 REPL 160
TEST SR 240 SUBIRACT 256 FRON N REPL 170

8C 12, % BRANCH TU M TU HOVE REMAINJOR JLE.256 REPL 180

MVC (2564134003} MOVE 256 dYTES REPL 190

AR .0 INCKEASE XL BY 256 REPL 200

AR 3.0 INCktASE X3 BY 256 REPL 210

A TEST BRANCH TO TeST REPL 220
L] MVC Cl0«13,0(3) MOvi N CHAR. FROM CTHAR T3 J IN STRING REPL 230
FND LM 24 3e SAVERE RESTURE X2 AND X3 REPL 240

B8R 14 REPL 250

SAVERF DS 2F REPL 260

END REPL 270

SCULEZ Subroutine

SQUFEZF START 2 SCute LELSTIRING o CHAR) SQUEE LG

USING .16 SQUEE 20

FNTRY SDUEFZ THIS IS A TRUNCATIED 6-LETVER FIN-1V ENTRY, SQUEE 30
SQUEE? £QU ® THIS IS A TRUNCATED 6-LETTER FIN-IV ENTRY. SQUEE 40
YSQUEEZE' ALL CHAK'S OUT OF STRING SQUEE 50

SPACE SQUEE 60

L THE *ORIGINAL® VERSION OF SQUEEZE wAS WRITIEN BY R. P. RANNIE SQUEE 70
. AND THF DATF OF ThF VERSION USED AT ORNL WAS NOV. 2 1966. SQUEE 80
L THAT VERSION HAD THE PROBLEM OF CALLING SRROR IF SONMEONE TRIED TO SQUEE 90
1 SCUEEZE UUT THE CHARACTER tQO0°. SOQUE 100
L THIS NFW VERSION SIMPLY RFTURNS WITH Nu ACTION TAKEN IF ONE TRIES SQUE 110
LT0 ON THIS. RBPR QCT. d. 1968, SQUE 120

SPACF SQUE 130

| X = 1 SOUE 140
] X1l = RETURN FROM TRT. ADDRESS UFf NON-ZERO IN TRT TABLE SQUE 150
| X2 = RETURN FROM TRT, NON-ZERO CHARACTER FOUND SQUE 160
i X3 = ADDPRESS OF POSITIUN T} MOVE ELENENTS OF STRING TO SQUE L70
N4 = ADDRESS OF START uF SCAN FUR CHA! TO BE SQUEEZED SQUE 180
] X5 = ADDRESS OF START UF SCAN FOR CHAR NOTY TO SOQUEEZE SQUE 190
i rhso 256 SQUE 200
i Wl AppRESS OF POSIETIUN TU MOVE ELEMENTS OF STRING FROM SQUE 210
| X = ADDRESS UF LOCATIUN IN VRT TABLES TO SEV/RESTORE SQUE 220

SPACH SQUE 230

S51H lavRy 2‘(0 SQUE 240

in STRTRAR X4z A{STRING) X5=A{CHAR) SQUE 250

Si flat ZLERO X8 SQUE 280

Ic Belll 3e5) X8 = RIGHY ADJUSTED CHARACTER SQUE 270

LIR 8.8 TEST Xu FOR X®*00D* SQUE 280

1% 4 FRR BRANLH Tu CRRUR IF X8 = 0 SQUE 290

LA Oel X0 =1 FOR ALL OF SQUEEZE SQUE 300

La 60256 X6 = 256 FOR ALL OF SCQUEEZE SQUE 310

LA B TRIXEB) X8=ADDRESS IN TRIX TO SET X*01°* SQUE 320

MVI 0(8),x°01* SET X*01°* IN TRTX AT LOCATION OF CHAR SQUE 330

AR 8e6 YB8=ADDRESS IN TRTA TO SET X*QQ° SQUE 340

MV 0(8).X*00°* SET X*00' IN TRYA AT LOCATION OF CHAR SQUE 350

SR 242 ZERO X2 SQUE 360
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SR Lel ZERO X1 SQUE 370
SPACE 3 SQUE 380
TRTO TRT 0{256+41. TRTX SCAN FOR CHAR TO BE SQUEEZED SQUE 390
8C 6+ENDO SQUE 400
AR 4e b X4 = X& ¢ 256 SQUE 410
8 TRTO SQUE 420
FNDO SR 240 TEST FOR f00* FOUND. X0 =1} SQUE 430
8p DONE IF VALUE IS le END HAS BEEN FOUND SQUE 440
iR 3.1 X3 = ADDKESS OF FIRST CHAR TO SQUEEZE SQUE 450
LA 5¢100.1) X5 = X1+1=ADD TO STARV SCAN FOR OTHER SQUE 460
B8 TRT2 GO TO SCAN FUR OTHER SQUE 470
EJECT SQUE 480
L SCAN FOR CHAR SQUE 490
SPACE SQUE 500
SCanNl LA 4y 1{0e 1) X4 = X1+1=ADD TO START SCAN FOR OTHER SQUE 510
TRT]1 IRT 0i{256¢4) ¢ TRTX SCAN FOR CHAR TO BE SQUEEZED SQUE 520
B8C 6e ENDL SQUE 530
MvC 0025633408 7) MOVE 256 FROM ADD{X7i YO ADD(X3) SQUE 540
AR 3.6 X3 = X3 ¢ 256 SQUE 550
AR Teb6 X7 = X7 ¢ 256 SQUE 560
AR 446 X4 = Xo + 256 SQUE 570
B TRT1 SQUE 580
FNDL SR 2,0 TEST FOR °00*' FOUND. X0 =1 SQUE 590
ap ENDFOUN1 IF VALUE 1S 1o END HAS BEEN FOUND SQUE 600
LA Sel(0e1) X5 = X1l+1=ADD TO START SCAN FOR QTHER SOQUE 610
SR 1.7 X1 = NUMBER OF OTHER TO MODVE SQUE 620
SR 1.0 X1 = NUMBER OF OTHER TO MOVE - 1 SQUE 630
STC 1eMlt] STORE NUMBER UF OGTHER TO MOVE — 1. M1l SQUE 640
Ml MVC 0010:3).,0(7) MOVE OTHER FROM ADDIXT) YO ADDI(X3} SQUE 650
AR 3.1 X3=NtW AUD TQ MOVE OTHER TO -~ 1 SQUE 660
AR 3.0 X3=NEW ADD TO MOVE CTHER TO SQUE 670
SPACE 3 SQUE &80
L SCAN FOR OTHER (NOT CHAR}) SQUE 690
SPACE SQUE 700
TRY?2 TRT 00256¢5),TRIA SCAN FOR NONCHAR SQUE 710
BC 6.END2 SQUE 720
AR Seb XS = X5 + 256 SQUE 730
8 TRTZ2 SQUE 740
FND2 Sk 2.0 TEST FOR *00* FOUND. X0 = 1 SQUE 750
RP ENDFOUNZ IF VALUE IS 1. END HAS BEEN FOUND SQUE 760
LR 7.1 XT=XL=AUDRESS OF NONCHAR, START MOVE SQUE 770
8 SCAN1 NONCHAR +0UNDs SCAN FOR CHAR SQUE 780
SPACE SQUE 790
§  THIS IS THE CHANGFD CODE OF OCTV., '48. SQUE 800
SPALCE SQUE 810
L FRR t 15¢=V{(ERROR) SQUE 820
L BAIR 14,15 CALL ERRUR SQUE 830
SPACE SQUE 840
ENDF NUNL SR 1e7 X1 = NUMSER TU MQVE - 1 SQUE 850
SR 1.0 SQUE 860
STC 1eM3+1 STORE NUMBER YO MOVE - 1 IN M3 SQUE 870
N3 . MVC 000631491 7) MOVE Xlel TG CORRECT LOCATION SQUE 880
La J.103.13 SQUE a90
ENDFOUN2 MV o(3).x'00* PUT TERMINATOREX*00') AT NEit END SQUE 900
DONE MVI 0l(g).x°01" RESIURE X°01' IN TRTA SQUE 910
SR 8.6 X8=X8=-250=ADD({ JIRTX} SQUE 920
MV 0(8).X'00°" RESTORE X'0Q0°' IN TRIX SQUE 930
SPOACF SQUE S0
Lt  THIS IS THE CHANGED CODE OF OCT.. '68. SQUE 950
SPACE SQUE 960
FRR LM 2¢8+28(13) RESJURE X2 THROUGH X8 SQUE 970
SPACE SQUE <80
MV | 12813) X'FF ¢ SQUE $90
AR 14 SQU 1000
FRTX Do X*'02'¢255X°00° SQU 1l1olo0
TRTA nc X*02%,255x*01* SQuU 1020
END SQU 1030



BUDVYOINT START 0
USING %415
FENTRY BCDTAl
ENTRY BCUTIENT
ENTRY BCOTIN
8CDTOX £ouU *
BCDTINT EQU *
RCDTIN EQU *
STH 2e4428113)
LM 3e40 0112

Sk 1.1

SR 242

Ic 2:0(3)

C 2~=F*956°
BNF NOTMI

My | OPER, X*1B*
B BUMP

NOTMI MVI OPER.X* 14"
C
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BCDTOINT Subroutine

THIS IS A TRUNCATED 6-LETTER FIN—IV ENTRY.

THIS IS A TRUNCATED 6-LETTER FIN-1V ENTRY.
THIS IS A TRUNCATEL 6~LETTER FTN-IV ENTRY,

THES IS A TRUNCATED 6-LETTER FUN-IV ENTRY.

X3» ADUSLSTRC X4#ACDRINTC

CLEAR REGISTER TO RECEIVE CHARACTER

CHECK FOR MINUS
BRANCH IF Nul MINUS

SR ORDER

2.=FO748 CHECK FQR PLUS
ANE  CONVA
AUMP LA 34100Q43) INCREASE SIRING
IC 2¢0€(3)
CONVA 3 2,=F*240°
BM ENDINT NUMEAIC IS NOT MINUS
c 2.=F110" CHECK FUR UPPER BOUND
BNL ENDINT BR ANCH IF NDT LESS THAN 10
LR Qel INTEGER*10 # INTEGER
SLa 0e3 I8
AR 0.1 183¢i
AR 1,0 133514l
OPFR AR 1e2 1+CHAR
B BUMP
ENDINT ST l.0(0,4)
™ 2.6,28(13)
AR 14
END
INSERT Subroutine
INSERT START @
L THIS IS & VERSION OF INSERT £7 AL wHECH USES THE NEW
L FAST VERSION OF SEARCH.

USING *.1%
FNTRY LFNGTH
ENTRY DELETE
ENTRY SEARCH
ENTRY PUTIN
FNTRY PUTINAT
ENTRY PUTINA
STM 2+ T« SAVERE
ST 15.,SAVE1S
LM Le4o0(1)

INSFRTS L 2:0(02)

L ENTRY AT INSERTA X1I=A{STRA) X2=0

THIS IS A YRUNCATED &~LETTER FIN~IV ENTRY.

INSERT | STRING » J » N s C )

BCDTC 10
BCDYQO 20
BCDTC 30
8CDYO 40
BCDTO 50

8COTC 60

BCDTC 70

BCOTC 80
8COTO 90
B8CDY 100
8CDT 110
BCOT 120
8CDT 130
BCOT 140
8COT 150
BCOT 160
BCOY 170

8COT 180
BCOT 198
BCDT 200

8CDT 210
BCDY 220

8CDY 230
BCDT 240
BCDT 250
8COT 260
acor 270
8CDT 280
BCDY 290
8COT 300

8COT 310
gcov 320

BCOT 330
BCOT 340
8COT 350
8COT 360

INSER 10
INSER 20
INSER 30
INSER 40
INSER 50

INSER 60

INSER TO

INSER 80
INSER SO

INSE 100
INSE 110

INSE 120

X1=A(STRING) X2=All) X3=A(J) Xa=A(0)} INSE 130
L ENTRY AT INSERTB X1=A(STRA) X2=A{l) X3=A{N) X4=A(STRB)+J~1

Xe=[
X3=AIN) X4=A{S5TRB)*+1-1

INSFRTA LA 0.256
AAlQ LTR 6e2 Xo#l
BC 12+ BRANA BRA [#0 UK I MINUS
Lt 340€(0+3) X3#J
LTIR 3.3
BC 12, EXIT BRANCH QUT [F J +EQ.0 OR 1S MjNUus
LR Sel XS5#AZSTRL
TRT1 TRT 01256,1) «TRTABY

sC 6+FNOI
LA 1,256(0.1}
8 TRTI

INSE 140
INSE 150
INSE 160
INSE 170
INSE 180
INSE 130
INSE 200
INSE 210
INSE 220
INSE 230
INSE 240
INSE 250
INSE 260
INSE 270



END1

ol

INSA

INS8
EF1

INSC
ExXIT

RRANA

RRANC

RRAND

BRANDA

BRANF

SFARCH

P o o g g e e e e

SR

ALR

STC

EJECT

1.5

2«1

26

BRANC

T7.2102)

5.6

Sy=F*1?

7.0

BRAND
Te=F"1"?

7.INSA+]

T+ INSB+)
TEMPST(0).0(5)

T3

TeS
0{0,7).TEMPST
30

BRANE

3,=F"*1"*

3. INSC+1
0(0+5).0(41}
2¢ TeSAVERE
15¢SAVELS
14
Qi 13.X%QQ"*

241

AAl
Tel

641(0.1)

cCl
1e5
1+6
le=F 12541

2¢3

251
TEMPST(256).0(1)

0(256+2)4 TEMPST

7.0

TeC
12,001

2.0
1,0

BRANDA
00256¢5}.0(4%)

9,0

4+0

3,0

tE1

*,15
20 14+ SAVERF
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XL
X2#L
X2#L—-1
BRANCH IF L «L1. 1
XTaMuL-1 862
X5=A(STRING)#!
X5=A{STRING)+I-1 = P2
M VS 256
BRANCH EF M
X7=M-1

«6T. 256

X78d
XT=J+PZ

J VS 256
BRANCH I[F J .GT.
X3=J-1

256

2.60

MAKE i#}

XT#M¥1
MAKE L1#L&L

X1=pPZl+L

X243
X2=AL+d

XT#M=-256
M VS 256

X2=AL-256
X1=A3-256

PI=PL+256
Q0=00a+256
J=25644

X2 X3 X4 X5 X6
SAVE REGISTERS

SEARCH(STRINGe Jo Ny CHARS, 1)

SET TO 2 FOR SOME USES

USED FOR START AND RETURN N
AFTER A(STRING) IS SAVED IN Xl4.

TRT

X3=256 AFTER FREE FROM J

N

A(CCHARS)
ALL)
LOCATION IN

TRY TABLE

USED WITH X1 IN MULT COMPARE

X9 = 4096

USED WITH X5 IN MULT CUMPARE

Xli =1

USED AS DOUBLE REG.
USED AS NOULBLE REG.

WITH X13 FOR SHIFT O N
WITH X12 IN SHIFY OF N ETC.

USED AS SAVE REGISTER FOR AYSTRING) — 1 FROM X2

Z:64001)
1l.1
2411

X2 X3 X4 X5 X6

X1l=1
X2=AI{STRINGI-1

X2 RETURNS FROM TRT

INSE
INSE
INSE
INSE
INSE

INSE
INSE
INSE
INSE

INSE
INSE
INSE

INSE
INSE
INSE

INSEG

INSE:
INSE
INSE
INSE

INSE

INSE
INSE
INSE

INSE
INSE
INSE

INSE
INSE
INSE

INSE
INSE
INSE
INSE
INSE

INSE
INSE
INSE
INSE
INSE
INSE
INSE
INSE

iNSE
INSE
INSE
INSE
INSE
INSE
INSE

INSE

INSE

INSE

INSE

INSE

INSE

INSE

INSE

INSE

INSE

INSE

INSE

INSE

INSE

INSE

INSE

INSE
INSE
INSE
INSE
INSE

280
290
300
310
320

330
340
350
360

370
280
390

400
410
420

430

440
450
460
470

480

490
500
510

520
530
540

550
560
570

580
590
600
610
620

630
640
650
660
670
680
630
700

710
720
730
740
750
160
770

780

790

800

810

820

830

84cC

850

860

870

860

890

900

910

920

930

940
950
960
970
980



LE257

MULTT

CONXY

N?

N3

N1

LOOP2NI
LOOP2N

BE

0.2
9+409580.11)
1«00 0:3)

1.2

32506

242

77

7+0(0+5)

7. TRTABAIT)
TRTAB4,X%04 ¢

3
4.01004)
4011
BYPA

NL

4¢3
MULTI
4¢0

N2

N3

95

SAVE A(STRING) — 1 FROM X2

X0 = 2 FOR USE IN ALL OF SEARCH
X9=4095

Xl=J

X1=A(STRINGI+J—L (START)
X3=256

ZERD X2 FOR USE AS RETURN BY TRT

X1=0

X7=FIRST CHARACYER OF CHARS

X7=aD0. KN TRTAB4 FOR X*0l1' TG BE SET

SET X*04' IN START OF TRTAB4
FOR BRANCH TO END22+4

X4 8N

X4=N~-1

BRANCH IF N.LE.O

IF N=1 BRANCH TO Ni
COMPARE N-1 TO 256
BRANCH LF NoGT 257
COMPARE N-1 TO 2
BRANCH FOR Nu2
BRANCH FOR N=3

CONTINUE TO LE257 FOR NLE,257 BUT MORE THAN 3

EJECY
MVi

SR

STC

]

SPACF
MVI
tR
SR
SRDL
LIR
B2
SRL
SR
STC
LR
8
MVI
LR

A
SPACE
MV]

SYC
B
SPACE
Mvi
ic
STC
IC
STC
B
SPACE
MVi
B
EJECT
AR
TRT
BC
TRY
8C
IRY
8C
TRY
ac
TRT
8C
TRT

0(7).H2-END22
4ol
4GeH2#1
LaapP 2N

3
0(7).0G257-END22
12,4

13,13

12+8

13,13
CONX1

13,24

13411

13, H3+¢1

13,12
LOOP2N
INTMUL+1sX *FOY
13.12
LODOP2N

3

0L 7)«CN2-END22
0s1(0.5)
0,CN2+1
LODP 2N

3
Q{7).CN3A-END22
0,11(0.5)
0sCN3AS]
0s2€¢0+51
0.,CN3B+1
LOOPZ2N

3
0(7).FOUND-END22
LNOP 2N

lell
01256+1)+TRTABS
6.END22(2)
256(256,1) . TRTADS
6.END22(2)
512{256¢ 1) ¢ TRTAB4
6.,END2212)
7681256, 1) . TRTABS
6,END22( 2)
1024 (2564 1) » TRTABS
6+.END221 2)
12800256+ 1) » TRTABS

FOR N.LE.257
X4 = N-2

FOR N.GF,257

PUT N-1 IN X12

ZERD X13

SHIFT SMALL COM. INTO X133, X12=N256
TESY FUR NON—INVEGRAL MULT OF 256
BRANCH [F INTEGRAL MULY OF N*256+¢1
SHIFT SMALL INTO RIGHY

X13=N=-2

STORE N NODQ 256 IN CLC H3

STORtE NO. OF 256 CYCLES IN Xi3

SET BRANCH IN INTMUL IF INTEGRAL
STORE NO. OF 256 CYCLES IN X13

FOR Ne.EQe.2

INSERT SECONC CHAR. IN X0

STORE SECONC CHAR, IN CLI AT CNZ
FOR N.EQ.3

FOR NaEW.l

INCREASE X1 8Y 1

INSE 990
INS 1400
INS 1010
INS 1020
INS 1030
INS 1040
INS 1050
INS 1060
INS 1070
‘NS 1080
NS 1090
INS 1100
INS 1110
INS 1120
INS 1130
INS 1140
INS 1150
INS 1160
INS 1170
INS 1180
INS 1190
INS 1200
INS 1210
INS 1220
INS 1230
INS 1240
INS 1250
INS 1260
INS 1270
INS 1280
INS 1290
INS 1300
INS 1310
INS 1320
INS 1330
INS 1340
INS 1350
INS 1360
INS 1370
INS 1380
INS 1390
INS 1400
INS 1410
INS 1420
INS 1430
INS 1440
INS 1450
INS 1460
INS 1470
INS 1480
INS 1490
INS 1500
INS 1510
INS 1520
INS 1530
INS 1540
(NS 1550
INS 1560
INS 1570
INS 1580
INS 1950
INS 1600
INS 1610
INS 1620
INS 1630
INS 1640
INS 1650
INS 1660
INS 1670
INS 1680
INS 1690
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BC 6.,END22(2) INS 1700
TRT 15361256+ 1)+ TRTABS INS 1710
RC 6, END22(2) INS 1720
TRY 17921256+ 1)+ TRTABS INS 1730
8C 6.END22( 2} INS 1740
TRT 204812561 1)+ TRTABS INS 1750
8C 6,END22(2) INS 1760
TRT 2304256+ 1) « TRTABS INS 1770
BC 6,END22(2; INS 1780
TRT 25601256+ 1)+ TRTABS INS 1790
BC 6.END22(2) INS 1800
TRT 281612564 1) s TRTABS INS 1810
8C 6.END22({2) INS 1820
TRT 3072(2564+ 1) TRTABS INS 1830
ac 6.END22(2) INS 1840
TRT 3328256, 1)1:TRTABS INS 1850
8C 6.END22(2) INS 1860
TRT 358412564+ 1)+ TRTABSG KNS 1870
BC 6+END2212) INS 1880
TRT 334002564 1).TRTABS INS 1890
AC 6+ END22(2) INS 1900
ENG22 B XxH 1.9,L00P2N INCREASE X1 BY 4096 AND CONTINUE TRT INS 1910
L THIS IS THE LOCATION TO WHICH THE BRANCH WILL GO WHEN X*00' FOUND INS 1920
SR 202 ZERO X2 INS 1930
ST 2+010.6) STORE 0 IN 1 INS 1940
MVI c(73,Xx*00" RESTURE X*00*' IN TRTABS INS 1950
MVI TRTAB4.X%02°* RESTORE X°02* AT STARY CF TRTAB4 INS 1960
LM 2¢144 SAVERE RESTORE REGISTERS INS 1970
BR 14 INS 1980
FJECT INS 1990
L THE FOLLUWING SECTION IS FOR NJ.LE.257 INS 2000
H2 cLC 1{0e1)012(5) COMPARE STARTING AT TRT MATCH + 1 INS 2010
BNF LOUP2NE INS 2020
BE FOUND INS 2030
EJECY INS 2040
SPACF 3 INS 2050
SPACE 3 INS 2060
L THE FULLOWING SECYION IS FOR N.GT.257 INS 2070
0G257 LR Bl STURE CURRENT HATCH FRCM TRY IN X8 INS 2080
LR 105 INS 2090
LR 13.12 X13=NUMBER OF MULT. CF 256 TO DO INS 2100
8 FIRSTMUL INS 2110
MUL(OM AR 1043 INCREASE X10 8Y 256 INS 2120
AR 8.3 INCREASE X8 BY 256 INS 2130
FIRSTMUL CIC 11256+8),11(10) COHPARE 256 BYTES INS 2140
ANF LODP2NT INCREASE Xx1 B8U 1 AND TRT INS 2150
BCT 13. MULCOM LOOP FOR X13 GROUPS OF 256 INS 2160
INTMUL 8C O« F CUNDRES BRAMCH ONLY IF INY. MULT OF 256 INS 2170
H3 cic 257(048).257(101) COMPARE NON INT.. MUL CF 256 INS 2180
BNF LOOP2NI INS 2190
8 FOUND INS 2200
FODUNDRES MVI INTMUL +1.X* 00" RESTURE NUO BRANCH TC INTMUL INS 2210
R FOUND INS 2220
EJECT INS 2230
SPACF 3 INS 2240
L THE FOLLOWING SECTION IS FOR N=2 INS 2250
N2 at 1{1).X*00" COMPARE SECOND CHAR. WHEN FIRST MATCH INS 2260
BNE LOOP 2NIT INS 2270
8 FOUND INS 2280
SPACE 3 INS 2250
L THE FOLLOWING SECTION IS FOR N=3 INS 2300
CN3a Lt 1{1}).X°00" INS 231¢C
BNME LOOP2NI INS 2320
CN3B cL1l 201)+X*00" INS 2330
ANE LOOP2NI INS 2340
3} FOUND INS 2350
SPACE 3 INS 2360
L THE FOLLOWING SECTION IS FOR Nl INS 2370
L AND THE COMMON POINT WHEN A MAYCH IS FOUND. INS 2380
FOUND SR lels X1=VALUE T0 STORE IN i+ X6=A(l) INS 2390
ST 1,0(046) STORE LENGTH IN IFND 1435 2400



RYPA

LENGTH

TRTL

FNDL

DELETE

TRTD

ENDD

NOR]
CYCLF1

ONCE
C
© RYPASS

PUTINA
PUTINAT

PUTIN

US ING

MVC

57C
MYC
iM

USTING
FQU
STM

ST

M

L
USING

USING
STH

ST

LM

0714 X*00* RESTORE X*0k* TO X*00' IN TRTAB4 INS 2410
TRTAB4.X'02¢ RESTURE X'02* TO STARTY OF TRTAB4 INS 2420
2.14 4 SAVERE RESTIRE REGISTERS INS 2430
14 INS 2440
INS 2450
*,15 ADORESS OF ARGLIST #Xxl TIME INS 2460
2¢ 34 SAVERE LENGTH ISTRING, LENGK INS 2470
3.410¢1) X3# AZLENGTH] «80 iNS 2480
1l.0(0.1) X1# ALSTKINGC «B0 INS 2490
Osl X0 # AISTRINGK «40 INS 2500
0(256¢1),TRTABA FINDS TERMINAL CHARACTER 3.90& INS 2510
6+ENDL lel3 INS 2520
1.256(0.1) BUMP UP BY 256 «60 INS 2530
TRTL 113 INS 2540
's0 ATZVTERMI-ALSTRING)SLENGTYH «40 INS 2550
1.0(0+3) STORE LENG 94 INS 2560
2+3+ SAVERE INS 2570
14 113 INS 2580
*v15 INS 2560
2+ 5« SAVERE DELETECSTIRINGe [ « A< INS 2600
ledo0{l) X1I#AZSTRC X2JATI < XINAINS 2.00 INS 2610
340103} X3=N INS 2620
3.3 TEST FOR NalLE.O INS 2630
12.,BYPASS N.LT.ORM0 SKIP 1.13 INS 2640
4+0( 042} X4=1 X2 IS FREE FOR USE IN TRT INS 2650
Le=F T 1t X4=4-1 TEST FOR l.LE.O INS 2660
BYPASS 1.13 INS 2670
0.1 KOSALZSTRINGS INS 2680
01256+ 1) TRVABSG INS 2690
6.ENDD INS 27CO
1e¢25610.1) INS 2710
TRTD INS 2720
1.0 XI=A{TERM)}-A(STRINGI=LENGTH «40 INS 2730
le4 Xi=L~{¢l INS 2740
12.BYPASS IF 1671 1.13 INS 21750
4¢0 X4=AL{ STRINGI+I~=]1 HNOVE DQWN YO INS 2760
13 X1=L—-I+1+N=MM=MN-1 IN5 2770
i 1+NORL BRANMCH TO NORL IF MM NOT - INS 2780
0(4) . X'00°" DELETE ALL AT STR(I) PUT Q0 END INS 2790
BYPASS INS 2800
3,4 X3I=A(STRING)+I-1+N MOVE DOWN FROM INS 2810
S5¢1 XS#MM INS 2820
Se=F*255¢ X52MM-255 INS 2830
12+ 0ONCE BRANCH IF MMeLE. 255 INS 2840
00256.4)+0(3) MOVE 256 CHAR TO NEW LOCATION INS 2850
342566043} X3=X3+256 INS 2860
4¢256(0:%) X4=X4+2506 INS 2870
LesF 256" MM=NM-226 INS 2880
CYCLEL INS 2890
1eC+1 LOAL MH#N-1 INTO MNC INST. C INS 2900
0{0.4)e0(3) MOveE H  CHAR TO NEW LOCATION INS 2910
2¢ 54 SAVERE 2.20 INS 2920
14 1.13 . INS 2930
#el5 INS 2940
* THIS IS A TRUNCATED 6-LETTER FIN-IV ENTRY, INS 2950
2+ 7+ SAVERE PUTINAT(SYRAs IsN»STRB,J< INS 2960
15.SAVELS INS 2570
1+5.0(1) X1=AISTRA) X2=All) X3=A(N) Xe=A(STRB) X5=A(J) INS 2980
4+v0(045) X4=A( STRB) +J INS 2990
4u=Fr1’ X4=ALSTRB)+J=1 INS 3000
15+ = ACINSERT) INS 39010
INSERT.15 INS 3020
INSERYS CHANGE TO INSERT INS 3030
%415 INS 3040
2¢7+SAVERE PUTIN(STRA+ Ny STRBe 1) INS 3050
15+ SAVELS INS 3060
ie4e0(1) X1=A(STRA} X2=A(N) X3:A{STRB) X&e=A(I) INS 3070
44000.+4) X4=1 INS 3080



TRTARSG

SAVFRF
SAVELS
YEMPST

LTORG
ZND

4¢3
4u=F"1?
3.2
242
LS5.=A{INSERT)
INSERT15
INSERTA
x.oz'
255X 00*
13F
£

256C

98

X4&=A(STRBI+I
X4=ALSTRB) ¢+]-1
X3=atnN) SET UP TO USE INSERT

SAVE REGISTERS

INS 3090
INS 3100
iINS 3110
INS 3120
INS 3130
INS 3140
INS 3150
INS 3160
INS 3170
INS 3180
INS 3190
INS 3200
INS 3210
INS 3220



Appendi.. B-5
INPUT FOR SAMPLE PROBLEM FOR CEP
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The following is a tabulation of the input data to CEP. This consists of the capital cost
evaluation of 26 out of the 29 process blocks. The missing process blocks 27, 28, and 29 are storage
facilities which have not had a cost estimate run on them. The input data sheets shown here are in
accordance with the format presented in Fig. 4 and with the exception of the last three process
blocks should give a fairly accuratc breakdown of the capital costs involved in the HTGR fuel
reprocessing.

The first batch of cards in the input is heading data, which will be deleted since they were
presented in the listing. The next card is the trigger card. A 1 is entered in column S to indicate that
this is run 1. A 26 is entered in columns 9 and 10, indicating that 26 process blocks are being
considered. Beginning in column 15, 26 consecutive 1I's are placed through column 40; three zeros
are added in columns 41, 42, and 43. This entry calls for printouts to be made for the first 26 cases.

Twenty-six consecutive 1's are entered from column 52 through column 77, indicating a graph is
desired for the first 26 cases. Zeros (or blanks) are entered in the last three columns.

The title card for the first case appears on the next card (Bl), noting that the title is ended with
a dollar sign. The second card inputs the case titles, “case 1,” “case 2,” “case 3.” These entries are
ended in columns 10, 30, and 50, respectively giving a ten-column spacing on the output. This data
could have been ended in columns {0,-20, and 30 with no spacing allowed and the same format
adhered to for the remaining entries. On the third card is entered the capital charge rate of 0.30
expressed as a fraction ending in column 10. Since only one type of cell will be considered for each
case, a 1 is entered in column 22 of the third card. The plant capacities of 0.5, 1.5, and 3.0 metric
tonnes per day are entered in columns 5-10, 25-30, and 45-50 on card 4.

The input data on cards 5 through 20 for the three cases is placed in columns 1-10, 2130, and
41~50. Since there is only one type of cell considered, there is only one card required for each
category in the first process block. Process block 4 calls for three types of cells (3, 10, and 8) entered
in columns ending in 23, 25, and 27. In process block 4, three cards, A, B, and C, are required for
each of the categories mentioned in cards S through 20 in process block 1.

The output from CEP ic shown in Appendix B-6 for all 26 process blocks, indicating pertinent
costs and the source of the information where possible. A summary of the costs is given on the last
page of the processed data, with the function coefficients and exponents caiculated for the cost
curves. The number on the extreme right of the output corresponds to the I in the variable VALUE
(1, J) in SUBROUTINE PRODAT, where J is the case number. This has been done to expedite
checking.

The punched output from CEP is listed in Appendix B-8. This output combined with the
punched output from BAL is used as input for TCP. The punched output consists of one card with
the concept number or run number (1) in column 5, and the number of processes being considered,
26, in columns 9 and 10. For each process block the punched output consists of three cards. The first
card contains the title of the process; the second card contains the number of cases being considered
for the particular process (1-5) which is entered in column 2. In columns 6, 16, 20-30, and 3344 are
tabujated the three abcissas of points on the cost graph (heavy-metal throughput) of 1.67400E02,
5.02200E02, and 1.00440E03. The third card contains the specific process block number (1) in
columns 12, Using «he same format as card 2 the three ordinates for the first process block (unit
capital costs) are 6.18090E01, 3.89570F51, and 3.33257E01. Appendix B-7 contains a graph of each of
the 26 functions generated which is produced by the ORGRAPH library subroutine.
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1 26 TITTTI1T19 11111111 111111 11000 TTTTTT T TP I T 11191V 1Y 1111111000
HEAD END REPRNCESSING OF 23 RECYCLE SPENT PFUEL ELEMENWTS (A-15)F% B1
CASE 1 CASE 2 CASE 3 2

C.3 1 3

0.5 1.5 3.0 3
167.4 502.2 Wou. i S
1118500, 00 2213500. 00 3612400.00 6
1A, . 16. 7

14. 14, 14, 8

7. 7. T. 9

4. 14. 4. 10

2205, 3423, 5458. 11
9635. 18035. 31455. 12a

26. 26. 26. 132

30. 30. 30. 14a

16. 16. 16. 151

14. 1a. 14. 16A

2. 2. 2. 17a

e, Ly, 4. 18A

7. 7. 7. 19a

2.3 2.3 2.3 202

ACTD THOREX REPROCESSING (23 RECYCLE FUBL) S B2

CLSE 1

0.3
0.5

430,
1436300.
16.
14,
7.
1“.
2544,
9500.
23587,
30.
30.
40,
40,
4.
4.
10.
10‘

CASE 2
24
1.5
1290.
3137900,
16.
14.
7.
14.
5016.
25376,
53248.
30.
30.
40.
“ol
u.
.

CASE 3

3.0
2580.
6218000.
16.
14,
7.
4.
10332,
25752,
11357s.
30.
30.
40.
40,
4.
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SOLEX PROCESS POR MICROSPHERE PREPARATION (23 RECYCLRE)S B3
n523-4 ns23-5 - NS 23-6
0.1 4 3
0.5 1.5 3.0
117.14 351.40 702.84
2756000. 5202000. 8716000,
16.0 16.0 16.0
28.0 28.0 28.0
7.0 7.0 7.0
iu.0 13,0 14.0
18900. 32200. 47600,
11880. 18900. 27000,
31800. 72000. 128400,
30.0 30.0 30.0
26.0 26.0 26.0
40.0 40.0 40,
36.0 36.0 36.0
4.0 4.0 5.0
16.0 16.0 16.0
10.0 10.0 10.0
4.0 4.0 14.0
1.0 1.0 1.0
2.0 2.0 2.0
4.0 44.0 4.0
44.0 4.0 44.0
7.0 7.0 7.0
7.0 7.0 7.0
2.3 2.3 2.3
2.3 2.3 2.3
BISG NICROSPH COAT PROCESS 23 RECYCLE PARTICLES (TH2330) 02 (L-1.F (1)) $ BY
case 1 CASE 2 CASE 3
0.3 310 8 ’
0.5 1.5 3.0
110.9 332.7 665.4
3051500, 6449500, 10734500,
16. 16. 16.
14, 14, 14,
7. 7. 7.
14, 14. 14,
1664, 3328. 5120,
57u5. 13293, 25100,
200, 400. 600,
200. 400. 600,
264 26, 26.
10, 10. 10.
2.5 2.5 2.5
30. 3o0. 30.
12, 12, 12,
a, &5, 4.
16, 16. 16.
10. 10. 10.
10. 10. 10.
14, 18, 4.
14, 14. 14,
14, 148, 14,
2, 2. 2.
1. 1. 1.
1. Y. 1.
44, 6. b4,
0. 0. 0.
00 0. 0.
7. 7. 7.
7. . 7.
7. 7. T
2.3 2.3 2.3
G. 0. 0.



PRF SLUG TNJECTION OUT OF BLOCK CARB PROCESS FOR 23 RECYCLP %-4.2(2)$

CASE 1
0.5
196.7
1612400.
16.
14.
7.
14,
2712,
15498,
200.
160.
26.
10,
2.5
30.
12.
4,
16.
10.
10.
14,
14,
14,
2,
1.
1.
a4,

CASE 2
310 8
1.5
590.1
2103700.
16.
14.
7.
14.
5377
30996.
300'
240,
26.
10.
2.5
30.
12,

o,
16.
10.
10.
18.
14,
14,

2.

‘.

1.
44,

103

CASE 3

3.0
1180.2
4594900.
16.
14.
7.
14,
8028.
46278.
400.
320.
26.
10.
2.5
30.
12.
4.
16.
10.
10.
14,
14,
14,
2'
1.
16
hu,

POEL ELEMFNT ASSEMBLY OUT OF BLOCK CA¥B PROCESS 23

CASE 1

CASE 2
3

1.5
560.7
763600.
16.
14.
7.
14,
577 2.
14585,
26.
30.
16.
14,
2.
4u.
7.
2.3

CASE3

3.0
11216
1055500,
16,
14,
7.
14.
6660.
18522.
26.

RECYCLE N-1.B$

GO BTWNWN

-l
N e
E I e}

128
12C
13A
138
13C
141
148
14¢C
1SA
158
15C
158
168
16C
174
178
17¢C
18A
18B
18C
i9a
198
19¢C
20a
20B
20C

DN NE WD



HEAD END REPROCESSING OF IM AND 25 RECYCLE SPENT POEL ELEMERTS (A1 _A19)S$

CASE 1

0.3
0.5

268.1
1222500.00
16.
14,
7‘
14,
3265,
11615,
26.
30.
16.
14,
2.
a4,
7.
2.3

ACID THOREX REPROCESSING (IM SPENT _25 RECYCLE PUEL) %

CASE 1§

0.3
0.5

S.
660000,
16.
14,
7.
14,
1550.
4100G.
9000,

CASE 2
1

1.5

80a.3

2342500.00

16.

.

7.

14,

4880.

19716,

26,

30,

16.

14,

2'

4y,

7'

2.3

CASE 2
24
1.5

15.
750000.
16.
14,
7
14.
1700.
4400.
11000.
30.
30.
40,
40.
4.
4.
10.
10.
1.
1.
a4,
ua,
7.
7.
2.3
2.3
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CASE 3

3.0
1608.6
3837000.00
16.
14,
7.
14,
7290.
33021,
26.
30.
16.
14,
2.
4q,
7.
2,3

CAS? 3

3.0
30.
905000.
16.
14,
7.
14,
1900,
4800,
15000,
30.

B?



CUSP PROCESS FOR 102 BICROSPHERE PREPARATION (23 RECYCLE) €

HS23 1
0.300

30.375
2155000.
16.0
28.0
7.0
14.0
16800.
7200
22200,
30.0
26.0
40.0
36.0
a.o
16.0
10'0

0.5

TRTISO MICROSPHERE COATING PROCBSS (25 RUCYCLB PARTICLES) 235002 (L-2.C.(1))$ 810
CASE 3

CASE 1

0.3
05

5.6
400000.
16.
14,
7.
14,
1100.
2500,
200,
240.
26,

1s23 2
4 3
1.5
91.125
3854000.
16.0
28.0
7.0
14.0
28000,
8640,
38400,
30.0
26.0
30.0
36.0
8.0
16.0
10.6
4.0

& &
[SECNTEN N I9 9 X
Wwoaoaoo

e ® 5 8 8 e v

CASE 2

310 8
1.5
16.8
1100000.
16.
14,
7.
14,
1250.
3000.
250.
250.
26.
10‘

#1523 3

3.0
182.25
6347000.
16.0
28.0
7.0
14.0
38500.
11700.
618090.
30.0
26.0
40.
36.0
u‘o
16.0

2 42

NSNS &SN
" & & & © a2 &
WWOOOQOoO

3'0
33.86
2000000,
16,
18,
7.
14,
1400,
4500.
300,
300.
26.
10.
2.5
30.
12,
4.
16.
10.
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FRP SLUG INJECTION OBT OF BLOCK CARB PROCESS FOR 25 RECYCLE M-4.B8{(2) $

CASE 1 CASE 2 CASE 3
.3 310 8
0.5 1.5 3.0
23.1 71.8 143.6
700000. 1000000, 1350000,
16. 16. 16.
in. 148, 14.
7. 7. 7.
14. 14. 14.
1000. 1500. 2000.
7000. 10000. 14000,
200. 250. 300.
100. 150. 200.
26, 26. 26.
10. 10. 10.
2.5 2.5 2.5
30. 30. 30.
12, 12, 12.
4, 4. u,
16, 16. 16.
10. 10. 10.
10. 10. 10.
14, 14. 14.
10, 14, 14,
14. 14. 14,
2. 20 20
1. 1. 1.
1. T. 1.
uy, 84, a4,
7. Te 7.
7. 7. 7.
7. 7. 7.
2.3 2.3 2.3

PUEL ELEMENT ASSENBLY O0T OF BLOCK CARB PROCESS 25

CASE 1
0.5
22.7
70000.
16.
14.
7.
14,
3500.
5700.
26.
3o0.
16.
14,
2.
4o,
7‘
2.3

CAS®E 2

3
1.5
68.1
135000,
16,
14.
7.
14.
3700.
6500.
26.
30.
’6.
14,
2.
ag,
7.
2.3

CASE 3

3.0
136.1
215000.
16.
14.
7.
14,

RECYCLE N~-1.CS$

B11

-
QoMM EWN

e e e ]
B WWWNNN-
POWP OO

148
18C
152
158
15¢C
16A
168
16C
17a
178
17¢C
18A
188
18C
191
198
19¢
202
208
20C

w
- - -
S OO0DINANEWNON

s
Id
>

132
142
157
164
17A
18A
19A
204



URH PREPARATION POR TN ELEMENTSS

CASE 1

0.3
0.5

20.7
2000040,
16.
14,
7.
16,
S00.
5000.
20.
20.
10.
20.
1.
44.
7.
2.3

CUSp PRQCESS POR 102 WICROSPHERE PREPARATION (IN SBCICLE)S

8523 %
0.300
0.5
30.375
2155000.
16.0
28.0
7.0
12.0
1684040,
7200.
22200,
30,0
?6.0
4d.0
36.0
4.0

¢ ® 9
N WODODO D

CASE 2
7
1.5
62.2
350000.
16.
1a,
7.
4.
900,
7000.
20.
20.
10,
20.
1.
84,
7.
2.1

4523 2

a3
1.5

91.125

3354000.

16.0

28.0

7.0

18.0

28000.

8GaQ.

38400,

30.0

26.0

40.0

36.0

107

CASE 3

3.0
124.5
510000C.
16.
18,

14.
1200.
10000.
20.
20.
10.
20.

LEY £

3.0
182.25
6337000.
16.0
28.0
7.0
14,0
38500.
11700.
61800.
30.0
26.0
uo.
36.0
u‘o
16.0
10.0
18,0

sEe
NNNDE SN

. . [ * = »
WO OOOT O

B14
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TRISO COATING PROCESS IM PISILE PARTICLZS UO02 (L-2.J.{1))}$

CASE 1 CASE 2 CASE 3
0.3 78
0.5 1.5 3.0

23.3 69.8 139.6

1913000. 4094200, 6356100.

16, 16, 16.

14, 1. 14,

7. 7. T

14, 14, 14,

1638, 3250, 4902,

2579. £813. 7938.

307. 307. 46t.

20. 20. 20.

2.5 2.5 2.5

20. 20. 20.

q, 4. 4.

10. 1u. 10.

10. 10. 10.

20. 20. 20C.

%, 14, 14,

1. 1. 1.

1. 1. 1.

a4, 4y, qu.

0. 0. 0.

7‘ ?. 7.

7. 7. 7.

2.3 2.3 2.3

0. D. 0.

PRP SLNOG INJECTION OUT OPF BLOCK CARB PROCESS POR IM FUEL M-8.A(1)S

CASE 1 CASE 2 CASE 3
3 78
0.5 "5 3.0

321.9 932.7 1865.4

525200, 1123500. 1800400.

16. 16. 16.

14, 14, 4.

7. 7. 7.

1a. 14, 14,

1836, 3672. 5784,

2700. 7614, 11502,

195. 300. 600.

20. 20. 20.

2.5 2.5 2.5

20. 20. 20.

u. Q. n'

10. 10. 10.

10, 10. 10.

20. 20. 20.

14, 14, 14.

1. 1. 1.

1. 1. 1.

8u, ag, 4a.

Te 7. 7.

Ta 7. 7.

2.3 2.3 2.3

B15

128
13a
138
14
148
15a
158
1617
168
17A
178
18A
188
19a
198
20A
208
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POEL ELEMENT ASSEMBLY OUT OF BLOCK CABE PROCESS IN

CASE 1
0.5
295.5
408900,
16.
1.
7.
14.
quu0.
8568,
29.
20.
10.
20,
1.
44,
7.
2.3

THORIUM RECOVERY PROCESS (T-2) ¢

CASE 1
0.3
0.5
437.2
1637000.

. TH{N03)}4 PREPARATION PROCESS K-~8$%

CASE 1

0.3
0.5

542.9
252000.
16.
14,
7.
14,
700.
6600,
20.
20,
10.
20.
1.
by,
7.
2.3

Case 2
7

.5
886 .5
631400,
16,
14,
7.
14,
5772.
14585,
20,
20.
10.
20,
‘i.
4u,
7.
2.3

CASE 2
3

1.5
1311.6
5420000,
16.

CASZ 2
7
1.5
1628.7
360000.
16.
14,
7.
14,
1260.
9800,
20.
20.
10.
20.
1.
a4.
1.
2.3

CASE 3

3.0
1773.0
899400,
16.

14,

7.

14,

666C.
23216,
20.

20,

10.

20,

1.

a4,

7.

2.3

CASE 3

3.0
2623.2
9875000.
16.
14,
7‘
148.
1400.
2000.
30.
4o.
4.
10.
1‘
na,
7.
2.3

[¢]
-1
tn
1w
w

w
.
o

J3257.8
570000.
16.
14,

7‘

14,
1680,
18000.
20.
20,
10.
20.

1.

4,

7.

2.3

POBL H-1,1A¢ B17

SDO~NONEWN

10
11

13A
14A
1SA
16A
17A
18A
134
20A

QONINE WD

-
N =b 2
-

130
T6A
158
16A
17
18A
19A
20A

B19



THORIUM DIOXTIDE WICROSPHERE PREPARATIONS

CASE 1
0.3

0.5
283.2
716000,
16.
14,
7.
14,
4560.
12272,
26.
30.
16.
14,
2.
an,
7.
2.3

BISO MICROSPHERE CHOATING PROCESS ~ PERTILE PARTYICLBS-THO2 (L-1.R.(1)$

CASE 1

0.3
0.5

419.9
2u57100.
16,
14,
7.
14,
1704,
I646.
384.
20.
2.5

CASE 2
7
1.5
1329.6
1788500.
16.
14.
.’I
1“.
9450.
25216.
26.
30.
16.
14,
2,
L L3S
T
2.3

CAS® 2
78
1.5
1259.7
5203500.
16.
14.
7.
14.
3408.
78046,
768,
20.
2.5
20.
a.
10.
10.
20.
14,
1.
1.
44,
0.
7.
7.
2.3

o.

110

CASE 3

3.0
2659.2
2985800,
16.
14,
7.
14,
17910.
8870,
26.
3e.
16.
1a.
Z.
44,
7.
2.‘

CASE 3

3‘0
510,48
8544200,
16.
14,
7.
14.
5112,
16338.
1152,
20.
2.5
20.
8.
10.
1C.
20.
14.

QVCNDINEWN

10

124
13k
144
154
16
17A
188
19a
20A

B21



m

RECLAMATION OP THORIUM FRON REJECT KERBALSS

CASE 1 CiASE 2 CASE 3
0.3 7
0.5 1.5 3.0
44.3 133.0 265,9
52000. 59000. 70000.
16. 16. 16.
14, 14. 14.
7. 7. 7.
14, 14. 14,
430, 500. 800,
820. 1100. 1500.
20. 20, 20.
20. 20. 20.
10. 10. 10.
20. 20. 20.
1. L 1.
44, i4. 44,
7. 7. 7.
2.3 2.3 2.3

THORIUM DIOXIDE REJECT RECLANATION COATING REMOVALS

CASE 1 CASE 2 CASE 3
0.3 7
G5 1.5 3.0
21,0 63,0 126.0
79000.00 93000.00 176000.00
16. : 16. 16.
14, 14, 11,
-'. 7. -’.
14, 14, 1,
£00. 700, 900,
500. 7040. 2000,
20. 20. 20.
20. 20, 20.
10. 10, 10.
20, 20. 20.
1. 1. 1.
44, ay, ua,

7. 7. 7.
2.3 2.3 2.3

B23
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SRR NONEWN

n
12A
1312
14A
15A
16A
178
R3S
19
202

B22



RECLAMATION PROCRSSING OF REJECT 23 RECYCLE FUEBL (A-15 ELEMERT) S

CASE 1

0.300
0.5

17.2
16.
1860 6G00.
14,
7.
14.
3ass.
7775.
13200.

RECLAMATION PROCESSING OF REJECT 25 REZCYCLE FUEL (A-19 ELENENTS)S

CASE 1
0.5

1.7
1136000,
16.
14,
7.
14,
3460.
7220,
12700,
26.
30.
30.
ui,
16.

CASE 2
3y
1.5
51.6
16.
1622700.
14.
7.
14.
40606,
815S5.
16500.
26.
30'

CASE 2
34
1.5
5.1
1192000.
16.
14,
7.
1,
3765,
7290.

112

CASE 3

3.0

103.2
16.
1872000.
14.
7.
14,
4595,
8700,
21500.

2!‘
.
40.
16.

CASE 3

3.0

10.2
1336000,
16,
14.
7.
14.
u1 30.
7450,
13800.
26.
30.
30.
80.
16.
4.
‘u‘
10.
2.
1.
a4,
G4.
7.

70
2.3
2.3

B2S
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RECLAHATION PROCESSING OF REJECT IN FUEL (A-1 ELEAENTS) 3 B26
CASE 1 C;SE 2 CASE 3 2
. 3

0.5 1.5 3.0 4
22.2 66.6 133.2 S

950 100. 109430G. 1381600, 6
16. 16. 16. 7

14, 14, 14, 8

7. 7. 7. 9

14, 15, 14, 10

3950. 5010. 6030. 11
145785, 17781. 214877, 12

20, 20. 20, 13

20, 20. 20. 1%

10. 10. 10. 15

20. 20. 20. 16

1. 1. 1. '7

84, 34, 34, 18

7. 7 7. 19

2.3 2.3 2.3 20



Appendix B-6
OUTPUT FROM SAMPLE PROBLEM FOR CEP



* = & JEAD BNFD REPROCESSING OF 23 RECYCLE SPERT PUEL EBLEMERIS{A~-15)% Bi® = % DATE IS
CASE ESTIMATES
CASE 1 CASE 2
*xCO0ST BESTIMATE PREPARATION*s
DIREC® CONSTRUCTION COST
PROCESSING EQUIPNEHT COST
1 ESTINATED EQUIPMENT COST (%) 1118500, 2213600,
ACTUAL IN-CELL EQUIPHENT SPACE REQUIRED (CD ¥T)
TYPE (1) = HEAVILY SHIELDED HOT CELL - REMOTE MAINTENANCE (ITEM 4, TABLES 5 AKD 6}
2 TYPE (1) 9685. 18035.
3 TYPE (2)
4 YRR (3)
S ACTUAL OUT~OP-CELL ZQUIPMENT SPACE REQUIRED (CU PTY 2205. 3023,
PROCESSING SPACE COST {HOT CELLS}) ()
GROSS IN-CELL SPACE REQUIRED
6 TYPE (1} STD. CELL WIDTH (PTY 26.0 26.0
7 STD, CELL HEIGHT { FT) 30.0 30.0
8 SUP (PFROA ORNL TH-4613, TABLRE 5) 4.00 4.00
9 GROSS CELL VOLUME (cu ?T) 38740, 72140.
10 LIREAR PT. OF CELL (PT) 99.67 92,49
11 TYPE (2) STD. CELL WIDTH {PT)
12 STD. CELL HEIGHT (FT)
13 SUF (PRON ORNL TN-0613, TABLE &)
1 GROSS CELL VOLUME {cu Fm)
15 LIKEAR FT. OF CELL (PT)
16 TYPE (3) STD. CELL ®IDTH {PT)
17 STp. CELL HEIGHT (?T)
18 su? (PRON ORNL TE-4613, TABLE 5)
19 GROSS CELL VOLUME {Cu PT)
20 LINEAR PT. OF CELL {PT)
TN-CELL SPACE UNIT COST ($/CU PT)
21 TYPE (1) (UCCP PRON ORNL TH-4613, TABLE 6) 42.00 42.00
22 TYPE (2) (UCCP PROM ORNL TM-8613, TABLE 6)
23 TYPE (3) (UCCP PROM ORKL TH-8613, TABLE 6)
IN~CELL SEACE TOTAL COST 1§
28 TYPE (1) 1627080. 3029880.
25 7YPZ (2)
26 TYPE (3)
27 TOTAL 1627080. 3029880,

07-18-74 PLGE 1

CASE 3

3612u400.

26.0
30.0 -
u.00 ]
125820.
161.31

42.00

5284440,

s28544L0,



44
4s
46
u7
a8
49
50
51
52

54
55

56

57
59

60
62

GROSS 00T~QP~CELL SPACE REQUIRED (ce FTY
MAKE UP AFD PROCESS SERVICE SPACE
STD. AREA WIDTH (FT)
STD. AREA HERIGHT (PT)

SUP (PROA ORRL TN-8613, TABLE S5)

GROSS VOLOME (CU PT)
CBLL OPRRATING SPACE (Cu PT)

TYPE (1) STD. AREA WIDTH (FT}
STD. AREA HRIGHT {FT)
¥O. OF CELL SIDES WITH OP. AREA
GROSS VOLONE (CT FT)

TYPE (2) STD. AREA WIDTH {PT}
STD. AREA HEIGHT (e}
NO. OF CBLL SIDES ¥ITH OP. AREA
GROSS VOLUME (CU PT)

TYPE (3) STD. ARBA WIDTH (PT)
STD. AREA EEIGHT (Pr)
¥O. OF CELL SIDES WITH OP. AREA
GROSS VOLUAE (CO PTy

CRANE BAY SPACE

TYPE (1) CELL AREA {50 P1)
SUF (FROM ORNL TH-3613, TABLE 5)

STD. BAY AEIGHT (FT)
GROSS VOLUME (CG FT)

TYPE (2) CBLL AREA (50 PT)
SOF (FROM ORNL TA-0613, TABLE 5)

STD. BAY HETGRT (FT)
GROSS VOLUME (CU FT)

TYPE {3) CELL ARBR (S0 PT}
SUF (PROM ORWL TR-4613, TABLE 5)

STD. BAY HEIGHT {FT)
GROSS VOLOME (CU Ty
QUT-OF-CBLL SPACE UNIT COST ($/cu ¥T)

MAKE-UP AND PRUCRSS SERVICE SPACE

CELL OPERATING SPACE UCCF {FROM TH-U613, TRBLE 6)

TYPE (1)
TYPE (2)
TYPE (3)

CRANE BAY SPACE

TYPE (1)
TYPE {2}
TYPE (3)

UCCP (FROM THM=4613, TABLE 6)

16.0
14,0
2,70
5953.

16.0
14.0

22251.

1291,
3,50
48.0

198865.

7.00

2.30

16.0
w0
2.70
9282,

16.0
14,0
2.0
41434,

2405.
3.5
44,0

370318.

7.00

7.00

PAGE 2

16.0
1.0
2.70
14737,

16.0
1.0
2.0

72266,

2194,
3.50
8.9

645875,

7.00

8it



63

68
65
56
67

73

0UT~OP-CELL SPACE TOTAL COST
HAKE-UP AND PROCESS SERVICE SPACE
CELL OPERATING SPACE

TYPE (1)
TYPE (2)
TYPE (3)

TOTAYL

CRANE BAY SPACE

TYPE (1)
TYPE (2)
TEPE (3)
TOTAL
TOTAL O0T-OP-CELL SPACE COST
PROCESSING SPACE TOTAL COST

)

PROCESSIY» * SUPPORT SPACE COST (BLDG. EXCLUDING HOT CELLS)

T4
"%
76

77
78

IRDIRECT PROCESS SUPPORT SPACE

STD. AREA HEIGHT
SU? (FRON ORNL TN-8613, TABLE S)
TOTAL SPACE REQUIRED

IRDIRECT PROCESS SUPPORT SPACE UNIT COST ($/CU PT)

UCCF (FRON ORNL TH-U613, TABLE 6)
PROCESSING SUPPORT SPACE TOTAL COST

OUTSIDE UTILITIES COST

79
80
81

UCP (PROM ORNL TM-4613, TABLE 7)
EQUIPNENT ARD PACILITY COST
O0TSIDE OUTILITIES COST

SITE IMPROVEMENT COST

82
83
8a
85

UCP (FROM ORNL TH-B613, TABLE 8)
SUBTOTAL DIRECT CONSTROCTYON COST
SITE IMPROVENERT COST

TOTAL DIRECT CONSTRUCTION COST

[£3)
(FT)
(€O PTY
($/CU PT)
(€3]
%
(PRACT. )
(%)
(PRACT.)
(5}
(%)

(%)

41674,

155755,

155755,

457390,

457390,
654819,
2281898,

14.0
5.60
101240,

7.00
708683.

0.10
4109081,
410908.

0.005
4519988,
226004
4542587,

64695.

290040.

290040,

851732.

851732,
12064866,
4236346,

14,0
5.60
188526.

7.00
1319680.

0.10
7769626,
776962.

£.005
8546588.
42733,
8589320,

PAGE 3

103156,

505861,

505861.

1085512,

85512,
2094528,
7378968,

.0
5.60
3288069.

7.00
2301664,

0.10
13293032,
1329302.

0.005
14622338,
73112,
14695485,

6Ll



INDIRECT CONSTRUCTION COST
GENERAL AND ADNINISTREATIVE COST

86 UCP (PRON ORHL TH-U613, TABLE 7)  (PRACT.)
87 SURTOTAL GER. ¢ ADM. COST {$)
ENGINEPRING COST

88 UCP (YROM ORKL TK-36%3, TABLE 7)  (PRACT.)
89 SUBTOTAL ENGR. COST ()
H15C. CONSTEICTION CaST

90 gce (PROM ORNL TH-4613, TABLE 7)  (PRACT.)
91 SUBTOTAL WISC. CORSYRILTION COST )
CONTINGEECY ALLOVANCE

92 gCP (PROW ORNL TH-8613, TABLE 7)  (PRACT.}
Q3 SUBTOTAL COXTINGERCY ALLOWANCE ()
SPARE PARTS COST

Qe OCP? (PROR ORNL TH-u613, TABLE 7)  (PRACT.)
95 SURTOTAL SPANE PARTS COST (s)
BONINSTALLEL 5PARY EQUIPRENT COST

96 ucY (PRON ORSL TH~46%3, TABLE 7)  (PRACT.)
97 SURYOTAL SONINSTLED SPARE EQUIPNENT COST ($)
DOALITY ASSURANCE COST

1] gCP (PRON ORNL TA-3613, TADLE 7)  (PRACT.}

29 SUBTOTAL QUALITY ASSURANCE COST ($Y
100 TOTAL INDISECT CONSTAOUCTION CoOSY $)

¢.10
484259,

0.30
1362775.

0.0S
227129,

0.20
908517,

0.007
31798.

0.03
136278.

0.06
272555,
31393309,

0.10
858932,

0.30
2576795.

0.05
429466,

0.20
1717863,

0.007
60125,

0.03
257680.

0.06
515359.
6816217,

PAGE 4

0.10
1169543

0.30
8508632,

0.05
734772,

0.20
2939088.

0.007
102868.

0.03
440863.

0. 06
881727,
10977892,

0Z1



O¥NER' S COonT

LA CosT
[ L (rEon ORNL TA-3617, TASLE ©) {PRACT.}
102 ADTOLIL LAND CoOsT (£3]

PROIELT SARAGTARRT CosP

10} A0t (rROos oML TR-0E1Y, TADLE 8) {PRACT.)
me SUPTOTAL PROJ. MANGY., COST {$)
LICERSINE NSt

104 GCF (YRON ORYL TR-361]), TAGLE 4) (FRACT.)
10¢ SUBTOTAL LICEESING COSY 3)
TALRS, INSUPANCE AXD INTEREST

309 GCF (FRON ORVL TR-0€13, TABLE B) {PRACT.)
wn FOOTOTAL TAXES, INSURANCE AND IWT. (%)

FRIAPERATIONT TESTING AND STARTOP

109 qcr (FRom ORNL TH-2%513, TALLE 8) (PRACT.)
110 SURTOTAL PREOP. TESTING AND STARTUP (£2]
111 YOTAL OWERRS CnST t$)

TOTAL CRPITAL CONSTRUCTION COST

182 IACRERERT OF TOTAL PLANT CUSY (5
113 PROCELZIAC THROUSAPUT OF ACCEPTABLY PROD {(KGHN/DAYY
FAL AERIAL PPODUCTION 2ATF [RILOSRARS OF HEAVY METAL/YEAR)
115 CAPITIL CHARGE maTE {PRACT.)
116 ASWOAL CAPITAL CHARGE {DOLLARS/TEMR)
317 PRODUCT UNIT CnsT {DOLLARS/KILOZRAR OF REAYY NETAL)

0.01
45426,

0.02
90852,

0.04
181703,

0.20
908517,

0.20
908517,
2135018,

100709¢% 1.
167, 40
4RB9Y,

0.30
3021272,
61,81

D.01
85893.

0.02
171786.

0.04
343573,

0.20
1717863.

0.29
1717863,
4036978,

19082512,
502.20
tu66a2,
0.30
5712752,
38.96

PAGE 5

0.01
146954,

0.02
293909.

0.04
587818.

0.20
2939088.

0.20
2939088.
6906857.

32579776.
1008.40
293285,

0.30
9773931.
33.33

121



® o & QPAD £ND REPPCCESSTNG OF 23 PECYCLE SPENT PUEL BLEMENTS (A~15)%

DESCRIPTION
PRNOCESS T'{ROUGPPUT (KILOGRANS)
PROCESSING EQUIPHENT COST {£1000)

PLART DIRECT CONSTRUCTION COST {$1000)
PLANT INDIRECT CONSTRUCTION COST (£1000)

PLANT OWHER'S COST {$1000)
PLANT TOTAL COST ($1000)
ONIT COST (DOLLARS/KILOGRAN)

PUNCTION COBPPICIENTS ARE AS FOLLOWS =

A = 7.785u62 01 A2 = 8.55398E 01 A3 =
PONCTIOR EXPOWBWTS ARE AS POLLOWS =

B1 = -1.37870E-03 B2 = ~3.10889e-08 B} =

SONMARY OP RESU.TS

PLANT CAPACITY
0.5 TONNWE 1.5 TONRE 3.0 TONANE

PER DAY PER DAY PER DAY
167.4 502.2 1004.6
1118.5 2213.6 3612.4
u5u2.6 8589.3 14695.4
3393.3 6416.2 10977.5
2135.0 437,90 6306.9
10070.9 190642.5 32579.8
61.81 38.96 33.33
0.0 At = 0.0
0.0 B4 = 0.9

Bi* & &

Ztl



# ® # ACID THOREX REPROCESSING (23 RECYCLE PUBRL)$ B2% * & DATE IS (07-18-74 PAGE 1

CARSE ESTINATES

CASE 1 CASE 2 CASE 3
**CO0OST ZSTINATE PREPARATIONG®S*
DIRECT CONSTRUCTION COST
PROCESSING EQUIPHENT COST
1 ESTINATED EQUIPMENT COST %) 1436800. 3137900. 6213000,

ACTUAL IN~CELL EQUIPNENT SPARCE REQUIRED {Cu 1

TYPE (1) = HEAVILY SHIPLDED HOT CRLL - CONTACT MAIRTENANCE (ITEM 2, TABLES 5 AKD f)
TYPE (2) = MEDION SHIELDED HOT CELL - CONTACT MAIRTENANCE (ITEM 4, TABLES 5 AND 6)
2 TYPE (1) 9500. 25376. 25752.
3 TYPE (2) 23587, 53248, 113576.
[} TYPE (3)
5 ACTUAL OUT-OP~CELL EQUIPNENT SPACE REQUIRED (CU FT) 2544, 5G16. 10332,
PROCBSSING SPACE COST (HOT CELLS) (¢])
GROSS IN=CELL SPACE REQUIRED
6 TYPE (1) STD. CELL WIDTH (PT) 30.0 30.0Q 30.0
7 STD. CBELL HEIGHET (FT) 80.0 40.0 40.0
8 SUP (PROM ORKL TH-U613, TABLE 5 2.33 2.33 .23
9 GROSS CBLL VOLURNE (CU FT) 22135. 59126. 60002,
10 LINEAR PT. OF CELL (PTY 18.45 49,2% 50.00
1" TYIPE {2) STD. CBLL WIDTH (PT) 30,0 30.0 30.0
12 STD. CELL HEIGHT (PT}) 40.0 40,0 . 40.0
13 SOFr (rPROM ORNL TB-8613, TABLE 5) 2.33 2.33 2.33
" GROSS CELL VOLUNE (CU ¥Ty 54958, 124068, 264632,
15 LINEAR PT. OP CELL {FT) 45,80 103.39 220.53
16 TYPE (3) STD. CELL WIDTRH (PT)
1 S$TD. CELL HEIGHT (FT)
18 SUP (PROM ORNL TB8-8613, TABLE S5)
19 GROSS CELL VOLU.P (CU )
20 LINEAR PT. CF CYLL (M)
IN-CELL SPACE UNIT COST ($/Cu PT)
21 TYPE (1) (UCCY PRONM ORNL TH-4613, TABLER 18.00 18.00 18.00
22 TYPE (21 (UCCP PROR ORNL TH-8613, TABLE 6) 16.00 16.00 16.00
23 TYPE (3) (UCCP PROB ORNL TH-4613, TABLE 6) .
IN-CPZLL SPACE TOTAL COST {s)
28 TYIPE (Y 398430, 106u26%. 1080038.
25 TIPE (2) * §79323. 1985085. 8234113,
26 TYPE (3)

27 TOTAL 1271753, 3049356, 5314151,

(%41



32

k1
k1

36
¥

39
ap
9

a2
al

56

57
59

60
61
€2

TROSS OUT-OP-CLLL 5 ACE L20DIWD

RAKE? CP AND PROCESS SERVICE SPACE

CEZLL OPERATING SPACE

TYPE (1)

TYPE (2)

TIee ()

STD. AREA WIDTH

STD. AREA REIGHT

SUP (PROR ORNL TA-BA13, TABLE 5)
GROSS voLOAE

STD. AREZA RIDTH

STD. AREA HEIGAT

%y, OF CELL SIDES WITH G/, AREA
GROSS vOLOBE

STD. AREA QIDTH

STO. AREA HEIGHT

NO. OF CELL SIDES SITH OP. ARZA
GROSS YOLUNE

STD. AREA WIDTH

STD. APEA BEIGHT

WO, OF CPLL SIDES WITR OP. ARER
CROSS VOLOURE

CRABE BAT SPACE

TYPE (1)

TIPY (2)

TYPE ()

09T-0pP-CELL SPACE DNIT COST

CELL AREA

SUP (PROR ORKL TA-4613, TABLE 5)
STD. BAY HEIGHT

GROSS roLume

CELL AREA

SUr (PROW ORNL TN-8613, TABLE 5)
STD. BAY HRIGHT

GROSS YOLUNE

CELL AREA

SOP (PROM ORML TW-2513, TABLE 5)
STD. BAY HEYIGAT

GROSS VOLOUNE

NAKE-OP A¥D PROCESS SERVICE SPACE

cv T)

(PT)
(rT)

(CU PTY

(CO PT)

(PT)
rm)

(CU PT)

(PT)
(PT)

{CcU PT}

(PT)
(PT)

(Cu PT)

{s¢ PT)

(r?)
{CO Py

(se FT)

(FT)
{CU FT)

{(so 1)

(PT)
(cu PT)

(s/c0 PT)

CELL OPERATING SPACE (UCCP (PRON TH-8613, TABLE 6)

TIPE (V)

TIee ()
TYPF ()

CRANE BAY SPAC®

TYPE (V)
TYPE (2)
TTPE {3)

UCCP (FROW TH=4613, TABLE 6)

553.
3.50
44,0
85220.

1374,
3.50
44.0

211587,

7.00

16.0
14.0
2.70
13543,

1478.
3.50
44,0

227635,

3102.
3.50
an.0

477661,

7.00

PAGE 2

16.0
14.0
2.70
27696.

10.0
1.0
2000.

4.0
10.0
1.0
8821.

1500.
3.50
44.0

231008.

6616.
3.50
44.0

1018833,

7.00

¥l



OUT-OP-CELL SPACE TOTAL COST
63 NAKE-OP AWND PROCESS SERVICE SPACE

CELL OPERATING SPACE

1] TYPE (1)
€5 TYPE (2)
66 TYPE (3)
67 TOTAL

CRANE BAY SPACE

)]

68 TYPE (1)

69 TIPE (2)

70 TIPE (3)

7 TNTAL

72 TOTAL OUT-OP-CELL SPACE COST

73 PROCESSING SPACE TOTAL COST s)

PROCESSING SUPPORT SPACE COST (BLDG. BXCLUDING HOT CELLS)
INDIRECT PROCESS SUPPORT SPACE

¥ [ STD. ARBA HEIGHT (FT)

15 SUP (PRON ORKL TH-G613, TABLE 5)

76 TOTAL SPACE REQUIRED (CU PT)
INDIRECT PROCESS SY.PPORT SPACE UNIT COST ($/CU FT)

7 UCCP (PROM ORWL TH-4613, TABLE 6) ($/CU FT)

78  PROCESSING SUPPGRT SPACE TOTAL COST ($)

OUTSIDE UTILITIES COST

b))

79 UCP (PRON ORRL TH-8613, TABLE 7)  {(FRACT.)
80 EQUIPSERT ARD PACILITY COST

81 OUTSIDE DTILITIES COST

SITE INPROVENENT COST 1)

82 UCP (PRON ORHL TH-0613, TABLE 8}  (PRACT.)
83 SUBTOTAL DIRECT CORSTRUCTION COST ()
84 STTE INPROVENERT COST 3]
8s TOTAL DIHECT CONSTRUCTION COST )

88082,

5165.
12823.

17388,

196005,
486650,

682655.
748725,
20264717,

16.0
5. 60
151102,

7.00
1057710,

0.10
4520987,
852099,

0.005
4973085,
24865,
8997950,

94802.

13796.
28949,

42745,

523561.
1098619,

1622180.
1759727.
4809081.

14.0
5.60
359060.

7.00
2513417,

0.10
10u60398.
1046039.

0,005
11506437,
57532.
11563969,

PAGE 3

195278,

14000,
51747,

75748,

531318.
2343315,

2874633,
3145655,
B059806.

14.0
5.60
636263,

7.00
4453977,

0,10
19127776,
1912776,

0.005
21040544,
105203.
21145744 .

LA}



INDIRECT CONSTROCTION COLT

GENERAL ANWD ADMINISTRATIVE COST

86 UCP (PROM ORWL THN-8613, TABLE 7) (PRACT.Y
87 SUBTOTAL GEN. ¢ ADN. COST ($)

ENGINEERING COST

88 UCP (PRON ORWL TH-5613, TABLE 7)  (PRACT.)
89 JOBTOTAL ENGR. COST ($3

MISC. CONSTHICTION COST

Q0 UCP (PROM ORNL TH=8I 3, TABLE N (PRACT.)
91 SUBTOTAL NISC. CONSTROCTIOR COST 5

CONTINGENCY ALLOWKANCE

92 UCP (PRON ORNL TM-8613, TABLE 7) {PRACT.)
93 SOBTOTAL CONTIRGERCY ALLOWANCE (€3]

SPARE PARTS COST

94 ICF (PROM ORNL TH-8613, TABLE 7}  (PRACT.)
95 SUBTOTAL SPARE PARTS COST 9

HONINSTALLED SPARE BQUIPNENT COST

96 UCP (FROM ORKL TM-4613, TABLE 7) {PRACT.)
97 SUBTOTAL NONINSTLED SPARE EQUIPMENT COST ($)

QUALITY ASSORANCE COST

98 gC? (PROM ORRL TNM-Q513, TABLE 7) {PRACT.)
99 SUBTOTAL QUALITY ASSURANCE COST ($)
100 TOTAL INDYRECT CONSTRUCTION COST (£2]

0.10
499795.

0.30
1499384,

0.05
249897,

0.20
999590,

0.007
34986,

0.03
19933,

0.06
299877,
3733463,

0.10
1156396,

0.30
3469190.

0.05
578198,

0.20
2312793,
0.007

80v48.

0.03
3686919,

0.06
693838.
8638281,

PAGE 4

0.10
2114573,

0.30
6343722,

0.05
1057287.

0.20
h229148.

0.007
148020,

0.03
634372,

0.06
1268744,
15795866,

921



OWNER'S COST

LAWD COST
101 GCF (PRON ORNL TH-6613, TABLE 8)  {PRACT.)
102 SUBTOTAL LAND COST %)

PROJECT NANAGEMENT COSY

1013 UcP (FROR ORNL TM-8613, TABLE 8) {PRACT.)
104 SUBTOTAL PROJ. MANGT, COST (%)
LICEWSING COST

105 OCP (FRON ORNL TH-3613, TABLE 8) (PRACT.)
106 SOBTOTAL LICERSING COST (£3)
TAXES, INSORANCE AND INTEREST

107 UCP (PROM ORNL TM-0613, TABLE 8) ({PRACT.)
108 SUBTOTAL TAXES, INSURANCE AMD INT. {%)

PREOPERATIONWAL TESTING ARD STARTOP

109 UCP (PROM ORNL TH-8613, TABLE 8) (PRACT.)
10 SUBTOTAL PREOP. TESTING AND STARTOP t))
Y13 TOTAL OVWNER'S COST ]}

TOTAL CAPITAL CONSTRUCTION COST

112 INCREARENT OF TOTAL PLAKT COST ({3]
913  PROCESSING THROUGHPUT OP ACCEPTABLE PROD {XGHM/DAY)
14 ANRUAL PRODUCTION RATE (XKILGGRANS OF HEAVY RMETAL/YEAR)
115  CAPITAL CHARGE RATE (PRACT.)
11£ ANNUAL CAPITAL CHARGE (DOLLARS/YEAR)
117  PRODUCT ONIT COST (DOLLARS/KILOGRAN OF HEAVY METAL)

0.01
69979.

0.02
99959.

0.04
199918,

0.20
999590,

0.20
999590,
2345035,

11080648,
430.00
125560,
0.30
3328133,
26.07

0.01
115640,

0.02
231279.

0.04
462559.

0.20
2312793,

0.20
2312793,
5435063,

25637296,
1290.00
376680.

0.30
7691187,
20.82

PAGE 5

0.01
211457,

0.02
422915,

0,04
845830,

0. 20
4229148,

0. 20
4229148,
9938497,

46880096.
2580.00
753360.

0,30

14064026,

18.67

L2l



* * % ACID THORBX PEPPOCESSING (23 RECYCLE FUEL) S

DESCRIPTION
PROCESS THROUGHPUT (KILOGRANS)
PROCESSING BQUIPNENT COST ($1000)

PLANT DIRECT CONSTRUCTIOHN COST

{$1000)

PLART INDIRECT CONSTRUCTION COST ($1000)

PLART OWNER'S COST (¥ 1000)
PLART TOTAL COST ($1000)
URIT COST {DOLLARS/KILOGRAN)
FONCTION COEPPICIENTS ARE AS FPOLLOWS =
A1 = 3.01060E 0% A2 = 2,23323E 0% A3
PUBCTION EXPONENTS ARE AS POLLOWS =
B1 = ~3.020308-08 B2 = -6.93587E-05 B3

SUNMARY OF RESULTS

430.0
1436.8
4997.9
3733.5
23649.0

11080.0

At

BY

PLANT CAPACITY
0.5 TOBKE
PER DAY

26.47

=

0.0

0.0

1.5 TOKNE 3.0 TORNKE

PER DAY PEE DAY
1290.0 2580.0
3137.9 6214.0
11564,0 21145.7
8638.3 15795.9
5435.1 9938.5
25637.3 46880.1
20,82 18.A7

B2% * *

82



#* « * SOLEX PROCESS FOR MICROSPHERE PREPARATION (23 RECYCLE) S B3» * % DATE IS 07-18-74 PAGE 1

CASE ESTIWATES

. nS523-4 MS23-5 n323~6
**CO0ST ESTI#®ATE PREPARATIONG®H*
DIRECT CONSTRUCTIOR COST
PPOCESSING EQUIPNENT COST
1 ESTINATED EQUIPMENT COST [£3] 2756000, 5202000, 8716000,

ACTOAL IN-CELL EQUIPMENT SPACE REQUIRED (CU FT)

TYPE (1) = NEDIUM SRIELDED HOT CELL - CONTACT MAIRTENANCE (ITEM U, TABLES S AND 6)

TYPE (2) NEDIUN SHIBLDED HOT CELL - REMOTE WAINTENANCE (ITEN 3, TABLES 5 AND 6)

2 TIFE (1) 11880. 18900. 27000,
3 TYPE {2) 31800. 72000, 128400,
8 TYPE {3}
S ACTUAL OUT-OF-CELL EQUIPMENT SPACE REQUIRED (CU PT) 18900. 32200, 47600.
PROCESSYNG SPACE COST (ROT CELLS) (%)

GROSS IN-CBLL SPACE REQUIRED
¢ TYPE (1) STD. CELL WIDTH (FTj 10.0 30.0 30.0
7 STD. CBLL HEICHT (FT) 40.0 40.0 40,0
8 SOF (PRON ORNL TM-8673, TABLE 5) 2.33 2.33 2,33
9 GROSS CELL VOLOME (CB FT) 27680. 44037, 62910,
10 LINEAR PT. OF CELL (rT) 23.07 36.70 52.42
" PYPE (2} STD. CELL WIDTH (*T) 26.0 26.0 26.0
12 STD. CBLL REIGHT (PT} 36.0 36.0 36.0
13 SUP (PROM ORNL TH-4613, TABLE S) 4,00 u.00 4,00
n GROSS CELL VOLUME (CU BTy 127200. 288000, 513600.
15 LINEAR FT. OP CPLL {71} 135.90 307.69 508,72
16 TYPE (3) STD. CBLL WIDTR (77)
7 SYD. CELL RBIGHT (PT)
18 SUF (PROM ORNL TH-0613, TABLE 5)
19 GROS55 CELL VOLUME (CO PT)
20 LINEAR PT. OF CELL (FT)

IN-CELL SPACE UNIT COST ($/C0 ¥T)
21 TYPE (1) (OCCP PROM ORNL TH-4613, TABLE 6} 16.00 16.00 16.00
22 TYPE (2) (UCCP PRON ORFL TH-U613, TABLE 6) 39,00 39,00 39.00
23 TYPE (3) (UCCP FRON ORAL TM-4613, TABLE 6}

IN~CELL SPACE TOTAL COST (5
2u TYPE (1) 442886. 724592, 1006560.
25 TYPE (2) 4960800, 11232000, 20030400.
26 TYPE (3)
27 TOTAL 5403686. 11936591, 21036944,

62l



28

30
31

32

38
35

36
37
38
39

40
L}
42
43

ag
us
46
u7

48
49
50
51

52
53

55

56

57
58
59

60
61
62

GROSS OUT-OP-CELL SPACE REQTIRED
NAKE UP AND PROCESS SERVICE SPACE

STD. AREA WIDTR
STD. ARBA HAEIGHT

(€O PT)

(?T)
(PT)

SUP (PROM OREL TH-U613, TABLE 5)

GROSS VOLUNE
CELL OPERATING SPACE

TYPE (1} STD. AREBA WIDTR
STD. AREA HEIGHT
KO. OF CELL SIDES WITH OP.
GROSS VOLUME

TYPE (2) STD. ARPA WIDTH
STD. AREA HEIGRT
HO. OF CELL SIDES WITR OP.
GROSS VOLUME

TYPE (3} STD. AREA WIDTH
STD. AREA HEIGHT
NO. OP CELL SIDES WITH DP.
GROSS VOLUNE
CRANE BAY SPACE

TYPE (1) CELL AREA

(cu °T)
(cu 1)

(FT)
(PT)

AREA

(CU PT}

(PT}
(FT)

AREA

(€U PT)

(PT)
(FT)

AREA

{CU FT})

(5Q FT)

SUP (FROM ORFL TN-G613, TABLE 5)

STD. BAY HEIGHT
GROS5S VOLUME

TYPE (2) CELL AREA

(PT)
(CU FT)

{SQ PT)

SUFP (PROM ORNL TH-8613, TABLE 5)

STD. BAY HEIGHT
GROSS VOLUNE

TYPE (3) CELL AREX

(FT)
(cu Py

(50 PT)

SUP (FRON ORNWL TN-8613, TABLE 5)

STD. BAY HBRIGHT
GROSS YOLUME

OUT-OP-CELL SPACE UNIT COST

BAKE-UP AND PROCBESS SERVICB SPACE

{PT)
(cU PT)

($/C0 PT)

CELL OPERATING SPACE UCCP (FROM TN-4613, TABLE 6)

TYPE (1)
TIPE (2)
TYPE (3)

CRANE BAY SPACE
TYPE (1)

TYPE (2)
TYPE (3}

OCCF (FROYM TN=4613, TABLE 6)

16.0

692.
3.50
au.0
106569.

3533.
3.50
84,0

544133,

2.0
137846,

1101.
3.50
4n,0

169542,

2000.
3.50
44,0

1231998,

7.00

7.00
7.00

PAGE 2

16.0
28.0
2.70
128520,

8.0
0.
1.0
2097.

16.0
14.0
2.0
2u5826.

1573.
3.50
84,0

202203,

14267,
3,50
45,0

2197065.

7.00

oel



OUT~-OP-CELL SPACE TOTAL COST
63 HAKE-UP AND PROCESS SEBRVICE SPACE
CELL CPERATING SPACE

64 TYPE (1)
65 TYPE (2)
66 TIPE (3)
67 TOTAL

CRARE BAY SPACE

68 TYPE (1)

69 TYPE (2)

76 TYPE (3)

71 TOTAL

72 TOTAL OUT-OP-CELL SPACE COST

73 PROCBSSIKG SPACE TOTAL COST

()

*

PROCESSING SUPPORT SPACE COST (BLDG. EXCLUDING HOT CELLS)

INDIRECT PROCESS SUPPORT SPACE

74 STD. AREA HRIGHT
75 SUP (FPRON ORNL TH-4613, TABLE 5)
76 TOTAL SPACE REQUIRED

(PT)
(CU FT)

IFDIRECT PROCESS SUPPORT SPETE UNIT COST ($/CU FT)

77 UCCP (FROM ORNL TH-4613, TABLE 6)
78 PROCESSIRG SUPPORT SPACE TOTAL COST

QUTSIDE UTILITIES COST

79 UCP (PROM ORNL TN-8613, TABLE 7)
a0 EQUIPNENT AND PACILITY COST
A1 QUTSIDE UTILITIES COST

SITE INPROYENENWT COST

82 GCF {PROM ORNL TN-8613, TABLE 8}
a3 SUBTOTAL DIRECT CONSTRUCTION COST
84 SITE IMPROVENERT COST

85 TOTAL DIRECT CONSTRUCTIOR COST

($/cu #T)
5

1)
(PRACT.)

3

(PRACT. )
(5}
(%)
5)

357210.

6459.
u26174.

432633,

285110,
1251505.

1496614,
2286657,
7690143,

14.0
5.60
331267,

7.00
2318865.

0.10
12765008,
1276500,

0.005
18061508,
70208.
w11171S,

608580.

1027S.
968922.

$75197,

389987,
2833594,

3223581,
4807317,
16743908,

18.0
5.60
713511,

7.00
4994580,

¢.10
26940480,
2694007,

0.005
29634512,
108173,
29782672,

PAGE 3

899640.

14679.
1720778.

1735456.

557067.
5053247,

5610314,
8245409,
29282352.

4.0
S.60
1281809.

7.00
8692663.

0.10
46691008,
4669099.

0.005
51360096.
256800.
51616896.

1€t



INDIRECT CONSTROUCTION COST
GENERAL AND ADMINISTRATIVE COST

86 OCF (PROM ORNL TH-UG13, TABLE T) (FPRACT.)
87 SUBTOTAL GEN. & ALCH. COST %

BRGINBERING COST

88 UCP (PROM ORNL TE-R613, TABLE 7) (PRACT.)
89 SUBTOTAL BENGR. COST (¢}]

HISC. CONSTRUCTION COST

90 OCP (PROM ORNL TH-4613, TABLE 7) (PRACT.)
9N SUBTOTAL MISC. CONSTRUCTION COST (L3]

CORT INGENCY ALLOVANCE

92 OUCF (PROM ORNL TH-0613, TABLE 7) (PRACT.)
93 SUBTOTAL CONTINGENCY ALLOWAKCE s)

SPARE PARTS COST

9 UCP (PROM ORNL THN-4613, TABLE 7)  (PRACT.)
95 SUBTOTAL SPARE PARTS COST )
NONINSTALLED SPARE EQUIPMENT COST

96 OCP (PROM ORRL TH-G613, TABLE 7) (PRACT.)
97 SUBTOTAL NORINSTLED SPARE EQUIPMENT COST ($)

QUALITY ASSURANCE COST
98 UCF (FROM ORUL TH-U613, TABLE 7) (PR!CT;)
)

99 SUBTOTAL QUALITY ASSURANCE COST
100 TOTAL INDIRECT CONSTRUCTION COST ®

0.10
1411170.

0.30
8233513,

2.05
705586.

0.20
2822342,

0.007
98782.

0.03
423351,

0.06
846703,
10541400,

0.10
2978266.

0.30
8934800.

0.05
1489133,

0.20
5956534,

0.007
208479,

0.03
893u80.

0.06
1786960,
22247616,

PAGE 4

0.10
5161687.

0. 30
15485066.

0.05
2580864,

0. 20
10323378,

0.007
361318.

0.03
1548506.

0.06
3097013.
38557776,

AN



OWNER! S COST

LARD COST
101 UCP (PROM ORNL TH-4613, TABLE 8) {PRACT.}
102 SUBTOTAL LAND COST (£3]

PROJECT MANAGEMENT COST
103 UCP (FROM OBNL TN-8513, TABLE B) (PRACT.}
108 SUBTOTAL PROJ., BANGT. COST %)
LICENSING COST

105 UCP (PROM ORML TA-0613, TABLE 8) {PRACT.)
106 SUBTOTAL LICENSING COST (%)
TAXES, INSURANCE AWD INTEREST

107 UCi* (PROM ORNL TN-0613, TABLE 8) (PRACT.)
108 SOETOTAL TAXES, INSURARCE AND INT, (%)

PREOPERATIOFAL TESTING AND STARTUP

109 OCP (PRC® ORNL TH-8613, TABLE 8) (FRACT.)
110 SUBTOTAL PREOP, TESTINRG AND STARTUP ¢}
111 TOTAL OWNER'S COST €3

TOTAL CAPITAL CONSTRUCTION COST

12 INCREMENT OF TOTAL PLANT COST (%)
13 PROCESSING TRROUGHPUT OP RCCEPTABLE PROD (KGHK/DAY)
114 ANRUAL PRODUCTION RATE (KILOGRAMS OF HEAVY WETAL/YRAR)
115  CAPITAL CHARGE RATE (PRACT.)
116 ANNUAL CAPITAL CHARGEB (DOLLARS/YEAR)
17 PRODUCT UWRIT COST {DOLLARS/KYLOGRAN OF HEAVY NEBTAL)

0.01
1a1117.

0.02
282234,

0.08
564469,

0.20
2822342,

0.20
2822342,
6632503,

31285648,
117. 18
38205.

0.30

9385692,

274,40

0.01
297827,

0.02
595653,

0.08
1191306.

0.20
5956534,

0.20
5956534,
13997850,

66028128,
351,40
102609,
0.30
19808432,
193.05

PAGE 5

0.01
516169.

0.02
1032338,

0.04
2064675,

0.20
10323378.

0.20
10323378,
24259936,

114430608,
702,84
205229.
0.30
34330368,
167.28

XY



¢ * & SOLEX PROCSSS POR AICROSPRZRE PREPARATION (2) SECYCLE)S p3s + o
SUMMARY OP RESULTS

PLANT CAPACITY

DESCRIPTION 0.5 TONNE 1.5 TONNE 3.0 TORNE

PEP DAY PER DAY PER DAY
PROCESS THRROUGHPUT {KITOGRANSY 117.¢ 351,48 702.8
PROCESSING EQUIPMENT COST ($1000) 2756.0 5202.0 8716.0
PLANT DIRECT CONSTRUCTION COST {$1000y LA RA Y 29782.7 51616.9
PLANT INDIRECT CONSTRUCTION COST ($1000) 10541 ,.4 22247,6 IAS57.8
PLANT OVWNER'S COST (%1000) 6632.5 13997.9 26259.9
PLANT TOTAL COST {($1000 3128%5.6 6028, 1 118438.6
UNIT COST (DOLLARS/KILOGRAM) 274,40 1931.05 167.28

PUNCTION COBFPICYENTS ARE AS POLLOVWS =

Al = 3,2714%% 02 A2 = 2.22784E 02 A3 = 0.0 A« 0.0
PORCTION BEXPONENTS ARB AS POLLOWS =

B1 = -1,50100E-03 B2 = ~-4.07698E~04 Bl = 0.0 Ba = 0.0

et



®* ® * BISO NICRNSPH COAT PROCESS 23 $2CYICLY PARTICLER (YrX)W¥nl (L-Lp{1}) 4

e e CDST

2STIRATE PREPEPASATION X

DIRECT CORSTRUCTION COST
PROCESSI®G RQUIPARNT cCOST

1

2
3
4
$

ESTIRATEC EQUXIPNENT COST

ACTUAL IN~CELL 2QUIPRERT SPACYE RZONINZG

TYPE (1)
TTPE (2)
TIPF (2}

TIPR (1)
TIPR (2)
e (N

{5

(w3 7y

CARR 1

$a%1%08,

= REDIDA  SMIZLDED HOT CRLL - PENOTY  €aIWIRRMANCE (IR
* SHIZLDED LIQUID WLSTY S7C¢ -~ CONYACT sATSSRNAYRY (1784 12, T%ird S 3D £)

® GLOYY™ BOTES A3 PNORS ~ PIFECT AATRVERASCE [ITER =,

ACTUAL O8Y-DP-CRLL RUUIPAZNT SPACE aRguised

PANCESGING APACE COST (40T CPLLS)

"
25
26
27

SROSS YA-CELL SPACE x2Qola2e

TIPR () STD. Cail ®InTs

TTPE )

TIPE (2}

STh, CELL NEICHT

SUF  (FRON OREL TH-nL13,
GROSS CELL TOLUME
LINEAR PT. OF OULL

STD. CILL VIDZA

STD. crLL seligsr

SUF  (rRON OREL TH-R613,
aR0sS CELL Yoluae
LINEAR PT. OF CELL

4T0. Cnil vines

S$T0. CBLL NRICHT

SAF  (PRON ORNL TH-061Y,
GROSS CELL YoLus:
LISEAR PE. OF C2LL

I8-CELL SPALE BFIY COST

”wee {9
TYRE (2)
TIPE {))

{UCCr FRON ORMNL TR-261),
{(DCCF PEON ORNL TR-GE1),
(UCCr PRON ORRL TR-8AIY,

TN-CELL SPACE TOTAL COST

m7ee (1)
TYPE 12)
TIPE ()

TEEAL

s *n
h
rn
rey
TABLY %)
{c2 ¥y
(§ el
£7%)
)
TnLe 4
e rm
22
{rey
{*7y
TADLE %
(¢ ™
o
{3/¢0 D
TABLE 4
TABLY £
TABLY &)
L3 ]

%788,

6.9
3.0
(1.
1m0,
29,34

15,0
5:.5
2,%
400,
LIS &)

1.8
R.0
2.0
380,
4,00

39,00
I. 32
186,00

294220,

961510,

ay® * & tATE 1%

CAST PITIMATRS
CA%E 2

LuRI400,

LI 3 £ 3K 3

“ A%n 4y

13298y,
aon,
a8,
1394,

6.0
1g.@
.00
LN,
-8, 17

19.8
12,8
240

1090,
$.%)

2.5
L
r.20
han,
4n, 30

14,080
.0
130,00

20730,

Qa0u888,

07- 3.7 k2 14

CAsR 3

10138400,

29800,
(52N
600,

%120,

6.0
n.0
5.90
100800,
128,72

0.2
13,0
3. 40
1300,
12.%a

2.%
L3
2. 30
1320,
132,00

18, 84
P19 1]
185,00

Mreean,
wen,
(b2 -
"41788,

A

I
(]



1)
29

i

32
33
34
35

36
37
38
39

uo

42
a3

L L]
45
46
47

48
a9
50
51

52
53

55

56

57
58
59

60
62

GROSS OUT-OP~CELL SFACE ¥ 2QCIRED

ouT-0F~CELL SPACE UNIT COST

MAKE OP AND PROCESS SERVICE SPACE

STD. AREA WIDTH

STD. AREA HRIGHT

SOP (PROM ORMNL TM-UE13, TABLE 5)
GROSS VOLONE

(Cu 1)

i)
(re)

(co M}

CELL OPERATIRG SPACE {Cu r7)

TYPE (1) STD. AREA WIDTH
STD. AREA HEXYGHT
NO. OP CELL SIDES WITER OP. ARER
GROSS VOLUNE

TYPE (2) STD. AREA WIDTH
STD. AREA HRIGRHT
WO. OPF CELL SIDES WITH OP. AREN
GROSS VOLORE

TYPE (3) STD. AREA WIDTH
STD. AREA HRIGHT
NO. OF CELL SIDES WITH OP. ARERA
GROSS YOLURE

CRANE BAY SPACE

TYPE (1) CELL AREA
SUP (PRON ORKL TR-4613, TABLE 5)
STD. BAY HEIGHT
GROSS VOLUNE

TIPE (2) CELL AREA
SUP (FRON ORRL TH-U613, TABLE 5)
STD. DAY HBIGHT
GROSS VOLUNE

TYPE (3) CELL AREA
SUP (PROR ORRL TR-8613, TABLE 5)
STD. BAY HEIGHT
GROSS VOLUHNR

MAKE~UP AND PROCESS SERVICE SPACE

(1)
(rm

(co m

rm
(r1)

(CO FT)

(PT)
(F1)

(CO PT)

(sQ PT)

(FT)
(Co 1)
(5Q PT)

(FT)
(CU PT)

(50 FT)

(PT)
(CU ¥T)

($/CT PT)

CELL OPERATING SPACE UCCP {FPROS TH-4613, TABLE 6)

TYPE (1)
TYPE (2)
TIPE (3)

CRARE BAY SPACE
TIPE (1)

TIPE (2)
TYPE (3)

uccP (PRONM TH=4613, TABLE 6)

16,0
14,0
2,70
a9y,

16.0
13.0
2.0
13199,

10.0
14,0

1.0
583,

10.0
18.90
1.0
6160,

766.
3.50
a5.,0

117968,

42,
3.50
Q.0
0.

110.
3.50
0.0
Q.

6.0
4.0
2,70
8986,

16.0
8.0
2.0
30%a0,

10.0
18,0
‘.o
1167,

10.0
1,0
1.0
12320,

1772,
31.50
4,0

272950,

83,
3.50
0.0
0.

220.
3.50
0.0
0.

rage 2

16.0
18,0
2.70
13824,

16,0
18,0
2.0
57664,

10.0
18,0
1.0
$750.

10.0
4.0
1.0
18u80.

3307,
3.50
ua.0

515386.

125.
3.50
0.0
o‘

330.
3.50
0.0
0.

7.00

9t



00T -0P~-CELL SPACE TOTAL COST
63 RAKE-UP AND PROCE3S SERVICE SPACE

CELL OPERATING SPACE

6u TYPE (1)
65 TYPE (2)
66 TYPE (3)
67 TOTAL

CRANE BAY SPACE

68 TYPE (1)
69 TYPE (2}
70 TYPE {3)
71 TOTAL
72 TOTAL OUT-OP-CELL SPACE COST

73  PROCESSING SPACE TOTAL COST

%

(%)

PROCESSING SUPPORT SPACE COST (BLDG. BXCLUDING HOT CRELLS)

INDIRECT PROCESS SUPPORT SPACE

74 STD. AREA BRIGHT
75 SUF (PROM ORNL TH-4613, TABLE 5)
76 TOTAL SPACE REQUIRED

(FT)
(Cu PT)

INDIRECT PROCESS SOUPPORT SPACE ONIT COST ($,/CU PT)

77 UCCP (PROY ORNL THM-6613, TABLE 6)
78 PROCBSSING SUPPORT SPACE TOTAL COST

QUTSIDE 9YTILITIES COST

79 OCF (PROX ORNL TN-U613, TABLE 7)
80 EQUIPHENT AND PACILITY COST
81 OUTSIDE UTILITIES COST

SITE IAPROVPNENT COST

82 UCP (PROM ORKL TN-8613, TABLE 8)
83 SUBTOTAL DIRECT CONSTRUCTION COST
84 SITE IAPROVENEAT COST

85 TOTAL DIRECT CONSTROUCTION COST

(s$/cu PT)
$)

(3)
{PRACT,)

82

(PRACT.)
(s)
($)
%)

31450,

92391,
40813,
43120,
139595,

211317,
o.
271317,
382361,
1403970,

14.0
S5.60
71985,

7.40
503615,

0.10
4959084,
495908,

0.005
5454992,
27275,
5482266,

62899,

2137719,
8167.
86280.
308185.

627784,
0.

0.
62778t .
9968868,
3203353,

fo. 0
5,50
162737.

7.00
113916¢.

0.10
10792014,
1079201.

0.00S
11871215,
591356,
11930571,

PAGE 3

96768.

403659,

12250.
129360.
545269,

1185388,

0.
1185398,
1827425,
5939193,

14.0
5.60
298051,

7.00
2086353,

0. 10
18760032,
1876002,

0.005
20635032,
103180,
20739200,

£EL



INDIRECT CONSTRUCTION COST

GENPRAL AND ADNINISTRATYVE COST

86 YCP (PROM ORNL TN-U613, TABLE 7) (PRACT.)
87 SUBTOTAL GBNW. ¢ ADN, COST (8]
ENGINEERIKG (CDST

88 UCP (FPROM ORNL TN-U613, TABLE 7) {FRACT.)
89 SUBTOTAL ENGR. COST (£)]

#TSC. CONSTROCTION COST

90 UCP (PRCW ORNL TA-U613, TABLZ 7)  (PRACT.)

91 SOBTOTY.L WISC. CONSTRUCTION COST (%

CONTINGENCY ALLOWANCP

92 UCP (PROM ORNL TH-4613, TABLE 7)  {PRACT.)

93 SUBTOTAL CONTINGENCY ALLOWANCE )

SPARE PARTS COST

9y UCP (PROM ORFL TH-B613, TABLE 7)  (FRACT.)

95 SUBTOTAL SPARR PARTS COST It

NORINSTALLED SPARE EQUIPAENT COST

96 UCP {(PROM ORFL TA-4613, TABLE 7)  (PBACT.)

97 SUSTOTAL KONINSTLED SPARE EQUIPRENT COST (8)

QUALITY ASSUBRANCE COST

98 UCF (PRON OBFL TM-8613, TABLE 7)  (PRACT.)
5

99 SUBTOTAL QUALITY ASSURARCE COST
10 TOTAL INDIRBCT CORSTROUCTION COST {$)

0.10
508226,

0.30
1640679,

0.05
278113,

0.20
1096453,

0.007
38376,

0.03
155268,

0.06
228936.
4095288,

0.10
1193056,

0.3
3579170,

0.0%
596%29.

08.20
2386174,

0.007
81514,

0.03
35917,

0.06
715804,
8912132,

PAGE L]

0.10
2073919,

0. 40
6221755,

0.0%
103R9A0.,

0,20
8107839,

0.007
165174,

0.0}
622176,

0,06
12447551,
1597176,

8l



OWRER'S COST

LARD COST
101 JCF (PROM ORNRL TM-8613, TABLE 8) {PRACT.}
102 SUBTOTAL LAND COST ($y

PROJECT MANAGEMENT .~
103 UCY (PROM OBNL TH-U613, TABLE 8)  (PRACT.)
100 SUBTOTAY, PROJ. BARGT. CDST (s
LICERSIRG COST

105 UCF (PROM ORNL TM-5613, TABLE 8)  {(PRACT.)
106 SUBTOTAL LICENSING COST %)
TAXES, INSURANCE AND IRTEREST

107 UCP (PROM ORNL TN-G613, TABLE 8]  (PRACT.)
108 SUBTOTAL TAXES, INSURARCE AND IRT. ($)

PREOPERATIONAL TESTIRG ARD STARTUOP

109 UCF (FROM ORNL TN-4613, TABLE 8) (PRACT.)
110 SUBTOTAL PREOP. TESTING ANWD STARTUP %)
111 TOTAL OWNER'S COST (%

TOTAL CAPITAL CONSTRUCTION COST

112 IRCRENENT OF TOTAL PLANT COST (£1]
13 PROCESSING THROQUGHPUT OF ACCEPTABLE PROD (KGAN/DAY)
14 ANNUAL PRODUCTION RATE (XILOGRANS OF HEAVY NZTAL/YEAR)
115 CAPITAL CHARGE RATE (PRACT.)
116 ARNUAL CAPITAL CHARGE (DOLLARS/YERRY
117 PRODOCT ORIT COST (DOLLARS/RILOGRAN OF HEAVY HETAL}

0.01
5u823.

0.02
109645,

0.04
219291,

0.20
1096453,

0.20
1096453,
2576664,

12154178,
110.90
32381,

9.30
3646252,
112,60

0.01
119306,

0.02
238611,

0.04
477223,

0.20
2396114,

0.20
2386114,
5607167,

26450048,
332.70
97188,

0.30
7935013,
at1.68

PAGE S

0.01
207392,

0.02
LRLELT

0. 04
829569,

0. 20
8147839,

0.20
4147819,
9747421,

45978704,
665, 40
1948297,
0,30
13793633,
70,99

6E!L



* * ¢ PISO MICROSPH COAT PROCESS 23 RECYCLE PARTICLES (TH2330j02 (L-1.P(1)}S$

DESCRIPTION
PROCESS THROUGHPUT (KYLOGRANS)
PROCESSIRG EQUIPNENT COST ({$1000)

PLANT DIRECT CONSTRUCTION COST (81000}
PLANT INDIRECT CORSTROUCTIOR COST ($1000)

PLANT OWNER'S COST ($1000)
PLANT TOTAL COST ($1000)
UNIT COST (DOLLARS/K ILOGRAN)

PUNCTION COBFPPICIBNTS ARE AS POLLOWS =

At = 1,.32207e 02 A2 = 9.397862 01 A3 =
PURCTION EXPORERTS ARE AS POLLORS =

BY = -1,44737e-03 B2 = -04,21474B-04 Bl =

SUNNARY OF RESOLTS

0.0

0.0

0.5 TON

PLANT CAPACITY

NE

PER DAY

110.9
3051.5
5482.3
4095.2
2576.7

12154.2

112,60

AG =

BY =

0.0

0.0

1.5 TONNE
PER DAY

332.7
6889.5
11930.6
8912.1
5607.4
26u50.0
81.68

3.0 TONNE
PER DAY

665.u
10734.5
20739.2
15092, 2

9747.4
45978.8

70.99

e = »

ort



*# % ¢ FRP SLUG INJECTION OUT OP BLOCK CARB PROCESS FOR 23 RECYCLE M-U.A(2}$ B5% * » DATE IS 07~18-T4 PAGE 1

CASE ESTIMATES

case 1 CASE 2 CASY 3
**CO0OST ESTINATE PREPARATIONG®S»
DIRBCT CONSTRUCTION COST
PROCESSTNG BQUIPMERT COST
1 BSTIMATED BQUIPHENT COST (s} 1612800, 3103700. 2594900.

ACTUAL IN-CELL EQUIPMERT SPACE REQUIRED {CU PT)

TYPE {1) = MEDIUM SHIELDED HOT CBLL - REMOTE NAINTEKANCE (ITER 3, TABLES S5 AND 6)

TYPE (2) = SRIELDED LIQUID WASTE STG - CONTACT MAIKTESANCE (ITEM 10, TABLES S AMWD 6)

TYPE (3) = GLOVE BOXES ARD HOODS - DIRECT WAINRTEWANCE (ITEM 8, TABLES 5 AWD 6)
2 TYPE (1) 15498. 30996. 46278,
3 TYPE {2) 200. 300. 400.
8 TYPE (3) 160. 240, 320.
5 ACTUAL OUT~OF-CELL EQUIPHNENT SPACE REQUIRED (CU FT) 2712, 5370. 3028,
PROCESSING SPACE COST (ROT CELLS) [£1)

GROSS IR-CELL SPACE REQUIRED

6 TYPE (1) STD. CELL WIDTH (1) 26.0 26.0 26.0
7 STD. CELL HEIGHT (PT) 30.0 10.0 30.0
8 SUF (FPROM ORNL TN-4613, TABLE 5) 4.00 8.00 4,00
9 GROSS CELYL VOLUME (CU rT) 61992, 123964, 185412,
10 LINEAR FT. OF CELL (PT) 79.48 158,95 237,32
1 TYPE (?) STD. CELL WIDTH (FT) 10.0 10.0 10.0
12 STD. CELL HEIGHT (T} 12.0 12,0 12,0
13 SUP (FROS ORFL TH-G613, TABLE 5) 2.5 2.50 2.50
14 GROSS CELL VOLUNE (CU ¢T) 500. 150, 1000.
15 LINEAR PT. OF CELL (PT) 4.17 6.25 8.3)
16 TYPP (3) STD. CELL WIDTH (PT) 2.5 2.5 2.5
17 STD. CELL HBIGHT (¥T) 8.0 1.0 u.0
18 SUP (PRON ORNL TH-4613, TABLE 5) 2.20 2.20 2.20
19 GROSS CELL VOLUNE (co pT) 352, 528, 701,
20 LINBAR PT. OP CELL (¥T) 35.20 52.80 70.40
IH-CELL SPACE UDNIT COST ($/C0 =7)
21 TYPE (1) (UCCF PROW ORNL TH-U613, TABLE 6) 39,00 39.00 39.00
22 TYPE (2) (UCCP PROM ORKL TH-2613, TABLE 6) 2.30 2.30 2.30
23 TYPE (3) (UCCP PRON ORNL TM-U613, TABLE £) 146.00 166.00 146.00
IN-CELL SPACE TOTAL COST ($)
24 TYPE (1) 2017688. 4835376. 7219368,
25 TYPE (2) 1150, 1725. 2300.
26 TYPE (3) 51392, 77088. 102784,

27 TOTAL 2470228. 4916187, 73244850.

1+t



28
29
30
31

4

66
u7

u8
19
50
51
52
53
54
59

56

57
59

60
62

GROSS OUT-OP-CELL SPACE REQUIRED

MAKE OP AND PROCESS SERVICE SPACE

CELL OPERATING SPACR

TYPE (1)

TYPE (2)

TYPE (3)

STD. ARBA WIDTH
STD. ARBA HEIGHT

SUP (PROM ORNL TH-4613, TABLE 5)

GROSS VOLUNE

STD., ARER WIDTH

STD. AREA HEIGHT

HO. OP CELL SIDES WITH OP. AREA
GROSS VOLUNE

STD. AREA WwIDTH

STP. AREA HEIGHT

N0, OP CELL SIDES VITH OP, AREA
GROSS VOLUME

STD. AREA WIDTH

STD. AREA HEIGHT

H0. OF CELL SIDES WITH OP. AREA
GROSS VOLUNE

CRANP BAY SPACE

TYPE (1)

TYPE (2)

TYPE (3)

0UT~OF~CELL SPACE UNIT COST

CBLL APEA

SOP (Pz0X ORNL THN-8613, TABLE 5)
STD, BAY BEBIGHT

GROSS VOLUNE

CELL AREA

SOP (PRON ORNL TN-8613, TABLE 5)
STD. BAY HEIGHT

GROSS VOLUNE

CELL ARFA

sOP (PROM ORNL TH~83613, TABLE 5)
STD, BAY HBIGHT

GROSS YOLUNE

HAKE-DP AND PROCESS SERVICE SPACE

(cu pT)

(PT)
(FT}

(CU PT)

(€U PT)

(FT)
(F7)

(CU PT)

(ET)
(FT)

(co PT)

(PT)
(FT)

{(CU PT)

{SQ PTY

(FT)
(co M)

(SQ FT)

(FT)
(CU PT)

(se P7)

(PT)
(CO PT)

($/cu P17

CELL OPERATING SPACE UCCP (FROM TH-0613, TABLE 6)

TYPE (1)
TYPE (2)
TYPE (3)

CRARE BAY SPACE

TYPE (1)
TYPE (2)
TYPE (3)

UCCP (¥PROxX TH=8613, TABLE 6)

16.0
15.0
2.70
7322,

16.0
1.0
2.0
35606,

10.0
14.0

1.0
583,

10.0
183.0
1.0
ug92sa.

2066.
3.50
an.0

318226.

42,
3.50
0.0
ol

88.

3.50
0.0
0.

7.00

16.0
16,0
2.70
14499,

16,0
.0
2,0
71211,

10.0
.0

1.0
87s.

10.0
14,0
1.0
7392.

4133,
3.50
as.o

636051,

63.
3.50
0.0
o.

132.
3.50
0.0
0.

pPACE 2

16.0
1.0
2.70
21676,

6.0
M.,0

106321.

10.0
16.0
1.0
1167.

10.0
1.0
1.0
9856.

6170,
3.50
#4.0

9502481,

83.
3.50
0.0
0-

176.
3.50
0.0
0.

7.00

7.00
7.00
7.00

ooN
PR

FA4!



0UT-~-OP-CELL SPACE TOTAL COST [£3)
63 MAKE~UP AND PROCESS SERVICE SPACE
CELL OPERATING SPACE

6l 2¢PE (1)
65 T7PE (2)
66 TyoR (3)
67 TOTAL

CPARE BAY SPACE

68 TYPE (1)

69 TYPE (2)

70 TYPE (3)

71 TOTAYL

72 TOTAL OUT-OP-CBLL SPACE COST

73 PROCESSING SPACE TOTAL COST (%)

PROCESSIRG SUPPORT SPACE COST (BLDG. EBXCLUDING HOT CELLS)
IRDIRECT PROCESS SUPPORT SPACE

74 STD. ARER HEIGHT (PT)
75 SOP (PRONM ORHL THN-4613, TABLE 5)
76 TOTAL SPACE REQUIRED (CU FT)

INDIRECT PROCESS SOUPPORT SPACE UNIT COST ($,CU PT)

77 UCCP (PROM ORNL TK-0613, TABLE 6) ($/CO0 PT)
78 PROCESSING SUPPORT SPACE TOTAL COST ($)
OUTSIDE UTILITIES COST (3)

79 UCP (PRON ORNL TN-0513, TABLE 7)  (PRACT.)
80 BQUIPNENT AND PACILITY COST

81 OUTSIDE UTILITIES COST

SITE INPROVEMENT COST (%)

82 UCP (PROM ORRL TH-U613, TABLE 8)  (FRACT.)
83 SUBTOTAL DIRECT CONSTRUCTION COST (%)
94 SITE IMPROVEMENT COST s)

85 TOTAL DIRECT CONSTRUCTION COST (%)

51257,

249240,
4043,
Jsu96,
287819,

731918,
0.

0.
731918.
1070993,
3541221,

14.0
5.60
172172,

7.00
1205200.

0.10
6358821.
635882,

0.005
6994702,
36974,
7029675,

101493,

u98L79,
6125,
51744,
556348,

1463836.

0.
146305
2121677,
7035864,

1.0
5.60
339260.

7.00
2374817,

0.10
12514381,
1251437,

0.005
13765818,
68829,
13834647,

PAGE 3

151729.

7804245,
8167.
68992,
821403.

2185554,
0.

0.
2185554,
3158686.

10483136,

4.0
5. 60
504090.

7.00
352u632.

0.10
186066%6.
1860664.

0.905
20067312,
102337,
20569648,

evt



INDIRECT CONSTRUCPTION COST
GENERAL AND ADRINISTPATIVZ COST

26 Gc? (PRON ORNL TR-0613, TABLE 7) {PRACT.)
87 SUBTOTAL GEW. & ADK. COST (%3]

ENGINBERING COST

88 UCP (PROM ORNL THM-4613, TABLE 7) (PRACT.}
89 SOBTOTAL BNGR, COST (R1]

MISC., CONSTRUCTION COST

30 OCP (PROS ORNL TH-U613, TABLE T (PRACT.)
9t SUBTOTAL NISC, CONSTROCTION COST ($)

CONT INGENCY ALLORANCE

92 UCr (FROM ORE]L TH-U613, TADLE 7) (PRACT.]
93 SUBTOTAL CORTINGERCY ALLOWANCE (€3]

SPARE PARTS COST

94 acr (PRON ORFL TM-U613, TABLE T) {FRACT.)
95 SUBTOTAL SPARE PARTS COS?T (%)

NOFINSTALLED SPARE EQUIPHENT COST

96 UCF (FPHON ORNL TH-8613, TABLE T) {PRACT.)
q7 SUBTOTAL NONINSTLED SPARE EQUIPNENT COST ($)

QUALITY ASSURARCE COST

98 OCP (PROM ORNL TM-4613, TABLE 7) (PRACT.)
99 SUBTOTAL QUALITY ASSURANCE COST [(¢3)]
100 TOTAL INDIRECT CONSTRUCTION COST (1

0. 50
702987,

0.30
2108902,

0.05
351484,

0.20
1805934,

0.007
49208.

0.03
210890.

0.06
421780.
5251163,

0.0
1383468,

0.30
4150393,

0.05
691732.

0.20
2766929.

0.007
96843,

0.03
415039,

0.06
830079.
10336477,

PAGE 4

0.10
2056964,

0.30
6170893,

0.05
1028482,

0.20
u113929.

0,007
143988.

0.03
617089.

0.06
1234178.
15365522,

144!



OWHER'S COST

LARD COST
101 UCP (FROM ORNL Ty-6613, TABLE 8) (FRACT.)
102 SUBTOTAL LANWD COST (€3]

PROJECT HMANAGEHENT COST

103 OCP (FROM ORKYL TR-9613, TABLE 8) {PRACT.}
108 SUBTOTAL PROJ. MANGT. COST %)
LICERSIRG COST

105 UCP (PRON ORNL TE-U613, TABLE 8) (FRACT.)
106 SOUBTOTAL LICENSING COST (%)
TAXBS, INSURANCE AND INTEZREST

107 UCP (PROB ORFL TN-8613, TABLE 8) (PRACT.)
108 SUBTOTAL ThXES, IRSURAWCE AND IRT, %)

PREOPBRATIONAL TESTING AND STARTUP

109 UCP (PROM ORKL TA-U613, TABLE B) (PRACT.)
110 SUBTOTAL PREOP. TESTING ARD STARTUP $
111 TOTAL OWNER'S COST (3)

TOTAL CAPI™AL CONSTRUCTIORN COST

112 INCRENENT OP TOTAL PLANT COST (¢3]
113 PROCESSING THROUGHPUT OF ACCEPTABLE PROD {XGHN/DAY)
118 ANBUORL PRODUCTION RATE (KILOGRANS OF HEAVY METAL/YEAR)
115 CAPITAL CHARGE RATE (PRACT.)
16 ANRUAL CAPITAL CHARGE {DOLLARS/YEAR)
117 PRODUCT UNIT COST {DOLLARS/KILOGRAS OF HEAVY #ETAL)

0.01
70297,

0.02
140593,

0.0t
281187,

0.20
1405934,

0.20
1805934,
3303945.

15504783,
196,70
57436.

0.30
4675034,
81,40

0.01
138346,

0.02
276693,

0.04
553386.

0.20
2766929,

0.20
2766929,
6502283.

30671392,
590,10
172309.
0.30
9201416,
53.40

PAGE 5

0.01%
205696.

0.02
411393,

0.08
822786,

0.2
4113929,

D.20
4113929,
9667733.

456020896.

1180, 20

13680866.
33.70



* » » PRP SLUG INJECTION QUY OP BLOCK CARB PROCESS POR 23 RECYCLE R-4.A(2)$

DESCRIPTTION
PROCESS THROUGHPOT (XYLOGRASS)
PROCESSING EQUIPMENT COST ($1000)

PLART DIRECT CONSTRUCTION COST {$1000)
PLART INDIRRCT CONSTRUCTION COST ($1000)

PLART OWNER*S COST {£1000)
PLANT TOTAL COST (1000
U8XT COST {(DOLLARS/KILOGRAN)
FUNCTION COEPFICIENTS ARE AS POLLOWS =
At = 1.00503p 02 A2 = 7.18319E 01 A3

FUNCTION EXPONERTS ARE AS POLLOWS =

Bl = =1,07162E~-03 B2 = ~-5,02u668~08 B3

SUNMMARY OP REBSULTS

0.5 TOW
PER DA

196.7
1612.8
7029.7
5251.2
3303.9

155848.8

81.&

A =

Bl =

PLANT CAPACITY

NE
A4

0

0.0

0.0

1.5 TONNE
PEF DAY

590.1
3103.7
13834.6
10334.5
6502.3
30671.8

53.40

3.0 TONNE
PER DAY

1180.2
u594.9
20569.6
15365.5
9667.7
45602.9

39.70

BS* & »

Ei4t



* &« » PUPL BLEMENT ASSENMBLY OUT OF BLOCK CARE PROCESS 23 RECYCLE N-1.BS

**C0ST

ESTINATE

DIRECT CONSTRUCTIOR COST

PROCESSIKG EQUIPMERT COST

1

ESTIMATED EQUIPHMENT COST

ACTUAL IF-CELL PQUIPHENT SPACE REQUIRED

TYPE (1)

TYPE (1)
TYPE (2)
TYPE (3)

ACTUAL OUT-OF-CELL EQDIPMENT SPACE REQUIRED

PREPARARATIOQN®* %

(£3]
(co PT)

CASE 1

500500.

= HNEDIUM SHIELDED HOT CELL - HEMOTE NAINTERANCE (ITENM

PROCESSING SPACE COST (HOT CELLS)

6
7
8
9
10

11
12
13
1o
15

16
17
18
19
20

21
22
23

20
25
26
27

GROSS IF-CELL SPACE® REQUIRED

TYPR (1)

TYPE (2)

TYPE (3)

STD. CELL WIDTH

STP, CELL HEIGHT

S0P (PROM ORNL TH-4613,
GROSS CELL VOLUME
LINEAR FT. OF CELL

STD. CELL WIDTH

STD. CELL HREIGHT

SUF (PROM ORNL TH-u613,
GROSS CELL VOLUKE
LINEAR FT. OF CELL

STD. CELL WIDTH

STD. CELL HEIGRT

SUP (PROM ORKL TH-4613,
GROSS CELL VOLUME
LINEAR PT. OF CELL

IR-CBLL SPACE UNIT COST

TYPE (V)
TYPE (2)
TYPE (3)

{CCCP PROM ORWL TH-U4613,
(UCCP PROM ORNL TH-6613,
(OCCP PROM ORNL TN-4613,

IN-CELL SPACE TOTAL COST

TYPE (1)
TYPE (2)
TYPE (3)

TOTAL

(CU PT)
(s
(FT)
(FT)
TABLE 5)
(CU FPT)
(¥T)
(FT)
(FT)
TABLE )
(ca 7}
{FT)
(FT)
(FT)
TABLE )
(CD PT)
(FT)
{$/CU PT)
TABLE 6)
TABLE €)
TABLE 6)
($)

8568.

4440,

26.0
30.0
4.00
34272,
43.94

39.00

1336608.

1389148,

6% * % DATE IS

CASE ESTINATES

CASE 2

763600.

3, TABLES S AND 6)

14585.

5772,

26.0
30.0
8,00
58340,
74.79

39.00

2275260,

2350071,

07-18-74 PAGE

CASE3

1055500,

18522,

6660.

26.0
30.0
4.00
7u088.
9u4.98

3%.00

2889432,

2994514,

1

A4



28
29

n

32

34
35

36
37
38
39

a0
a1
682
a3

57
58
59

50
61
62

GROSS OUT-OP-CELL SPACE REQOIRED

MAKE UP AND PROCESS SERVICE SPACE

STD. AREA WIDTH
STD. ARPA HEBIGHT

(co P

(FT)
(PT)

SUP (PRON ORNL TH-8613, TABLE 5)

GROSS VOLUNWE
CELL OPBRATING SPACE

TYPE (1) STD. AREA WIDTH
STD. AREA HEBIGHT

(Cc" FT)
(cu PT)

(FT)
(PT)

NO. OF CELL SIDES WITH OP. AREA

GROSS VOLUNE

TYPE (2) STD. AREA WIDTH
STD. AREAR ABIGHT

ro. OF CELL SIDES WITH OP.

GROSS VOLGRE

TYPE (3) STD. ARER WIDTH
STD. ARER HEIGHT

NO. OP CELL SIDES WITH OP.

GROSS VOLURE
CRANE BAY SPACE

TYPE (1) CELL AREA

(Co PT)

(PT)
(PT)

AREA

(CO PT)

{FT)
(PT)

AREA

(CU PT)

{so PT)

SU? (PROM ORMNL TB-68613, TABLE 5)

STD. BAY HBIGHT
GRQOSS VOLURE

TYPE {2) CELL AREA

(FTY
(cU PTY

{0 M

SUPF (PRON ORAL TH-9613, TABLE 5)

STD. BAY REIGHT
GROSS VOLUMWE

TYPE (3) CELL AREA

(*T)
(cu P1)

{sQ FT)

SUPF (FRON ORNL TH-4613, TABLE %)

STD. BAY HEIGHT
GROSS VOLUME

00T-OP~CELL SPACE UNIT COST

SAKE-UP AND PROCEBSS SBERVICE SPACE

(FT)
{cu PT)

($/C0 PT)

CELL OPERATING SPACE UCCP (FRONM TH-8613, TABLE 6)

TYPR (1)
TYPE (2)
TYPE (3)

CRANE BAY SPACE
TYPE (1)

TYPE (2)
TYPE (3)

UCCP (FROM TH=8613, TABLE 6)

16.0
1,0
2.70
11988.

16.0
14.0
2.0
19684,

142,
3.50
84,0

1759130.

7.00

2.30

16.0

.0

2.70
15584.

16.0
u.0
2.0
33508,

1945.
3.50
qu,0

2991878,

7.00

7.00

2.30

PAGE 2

16.0
14.0
2.70
17982,

16.0
18,0
2.0
42553,

2479,
3.50
nq,0

380318,

7.00

2.30

2140



63

64
65
66
67

68
69
70
71
72
73

00T-0P-CELL SPACE TOTAL COST (%)
HARE~UP AND PROCESS SERVICE SPACE
CELL OPERATING SPACE

TYPE (1)
TYPE (2)
TYPE (3)

TOTAL

CRANE BAY SPACE

TYPE (1)
TYPE (2)
TYPE (3)
TOTAL
TOTAL OUT~OP-CELL SPACE COST
PROCESSING SPACE TOTAL COST

(%)

PROCESSIRG SUPPORT SPACE COST (BLDG. EBXCLUDING HOT CELLS)

INDIRECT PROCESS SUPPORT SPACE

74 STD. AREA BEXGHT (PT)

75 S0P (PROM ORNL TH-4613, TABLE 5)

76 TOTAL SPACE REQUIRED {cu PT)
IRDIRECT PROCESS SUPPORT SPACE UNIT COST (£/CU PT)

77 UCCP (PROM ORNL TH-8613, TABLE 6} ($/CU FT)

78  PROCESSING SUPPORT SPACE TOTAL COST (%)

OUTSIDE UTILITIES COST (%)

79 UCF (PRON ORNL TR-4613, TABLE T) (PRACT.)

80 EQUIPNENT AND PACILITY COST

81 OUTSIDE UTILITIES COST

SITE INPROVEMENT COST (¢5)

82 UCP (FPROM ORNL TH-U613, TABLE 8) (PRACT.)

83 SUBTOTAL DIRECT CONSTRUCTION COST (€3)

8u SITE INPROVENERT COST ($)

85 TOTAL DIRECT CONSTRUCTION COST (£3)

83916,

137791,

137791,

404638,

404638,
626305,
2015092,

4.0
5.60
99730.

7.00
6968110,

0.10
3214101,
321410,

0.005
3535510,
17678.
3553187.

109091,

234557,

230657,

88800,

688800.
10324048,
3386518,

16.0
5.60
167711,

7.00
1173973,

0.10
53264091,
532409.

0.005
5856499,
29282,
5885781,

PAGE 3

125874,

297872,

2976872,

B7u732.

874732,
1298477,
4292991.

1.0
5.60
213948,

7.00
14976137,

.10
6846128,
68u613,

0.005
7530760,
37654,
756829 3.

(343



INDIRECT CONRSTRUCTION COST
GENERAL AND ADNINISTRATIVE COST

86 UCP (PROM ORNL TH-8613, TABLE 7) {FRACT.)
87 SUBTOTAL GER. + ADE. COST (£ 3]

ERGINEBERING COST

88 UCP {FRON ORNL TH-4613, TABLE 7)  (PRACT.)
89 SUBTOTAL BEGR. COST $)

#1SC. CONSTRUCTIOR COST

90 UCPF (PEROM ORNL TIN-8513, TABLE 7) {PRACT.)
91 SUBTOTAL MISC, COBNSTRUCTION COST (s)

CONTINGERCY ALLOWANCE

92 UCP (PRONM ORNL 7TH-8613, TABLE 7) (PRACT.)
93 SUBTOTAL CONTINGENCY ALLOWANCE (%)

SPARE PARTS Cos?T

yaq OCP (PROM ORNL TH-4€613, TABLE 7) {PRACT.)
95 SUBTOTAL SPARZ PARTS COST (3]
NONINSTALLED SPARE PQUIPNENT COST

96 OC¥ (PRON ORNL TH~0613, TABLE T\ (FRACT.)
97 SUBTOTAL NONINSTLED SPARE EQUIPHEAT COST($)

QUALITY ASSURANCE COST

98 gCP (PROM ORRL TE-46%3, TABLE 7) (PRACT.)
99 SUBTOTAL QUALITY ASSURARCE COST ()
100 TOTAL IFRDIBRECT CONSTRUCTION COST [t}

0.10
355319,

0.30
1065955,

0.05
177659.

0.20
710637,

0,007
24872,

0.03
106596.

0.06
213191,
2654227,

0.10
s88<78.

0.30
176573u.

0.0%
294289,

0.20
1177156,

0,007
41200,

0.03
176573.

0.06
353147,
4396675,

PAGE L}

0.10
756839,

0.30
2270517,

0.05
378420,

0.20
1513678.

©.007
52979.

0.03
227052,

0.06
854108,
5653565,

ost



OWRER'S COST

LAND COST
101 UCP (PROM ORKL TN-4613, TABLE 8)  (FRACT.)
102 SUBTOTAL LAND COST ()

PROJECT MANAGEMENT COST

103 UCF (PROM ORNL TH-4613, TABLE 8)  (PRACT.)
104 SUBTQTAL PROJ. MAKGT. COST (%)
LICERSIHG COST

105 UCF (PROM ORKL TH-4613, TABLE 8)  (PRACT.)
106 SUBTOTAL LICERSING COST ()
TAXES, INSURANCE AND INTEREST

107 UCP (PRON ORRL TA-8613, TABLE 8)  (FRACT.)
108 SOUBTOTAL TAXES, INSURANCE AND INT. ()

PREOPERATIONAL TESTING AND STARTUP

109 OCP (PROM ORNL TH-U613, TABLE 8) (PRACT,)
110 SUBTOTAL PREOP. TESTING AND STARTUP (%)
111 TOTAL OWHER'S COST (3

TOTAYL CAPYITAL CONSTRUCTION COST

112 INCREMERT OF TOTAL PLANT COST (%)
113 PROCESSING THROUGHPUT OF ACCEPTASLE PROD (KGHN/DAY)
114 AFNUAL PRODUCTION RATE (KILOGRAMS 0P HEAVY METAL/YBAR)
115 CAPITAL CHARGE RATE (PRACT.)
16 ANRURL CAPITAL CHARGE (DOLLARS/YEAR)
17 PRODUCT UNIT COST (DOLLARS/KILOGRAN OF HEAVY METAL)

0.01
35532,

0,02
71004,

Q.04
162127,

0.20
710637.

0.20
710637,
1669997,

7877411,
186.90
54575,

0.30

2363222,

43,30

0.01
58858.

0.02
117716,

0.0
235431,

0.20
1177156.

0.20
1177156,
2766316,

13048772,
560.70
163724,
0.30
3914630,
23,91

PAGE 5

0.01
75688,

0.02
151368,

0.04
302736.

0. 20
1513678.

0.20
1513678.
3557143,

16779120,
1121.80
327489,

0.30
5033735.
$5.37

16t



Bt = -1,58886E~03

® s o POBL BLPMENT ASSEMBL{ OUT OP BLOCK CARB PROCESS 23 RECYCLE N-1.BS

DESCRIPTION
PROCESS THROUGHPUT (KILOGRANS)
PROCBSSIBG BQUIPNERY COST ($1000)

PLANT DIRECT CONSTRUCTION COST ($1000)
PLANT INDIFECT CONSTRUCTION COST ($1000)

PLANT OWJER'S COST {$1000)
PLANT TOTAL COST ($1000)
ONIT COST {DOLLARS/KILOGRAR)

PURCTION COFTPPL{CIERTS ARE AS FOLLOWS =

5.82746E 01 A2 = 3,718B4E 01 A3

PORCTION EXPORENTS ARE AS POLLOWS =

B2 = ~7,87774E-08 B3 =

SUAMARY OF RESOLTS

0.0

PLART CAPACITY

0.5 TONNE
PER DAY

186.9
500.5
3553.2
2654.2
1670.0

7877.48

Al

BY

43.30

0.0

o.o

1.5 TONRE
PER DAY

560.7
763.6
5885.8
4395.7
2766.3
13048.8

23.91

3.0 TONNWE
PER DAY

1121.4
1055.%
7568.4
5653.6
3557.1
16779.1

16.37

B6e » #

1433



*# % *x HEAD END REPROCESSING OF IN AXKD 25 RECYCLE SPERT PUEL BLEMERTS (A1 6 A19)$ pTx * = DATE IS

**$CO0ST

CASE ESTINWATES
CASE 1 CASE 2

ESTIBATE PREPARATIORN®= &

DIRECT CONSTRUCTION COST

PROCESSING EQUIPMENT COST

1

ESTINATED EQUIPMERT COST

(5} 1233500. Z342500.

ACTUAL IN-CELL EQUIPMERT SPACE REQUIRED {CO PT)

TYPE (1) = HEAVILY SHIELDED HOT CBELL - REMOTE NAINTENANCE (ITEM 1, TABLES S AKD 6)

2 TIPE (1) 11615, 19716,
3 TYPE (2)
[ TYPE (3)
S  ACTUAL OUT-OFP-CELL EQUIPNENT SPACE REQUIRED {CU PT) 3265. 4880,
PROCESSING SPACE COST (HOT CELLS) [¢3]

GROSS IN-CELL SPACE REQUIRED
6 TYPE (1) STD. CELL RIDTH (PT) 26.0 26.0
7 STD. CELL HEICHT (PT) 30.0 30.0
8 SUP (PROM ORNI TH-4613, TABLE %) 5.00 4,00
9 GROSS CELL VOLUME (CU PT) us460. 768864,
1" LINEAR PT. OF CELL (FT) 59.56 101.11
L)) TYPE (2) STD. CELL WIDTH (PT)
12 STD. CBELL BEIGHT (FT)
13 SOP (PROB ORWL TH-4613, TABLE 5)
1 GROSS CELL VOLUNE (CU FT)
15 LINEAR PT. OF CELL (FT)
16 TYPE (3) STD. CBLL WIDTH (PT)
17 STD. CBLL BBIGHT (PTY
18 SUP (PRO® ORNL TN-G8613, TABLE 5)
19 GROSS CELL VOLURE (CO FT)
20 LZAEMR PT. OP CELL (PT)

IN-CELL SPACE UKIT COST ($/CU PT)
21 TYPE (1) (UCCF PROM ORNL TH-2613, TABLE 6} 42,00 42,00
22 TYPF (2) (JCCF FROM ORNL TE-4613, TABLE 6)
23 TYPE (3) (UCCP PROM ORNL TH-4613, TABLE 6)

IR~CBELL SPACE TOTAL COST %
24 TYPE (1) 1951320. 3312288,
25 TYPE (2)
26 TYPE (3)
27 TOTAL 2003860. 3391099.

07-18+-74 PAGE

CASE 3

3837000.

34021,

7290.

26.0
30.0
4.90
136084,
17,4877

42.00

5715528,

3820610,

1

£61



28
29
30
n

32
33

35

36
37
38
39

80
a1

42
43

56

57
S8
59

60
62

GROSS QOT-CP-CRELL SPACE REQUIRED €€y
MAKE UP AWD PROCESS SERVICE SPACE
STD. AREA VIDTH (PT)
STD. ARFA HEIGHT (PT)

SUP (PROM ORNL TN-4613, TABLE 5)

GROSS VOLUME (Co PT)
CELL OPERATING SPACE (cu =1

TYPE (1) STD. AREA WIDTH (FT)

STD. AREA BEIGRT {PT)

NO0. OF CELL SIDFS WITH OP. AREA

GROSS VOLUME (cu Py
TYPE (2) STD. AREA WIDTE (rT)

STD. AREA HEIGE?T M

NO. OP CELL SIDES WITH OP. AREA

GROSS VOLUAE (Cu PT)
TYPE (3) STD. ARBA WIDTH (PT)

STD. AREA HEIGHT (PT)

%0, OP CELL SIDES WITH OP. AREA

GROSS VOLUME (C8 PT)

CRANE BAY SPACE

TTPE (1) CELL AREA (sQ PT)

SUP (FRON ORAL TH-3613, TABLE 5)

STD, BAY HEIGHT (FT)

GROSS VOLOME (Cu PT)
TYPE (2) CELL AREA (S0 PT)

SUP (PROM ORNL TH-G613, TABLE 5}

STD. BAY BEIGET (FT)

GROSS VOLUME (cu pT)
TYPE (3) CELL AREA (S0 PT)

SUP (PRON ORNWL TH-8613, TABLE 5)

STD. BAY HEIGHT (FT)

GROSS VOLUME e 1)

OUT-OP-CELL SPACE UNIT COST ($/CU PT)

RAKE~OP ARD PROCESS SERVICE SPACE

CELL OPRBATING SPACE UCCP (FROM TH-0613, TABLE €)

TYPE (1)
TYPE (2)
TYPE (3)

ZRANE BAY SPACE

TYPE (1)
TYPE (2)
TYPE (3)

UCCP (PROM THM=08613, TABLE 6)

16.0
4.0
2.70
8815,

16.0
14,0

26685,

1549,
3.50
38,0

238495,

7.00

7.00

16.0
.0
2,70
13176,

16.9
w. o
2.0
65296,

2629.
3.50
44,90

20e93s,

7.00

7.00

2.30

PAGE 2

16.0
1.0
2.70
19683.

16,0
1.0
2.0
78161,

4536.
3.50
44,0

698564,

7.00

7.00

2.30

¥St



0YT-0P~-CELL SPACE TOTAL COST
63 MAKE~-UP AND PROCESS SERVICE SPACE

CELL OPERATING SPACE

6t 2YPE (1)
65 WPE (2)
66 TYPE (3)
67 TOTAL

CRANE BAY SPACE

68 TYPE (1)
€9 TYPE (2)
70 TYPE (3)
74 TOTAL
72 TOTAL ODT-DP-CELL SPACE COST

73  PROCESSING SPACE TOTAL COST

(%)

(%)

PROCESSIRG SUPPORT SPACE COST (BLDG. EXCLUDING HOT CELLS)

IRDIRECT PRNCESS SUPPORT SPACE

74 STD. AREA HEIGHT (PT)

75 SUP (PRON ORNL TN-4613, TABLE 5)

76 TOTAL SPACE REQUIRED (CU FT)
INDIRBCT PROCESS SUPPORT SPACE UNIT COST ($/C0 PT)

77 UCCF (FRON ORNL TM-U613, TABLE 6) (S/CU PT)

78  PROCESSING SOUPPORT SPACE TOTAL COST $)

OUTSIDE UTILITIES COST T

79 UCP (PROM ORNL TE-83613, TABLE 7)  (PRACT.)

80 EQUIPHENT AWD PACILITY COST

81 OUTSIDE UTILITIES COST

SITE INPROVENENT COST $)

82 UCT (PROM ORNL TH-4613, TABLE 8)  (PRACT.)

83 SUBTOTAL DIRECT CONSTRUCTION COST ($)

8y SITE IMPROVEMENT COST ($)

85 TOTAL DIRZCT CONSTRUCTION COST (%)

61708.

186793.

186793.

548537,

548537,
797039.
2800898.

14.0
5.60
131581,

7.00
921069.

0.10
4955866,
495546.

0.005
5451012,
27255.
5478267.

92232,

317074.

317074,

331120.

931120.
1340425,
4731524,

10.0
5.60
2213047,

7.00
1549425,

0.10
8623049,
8623u5.

0.005
9485793,
47429,
9533221,

“3\GE 3

137781,

547127,

547127.

1606697.

1606697.
2291605,
8112215.

.0
5.60
375964,

7.00
2631748,

0. 10
16580963.
1458095.

0.005
16039058,
80195.
16119253,

66l



INDIRBCT CONSTRUCTIOR COST
GERERAL AND ADMINISTRATIV® COST

13 UCY (PROM ORNL TH-8613, TABLE 7)  (PHACT.)
87 SUBTOTAL GEN. : ADM, COST : )]

ENGINBERING COST

88 UCP (PROM ORNL TE-4613, TABLE 7)  (FPRACT.)
89 SUBTOTAL ENGR. COST %)

MYSC. CONSTRUCTION COST

90 UCP (#RON ORNL TM-8613, TABLE 7)  (FRACT.)
91 SUBTOTAL MISC. CONSTRUCTION COST *)

CONT INGENCY ALLOWANCE

92 UCP (PROM ORNL TH-U613, TABLE 7) (FRACT.)
93 SUBTOTAL CORTINGERCY ALLOWAKCE [£3)

SPARE PARTS COST

9u UCF (PROH ORNL TK~8613, TABLE T) (FRACT,)
95 SUBYOTAL SPARE PARTS COST (%)

KONINSTALLED SPARE EQUIPMEKT COST

96 UCP (PROM ORNI TH-4613, TABLE 7) (PBACT.)
97 SUBTOTAL RONINSTLED SPARE EQUIPMENT COST (%)
QUALITY ASSURANCE COST

98 UCF (PROK ORRL Ta~4613, TABLE 7) (FRACT.)

99 SUBTOTAL QUALITY ASSURANCE COST (%)
100 TOTAL INDIRECT CONSTRUCTION COST (¢}

0.10
547827.

0.30
1643479,

0.05
273913,

0.20
1095653,

0.007
38348,

0.03
16u3u8,

0.06
328696,
4092261,

0.10
953322.

0.30
2859965,

0.05
476661,

0.20
1906644,

0,007
66733,

0.03
285997.

0.06
571993,
7121312,

PAGE L}

0. 10
1611924,

0. 30
4835775,

0.0%
805963.

0.20
3223850.
0.0807

112835,

0.03
483578.

0.06
967155.
12041077,

961



OWNER'S COST

LAND COST
101 OCP (FRON ORNL THM-4613, TABLE B) (FRACT. )
102 SUBTOTAL LARD COST : %

PROJECT MANAGFNEHT COST

103 UCF (PRON ORNL TM-4613, TABL® 8) (PRACT.}
108 SUBTOTAL PROJ. MANGT. COST (€3]
LIC¥NSING COST

105 UCF (PRON ORNL TM-4613, TABLE 8) (PRACT,)
106 SUBTOTAL LICENSING COST (€3]

TAXES, INSURANCE A¥D INTEREST
107 UC? (PRON ORNL TR-U613, TABLE 8) (PRACT.)
108 SUBTOTMAL TAXES, INSURAHCE AND INT. (%)

FREOPERATIORAL TESTIWG ARND STARTUP

109 UCP (PROM ORNL TM-0613, TABLE 8) (PRACT.)
110 SUBTOTAL PREOP. TESTIRG ARD STARTOUP (%)
111 TOTAL OWNBR'S COST %

TOTAL CAPITAL CONSTRUCTXION COST

112 INKCREMENT OF TOTAL PLART COST {$)
113 PROCESSING TAHOUGHPUT OF ACCEPTABLE PROD (RGHN/DAY)
114 ANNUAL PRODUCTION RATE (XKILOGRAMS 0P HEAVY NETAL/YEAR)
115  CAPITAL CHARGE RATE {PRACT.)
116 ANNUAL CAPITAL CHARGE (DOLLARS/TEAR)
117 PEODUCT UNIT COST {DOLLARS/KILOGRA® OF HEAVY METAL)

0.01
54783.

0.02
109565.

0.048
219131,

0.20
1095653.

0.20
1095653.
2570784,

12145212,
268. 10
78285,

0.30

3643591,

46.54

0.01
95332,

0.02
190664,

0.0
381329,

0.20
19066ub.

0.20
19066u4,
4480613,

21135136,
804.30
234856,
0.30
6340%39.
27.00

PAGE 5

0.01
161192,

0.02
322385,

0.08
644770,

0.20
3223850.

0.20
3223850.
7576047,

35756352,
1608, 90
469711,

0.30

10720903.

22.82

£S1



* » + QEAD PAD REPROCESSING OP IM AND 25 RECYCLE SPENT PUBL ELEMENTS (A1 & A19)S$ B7* * »

DESCRIPTION
PROCESS THROUGHPUT (KILOGRANS)
PROCPSSIRG EQUYPNENT COST {$1000)

PLANT DIRECT COHSTRUCTION COST (£1000)

PLANT INDIRECT CONSTRUCTIOR COST ($1000)

PLANT OWNBR'S COST {£1000)
PLANT TOTAL COST (51000)
UNRIT COST (DOLLABS/KILOGRAN)

PUNCTION COEPPICIEBRTS ARE AS POLIOWS =

At = 6.111018 01 A2 = 3.19337E 0% A3
PORCTIOR EXPONEWTS ARE AS POLLOWS =

Bt = -1.01570E-03 B2 = -2.087728-04 B3

SUMNARY OF RESULTS

PLANT CAPACITY

0.5 TONNE 1.5 TONNE 3.0 TONNE
PER DAY PER DAY PER DAY
268.1 80s.3 1608.6
1233.5 2342.5 3837.0
5478.3 9533.2 16119.3
84092.3 7121.3 12081.1
2%74.8 4480.6 7576.0
12145.3 271135.1 35736.3

46.54 27.00 22.82
A4 = 0.0
BY = 0.0

861



* & = ACID THORRX REPROCESSING (IMN SPENT & 25 RECYCLE FUEL)S

*®COST

ESTINRARTE

DIRECT CONSTRUCTION COST

PROCESSING EQUIPANENT COST

1

ESTINATED EBQUIPABNT COST

ACTUAL IR-CELL EQUIPMENT SPACE REQUIRED

TYPE (1)
TYPE (2}

TYPE (1)
TYPE (2)
TYPE (3)

ACTUAL 0UT-OF~-CELL EQUIPMENT SPACE REQUIRED

PROCESSING SPACE COST (HOT CELLS)

21
22
23

24
25
26
27

GROSS IR-CELL SPACE REQUIRED

TIPE (1)

TYPE (2)

TYPE (3)

STD. CELL YIDTH
STD. CELL HEIGHT

SUF (PRONM ORNL TR-8613,

GROSS CEZLL VOLUME
LINEAR PT. OP CELL

sTD. CELL WIDTH
STD, CBLL HBIGHT

SOUP (PRO® ORNL TH-8613,

GROSS CELL VOLUNE
LINEAR P1. OP CELL

STD. CELL WIDIH
STD. CELL HEIGHT

SUP (PROM ORNL THM-4613,

GROSS CELL VOLUME
LINEAR FPT. OF CELL

IN~CELL SPACE ONIT COST

TYPE (1) (UCCF PRON ORHL TE-4613,
TYPE {2) (UCCF FRON ORNL TH-G613,
TYPE (3) (UCCF PROM ORNL TE-(613,

IN-CELL SPACE TOTAL COST

TYPE (1)
TYPE (2)
TYPE (3)

TOTAL

PREPARAT YON* =

()
(CU ?T)

(CU PT)
(%)
{(PT)
{PT)
TABLE 5)
(cO PT)
(*T)
(PT)
{FT)
TABLE 5}
(CU PT)
(PT)
{PT)
. (FT)
TABLE 5)
(CU PT)
(PT}
(s/cu T}
TABLE 6)
TABLE 6)
TABLE 6)
(%)

CASE 1

660000,

8100.
9000.

1550.

30.0
490.90
2.33
9553,
7.96

30.0
40.0
2.33
20970.
17.47

18.00
16.00

171954,
335520,

£58866.

BB« * * DATE IS

CASE ESTIMATES
CASE 2

750000.

HEAVILY SHIBLDED #OT CBELL ~ CORTACT MAINTENANCE (ITEN 2, TABLES 5 AND 6)
MEDIOM SHIELDED HOT CBLL - CONTACT NAINTENANCE (ITEM &, TABLES 5 AWD 6)

4400.
11000.

1700.

18.700
16.00

188536.
410080.

671708,

PAGE

CASE 3

905000.

2800.
15000.

1900.

30.0
60.0
2.33
11184,
9.32

30.0
480.0
2.33
34950.
29,12

18.00
16.00

201312,
559200.

R63296.

1’\2"!:\."&!’

pean

A

FEN

4Gl



28
29
30
k)]

32
33
34
35

36
37
38
39

30
[ 5]
u2
43

ua
45
46
47

a8

50
51

52
53
)
55

56

57
58
59

GROSS 00T-OF~CELL SPACE REQUIRED

NAKE UP ARD PROCESS SERVICE SPACE

CELL OPERATING SPACE

TYPE (1)

TYPE (2)

TYPE (3)

STD. ARER WIDTH

STD. AREA HEIGHT

SgP (PROM ORNL TH-0613, TABLE 5)
GROSS VOLUNE

STD. AREA WIDTH

STD. ARER HEIGAT

NO. OP CELL SIDES WITR OP. ARER&
GROSS VOLUNE

STD. AREA WIDTH

STD. AREA HEIGHT

NO. OF CELL SIDES WXITH OP. AREA
GROSS VOLUYE

STD. AREX WIDTH

STD. AREA HEIGHT

NO. OF CRLL SIDES WITH OP, AREA
GROSS VOLUNE

CRANE BAY SPACE

TYPE (1)

TYPE (2)

TYPE (3

0UT-OF-CELL SPACE UNIT COST

CELL AREA

SUF (FRON ORNIL Tn-4613, TABLE S)
STD. BAY HBIGHT

GROSS VOLUAE

CELL AREA

SUFP (PRO®W ORSL TH-4613, TABLE 5
STD. BAY HEIGHT

GROSS VOLUNE

CELL ARE)

SUF (PROM ORNL TH-4613, TABLE 5)
STD. BAY HEIGHT

GROSS VOLDME

HAKE-OP AND PROCESS SERVICE SPACE

(CU FPT)

(FT)
(FT)

(CT PT)

{co 1)

(FT)
(¥T)

{(cT PT)

(ET)
(FT)

(CU ¥T)

(ET)
(rT)

{CU PT)

(sQ PT)

(PT)
{CU P1)

(s¢ FT)

(PTY
(o FTY

{sQ *1)

(FT)
{CU FT)

($/C0 ?T)

CELL OPERATING SPACE OCCP (FROM TH-4613, TABLE 6}

TYPE (1}
TYPE (2)
TYPE (3)

CRANE BAY SPACE

TYPE (1)
TYPE (2}
TYPE (3)

UCCP (FROM TM=4G613, TABLE 6)

16.0
12,0

4185.

239,
3.50
48,0
36779.

524,
3.50
44,0
80734,

7.00

2.30
2.30

16.0
14.0
2.70
4590.

4.0
10.0

342,

4.0
10.0
1.0
8su,

256.
3.50
4.0
39470.

641,
3.50
yu.0
98675.

7.00
7.00

2.30
2.30

PAGE 2

16.0
14.0
2.70
5130.

4.0
1¢.

1.0
373.

[RIPRET. PN

4.0
10.0
1.0
1165.

280.
3.50
44.0
43058.

874.
3.50
44.0
138557,

091



0UT-0P-CELL SPACE TOTAL COST
63 MAKE-UP AND PROCBSS SERVICE SPACE

CELL OPERATIRG SPACE

64 TYPE (V)
65 TYPE (2)
66 TYPE (3)
67 TOTAL

CRANE BAY SPACE

68 TYPE (1)
69 TYPE (2)
70 TYPZ (3)
71 TOTAL
72 TOTAL OUT-OF-CELL SPACE COST

73 PROCESSING SPACE TOTAL COST

(%)

(%)

PROCESSING SUPPORT SPACE COST (BLDG. EXCLUDING HOT CELLS)

INDIRECT PROCESS SUPPORT SPACE

74 STD. AREA HEIGHT
75 SUP (PROM ORNL TH-0G613, TABLE 5)
76 TOTAL SPACE REQUIRED

(FTY
{CU PT)

TNDIRECT PROCESS SUPPORT SPACE UNIT COST ($/C0 PT)

77 UCCF (FRON ORNL TRE-U613, TABLE 6)
78 PROCESSING SUPPORT SPACE TOTAL COST

OUTSIDE UTILITIES COST

79 UCP {PROM ORRL TN-8613, TABLE 7)
80 EQUIPSENT AND PACILITY COST
81 OUTSIDE UTILITIES COST

SITE INPROVENBNT COST

82 UCP (PRON ORNL TN-8613, TABLE 8)
83 SUBTOTAL DIRECT CONSTRUCTION COST
13 SITE INPROVEMERT COST

85 TOTAL DIRECT CONSTRUCTION COST

($/CD FT)
($)

&)

(PRACT.)

(s}
(PRACT.)

29295.

2229.
4893.

7122.

84592.
185689.

270281.
306698,
865563,

14.0
5.60
66724.

7.00
467069.

~

0.10
1992631,
199263.

0.005
2191894,
10959.
2202853,

32130.

2392,
5980.

8372,

90781,
226953,

317735.
358237.
1029941,

1.0
5.60
B0677.

7.00
564742,

d.10
2344u681.
23uu68.

0.005
2579149,
12896,
2592084,

PAGE 3

35910.

2610.
8155.

10765.

99034.
309uB2.

408516.
45519¢%.
1318486.

4.0
5.60
108221,

7.00
729547.

0.10
2953032.
295303.

0.005
324833S5.
162u2.
3264576.

L9t



INDIRECT CONSTRUCTION COST

GENERAL AND ADNIRISTRATIVE COST

86 UCP (FROM ORNL THN-8613, TABLE 7) (FRACT.)
87 SOBTOTAL GEN. ¢ ADA. COST (%)
ENGINEERING COST

88 UCP (PRON ORNL TH-8633, TisLE 7) {PRACT.)
89 SUBTOTAL BNGR. COST (£))
HISC. CONSTRUCTIOH COST

90 UCP (Px<f ORNL TH-0613, TABLE 7) {PRACT.)
91 SUBTOTAL MISC. COHNSTRUCTION COST (£1]
CONTINGENCY ALLOWANC:

92 DCP (PROM ORWL TH-0613, TABLE 7)  (PRACT.)
93 SUBTOTAL CONTINGEHCY ALLOWANCE ($)

SPARE PARTS COST

9 UCP (PROM ORNL TH-8613, TABLE 7)  (PRACT.)
95 SUBTOTAL SPARE PARTS COST )

RONINSTALLED SPARE EQUIPNENT COST

9 UCF (PROK OREL TH-0613, TABLE 7)  (PRACT.)
97 SUBTOTAL NONINSTLED SPARE EQUIPKENT COST ($)

QUALITY ASSURAKCE COST

98 OCF (FROM ORNL TA-8613, TABLE 7) (FRACT.)
99 SUBTOTAL QUALITY ASSURANCE COST (%)
100 TOTAL YNDIRECT CONSTRUCTION COST (%)

0.10
220285.

0.30
660856,

0.05
110143,

0.20
440571,

0.007
15820,

0.03
66086.

0.06
132171,
1645529,

0.10
259204,

0.30
777613,

0.05
129602.

0.20
518409,

0,007
18144,

0.03
77761,

0.06
155523,
1936254,

PAGE u

0.10
326457,

0.30
979373,

0.05
163229,

0.20
652915.

0.007
22852.

0.03
97937.

0.06
195875.
2438636.

ot



OWNER'S COST

LAND COST
101 UCP (PROM ORNL TH-4613, TABLE 8)  (PRACT.)
102 SUBTOTAL LAND COST (s}

PROJECT MANAGENMENT COST

103 UCP (PROM ORFL TW-8613, TABLE 8) {*RACT.)
104 SUBTOTAL PROJ, MANGT. COST %)
LICSNSING COST

105 UCP (FRON ORNL TM-8613, TABLE 8) (PRACT.)
106 SUBTOTAL LICENSING COST (%)
TAXES, INSURANCE AND INTEREST

107 UCP (PROM ORNL T¥-0613, TABLE 8)  (FRACT.)
108 SUBTOTAL TAXES, IWSURANCE AND IKT. (5)

PREQPERATIONAL TBSTING AND STARTDP

109 UCP (PROM ORNL TH-0613, TABLE 8) {FPRACT.}
110 SUBTOTAL PREOP, TESTING ARD STARTUP $)
111 TOTAL OWNBR'S COST )

TOTAL CAPITAL CONSTRUCTION COST

112 IHCRENENT OP TOTAL PLANT COST [£3)
113 PROCESSING THROUGHPUT OF LCCEPTABLE PROD {XGEN/DAY)
14 ANNOUAL PRODUCTION RATE (KILOGRAWS OF HEAVY HETAL/YEAR)
115 CAPITAL CHARGE RATE (PRACT.)
116 ARNUAL CAPITAL CHARGE (DOLLARS/YEAR)
"7 PRODUCT ONIT COST (DOLLARS/KILOGRAN OF HEAVY WFTAL)

0.01
22029.

0,02
44057,

0.04
88114,

0.20
440571,

0.20
4u0571.
10353471,

4883722,
5.00
1460.
0.30
1465116,
1003.50

0.01
25920,

0.02
518061,

0.0a
103682,

0.20
518409.

0.20
518409,
1218260.

5746558.
15.00
6380.

0.30

1723967.

393.60

PAGE 5

0.01
32646.

0.02
65292.

0.04
130583.

0.20
652915,

0.20
652915.
1534350.

7237562,
30.00
8760.

0.30

2171268.

247.86

€9l



* & % ACID THOREX REPROCESSING (IS SPENWT & 25 RECYCLE FUBL)S phr » ¥

SUNMARY OF RESOLTS

PLANT CAPACITY

DESCRIPTION 0.5 TONNE 1.5 TONNE 3.0 TORNE

PER DAY PER DAY PER DAY
PROCESS TRROUGHPUT (KILOGRARBS) 5.0 15.0 30.0
PROCESSING EQUIPNRERNT COST ($1000) 660.0 750.0 905.0
PLANT DIRECT CONSTRUCTION COST ($1000) 2202.9 2592.0 3264.6
PLANT INDIRECT CONSTRUCTION COST ($1000) 1645,5 1936.3 2u38.6
PLART OWNER'S COST ($1000) 1035.3 1218.3 1534.3
PLART TOTAL COST ($1000} 4883.7 57T46,6 7237.6
UNIT COST (DOLLARS/KILOGRAN) 1003.50 393.60 2u7.86

FUXCTION COEBFPICIENTS ARE AS POLLOWS =

A1 = 1.60233g 03 A2 = 6.25026E 02 A3 = 0.0 A = 0.0
PONCTYION EYPONENTS ARE AS FOLLOWS =

B1 = -9,35919p-02 82 = ~3.083098-02 83 = 0.0 g = 0.0

9l



% % %« CUSP PROCESS POR UC2 NICROSPHERE PREPARATION (23 RECYCLE)S B9* * * DATZ IS 07-18-74 PAGE 1

CASE ESTINATES

ns23 1 6523 2 ns23 3
$ ¢ CO0S5T ESTIWATE PREPARATIONW®* *
DIRECT CONSTRUCTION COST
PROCESSING EQUIPNENT COST
1 ESTINATED EQUIPHENT COST (%) 2155000. 3854000. 6347000,

ACTUAL IN-CELL EQUIPNENT SPACE REQUIRED (CU FT)
TYPE (1) = MEDIOM SHIELDED HOT CELL - CONTACT MAINTENANCE (ITEM 4, TABLES 5 AND 6)

TYPE (2) MEDIUM SHIELDED HOT CELL - REMOTE NAINTENANCE (ITEM 3, TABLES 5 AND 6)

2 TYPE (1) 7200. 8640, 11700,
3 TYPE (2) 22200, 38400. 61800.
u TYPE (3)
5 ACTUAL OUT-OP-CELL EQUIPNENT SPACE REQUIR®D (CU PT) 16800, 28000, 28500,
PROCESSING SPACE COST (HOT CELLS) (§3]

GROSS IR-CELL SPACE REQUIRED
6 TYPE (1) STD. CELL WIDTH (FT) 30.0 30.0 30.0
7 STD. CELL HBIGHT (FT) #0.0 460.0 10.0
8 SOF (PRON ORNL TH-4613, TABLE 5) 2.33 2.33 2.33
9 GROSS CELL VOLUMNE (CU PT) 16776. 20131, 27261,
10 LINEAR PT. OF CELL (FT) 13.98 16.78 22.72
11 TYPE (2} STD. CELL ¥IDTH (PT) 26.0 26,0 26.0
12 STD. CELL HBIGHT (FT) 36.0 36.0 36.0
13 SUP (PROE ORNKL TR-U613, TABLE 5) 4.00 4,00 4.00
1 GROSS CELL VOLUME (co pT) 88800. 153600, 2047200,
15 LINEAR PT, OP CELL (FT) 94 .87 163.10 264,10
16 TYPE (3) STD. CELL WIDTH (FT)
17 STD. CELL HEIGHT (P7)
18 SUP (PROM ORNL TE-0613, TABLE 5)
19 GROSS CELL VOLUME (Cu PT)
20 LINEAR FT. OF CELY, (PT)

IN-CELL SPACE UNIT COST ($/c0 PT)
21 TYPE (1) (UCCP PROM ORNL TH~3613, TABLE &) 16.00 16.00 16.00
22 TYPE (2) (UCCP PRONM ORNL TH-U613, TABLE 6) 39,00 39,00 39.00
23 TYPE (3) (UCCP PRON ORNL TH-4613, TABLE 6)

IN-CELL SPACE TOTAL COST ($)
2u TYPE (1) 268416, 322099. 436176,
25 TYPE (2) 3463200, 5990000. 9660800.
26 TYPE (3)

27 TOTAL 3783006. 6389566. 10179758,

591



28
29
30
n

56

57
59

60
61
62

GROSS OUT-OP-CELL SPACE REQUIRED

MAKE OP AND PROCESS SERVICE SPACR

STD. AREA WIDTH
STD. AREA HBIGHT

(CU PT)

SUP (PRON ORNL TH~4613, TABLE 5)

GROSS VOLUME
CELL OPERATING SPACE

TYPE (1) STD. AREA VIDTH
STD. ARBA HEIGHT

RO. OF CELL SIDES WITH OP.

GROSS VOLUNE

TYPE (2) STD. AREA VIDTH
STD. AREMN HEIGHTY

(CO0 PT)
{Co PT)

(¥T)
(FT)

(CU PT)

AREA

(PT)
(FT)

NO, OF CELL SIDBS VITH OP. AREA

GROSS VOLUME

TYPE (3) STD. AREA WIDTH
STD. AREA HEIGHT

w0, OF CBELL SIDES WITH OP.

GROSS POLUKE
CRANE BAY SPACE
TIPE (i) CELL ARBA

(CO PT)

(PT)
(PT)

AREA

(CO PT)

(5Q FT)

SgP (PROM ORNL TH-8613, TABLE 5)

STD. BAY BHEIGHT
GROSS VOLUAE

TYPE (2) CELL AREA

(r1)
(CU ¥T)

(5Q FT)

SUP (PROM ORNL TH-86%3, TABLE 5)

S¥D. BAY HRIGHY
GROSS YOLURE

TYPE (3) CBLL AREA

(FT)
{CO 1)

(sq rry

SUP (PROM ORNL TE-3613, TABLE 5)

STD. DAY HEIGH?
GROSS YOLUNZ

00T~0P-CELL SPACE URIT COST

NAKE-~UP AND PROCESS SEBRVICE SPACE

(¥T)
(CT FT)

($/cU PT)

CELL OPERATING SPACE UCCP (PROM TN-4613, TABLE 6)

TYPE (1)
TYPE (2)
TYPE (3)

CRARE BAY SPaCB
TIPE (1)

2YPE (2)
TYPE (3)

UCCP (PROM TM=8615, TABLE 6)

16.0
28.0

45360.

419.
3.50
48,0
64588,

2867,
3.50
nn.0

379866,

503.
3.50
4y, 0
77505,

4267.
3,50
8,0

657066.

2.0
118318,

682,
3.50
44,0
104955,

6867.
3.50
au.0

1057466,

7.00
7.00

2.30
2.30

991



00T~OP-CELL SPACE TOTAL COST ($)
63 HARE-UP AND PROCESS SERVICE SPACE
CELL OPERATING SPACE

6u TYPE (1)
65 TYPR (2)
66 TYPE (3)
67 TOTAL

CRANE BAY SPACE

68 TIPE (1)

69 TYPE (2)

70 TYPE (3)

T TOTAL

12 TOTAL OUT-OP-CELL SPACE COST

73  PROCESSING SPACE TOTAL COST sy

PROCESSING SUPPORT SPACE COST (BLDG. EXCLUDING HOT CELLS)
INDIRECT PROCESS SUPPORT SPACE

T4 STD. AREA HEIGHT (rT)
15 SOF (FROX ORNL TN~U613, TABLE 5)
76 TOTAL SPACE REQUIRED (CU rT)

INDIRECT PROCESS SUPPORT SPACE UMWIT COST ($/CU PT)

77 OCCF (PROM ORNL TM-U613, TABLE 6) ($/CU PT)
78 PROCESSING SOPPORT SPACE TOTAL COST *)
OUTSIDE UTILITIES COST (¢3]

79 UCP (PROM ORFL TN-G613, TABLE 7) (PRACT.)
80 RQUIPNENT AND PACILITY COST

81 OUTSIDE UTILITIES COST

SITE IKPROVEMENT COST (s)

82 OCP (FRONM ORNL TA-U613, TABLE 8) {PRACT.)
83 SUBTOTAL DIRECT CONSTRUCTION COST {$)
84 SITE INPROVEMBET COST 't 1)

85 TOTAL DIRECT CONSTRU/ITION COST (3)

317520,

3914,
297518.

301432,

148551,
873693.

1022244,
1641195,
5828201,

4.0
5.60
233167,

7.00
1632166.

0.10
9211367,
921136,

0.005
10132503.
50663.
10183165,

529200.

4697,
514626.

519323,

178261.
1511251,

1689512,
2738034,
9127620.

.0
5.60
3su3i2.

7.00
2690182.

0.10
1567 1802.
1567179.

0.005
17238976,
86195,
17325168,

PAGE 3

727650,

6361,
828226.

834586.

201396,
2432170.

2673565,
4235801.
16415559,

4.0
5.60
605576,

7.00
4239030.

0.10
25001568.
2500155,

0.005
27501712.
137509.
27639216.

L9t



INDIRECT CONSTRUCTION COST

GENERAL AND ADNINISTRATIVE COST

86 OCF (PROM ORNL TH-4613, TABLE 7) (PRACT.)
87 SUBTOTAL GEN. + ADA. COST %)
PHGINEERING COST

88 GCP (FROM OBRRL TN-8613, TABLE 7) (PRACT.}
89 SUBTOTAL BENGR. COST ®
MISC. CONSTRUCTION COST

90 UCF (FROHM ORNL THN-0613, TABLE 7 {FRACT.)
91 SUBTOTAL MISC. CONSTROUCTION COST 'L}
CONTINGENCY ALLOWANCE

92 ucP (PROM ORNL THN-2513, TABLE 7) (PRACT.)
93 SUBTOTAL CONTINRGENCY ALLOWANCE (%)
SPARE PARTS COST

9 B#CP (FROM ORNL Tn-4613, TABLE 7) {PRACT.)
95 SUBTOTAL SPARE PARTS COST (3)
HONINSTALLED SPARE BQUIPMENT COST

96 UCP (FROM ORRL TH-4613, TABLE 7) (PRACT.)
97 SUBTOTAL NONIRSTLED SPiRE EQUIPHENT COST($)
QUALITY ASSURANCE COST

98 UCP (PROM ORNL TH-8613, TABLE 7) (PRACT.)

99 SUBTOTAL QUALITY ASSURANCE COST {$)
100 TOTAL INDIRECT CONSTRUCTION COST ®

0.10
1018316,

0.36C
3058949,

0.05
509158.

0.20
2036632,

0.007
71282,

0.03
305495.

0.06
610990.
7606820.

0.10
1732516.

0.30
51975489,

0.05
866258,

0.20
3465033,

0.007
121276,

0.03
519755,

0.06
1039510,
12941896,

PAGE L]

0.1¢
2763920,

0.30
8291763,

0.05
1381960,

0.20
5527042,

0.007
193474,

0.03
829176.

0.06
1658352.
20646464,

891



OWRER'S COST

LARD COST
161 UCF (PROH DRNL TH-4613, TABLE 8) (PRACT.)
102 SUBTOTAL LAND COST %)

PROJECT MARAGEMENT COST

103 UCF (PROM ORKL TH-U613, TABLE 8) (PRACT.)
100 SUBTOTAL PROJ. MANGT. COST (%)
LICERSIKG COST

105 UCP (PROM ORRL TH-4613, TABLE 8) {PRACT.}
106 SUBTOTAL LICENSING COST (€3]
TAXES, INSURARCE AND INTEREST

107 OCP (PROM ORNL TE-U4613, TABLE 8) (PRACT.)
108 SUBTOTAL TAXES, INSURANCE AWD INT. [¢1]

PREOPERATIONAL TESTING ARD STARTUP

109 UZF (PRCA ORNL TH-8613, TABLE 8} (FRACT.)
110 SUBTOTAL PREOP. TESTING AND STARTOP "
111 TOTAL OWEER'’S COST ¢4}

TOTAL CAPITAL CORSTRUCTION CO3T

112 YINCREMERT OF TOTAL PLANT COST (%)
113  PROCESSING THROUGHPUT OF ACCEPTABLE PROD (KGHN/DAY)
114  ANNUAL PRODUCTION RATE (RILOGRAMS OF HEAVY NETAL/YEAR)
115  CAPITAL CHARGE RATE (PRACT.)
116  ANNUAL CAPITAL CHARGE (DOLLARS/YEAR}

17 PRODUCT URIT COST {DOLLARS/KILOGRAN OF HEAVY METAL)

0.01
101832,

0.02
203663,

0.04
6407327,

0.20
2036632,

0.20
2036632,
4766085,

22576064,
30.38
8870,

0,30
6772818,
763.61

0.01
173252,

0.02
346503,

0.04
693007.

0.20
3465033,

0.20
3465033,
8142827,

38409872,
91.13
26609.
0.30
11522959,
433,06

PAGE 5

0.01
276392,

0.02
552784,

0.04
1105568,

0.20
5527642,

0.20
5527802,
12990428.

61276096,
182.25
53217,

0. 30

18382816,

Ju5.42

691



* % % COSP PHOCESS POR UO2z MICROSPHERE PREPARATION {23 RECYCLE)S

SUBMARY OP RBSULTS

PLART CAPACITY

DESCRIPTION 0.5 TOWHE

PER DAY
PROCESS THROUGHPUT (XITOGRAAS) 30.4
PROCESSING EQUIPNENT COST ($1000) 2155,0
PLART DIRECT CONSTRUCTION COST (£1000) 10183.2
PLART INDIRECT CONSTRUCTIOR COST (31000) 7606.8
PLART OWNBR'S COST ($1000) 4786.1
PLANT TOTAL COST ($1000) 22576.1
UNIT COST (DOLLARS/KILOGRAN) 763.61

PONCTIOR COEFPICYENTS ARE AS FOLLOWS =

AT = 1.01399E 03 A2 = 5.42906E 02 A3 = 0.0 AG = 0.0
FUNCTION EYPUNENTS ARE AS POLLOWS =

B1 = -9,33642E-03 B2 = -2.480908-03 B3 = 0.0 B4 = 0.0

1.5 TONNE
PER DAY

9.1
3854.0
17325.2
129461.9
8142.8
38409.9
433,06

3.0 TORKE
PER DAY

182.3
6347.0
27639.2
20646.5
12990.0
61276.1
3u5.u3

Bk * =

(74}



* * ¢ TRISO NICROSPHERE COATING PROCESS (25 RECYCLE PARTICLES) 235002 (L-2.C.(1}))$ Bi0o* * = DATE IS

**COST

ESTINATE PREPARATIONT®SH®*

DIRECT CONSTRUCTION COST

PROCESSING EQUIPKERT COST

1

2
3
4
5

ESTIMATED EQUIPMERT COST

ACTUAL IN-CELL EQUIPMERT SPACE R2QUIRED

TYPE (1)
TYPE (2)
TYPE (3)

TYPE (1)
TYPE (2)
TYPE (3}

« na

ACTUAL 0OUT-OP-CELL BQUIPMENT SPACE REQUIRED

PROCESSING SPACE COST (ROT CELLS)

P-X- e N

10

11
12
13
1
15

16
17
18
19
20

21
22
23

24
25
26
27

GROSS IN-CELL SPACE REQUIRED

TYPE (1)

TYPE (2)

TYPE (3)

STD. CELL WIDTH

STD. CELL HEIGHT

SgP (FPROM ORNL TH-4613,
GROSS CELL VOLUNE
LIBEAR FT. OF CELL

STD. CELL WIDTH

STD. CELL HEIGHT

SUF (PROM ORNL TN-U513,
GROSS CELL VOLUME
LINEAR FT. UP CELI

STD. CELL WIDTH

STD. CELL HEIGHT

SgP (PRON ORKL TR-8613,
GROSS CELL VOLURME
LINEAR PT. OP CPLL

IR-CELL SPACE UNIT COST

TIPE (1)
TYPE (2)
TIPE (3)

(UCCP PROM ORNL T#-u6 13,
(UCCP PROM ORNL TR-4613,
(UCCP FRONM ORNL TN-8613,

IN-CELL SPACE TOTAL COST

TYPE (V)
PR (2)
TYPE ({3)

TOTAL

(Co PT)

GLOVE BOXES AND HOODS - DIRECT

(%)

(cy PT)
()
(FT)
[§:24]
TABLE S}
(CU PT)
(FT)
(FT)
(FT)
TABLE 5)
(cu 1)
(PT)
(FT)
(FT)
TABLE 5)
{CT PT)
(FT)
{3/CU PT)
TABLE 6)
TABLE 6)
TABLE 6)
{$

CASE 1

u00000.

2500,
200,
200.

1100.

26.0
30.0
4.00
10000.
12.82

10.0
12.0
2.50
500,
4.17

2.5
8.0
2.20
s40.
4t. 00

59.00
2.30
146,00

3390000,
1150.
60200,
455390.

CASE ESTIMATIRS
CASE 2

1100000.

MEDIUM SHIRLDED HOT CELL - RENOTE WNAIRTENANCE (ITEN 3, TABLES 5 AND 5)
SHIBLDED LIQUID WASTE STG - CONTACT SAINTERANCE {ITEM 10, TABLES 5 AND A)
NAINTENANCE (ITE®M 8, TABLES 5 AND 6)

3gpo0.
250.
250,
1250.

26,0
30.0
4,00
12000.
15.38

10.0
12.0
2.50
625,
5.21

2.5
4.0
2.20
550.
55,00

35.00
2.30
146.00

468000.
1437.
80300.
549737,

07-18-74 PAGE

CASE 3

2000000.

u4500.
300,
360,
00,

26.0
30.0
4,00
18000,
23.08

10.0
12.0
2.50
750.
6.25

2.5
4.0
2.20
660,
66.00

39.00
2.30
146.00

702000,
1725.
96360,
800085.

4

141



32
33
3a
35
36
37
38
39

80
a1

43

56

57
59

60
62

GROSS OUT-OP-CELL SPACE RBQUYRED

MATE OP AND PROCESS SERVICE SPACE

CELL OPERATING SPACE

TYPE (1)

TYPE (2)

TYPE (3)

STD. AREA WIDTH

STD. ARBEA HEIGHT

SOP (PRON ORNL TX-4613, TABLE 5)
GROSS VOLURE

STD. AREA WIDTH

STD. AREA HEIGHT

NO. OF CELI SIDES WITH OP. AREA
GROSS YOLSHE

STD. AREA WIDTH

STD. AREA HEIGHT

WO0. OF CELL SIDES WITH OP. ARERX
GROSS VOLUME

STD. AREM WIDTH
STD. AREA HEIGHT
RO, OP CELL SIDES WITH OP. AREA

GROSS VOLURE

CRANE BAY SPACE

TYPE (1)

TYPE (2)

TYPE (3)

DUT-OF-CELL SPACE UNIT COST

CELL AREA

SUP (PROM ORNL TN-8513, TABLE 5)
STD. BAY HEIGAT

GROSS YOLUNE

CELL AREA

SUF (PROE ORBL TE-4613, TABLE 5)
STD. BAY HEIGHAT

GROSS VOLOUME

CELL ARER

SOP (PROR ORKL TM-4613, TABLE 5)
STD. BAY HEIGHT

GROSS VOLUKE

MAKE-0OP ARD PROCESS SERVICE SPACE
CELL OPERATING SPACE UCCP (FHON TH-4613, TABLE 6)

TYPE (1)
2YIPE (2)
21PE (3)

CRANE BAY SPACE

TYPE (1)
TYPE (2)
TYPR (3)

)

{(PT)
{(FT)

(co PT)

(CU PT)

(rT)
(PT)

(Ce PT)

(PT)
(FT)

(CU PT)

(PT)
{PT)

(Co Ty

(3¢ FT)

{(PT)
{CU PT)

{80 ¥1)

(PT)
(co PT)

(5Q FT)

(PT)
(cu PT)

(3/C0 PT)

UCCP (FROM TH=0613, TABLE 6)

16.0
14.0
2.70
2970.

16.0
14.0
2.0
5744,

10.0
13.0

1.0
583.

10.0
1.0
1.0
6160,

333,
3. 50
48,0
51333,

a2,
3.50
0.0
0.

110.
3.50
0.0
0.

7.00

16.0
14,0
2.70
3375,

400.

3.50

au.0
61600,

52,
3.50
0.0
0.

137,
3.50
0.0
0.

7.00

PAGE 2

16.0
1,0
2,70
3780.

16.0
4.0
2.0
10338,
10.0
1.0
1.0
875.

10.0
Ww.o
1.0
9240,

600.
3.59
44,0
92400,

63.
3. 50
0.0

0.

165,
3.50
9.0
0.

44}



00UT-0P-CRLL SPACE TOTAL COST
63 NAKE-UP AND PROCESS SERVICE SPACE

CELL OPBRATING SPACE

64 TYPE (1)
65 TYPE (2}
66 TYPF (3)
67 TOTAL

CPARE BAY SPACE

68 TYPE (1)
69 TYFE (2)
70 TYPE (3)
71 TOTAL
72 TOTAL OUT-OP-CELL SPACE COST

73 PROCPSSING SPACE TOTAL COST

]

(¢ 1

PROCESSIKG SUPPORT SPACE COST (BLDG. PXCLUDING ROT CELLS)

ERDIRECT PROCESS SUPPORT SPACE

" STD. AREA HRIGHT
75 SOF (PROM ORNL TE-4613, TABLE 5)
76 TOTAL SPACE REQGIRED

(PT)
(CO PTY

INDIRECT PROCESS SUPPORT SPACE ONIT COST ($/C0 PT)

77 OCCP (PRON ORWL TH-4613, TABLE 6)
78 PROCBSSING SUPPORT SPACE TOTAL COST

OUTSIDE UTILITIES COST

79 UCP (PROM ORNL THM-8613, TABLE 7)
80 EQUIPNENT AND PACILITY COST
81 QUTSIDE UTILITIES COST

SITE IMPROVENERT COST

82 UCP (PRORM ORHL THM-9613, TABLE 8)
83 SUBTOTAL DPIRECT CONSTRUCTION COST
au SITFE INPROVERENT COST

85 TOTAL DIRECT CONSTRUCTION COST

($/CU PT)
¢)

)
(PRACT.)

(83}

{PRACT.)
($)
($)
(84

207¢0.

40205.

u083,
43120,
87608,

118067.

0.
118067.
220765,
681555,

14.0
5.60
38024,

7.00
266168.

0.10
1387821,
130782,

0.005
14826013,
7613,
1490016,

23€25.

482u6.
5104,
53900,
107250.

141680,
0.
Ne
151680,
272555.
822292,

1¢.0
5.h0
u6223.

7.00
323563,

0.10
2245854,
224585,

0.00%
2570439,
12352,
2682791,

PAGE 3

26060.

72369.
6125,
64680.
143174,

212520.
0.
212520.
382194,
11822138,

w.o
5.60
FUBTE.

7.00
454132,

0. 10
3536369,
363637,

0.005
4000005.
20000.
4020005,

41



INDIRECT CONSTRUCTION COST

GEMERAL ARD ADMINISTRATIVE COST

86 OCP (FROR ORRL TH-U613, TABLE T7) {PRACT.)
a7 SUBTOTAL GEN. # ADAN, COST ($)
ENGINBERING COST

88 OC¥ (PRONM ORRL TR-4613, TABLE 7) (PRACT.)
89 SOBTOTAL BKGR. COST (%)

RISC. CONSTRUCTIQN COS?T

90 UCF {PROM ORNL TA-8613, TAELE 7) {PRACT.}

91 SUBTOTAL AISC. CORSTRUCTIOW COST [£3)]

CONTINGENCY ALLOWANCE

92 UCP? (PROM ORRL TH-4613, TABLE 7) (FRACT. )

93 SUBTOTAL CONTINGERCY ALLOWALW(E {$)

SPARE PARTS COST

98 OCP (PROM ORRL TN-4613, TABLE 7) {PRACT.)

95 SUBTOTAL SPARE PARTS COST (€3]

NONINSTALLED SPARE BQUIPHEWT COST

9% gCP (PRON ORRL TE-8613, TABLE 7) (PRACT.)

97 SUBTOTAL NONINSTLED SPARE BQUIPNENT COST ($)

QUALITY ASSUKANCE COS?

98 UCP (PROM ORRL TA-4613, TABLE 7) (PR!CT;)
(5)

99 SUBTOTAL QUALITY ASSOUBARCE COST
100 TOTAL IRDIRECT CONSTRUCTION COST (£}

0.10
139002,

0.30
a87005.

0.05
74501,

¢.20
298003,

0.007 .

10430,

0.03
44700.

0.06
89501,
1113081,

0.10
208279,

0.30
744837,

0.05
124140,

0.20
496558,

0.007
17380.

0.03
74084,

0.06
148967,
1854642,

PAGE 4

0.10
402000.

0.30
1206001.

0.05
201000.

0.20
804001.

0.007
28140,

0.03
120600.

0.06
241200.
3002941,

(/A



OWFER'S COST

LAND COST
101 UCF (FRON ORNL TM-U613, TABLE B) (FPRACT.)
102 SOUBTOTAL LAND COST ’ (5

PROJECT MANAGEMENT COST

103 UCF (PROM ORNL TH-4613, TABLE 8)  (FRACT.)
108 SUBTOTAL PROJ. RANGT. COST ()
LICERSING COST

105 UCP (PROM ORNL TH-0613, TABLE 8)  (PRACT.]
106 SUBTOTAL LYCENSING COST ($)
TAXES, INSURANCE AND INTEREST

107 UCP (PROM ORNL TH=-u613, TABLE 8)  (PRACT.)
108 SUBTOTAL TAXES, INSURANCE AND INT. 1)

PREOPERATIONRAL TESTING AND STARTUP

109 UCF (PRON ORWL TN~-4613, TABLE B) {PRACT.)
110 SOUBTOTAL PREOP. TESTING AND STARTOP {$}
1171 TOTAL OWNER'S COST ($)

TOTAL CAPITAL CONWSTRUCTION COST

112 INCREMENT OF TOTAL PLANT COST (%)
113 PROCESSING THROUGHPOT OF ACCEPTABLP PROD {KGHN/DAY)
114 ARHOAL PRODUCTION RATE (KILOGRAXS OP HEAVY METAL/YEAR}
115  CAPITAL CHARGE RATE (PRACT. )
116 ANROAL CAPITAL CHARGE {DOLLARS/YEAR)
17 PRODUCT UNIT COST (POLLARS/KILOGRAN OP HEAVY METAL)

0.01
14900,

0.02
29800.

0.04
59601.

0.20
298002.

0.20
298003,
700307,

3301364,
5.60
1635,

¢. 30
991009.
606,05

0.01
24828,

0.02
49656,

0.08
99312.

0.20
496558,

0.20
496558.
1166911,

5%043un,
16.80
4904,
0.30
1651302,
3136.62

PAGE 5

0.01
40200,

0.02
a0u00.

g.¢u
160800,

0.20
808001,

0. 20
80u001.
1889401,

8912347,
33.60
9811,

0.30

2673703,

272.52

174}



¢ & s TRISO HICROSPHERE COATING PROCESS (25 RECYCLE PARTICLES) 235002 (L-2.C.(1))$ B10# s 3

SOURMARY OF RESULTS

PLANT CAPACITY

DESCRIPTION 0 5 TONNE 1.5 TONNE 3.0 TONNE

PER DAY PER DAY PER DAY
PROCESS THROUGHPUT (KILOGRANS) 5.6 16.8 33.6
PROCESSING EQUIPMERT COST ($1000y 400.0 1100.0 2000.0
PLANT DIRECT CONSTRUCTION COST (£1000) 1490.0 2u482.8 4020.0
PLANT INDIBECT CONSTRUCTION COST ($1000) 1113.0 1854.6 3002.9
PLANT OWNER'S COST (£1000) 700.3 1166.9 1889.4
PLANT TOTAL COST ($£1000) 3303.4 5504.3 8912.3
URIT COST (DOLLARS/KILOGRAN) 606.05 336.62 272.52

PUNCTION COEPPICIENTS ARE AS POLLOWS =

Al = 8,131912 02 A2 = 0§,.15794E 02 A3 = 0.0 ag = 0.0
PONCTIOR BXPONEWTS ARE AS FOLLOWS =

B! = -5,25014g-02 B2 = -1,25743E-02 83 = 0.0 B4 = 0.0

9L



* ® & PRP SLUG INJZCTION OUT OF BLOCK CAR® PROCESS POR 25 RECYCLY M-U.B(2)$ B11% % =  DATBE IS 07-18-74 PAGE 1

CASE ESTIMATES

CASE 1 CASE 2 CASE 3
**CO0OST ESTINATE PREPARAT ION®®
DIRECT CONSTRUCTION COST
PROCESSING EQUIPMERT COST
1 BESTIMATED EQUIPAEBHT COST {$) 700000, 1000000. 1350000.

ACTUAYL IR-CELL EQUIPMENT SPACE REQUIRED (CU PT)

TYPE (1) = H#BDIUM SHIBLDED HOT CELL -~ RENOTE MAINTENANCE (ITEM 3, TABLES 5 AND 6)
PYPE (2) = SHIBLDED LIQUID WASTE STG = CONWTACT MAINTENANCE (ITEM 10, TABLES 5 ANWD 6)
TYPP (3) = GLOVE BOXES AND HOODS - DIRECT MAINTENANCE (ITEN 8, TABLES 5 ARD f)
2 TYPE (1) 7000, 10000. 14000,
3 TYPE (2) 200. 250. 300,
L} TYPE (3) 100. 150, 200,
5  ACTUAL OUT-OP-CELL PGUIPMENT SPACE REQUIRED (CU FT) 1000. 1500. 2000,
PROCESSING SPACE COST (HOT CELLS) [£3]
GROSS IN-CELL SPACE REQUIRED
6 TYPE (1) STD. CELL WIDTH (FT) 26.0 26,0 26.0
7 STDh. CELL HEIGHT (FT) 30.0 30,0 30.0
8 SOF (PROH ORNL THM~4613, TABLF 5) 4,00 4,00 4.00
9 GROSS CELL VOLUME (CU FT) 28000, 40000, 56000,
10 LINBAR FPT. OF CELL (PT} 35.90 51.28 71.79
11 TYPE (2) STD. CELL WIDTH (PT) 10.0 10.0 10.0
12 STD. CELL HRIGHT (FT) 12,0 12.0 12.0
13 SUFP (PROM ORN), TE-4613, TABLE 5) 2.50 2.50 2.50
I GROSS CELL VOLUNE (CU PT) 500, 625, 750.
15 LIKEAR P?. OF CELL (PT) 4,17 5.21 6.25
16 TYPE (3) STD. CELL WIDTH (FTY 2.5 2,5 2.5
17 STD. CELL HBIGHT (FT) 8.0 u.0 4,0
18 SUP (PROM ORNL THN-84613, TABLE 5) 2.20 2.20 2,20
19 GROSS CELL VOLUME {CU FT) 220, 330. 4no.
20 LIXEAR PT. OF CBLL (FT) 22.00 33.00 44,00
IN-CELL SPACE UNIT COST ($/CU FT)
21 TYPE (1) (UCCP PRON ORNL TN~4613, TABLE 6) 39.00 39.00 39,00
22 TYPE (2) (UCCP FROH ORNL TM-0613, TABLE 6€) 2.130 2.30 2.30
23 TYPE (3) (UCCP PRON ORNL THN-U613, TABLE 6) 146.00 146.00 146,00
IN-CELL SPACE TOTAL COST %
24 TYPE (1) 1092000. 1560000. 2184000.
25 TYPE (2) 1150. 1437, 1725.
26 TYPE {3) 32120. 48180, 64240,

27 TOTAL 1125268. 1609616, 2249963,

V741



28
29
0
N

32
33
34
35

36
37
38
39

40

42
a3

an
a5
46
47

uB
49
50
51
52
53

s4
55

56

57
59

60
61
62

GROSS 00T-OP-CELL SPACE REQUIRED

0UT-0P~CELL SPACE UNIT COST

MAKE UP ARD PROCESS SERVICE SPACE

STD. AREA WIDTH

STD. AREA HEIGHT

SUF (PROW ORNL TH-4613, TABLE 5)
GROSS YOLUME

(CO PT)

(FT)
(PT)

(cu rT)

CELL OPBRATING SPACE {c0 PT)

TYPE (1} STD. AREA WIDTH
STD. AREA HEIGHT
KO. OF CELL SIDES WITH OP. AREA
GROSS VOLUNME

TYPE (2) STD. AREA WIDTH
STD. AREA HEIGHT
RO. OF CELL SIDES WITH OP. AREA
GROSS VOLUNE

TYPE (3 STD. AREA WIDTH
8%9. AREA HBIGHT
50, OF CBEL} SIDES WITH OP. ARBA
GROSS VOLUME

CRANE BAY SPACE

TYPE (1) CELY AREA
SUP (PROM ORNL TH-4613, TABLE 5)
S7D. BAY HEIGHTY
GROSS VOLUNE

TYPE (2} CELL AREA
SGP (FRON ORNL TH-8613, TAELE 5)
STD. BAY HEIGHT

GROSS VOLUAB

TYPE (3) CELL AREA
SUP (PROM ORNL TH~0613, TABLE 5)
STD. BAY HEIGHT
GROSS VOLOUNE

NAKE-UP AND PROCESS SERVICE SPACE

(PT)
1)

(cu PT)

(PT)
(PT)

(CU PT)

(PT)
(PT)

{CU FT)

(50 fT)

(PT)
(cu )

(sg ¥T)

{rT)
(cu PT)

(sq FT)

{(*T)
(cu PT)

($/C0 ¥T)

CELL OPBRATING SPACE UCCP (PRON TN-0613, TARLE 6)

TYPE (1)
TYPE (2)
TYPE (3)

CRANE BAY SPACE
TYPE (1)

TYPE (2)
TYPR (3}

UCCP (PRONM TH=6613, TABLE 6)

16.0
14.0
2.70
2700.

16.0
14.0
2.0
16082,

10.0
143.0

1.0
583.

10.0
14.0
1.0
3080.

933,
3.50
45.0
143733,

62,
3.50

o.

55.
3.50
0.0
0.

7.00

16.0
1.0
2.70
4050.

16.0
1%.0
2.0
22974,

10.0
14.0

1.0
729.

10.0
1.0
1.0
8620.

1333,
3.50
ua.0

205333,

52.
3.50
0.0
0.

82.
3.50
0.0
o'

7.00

7.00
7.00
7.00

0.0N
o0 w

PAGE 2

16,0
14,0
2.70
5400.

16.0
14.0
2.0
32164,

10.0
4.0

1.0
875.

10.0
.0
1.0
6160.

1867.
3.50
u4,0

287466,

63.
3.50
0.0
0.

110.
3.50
0.0
0.

7.00

7.00
7.00
7.00

8Ll



OUT~0OF-CELL SPACE TOTAL COST
63 MARKE~UP AND PROCESS SERVICE SPACE

CELL OPRRATING SPiACE

64 TYPE (1)
65 TYPE (2}
66 TYPE (3)
67 TOTAL

CRARE BAY SPAC®

68 TYPE (1)
69 TYPE (2)
70 TYPE (3)
7 TOTAL
12 TOTAL OOT-OFP-CELL SPACE COST

73 PROCESSING SPACE TOTAL COST

(%)

(%)

PROCESSING SUPPORT SPACE COST (BLDG. EXCLUDIRG HOT CELLS)

INDIRECT PROCESS SUPPORT SPACE

T4 STD. AREAR HEIGHT (FT)

75 SUF (PROM ORNL TE-U613, TABLE 5)

76 TOTAL SPACE REQUIRED (CU FT)
INDIRECT PROCESS SUPPORT SPACE UNIT COST ($/CU PT)

77 UCCP (FROM ORRL TH-0613, TABLE 6) ($/CU FT)

78 PROCESSING SUPPORT SPACE TOTAL COST (%)

OUISIDE UTILITIES COST (1)

79 UCF (PROM ORRL TM-4613, TABLE 7) {PRACT.)

80 EQUIPMENT AND PACILITY COST

81 OUTSIDE UTILITIES COST

SITE INPROVEMERT COST (%)

82 ICY (PROM ORNL TM-4613, TALLE 8) (PRACT.)

83 SUBTOTAL DIRECT CONSTRUCTION COST %)

8u SITE IMPROVEAENT COST %)

85 TOTAL DIRECT CONSTRUCTION COST (%)

18900.

112574,
a083,
21560.
138218,

330586.

1612971,

14,0
5.60
80752,

7.00
565263,

0.10
2878224,
287823,

0.005
3166057,
15830.
31818387,

28350.

160820.
5104.
323u0.
198265.

472266,

2308496,

14.0
5.60
115085.

7.00
805592,

0.10
4114087,
u11u09,

0.005
4525495,
22627,
4548122,

PAGE 3

37800.

225149,
6125,
43120.
274394,

661173,
0.
661173,
973366.
3223329.

4.0
5.60
15987 1.

7.00
1119093.

0. 10
5692422,
569202,

0.005
6261663,
31308.
6292971,

&/l



INDIRECT COFSTRUCTION COST
GENERAL AND ADNIRISTRATIVE COST

86 UCP (PROM ORWL TN-0613, TABLE T (PBACT.)
87 SUBTOTAL GEN. ¢ ADH. COST (¢3]

ENGINEERING COST

a8 OCF (PROS ORRL TH-4613, TABLE 7) (PRACT.)
89 SUBTOTAL SNGR. COST (%)

BISC. CONSTRUCTION COST

90 UCP (PROB ORIL TK-4613, TABLE T) (PRACT.)
91 SUBTOTAL ¥ISC. CONSTRUCTION COS?T 5

CONTINGERCY ALLOWANCE

92 UCP (FPRON ORKL TA-8613, TABLE 7) (PRACT.)
93 SUBTOTAL CONTINGENCY ALLOWANCE )

SPARE PARTS COST

94 UCP (PRON ORNL TA-4613, TABLE 7) (PRACT.)
95 SUBTOTAL SPARE PARTS COST (%)

PONYFSTALLED SPARE EQUIPNENT COST
9% UCP (PROM OBNL TH-4613, TABLE 7)  (PRACT.)
97 SUBTOTAL NONINSTLED SPARE EQUIPNERT COST (S)
QUALITY ASSURANCE COST

98 UCP (FROM ORNL TM-U613, TABLE 7)  (PHACT.)

99 SUBTOTAL QUALITY ASSURARCE COST (%)
100 TOTAL IRDIRECT CORSTRUCTION COS?T (%)

0.10
318189.

0.30
958566,

0.05
159094,

0.20
636377.

0.007
22273.

0.03
95457,

0.06
190913.
2376867.

0.10
4543812,

0.30
1364436,

0.05
227406,

0.20
90%620.

0.007
31837,

0.03
136444,

0.06
272887,
3397444,

PAGE [}

0.10
629297.

0.30
1687890.

0.05
318609,

Q.20
1258594,

0.007
44051.

0.03
188789,

0.06
377578,
4700845,

08l



O¥NER'S COST

LAND COST
101 UCY (PROM ORKL TH-U613, TABLE B) {PRACT.)
102 SUBTOTAL LAND COST (£1]

PROJECT MANAGEMENT COST

103 UCF (FROM ORNL TM-4613, TABLE 8) (PRACT,)
108 SUBTOTAL PROJ. MANGT. COST ($)
LICERSIFG COST

105 UCP (PROM ORNL TM-8613, TABLE B) (PRACT.)
106 SUBTOTAL LICERSIRG COST {3)
TAXES, IRSURANCE AND INTEREST

107 UCP (PROM ORNL TN-84613, TABLE 8) {PRACT.)
108 SUBTOTAL TAXES, INSURANCE AND INT. ($)

PREOPERATIONAL TESTING AND STARTUP

109 UCP (PROM ORFL TN-U613, TABLE 8) (PRACT.)
110 SUBTOTAL PREOP. TESTIHG AND STARTUP (£3)
111 TOTAL OWHEZR'S COST (£3]

TOTAL CAPITIL CORSTRUCTION COST

112 INCRERENT OF TOTAL PLANT COST (%)
113 PROCESSING THROUGHPUT OF ACCEPTABLE PROD {RGHN/DAY)
114 ANNUAL PRODOUCTION RATE (KILOGRANS OF HEAVY METAL/YBAR)
115  CAPITAL CHARGE RATE (FRACT.)
116 ANNOAL CAPITAL CHARGE {DOLLARS/YEAR)
17 PRODUCT UNIT COST (DOLLARS/KILOGRAM OF HEAVY METAL)

0.01
31819.

0,02
63638.

0.0u
12727s.

0.20
636377.

0.20
636377.
1495u86.

7054240,
23.10
6745,

0.130

2116271,

313,74

0.01
45481,

0.02
90962,

0.04
181925.

0.20
909624,

0.20
909624,
2137616.

10083182.
71.80
20966.
0.30
3024954,
140,28

PAGE 5

0.01
62930.

0.02
125859,

0.006
251719,

0.20
1258594,

0.20
1258594.
2957695,

13951511,
143,60
41931,

0.30
4185452,
99.82

18l



% # * PRP S10G INJECTION OUT OF BLOCK CARB PROCESS FOR 25 RECYCLE M-4,.B(2)3 B11#» % %

DESCRIPTIOR
PROCESS THROUGHPUTY (XELOGRAMS)
PROCESSING EQUIPNENT COST ($1000)
PLANT DIRECT CONSTRUCTION COST ($1000)

PLANT IRDIRECT CONXSTRUCTION COST ($1000)

PLANT OWNER'S COS? ($1000)
PLANT TOTAL COST ($1000)
UXIT COST (DOLLARS/KILOGRAHN)
PUNCTION COBFPICIENTS ARE AS POLLONS =
A1 = 4,53523E 02 A2 = 2,08554p 02 A3 =
PONCTION EXPOMEATS ARE AS POLLONS =
BY = -1.59510B-02 82 = -5,13132B-03 B3 =

SUNNARY OF RESULTS

PLANT CAPACITY
0.5 TONNE 1.5 TONNE 3.0 TONNE

PER DAY PER DAY PER DAY

23.1 71.8 143.6

700.0 1000.0 1350.0

3181.9 45u8.1 6293.0

2376.9 3397.4 9700.8

1495.5 2137.6 2957.7

7056.2 10083.2 13951.5

313.74 146,28 99.82
0.0 A = 0.0
0.0 B8 = 0.0

z8l



* = # PUEL ELENENT ASSPMBLY OUT OF BLOCK CARB PROCESS 25 RECYCLE ¥~1.C$

**sCO0S

T

ESTIEATE

DIRECT COWSTHUCTICN COST

PROCESSING EQUIPMENT COST

1

2
3
u
5

ESTIMATED EQUIPMENT COST

ACTUAL IN-CELL EQUIPHNEMT SPACE REQUIRED

TYPE

TYPE
TYPE
TYPE

ACTUAL OUT-OP-CELL EQUIPHNERT SPACE REBQUIRRD

)

(N
(2)
(3

CASE 1

PREPARAT IONG®=

() 70000,

(cu PT)

= MEDIUM SHIBLDED HOT CEBLL ~ REMOTE MAINTENANWCE (ITEN

PROCESSIFG SPACE COST (HOY CRLLS)

U-J- 0 By

10
1"

13
14
15

i6
17
18

20

21
22
23

24
25
26
27

GROSS IN-CELL SPACE FEQUIRED

TYPE (1} STD., CELL WIDTH

TIPE

TYPE

IN-CELL

TYPE
TYPE
TYPE

IN-CELL
TYPE

TYPE
TYPE

(2}

&)

STD. CELL HERIGHT

SUF (FRGS ORRL TH-4613,
GROSS CEL1 VOLUHME
LINEAR PT. OF CELL

TD. CELL WIDTH

sTb. CELL HEIGHT

Syp (PROY OBRNL TH-8613,
GROSS CELL VOLUME
LINBAR FT. OF CELL

STD. CELL WIDTH

STD. CELL HEIGHT

SUF (PRON ORNL THA-4613,
GROSS CELT. VOLUNE
LINEAR FT. OF CELL

SPACE ORIT COST

)

(OCCF PROM ORNL TM-U613,

{2) (UCCF FPRCA ORNL TH-4613,

o))

(UCCP PROM ORNL THN-4613,

SPACE TOTAL COST

M

{2)

(3

TOTAL

5700.
(CU PTY 3500.
(%
{PT} 26.0
(FT} 30.0
TABLE 5) 4,00
(CU PT) 22800,
(FPT) 29,23
(PT)
(PT)
TABLE 5)
(co FT)
(FT)
(T}
(FT)
TABLE 5)
(CU PT)
(FT)
($/cu PT}
TABLE 6) 39,00
TABLE 6)
TABLE 6)
183}
889200,
922470,

PI2% * » DATE 1S

CASE ESTIMATES
CASE 2

135000,

3, TARLES S AND f)

6500.

3700,

26.0
30.0
4.00
26000.
33.33

39.00

1014000.

1063617,

07-18-7u PAGE

CASE 3

215000.

7800.

4200,

26.0
30.0
4.00
31200,
10.00

39.00

1216800.

1282763,

1

st



28
29
30
n

32
33

35

36
37

39
©0
a1

42
43

56

57
58
59

60
62

GROSS OUT~OF-CELL SPACE REQUIRED (cu PT)

NAKE UP AND PROCEBSS SERVICE SPACE

STD. AREA WIDTH

STD. AREA HBIGHT

SUP? (PROM ORWL TM-4613, TABLE 5)
GROSS VOLUNE

(PT)
(eT)

(cu P7}

CELL OPERATING SPACE (ct 1)

TYPE (1) STD. AREA WIDTH
SYD. AREA HEIGHT
HO. OF CELL SIDES WITH OP. AREA
GROSS VOLUME

TYPE (2) STD. AREA WIDTH
STD. AREA REIGHT
HO. OF CELL SIDES WITH OP. AREA
GROSS VOLUME

TYPE (3) STD. AREA WIDTH
STD. AREA HRIGHT
NO. OF CELL SIDES WITH OP. AREA
GROSS VOLOUME

CRANE BAY SPACE

TYPE (1) CELL ARER
SUF (PRON ORHL TH-U613, TABLE 5)
STD. BAY HEIGHT
GROSS VOLOXE

TYPE (2) GELL ARBA
SOF (PRON ORFL TN~U613, TABLE 5)
STD. BAY HEIGHT
GROSS VOLDAME

TYPEZ (3) CELL AREA
SOF (PROM ORKL TH-8613, WABLE %)
STD. BAY HEIGHT
GROSS YOLUMB

(¥T)
(¥7)

(CU FT)

(PT)
(PT)

v ?7)

(PT)
(PTY

(CU PTy

{50 FT)

(PT)
(CU PT)

(5¢ FT)

(FT)
(CU PT)

(5Q FT}

(PT)
(CU PT)

0UT-OP~CELL SPRCE UNIT COST ($/CU PT)

MAKE-UP AND PROCESS SERVICE SPACE

CELYL OPERATING SPACE UCCP (FPRON TA-U613, TABLE 6)

TYPE (1)
*IPE (2)
*YPE (3)

CRANE BAY SPACE
TYPE (1)

TYPE (2)
TYPE (3)

UCCP (PRON TM=U613, TABLE 6)

16.0
14.0
2.70
9450.

15.0
14.0
2.0
13095.

760,
3.50
au,.0
117040,

7.00

7.00

16,0
ALH
2.70
9990,

16.0
14.¢
2.0
14933,

867.
3.50
uu.0
133u67.

7.00

7.00

2.30

PAGE

16.0
u.Q
2.70
11349,

16,0
14.0
2.0
17920.

1040,
3.50
44,0

160460,

2.30

2

vsl



0UT-OP~CELL SPACE TOTAL COST gS)
63 BAKE-UP RND PROCESS SERVICE SPACE

CELL OPERATIRG SPACE

68 TYPE (1)
55 TYPE (2)
66 TYPE (3)
£7 TOTAL

CRA¥E BAY SPACF

68 TYPE (1)

69 TYPE (2)

70 TYPE {3)

71 TOTAL

72 TOTAL QUT-OP-CELL SPACZ COST

73 PROCESSING SPACE TOTAL COST (%

PROCESSING SUPPORT SPACE COST (BLDG. EXCLUDING HOT CELLS)
IBDIPZCT PROCESS SUPPORT SPACE

T4 STD. AREA RBIGHT (PP
75 SUF (PROM ORNL THE-U613, TABLE 5)
76 TOTAL SPACE REQUIRED (co PT)

IRDIRECT PROCESS SUPPORT SPACE UMIT COST ($/CU PT)

77 UCCP (PROM ORNL TH-U613, TABLE €) ($/CU PT)
78 PROCESS”RG SUPPORT SPACE TOTAL COST %)
QUTSIDE UTILITIES COST (¢3]

79 UCP (PRON ORNL TH-4613, TABLE 7) {PRACT.)
80 PQUTPHENT AND PACILITY COS”

81 OUTSIDE UTILITIES COST

SITE INPROVENBET COST (%)

82 ucP (PROM ORNL TA-4613, TABLE 8) (FRACT,)
83 SUBTOTAL, DIRECT CORSTRUCTIONW COS® (%)
8y SITE IMPROVEMENT COST (£)

a5 TOTAL DIRECT COHSTRUCTION COST )

66150,

91668.

91668.

267192,

269192,
427009,
1389479,

14.0
5.60
67163,

7.00
570138,

0.10
1889616,
108962,

0.005
2078577,
10393,
2088969.

69930.

104533,

1045313,

306973,

306973,
481436,
1505053,

14.0
5.60
78198,

7.00
SU9NB6,

0.10
2229538,
222954,

0.00%
2052491,
12262,
2464753,

PAGE 3

79380.

1250440,

125440,

360368,

368360,
573188,
1855950,

14.0
5.60
95060,

7.00
6651020,

0,10
2736169,
273637,

0.005
3010005.
15050.
3025055,

S8l



INDIRECT CONSTRUCTION COST
GENERAL AND ADMINISTRATIVE COST

86 UCF (FRO# ORNL TM-8613, TABLE 7)  (PRACT.)
87 SUBTOTAL GEN. + ADR. COST (%)

SRGINEERIKG COST

a8 UCP (PROM ORSL TN-4613, TABLE 7) {PRACT. )
89 SUBTOTAL BNGR. COST [¢3]

MISC. CONSTROCTION COST

Q0 OCF (FPRONM ORNL TN-G613, TABLE 7) {PRACT.)
91 SOBTOTAYL MISC. CONSTRUCTION COST (%)

CONTINGENCY ALLCWANCE

92 UcP (PRON ORHL TH-0613, TABLE 7) {PRACT.)
93 SUBTQTAL CORTINGENCY ALLORANCE (%)

SPARE PARTS COST

94 OCP (PROM ORFL TN-8613, TABLE 7) {PRACT.)
95 SUBTOTAL SPARR PARTS COST [£3)

ROUIGSTALLED SPARE EQUIPNEWT COST

96 OCP (PROL ORNL TH-4613, TABLE 7) (PRACT,.)
97 SUBTOTAL NONINSTLED SPARE ZQUIPNERT CGST($)

QUALITY ASSURANCE COST

98 UCP (FRON ORNL TM-4613, TABLE 7)  (PFACT.)
99 SUBTOPAL QUALITY ASSURRMCE COST 1)
100 TOTAYL IRDIRECT CONSTRUCTION COST )

0.10
208897,

0.30
626691,

0.05
t0ugag,

0.20
417794,

0.007
10623,

0.03
62669,

0.06
125338,
1560458,

0.10
246475,

0.30
739426,

0.05
123238.

0.20
492951,

0,007
17253,

0.03
73983,

0.06
147885,
1861168,

PAGE 4

0.10
302505.

0.30
207516,

0.05
151283,

0.20
605011,

0.007
21175,

0.03
90752,

0.06
181503,
2259712,

98t



OWFER'S COST

LAWD COS?T
101 9CP (PRDO% ORNL TA-46%3, TABLE 8) (FRACT,)
102 SOBTOTAL LAKD CnS?T 23]

PROJECT MANAGEMERT COST

103 UCP (PROM ORNL T%-8613, TADLP 8) (PRACT.)
104 SUBTOTAL PROJ. HANGT. COST (£3]
LICERSING COST

105 UCP (PROM QRNL TH-U613, TABLE 8) (PRACT. Y
106 SUBTOTAL LUCERSING COST (8}
TAXES, TRSORANCE AND INTEREST

107 OCP (PPON ORNL TK-2613, TABLE #) {PRACT.}
108 SUBTOTAL TAXES, INSURANCE AND INT. (%)

PREOPERATIORAL TESTING AND STARTOP

109 OCP (PROM ORRL TM-8613, TABLE 8) (PRACT.)
10 SO0BTOTAL PREOP. TESTIXG AND STARTOP (%)
111 TOTAL OWNER'S COST (%)

TOTAL CAPITAL CORSTRUCTION COST

112 INCREMENT OF TQTAL PLAK?T COST (£3]
113 PROCESSTNG THROUGAPUT OF ACCEPTABLE PROD (ACHR/DAY)
1% ARRUAL PRODUCTION RATE (KILOGRANS GP HBAVY METAL/YF1R)
115 CAPITAL CHARGE RATE {PRACT.}
116 ANNGAL CAPITAL CHARGE (DOLLARS/Y2aAP)Y
117 PRODOCT UNIT COST (DOLLARS/KILOGRAN OF HEAVY METAL)

0.0
20890.

0.02
41779,

0.00
83559.

0.20
617794,

0.20
417794,
ap 1815,

K631282,
22,70
6620,

9.30

189372,

209,61

0.01
2uku8,

0.02
492495,

0.08
egn90,

0,20
182931,

0.20
0929051,
11584033,

5n64 350,
8,10
11885,
0.30
1639306,
g2.0n

PAGE 5

0.01
30251,

0.02
60501,

0.0t
121002,

0.20
AD5011,

0.2¢
605011,
1421775,

6706542,
136. 10
39749,

0. 30

2011962,

50,63

4]



* & & PUEL ELENENT ASSENMBLY OQOT O°

DESCRIPT ION
PROCESS THROUGHPOT (KILOGRANS)
PROCE3SSING EQUIPNENT COST {£1000)

PLANT DIRECT CONSTRUCTION COST ($1000)

PLART INDIRECT CONSTRUCTION COST (£1000)

PLANT OWNER'S COST {31000}
PLART TOTAL COST ($1000)
ONIT COST (DOLLARS/KILOGRAN)

PUNCTION COBFFPICIEBHTS ARE AS .POLLOWS =

AT = 3.38233e 02 A2 = 1.33336E 02 A3 =
PUFCTION EXPONENTS ARE AS POLLOWS =

B1 = -2,05549E-02 B2 = =7.170218-03 B3 =

BLOCK CARB PROCESS 25 RECYCLPE N-1.CS B12e ¢ ¢

SUNNARY OF REBSULTS

0.0

0.0

PLANT CAPACIVY

0.5 TOMNE
PER DAY

22.7
70.0
2089.0
1560.5
981.8
8631.2
209.61

A = 0.0

B4 = 0.0

1.5 TONNE 3.0 TONNE

PER DAY PER DAY
68.1 136.1
135.0 215.4
2068,.8 3025. %
1841.2 2259.7
1158.4 1421.8
5468.4 6706.5
82.64 50.63

a8l



* % * UNH TTEFLEATCTC

** C0ST TITZX

DIRECT CORSTRUOCITIF ITTNT

1 ESTIHNATED BQUIERZRNT TOST

el

——

IERETTS

FAE2ARATTION®*=x

($)

ACTUAL. ITW~CELL _POUI=F"01T ZACE EIVIUIRED (CU PT}

CASE 1

200000.

TYPE (1} = OUFEIRITIIZD =0T ALTHA CELL ~ CONTACT MAINTENANWCE (ITEM

2 TYPE (77

3 TYPE (Z)

It TYPP (3}

S  ACTUAL OWT-C®-CEIL ZUTPMENT SPACE REQUIRED (CU PT)

PROCESSING SPACE T0ST (HOT CELLSY )
GPOSS IN-CEIZ IZECE REQUIRET

6 TYPE {1) V. TELL WIDTE (FT)

7 =*n. CELL HELGHT (FT)

8 =T? (FROX ORNL TN-4613, TABLE 5)

9 TICSS CELL VOLUME (CO PT)

10 TIWERR PT. OF CELL (F1)

11 TYPE (2} £7TD. CELL WIDTH (FT)

1?2 ™. CPLL HBYGHT (FT)

13 St (PROM ORNL TN-U613, TABLE 5)

1 Garss CELL VOLUME (Co FT)

15 TINZAR PT. OF CELL (PT)

16 PYPE (3) STO. CBLL WIDTH (PT}

17 STD. CELL HEIGHT (PT)

18 SUF (PROM ORNL TH-4613, TABLE 5)

19 GROSS CELL VOLUKE (CO PT)
20 LINEER FT. OF CELL (FT)
IN-CELL SPACE UNIT COST ($/C0 PT)

21 TYPE (1) (UCCP PROM ORMNL TN-4613, TABLE 6)
22 TYPE (2) (UCCP PROM ORNL TH-4613, TABLE 6)
23 TYPE (3) (UCCP PROM ORNL TH-8613, TABLE 6)
IN-CELL SPACE TOTAL COST (%)
24 TYPE (1}
25 TYPE (2)
26 TYPE (3)
27 TOTAL

5000,

500.

20.0
20.0
2.50
12500.
31.25

9.00

112500.

145770.

13% % &

7, TABLES S5 AND 6)

STIMATES

CASE 2

350000.

7000.

900.

20.0
20.0
2.50
17500.
43.75

157500.

207117,

DATE IS

07-18-T4 PAGE

CASE 3

510000.

10000,

1200.

20.0
20.0
2.50
25000,
62,50

9.00

225000,

290965 .

1

P



32

34
35

36
37

39
L1

42
a3

(1)
us
a6
47

n8
ag
S0
51

52

S4
55

56

57
58
59

60
61
62

GROSS OUT-0P-CELL SPACE REQUIRED
NAKE OP AWD PROCESS SERVICE SPACE

STD. BRTA WIDTH
STD. ARBA HEIGHT

(Co *T)

(PT)
(FT)

SUP (PROM ORNL TN-4613, TABLE S)

GROSS VOLUME
CPLL OPERATING SPACE

TYPE (1) STD. AREA WIDTH
STD. AREA HZIGHT
fO. OF C®LL SIDES WITE OP.
GROSS VOLUNE

TYPE (2) STD. AREA WIDTH
STD. AREA HEIGRT
¥O. OF CELL SIDES WITH OP.
GROS5 VOLUME

TYPE (3) STD. AREA WIDTH
STD. AREA BEIGHT
%0. OP CELL SIDES WITRH OP.
GROSS VOLUME
CRANE BAY SPACE

TYPE (1) CRLL AREA

(CO vT)
(cu rT)

(PT)
(FT)

(CO PT)

(PT)
(FT)

ARER

AREA

(CT PTY

(PT)
(PT)

AREA

(co MM

(sQ ¥T)

S0P (PROM ORNL 'TH-4G613, TABLE 5)

STD. BAY HEIGHET
G10SS VOLUNE

TYPE (2} CELL AREA

(PT)
(CU PT)

(sQ FT)

SUY (PROM ORNL TR-8613, TABLE 5

STD. BAY HEBIGHT
GROSS VOLUME

TYPE (3) CELL AREA

(rD)
(CU PT)

(sQ PT)

SUP (PROH ORNL TH-4613, TABLE 5)

STD. BAY HEIGHT
GROSS VOLUME

0UT-0P-CELL SPACE UNIT COST

MAKE-0P AND PROCESS SERVICE SPACE

(PT)
(CO PT)

{$/c0 1)

CELL OPERATING SPACE UCCF (PRON TH-4613, TABLE 6)

TYPE (V)
TYPE (2)
TYPE (3)

CRANE BY SPACE
TYPE (1)

TYPE (2)
TYPE (3)

OCCF (FROM TH=U613, TABLE 6)

16.0
1.0
2.70
1350.

10.0
20.0
1.0
6250.

625.
3.50
4.0
96250,

2.30

16.0
1.0
2.70
26430.

10.0
20.0

8750.

875.
3.50
84,0
134750.

7.00

7.00

2.30

PAGE 2

16.0
4,0
2.70
3240,

10.0
20.0
1.0
12500.

1250.
3.50
44,0

192500,

7.00

7.00

sl



OUT-0P-CELL SPACE TOTAL COST [£3]
63 EAKE=UP AND PROCESS 3ERVICE SPACE

CELL OPERATING SPACE

Y TYPE (1)
5 TYPE (2)
66 TYPE (3)
£7 TOTAL

CRANE EAY SPACE

68 TTPE (1Y)

59 TIPE (2)

T0 TYPE (3)

i TOTAL

12 TOTAY, OUT~OP-CELL SPACE COST

73  PROCESSING SPACE TOTAL COST (£

PROCESSING SUPPORT SPACE COST (BLDG. BXCLUBING 3JCT CELLS)

IRDIRECT PROCESS SUPPORT SPACE

L) STD. AREA HRIGHT {PT}
15 SOP (PROM ORNL T3¥-8613, TABIE 5)
76 TOTAL SPACE REQUIRED (CO PT)

INDIRECT PROCESS SUPPORT SPACE ONIT COST (%,CU PT)

77 UCCP (PRON ORNL TR-8613, TABLE 6) ($/CU FT)
78  PROCESSING SUPPORT SPACE TOTAL COST )
OUTSIDR UPILITIES COST ]

79 UCP (PROB ORWL TH-8613, TABLE 7)  (PRACT.)
80 EQUIPMERT AKD PACILITY COST

81 OUTSIDE DTILITIES COST

SITE INPROVENPNT COST (%)

82 UCP (PROM ORNL TN~0613, TABLE B)  (PRACT.)
83 SUBTOTAL DIRECT CONSTRUCTION COST ($)
8 SITE IMPROVENENT COST %)

85 TOTAL DIRECT CONSTRUCTIOR COST (41

950,

43750.

43750,

224375.

221375,
274575,
420345,

5.0
5.60
56579.

7.00
396050.

0.10
1016395.
101639,

0.005
1118034,
5590,
1123624,

17010,

61250.

61250.

309925,

309925,
388185,
595302,

10,0
5.60
79151,

7.00
554059,

0.10
14639360.
149936,

0.005
1649295,
8266,
1657541,

PAGE 3

22680,

87500,

87500,

442750,

442750,
552930.
843895,

1.0
5.60
111524,

7.00
780668.

0.10
2134561.
213456,

0.005
2348017,
11740,
2359757.

161



IFDIRECT CONSTRUCTION COST
CENEBAL AND ADNINISTRATIVE COST

86 NCP (PRONW ORNL TE-3613, TABLE 7) {PRACT.)
87 SUBTOTAL GEN. + ADN. COST (%)
EHGIFPZERING COST

88 OCP (PROM ORNL TH-3613, TABLE 7) (PRACT. )
89 SUBTOTAL BAGR. COST ($)
MISC. CONSTRUCTION COST

90 UCPF (PROM ORNL TH-8613, TABLE 7) ({PRACT.)
91 SUBTOTAL MISC. CONSTRUCTION COST s)
CONTINGENCY ALLOWAWCE

92 UCF (PROM ORNL TH-4613, TABLE 7) {PRACT.)
93 SUBTOTAL CONTINGENCY ALLOWANCE (%)

SPARE PARTS COST

9 UcP (PROM ORNL TM-8613, TABLE 7) (PRACT.)

95 SUBTOTAL SPAREB PARTS COST (s}

NONINSTALLED SPARZ EQUIPMENT COST

96 UCP (PROM ORNL TR-U4613, TABLE 7) (PRACT.)

97 SUBTOTLL NONINSTLED SPARE EQUIPMENT COST (%)

QUALITY RSSURAKRCE COST

98 UCP (FROW ORFL TH-8613, TABLE 7) (PRACT.)
(€3]

99 SUBTOTAL QUALITY ASSURANCE COST
400 TOTAL INDIRECT CONSTRUCTION COST %

0,10
1123862,

0.30
337087,

0.05
55181,

0.20
224725,

0.007
7865,

0.03
33709.

V.06
67417.
833347,

0.10
165754.

0.30
497262,

0.05
82877.

0.20
331508,

0.007
11603,

0.03
49726.

0.06
99u52,
1238181,

PAGE &

0.10
235976.

n,30
707927.

0.05
117988.

0.20
471951,

0.007
16518.

0.03
70793,

0.06
141585,
17562736,

Zél



OWNER'S COST

LAND CoST
101 UCP (PROM ORNWL TN-4613, TABLE B) {PRACT.}
102 SUBTOTAL LAND COST (%)

PROJECT BANAGEAENT COST
103 UCP {PROM ORNL TN-U613, TABLE B)  (PRACT.)
104 SUBTOTAL PROJ. MAKGT. COST 5
LICENSING COST

05 UCF (PROM ORNL TH-4513, TABLE 8) (FRACT.)
106 SUBTOTAL LICENSING COST ($)
TAXES, INSURANCE AND INTEREST

107 UCP (PRON ORNL THM-4613, TABLE 8) (PRACT.)
108 SUBTOTAL TAXES, TNSURANCE AND INT. (5)

PRECPERATIONAL TESTIRG AND STARTUP

109 JCP (PROM ORNL TR-8613, TABLE 8) {PRACT.)
110 SUBTOTAL PREOP. TESTING AND STARTUP ($)
111 TOTAL OWNER'S COST £3]

TOTAL CAPITAL COWNSTRUCTIOF COST

112 TINCREMENT OF TOTAL PLANT COST ($)
13 PROCESSING THROUGHPUT OP ACCEPTABLE PROD {KGHN/DAY)
1 ANNUAL PRODUCTION RATE (KILOGRAMS OP HEAVY METAL/YEAR)
115  CAPITAL CHARGE RATE (PRACT.)
116 ANNUAL CAPITAL CHARGE {DOLLARS/YEAR)
117 PRODUCT URIT COST {DOLLARS/RILOSGF AN OF HEAVY HETAL)

0.01
11236,

0.02
22072,

0.04
ay9as,

0.20
224725,

0.20
224725,
528103,

2491073,
20.70
6044,

0.30
747322,
123.64

0.01
16575.

0.02
33151,

0.04
66302,

0.20
331508,

0.20
331508,
779044,

36707TH6.
62.20
18162,
0.30
1102429,
60.70

PAGE 5

0.01
23598.

0.02
47195,

0.04
94390.

0.20
471951,

.20
471951,
1109085.

5231576.
124,50
36354.

0.30

15691473,

83.17

€61



* % % ORH PREPARATION POR IN BLEMERTSI

DESCRIPTION
PROCESS TRROUGHPUT {KILOGRANS)
PROCESSING EQUIPHERT COST (£1000)

PLANT DYRECT CONSTRUCTION COST ($1000)

PLART INDIRECT CONSTRUCTION COST (%£1000)

PLART OWRER'S COST {($1000)
PLANT TOTAL COST ($1000)
UXIT COST (DOLLARS/KILOGRARN)

PURCTION COEFFICIENTS ARE AS POLLOWS =
Al = 1.,76307e 02 A2 = 8,529302 04 A3
PUNCTION EXPONENTS ARE AS POLLORS =

Bl = =1, 71433E-02 B2 = -5.86912E-03 B3 =

SUNMARY OF RESOULTS

0.0

0.0

PLANT CAPACITY
1.5 TONNE
PER DAY

0.5 TORNE
PER DAY

20.7
200.0
1123.6
839.3
528.1
26891.1
123.64

B4 = 0.0

62,2
350.0
1657.5
1238.2
779.0
367u,8

60.70

B13* * »

3.0 TONNE
PER DAY

124.5
510.0
2359.8
1762.7
11059.1
5231.6
43.17

yol



# * % COSP PROCESS POR 002 NICROSPHERE PREPARATIOR (I¥ RECYCLE)S

%s23 1
**CO0ST ESTIMNMNATE PREPARATION»
DIRECT CONSTROCTION COST
PROCESSIKRG EQUIPHENT COST
1 2STINATED EQOIPY.ZNT COST [£1) 2155000.
ACTUAL IN-CELL EQUIPMENT SPACE REQUIRED (Co PT)
TYPE (1) = H#EDIOM SHIELDZD HOT CEBLL -~ CONTACT BMATN1ENANCE (ITEN
TYPP (2) = MEDIUN SHILLDED HOT CELL - REMOTE HNAINTENANCE (ITEH
2 TYPE (1) 7200.
3 TYPE {2) 22200.
] TYPE (3)
S ACTUAL OUT-OP-CELL BEQUIPMENT SPACE REQUIRED {CO PT) 16800.
PROCESSING SPACE COST (HOT CELLS) ($)
GROSS IN-CELL SPACE REQUIRED
6 TYPE (1) STD. CBLL WIDTH (PTY 30.90
7 STD. CELL HBIGHT (PT) 50.0
8 SUP (PROM ORNL T¥-4613, TABLE 5) 2.33
9 GROSS CELL VOLUME {cu ¥T) 16776,
10 LINEAR PT. OP CELL (PT) 13.98
11 TYPE (2) STD. CBLL WIDTH (PT) 26.0
12 STD. CELL HEIGHT (PT) 36.0
13 SUF (PROM ORNL TH-46€13, TABLE 5) 4.00
1u GROSS CBELL VOLUME (CU T) 88800,
15 LINEM} PT. OF CELL (PT) 94.87
16 TYPE (3) STD. CELL WIDTH (PT)
17 STD. CBLL HEIGHT (PT)
18 SUP (PROM ORRL TN-8613, TABLE 5)
19 GRDSS CELL VULUME {CU PT)
20 LINKEAR PT. OF CELL (PT)
IN-CELL SPACE UNIT COST ($/C0 FT)
bS] TYPE (1) (UCCF PRON ORNL TA-8673, TABLE 6) 16.00
22 TYPE (2) (UCCF PROM ORNL TE-8613, TABLE 6) 39.00
23 TYPE (3) (UCCF FROM ORNL TE-8513, TABLE 6)
IN=CELL SPACE TOTAL COST (%)
20 TYPE (1) 268416,
25 TYPE (2) 3463200,
26 TrPE (3)
27 TOTAL 3763738,

Blae * =

CASE ESTIMATES

MsS23 2

385u000.

4, TABLES S AFRD 6}
3, TABLES S5 AWD f)

aeng,
38400.

28000.

30.0
10,0
2,33
20131,
16.78

26,0
36.0
4.00
153600,
164.10

16.00
39.00

322099,
5990400,

6360678.

DATE 1S

07=-18-71 PAGE

ns23 3

63047000,

11700,
61800,

38500,

30.0
40.0
2.33
27261.
22.72

26.0
36.0
4.00
207200,
264.10

16.00
39.00

436176,
9640800.

10141214,

1

561



56

57
58
59

60
62

GROSS 0UT-OP-CBELL SPACE REQUIRED
MAKE UP AND PROCESS SEBRVICE SPACE

STD. AREA WIDTH
STD. AREA HEIGHT

€U r1)

(PT}
(PT)

SUP (PROM ORNL TH-4613, TABLE 5

GROSS VOLUME
CELL OPERATING SPACE

TYPE (1) STD. AREA WIDTH
STD. AREA HEIGET
NO. OF CELL SIDES WITH OP.
GROSS VOLUKME

TYPE (2) STD. AREA WIDTH
STD. AREA HEIGHT
RO. OP CELL SIDES WITH OP.
GROSS YOLUME

TYPE (3) STD. AREA WIDTH
STD. AREA HEIGHT
NO. OF CELL SIDES WITH OP.
GROSS VOLUME
CHANE BAY SPACE

TYPE (1) CELL AREA

{CU PT)
(Cu Ty

(eT)
(¥T)

AREA

(Co PT)

(PT)
(PTY

AREA

(CO0 PT)

(FT)
(rT)

ARER2

(CO PT)

{sq rT1)

Sg? (PROW ORNL Tm-U4613, TABLE 5)

STD. BAY HEIGHT
GROSS YOLUME

TYPE (2} CELL AREA

(r7)
(cu PT)

{SQ ¥T)

SUFP (PRON ORNL TN-L4613, TABLE S5

STD. BAY HEIGHT
GROSS VOLUME

TYPE (3) CELL AREA

(YT)
(Cu PT)

(sQ 1)

SUP (PRON ORNL TN-8613, TABLE 5)

STD. BAY HEIGAT
GROSS VOLUNE

00T-0P~CELL SPACE OUNIT COST
BAKE-UP AND PROCESS SBRVICE SPACE

(rT)
(co PT)

($,cy PT)

CELL OPERATING SPACE TUCCP (FROW IN-H613, TABLE ©)

TYPE (1)
TYPE {2)
TYPE (3)

CRANE BAY SPACE
TYPE (1)

TIPE (2}
TYPE (3}

UCCF (PROM TH=U613, TABLE 6)

16.0
28.0
2.70
45360,

419,
3.50
68,0
64588,

2467,
3.50
44.0

379866.

16.0
28,0
2,70
75600,

4.0
10.0
1.0
671,

16.0
14.0
2.0
73518.

503,
3.50
uy,0
77505.

u2e67,
3.50
8.0
657066 .

PAGE 2

16.0
28.0
2.70
103950.

4.0
10.9
1.0
909.

16.0
u.o
2.0
118318,

682,
3.50
44.0
104955,

6867.
3.50
4.0

1057466«

7.00

T7.00
7,00

2. 30
2.30

961



OUT~0P~CELL SPACE TOTAL COST
63 NLKE-UP AND PROCESS SERVICE SPACE

CELL OPERATING SPACE

64 TYPE (1)
65 TYPE £2)
66 TYPE (3)
67 TOTAL

CRARE BAY SPACE

68 TIEE (1)
69 TIYE (2)
70 TYPE (3)
71 TOTAL
72 TOTAL OUT-OP-CELL SPACE COST

73  PROCESSING SPACE TOTAL COST

81}

(%)

PROCESSING SUPPORT SPACE COST (BLDG. BXCLUDINS HOT CELLS)

INDIRECT PROCESS SUPPORT SPACE

T4 STD. AREA HRIGHT
15 SUPF (PROM ORNL TN-U613, TABLE 5)
76 TOTAL SPACE REQUIRED

(FT)
{CU FT)

IHDIRECT PROCESS SUPPORT SPACE UNIT COST ($,.CU PT)

71 UCCF (PROM ORNL TH-613, TABLE 6)
78 PROCESSING SUPPORT SPACE TOTAL COST

OUTSIDE UTILITIES COST

79 UCF (PROM ORNL TM-4613, TABLE 7)
80 EQUIPMENT AND PACILITY COST
81 OUTSIDE UTILITIES COST

SITE TMPROVENENT COST

82 gcP (PROM ORNL THN-4613, TABLE 8)
83 SUBTOTAL DIRECT CONSTRUCTION COST
84 SITE INPROVEMENT COST

85 TOTAL DIRECT CONSTRUCTION COST

($/Cu PT)
(s

(&)

(PPACT.)

(%)

{PRACT.)
(%

(%)
&)

317520.

3914,
297518,

301432,

148551,
873693,

1022244,
1641195,
5404929,

14.0
5.60
230579,

7.00
1614056,

0.10
9173985,
917398.

0.005
10091383,
50457,
10141839,

529200.

4697,
514626,

519323,

778261,
15149251,

1689512,
2738034,
9098712,

14.0
5.60
380431,

7.00
2663016.

0.10
15615728,
1561572,

0.005
17177296.
85886.
17263168,

PAGE 3

727650,

6361,
828226,

834586,

201396.
2532170,

2673565.
64235801,
14377015.

14,0
5.60
600401,

7.00
u202809.

0.10
24926600,
2092679,

0.005
27819472,
137097.
27556560,

261



INDIRECT CONSTRUCTION COST
GENERAL AND ADBIRISTRATIVE COST

86 UCP¥ (FROM OBNL TH~4613, TABLE 7) (FRACT.
87 SUBTOTAL GEN. ¢ 2DH. COST ¢

)
)
ENGINEERIAG COST

88 UCP (PROM ORNL TH-U613, TABLE T) ‘2RACT.)
ge SUBTOTAL ENGR. COST (8]

NISC. CONSTRUCTION COST

90 OCP (FROM ORNL TN-U613, TAZBLE 7) (FRACT.)
91 SUBTOTAL MISC. CONSTROUCTION COST (€3}
CORTINGENRCY ALLOWANCE

92 UCP (PRON ORNL TH-4613, TABLE 7) (FRACT.)
93 SUBTOTAYL CONTINGERCY ALLOWANCE (£3]
SPARE PARTS COST

a9y GCP (PRCM ORNL TN-0613, TABLE 7) (PRACT.)
95 SUBTOTAL SPARE PARTS COST (%)
WORIRSTALLED SPARER EQUIPHENT COST

96 UCF (PROM ORNL TK-4613, TABLE 7) (FRACT.)
97 SUBTOTAL NONINSTLED SPARE EQUIPMENT COST($)

QUALITY ASSURANCE COST

98 UCP (FROM ORNL “M-4613, TABLE T} (PRACT.)
99 SUBTOTAL QUALITY ASSYRANCE COST (%)
100 TOTAL INDIRECT CONSTROCTION COST (¢])

0.10
1018184,

0.30
3042551,

0.05
507092.

0.20
2028367.
0.007

70993.

0.03
308255,

0.06
608510,
1575949,

0.10
1726316,

0.30
5178949,

0.05
863158.

0.20
3452633,

0.007
1208462,

0.03
517895.

.06
1035790,
12895582,

PAGE 4

0.10
2755655,

0.30
8266966,

0.05
1377827,

0.20
5511311,

0.007
132896,

0.03
826697,

0.06
1653393,
20584704,

861



OWYBR'S COST

LAND COST
101 UCP (PROH ORNL TH-UE13, TABLE 3) (PRACT.)
102 SUBTOTAL LAND COST (f)

PROJECT MANAGENENT COST

103 GCP (FROM OPRL TH-8613, TABLE 8} {PRACT.}
104 SUBTOTAL PROJ. MANGT. COLT ($)
LICENSIRG COST

105 UCY (PROM ORNL TM-4613, TABLE 8) {PRACT.)
106 SUBTOTAL LICENSING COST %)
TAXES, ISSORPANCE AND INTERBST

107 UCP (FROM ORNL TH-t613, TABLE 8) {FRACT.)
108 SUBTOTAL TAXES, INSORANCE AND INT. (%)

PREOPERATIONAL TESTING AND STARTUP

109 OCP (FROM ORNL THN-U4613, TABLE 8) {FRACT.}
110 SUBTOYAL PREOP. TESTING AND STARTUP (£1]
111 TOTAL O¥NER'S COSY ($)

TOTAL CAPITAL CONSTRUCTION COST

112 IWCREMEST OP TOTAL PLANT COST ($)
113 PROCBSSING TOROGGHPUT OF ACCEPTABLE PROD {XGHN/DAY)
14 ANNUAL PRODUCTION RATE (KILOGRAMS OF HEAYY METAL/YEAR)
115 CAPITAL CHARGE RATE {PRACT.)
116 ANNOAL CAPITAL CHARGE {DOLLARS/YEAR)
117 PRODUCT UNIT COST (DOLLARS/KIIOGRAN OF HEAVY NETAL)

0.01
101418,

0.062
202837,

0.04
405674,

0.20
2026367,

0.20
2028367,
4766662,

22408432,
10.38
8870,

0.30
6745329,
760.51

0.01
172632,

0.07
3452063,

0.04
6905217,

0.20
3452633,

0.20
3452633,
8113687,

38272u16.
91.13
26609,
0.130
1481722,
431,51

PAGE 5

0.01
275566.

0.02
551131,

0.006
1102262.

0.20
5511311,

0.20
5511311,
12951580,

<1092832.
182.25
53217.
0.30

18- 7840,
230,40

661



% + #» CUSP PROCESS FOR U02 MICROSPHERE PREPARATION (IM RECYCLE)S

DESCRIPTION
PROCESS THROUGHPUT (RILOGRANS)
PROCESSING EQUIPMENT COST {%1000)

PLANT DIRECT COASTRUCTION COST (£1000)
PLANT INLIRECT CORSTRUCTION COST (£1000)

PLANT OWNER'S COST ($1000)
PLANT TOTAL COST (1000}
ORIT COST (DOLLARS/KILOGRAN)

PONCTION COEPPICIENTS ARE AS FOLLORS =

At = 1,009632 03 A2 = S5.80684E 02 A3
PONCTION EXPORENTS ARE AS FOLLOWS =

B1 = -9.32850P-03 B2 = ~2.87042E~03 B3

SOUMARY OF RESULTS

0.0

0.5 TON
PER DA

30.u
2155.0
10141.8
7575.9
4766.7
22484.4

760.5

AG =

PLANT CAPACITY

Ne
Y

1

0.0

1.5 TONNE
PER DAY

91.1
3854.0
17263,2
12895.6
8113.7
38272.4
u31.51

BYis & ¢

3.0 TONNR
PER DAY

182.3
6347.0
27556 .6
20584.7
12851.6
61092.8

3u4.40

002



* # * TRI50 COATING PROCESS IM PISILE PARTICLES U002

¥* C0S5T

DIRECT COFSTRUCTION COST

PROCESSING EQUIPHENT COST

ESTIMATE

1

N WN

BSTIMATED EQUIPMENT COST

PREPARATIONS®*

(%)

ACTUAL IA~CELL BQUIPHENT SPACE REQUIRED
TYPE (1) =
) =

TYPR (2

TYPE (1)

TYPR (2)
TYPE (3

)
ACTUAL QUT-QP-CELL EQUYPMERT SPACE REQUIRED

GLOVE BOXFS AND

PROCESSING SPACE COST (HOT CPRLLS)

GROSS IN~CELL SPACE REQUIRED

SUP (PROM ORNL TH-u4613,

SUP (PROM ORNL TN-U4613,

SUFP (FROM ORNL TH-4613,

(UCCP FPROM ORNL TH-3613,
(UCCF FRO# ORRL TN-4G13,

6 TYPE (1) STD. CELL WIDTH
7 STD. CELL HEIGHT
2]
9 GROSS CELL VOLUME
10 LINEAR FT. 9P CILL
1 TYPE (2) STD. CELL WIDTH
12 STD. CBLL HEIGHT
13
w GROSS CELL VOLUSE
15 LIWEAR PT. OF CBLL
16 TYPE (3) STD. CELL WIDTH
17 STD. CELL HBIGHT
18
19 GROSS CELL YOLUNE
20 LINEAR FT. OF CELL
IN-CPLL SPACE UNIT COST
21 TYPE (1) (UCCF FRON ORNL TM-u4613,
22 TYPE (2)
23 TYPE (3)
IR-CELL SPACE TOTAL COST
28 TYPE (1)
25 TYPE (2)
26 TYPE (3)
27 TOTAL

{(cv PT)

UNSHIELDED HGT XLPHA CPLL -~ CONTACT MAINTENANCE
HOODS -~ DIRECT HAINTENANCE (ITENM

(CU PTY
(£3}
(FT)
(FT)
TABLE 5)
(CY PT)
(FT)
(FT)
(FT}
TABLE 5)
(CH FT)
(FT)
(FT)
(¥T)
TABLE 5)
{CU PT)
(FT)
($/CU PT)
TABLE 6)
TABLE 6)
TABLE €)
(%)

{L-2.3-(1) )¢

CASE 1

1913000,

(ITEN

2579.
307.

16 38.

20.0
20.0
2.50
6448,
16.12

2.5
4.0
2.20
675.
67.54

9.00
146,00

58028.
98608.

188756.

A15% & « DATE IS

CASE ESTIMATES
CASE 2

4098200,

7, TABLES 5 AND 6)
8, TADLES S AWD 6}

4813,
307.

3260.

20.0
20.0
2.50
12033.
n.os8

2.5
4.0
2.20
A75.
67.54

.00
146.00

108293,
98608.

2550081,

07-1B-74 PAGE

CASE 3

£366100.

7938.
ur1,

4902.

20.0
20.0
2.50
19845.
ua.61

2.5
u.0
2.20
1014,
101,42

9.00
146.00

178605.
148073,

390918,

M

1oz



56

57
59

60
61
62

GRO5S 0UT-OP-CELL SPACE REQUIRED

HAKE UP AND PROCESS SERVICE SPACE

CELL OPERATING SPACE

TYPE (1)

TYPE (2)

TYPE (3)

STD. AREA ®IDTH

STD. AREA HEIGHT

SUP (FPROM ORKNL TH-8613, TABLE 5)
GROSS VoLUME

STD. RREA WIDTH

STD. AREA HEIGAHT

HO. OP CELL SIDES WITH OP. AREA
GROSS VYOLUME

STD. AREA WIDTH

STD. AREA HEIGERT

RO. OP CELL SIDES WITH OP. AREA
GROSS VOLUME

STD. AREA WIDTH

STD. AREA HEIGRT

RO. OF CBLL SIDES WITH OP, ARER
GROSS VOLUME

CRANE BAY SPACE

TYPE (1)

TYPE {2)

TYPE (3)

0UY-0F-CELL SPACE UNIT COST

CBLL AREA

SgP (PROM ORNL TN-8613, TABLE 5)
STD. BAY HEIGHT

GROSS VOLUNME

CELL AREA

SOF (PROM ORNIL TR-U4613, TABLE 5)
STD. BAY HBIGHT

GROSS VOLUNE

CELL AREA

SUP (PROM ORNL TE-8613, TASLE 5)
STD. BAY HBIGET

GROSS VOLUNE

BAKE-UP AND PROCESS SERVICE SPACE

(CU FT)

(P
(PT)

(CO PT)

(CO PT)

(FT)
(FT)

(CU PT)

(PT)
(FT)

(C0 PT)

(FT}
(FT)

(CU PT)

(sQ PT)

(PT)
(CO PT)

{s¢ FT)

(PT)
(Cu PT}

(sQ PT)

(PT)
(Cuo PT)

($/CU PT)

CELL OPERATING SPACE OUCCP (FRON TN-4613, TABLE 6)

TYPE (1)
TYPE (2)
TYPE (3)

CRAN® BAY SPACE

TYPE (1)
TYZE (2)
TIPE (3)

UCCP (FROM TM=4613, TABLE 6)

16.0
14.0
2.70
uu23,

10.0
20.0
1.0
3224,

10.0
.0
1.0
9456.

322.
3.50
u4.0
B9646.

169.
3.50
0.0
0.

16.0
14.0
2,70
86502,

10.0
20.0
1.0
6016,

10.0
14.0
1.0
9456.

602.
3.50
4.0
92650.

169.
3.50
0.0
0.

7.00

PAGE 2

16.0
4.0
2.70
13235,

10.0
20.0
1.0
9922,

10.0
16.0
1.0
14199,

992.
3.50
44.0
152806,

256,
3.50
0.0
0.

7.00

202



00T-0OF~CELL SPACE TOTAL COST
63 MAKE-UP ANP PROCESS SERVICE SPACE

CELL OPPRATING SPACE

64 TYPE (1)
65 TYPE (2)
66 TYPE (3)
€7 TOTAL

CRANE BAY SPACE

68 TYPE (1)
69 TYPE (2)
70 TYPR (3)
17 TOTAL
12 TOTAL OUT-OP-CELL SPACE COST

73 PROCESSING SPACE TOTAL COST

%

PROCESSING SUPPORT SPACE COST (BLDG, BYXCLUDING HOT CPLLS)

IRDIRECT PROCESS SUPPORT SPACB

74 STD. AREA HEIGHT
75 SUF (PROH ORKL TN-8613, TABLE 5)
76 TOTAL SPACE REQUIRED

INDIRECT PROCESS SUPPORT SPACE UNIT COST (5/CU PT)

77 UCCFP (PROS ORKL TM-4613, TABLE 9)
78 PROCESSING SUPPCAT SPACE TOTAL COST

OUTSIDE UTILITIEBS COST

79 OCP (PROM ORNL TN-4613, TABLE 7)
80 EQUIPHERT AND PACILITY COST
81 OUTSIDE UTILITIES COST

SITE IMPROVEMENT COST

82 UCP (PROM ORNL TH-3613, TABLE 8)
83 SUBTOTAL DIRECT CONSTROUCTION COST
84 SYTE INPROVENENT COST

85 TOTAL DIRECT CONSTRUCTION COST

(£3]
(PT)
{cu PT)
(§/CU0 PT)
(63]
(%)
(PRACT.)
()
(PRACT.}
)
(%)

30958.

22566.
66189,

88755,

114185,
0.

114185,
233899,
n22654,

14.0
5.60
452824,

7.00
299768.

0.10
2635421,
263542,

0.005
2898963,
10495,
2913u57.

61614,

82114,
66189,

108303,

213095,

213095,
383012,
£38093,

14.0
5.60
66873,

7.00
468112,

. 0.10
5200u403.
520040.

0.005
5720443,
28602,
5749045,

PAGE 3

92648,

69457,
99392,

168849,

351455.
0.

351455,
612951,
1003869.

.0
5.60
106295,

7.00
744062,

0.10
81164031,
B11403.

0.005
8925433.
44627.
8970060.

€02



INDIRECT COFSTRUCTION COST
GENERAL AND ADMINISTRATIVE COST

86 UCP (PRONM ORRL TM-1613, TABLE 7) {”RACT.)
87 SUBTOTAL GEN. + ADR. COST (%)

ERGINEERING COST

88 UCP (PRON ORNL THM-B613, TABLE 7) (FPRACT.)
89 SUBTOTAL BNGR. COST (%)
MISC. CONSTRUCTION COST

90 UCP (FROM ORNL TR-4613, TABLE 7} (PRACT.)
91 SUBTOTAL MISC. CONSTRUCTION COST [¢]]

CORTINGENCY ALLOWANCE

922 OUCF (PROM ORKRL TN-8613, TABLE 7) {FRACT.)
93 SUBTOTAL CONTIRGERCY ALLOWANCE (%)

SPARE PARTS COST

b1} UCF (FROM ORNL TM-G613, TABLE 7) (PRACT.)
95 SUBTOTAL SPARE PARTS COST (£))

KORINSTALLED SPARE EQUIPMENT COST

96 UCF (PROMN OBNL TM-8613, TABLE T) (FRACT.)
97 SUBTOTAL NONIKSTLED SPARE EQUIPMBNT COST ($)

QUALITY ASSURARCE COST

98 UCPF (FRONM ORNL TM-8613, TABLR 7) ({PRACT.)
99 SUBTOTAL QUALITY ASSURARCE COST $
100 TOTAL INDIRECT CONSTRUCTION COST £

0.10
291346,

0.30
874037,

0.05
145673.

0.20
582691,
0.007

20394,

0.03
87404,

0.06
178807,
2176349,

0.10
574904,

0.30
1724713,

0.05
287452,

0.20
1149808.

0.007
40243,

0.03
17281,

0,06
3448943,
4294533,

PAGE u

0. 10
897006,

0.30
2691017,

0.05
448503,

0. 20
1794011,

0.007
62790,

0.03
269102,

0.06
538204.
6700629,

4014



OWNER* S COST

LAND COST
101 gcP (YROK ORNL TH-4613, TRBLEZ 8} (PRACT.}
102 SUBTOTAL LA®D CAsY N

PROJECT MANAGEMENT COST
103 ncP (PPO® ORNL TH-U613, TADLE F) {PRACT.)
104 SUBTOTAL PROJ. MANGT. COST (%}
LICENSING COST

105 UCP [PRON ORNL TH-U613, TABLZ 9) {PRACT.)
106 SUBTOTAL LICEWSING COST ()
TAXBS, INSURAMCE AKD INTEREZST

107 UCY (PROM OREL TH-UKY3, TABLE R) {PRACT.)
108 SUBTOTAL TAYES, INSURANCE AWD IKT. %)

PREOPERATIONAL TRSTING AND STARTUP

109 UCP (PROP ORNL THM~4613, TABLE ©) (PRACT.Y
110 SOBTOTAL PREOP. TESTING AKD STARTOP (£3]
111 TOTAL OUNPR!'S COST %

TOTAL CAPITAL CONSTRUCTION COST

112 INCRENSENT OP TOTAL PLABT COST (%)
13 PROCESSING THROUGHPUT OP ACCEPTABLE VROD IRGHR/DAY)
114 ANEOAL PRODUCTION RATE (KTLOGHANS 07 HEAVY NPTAL/IPAR)
15 CAPITAL CHARGE RATE ({YRACT.)
16 ANNOAL CAPITAL CHARGE {DOLLARS/YTAR)Y

17 PRODOCT URIT COST {DOLLARS/KTLOGRAR OP M2AYY NPTAL)

0.0?
293V35,

0.02
SH269.

0,98
116518,

Q.20
92691,
1369324,

LIR30,
23,10
6A0%,

.16

117716,

206,01

0.nt
57494,

.02
1140a1,

n.0b
220962,

0.20
1149008,

.20
vieseo0n,
2702069,

12186427,
£9,RQ
In3wo.,
0,130
3823607,
17,60

PAGE H]

0.01
89701,

0.02
178501,

0.08
3586802,

0.20
1790011,

0.20
17964011,
42159726,

19RB6FN8.
139,60
40763,
0.30
5965901,
146, 36

174



® ¢ & TRISO COATING FROCESS IM PISILE PARTICLES 002 (L-2.J3,.(1)1S$

DESCRIPTION
PROCESS THROUGHPUT (XILOGRANS)
PROCESSING EQUIPMENT COST ($1000)

PLANT DIRECT CONSTRUCTION COST ($1000)

PLANT INDIRECT COXSTRUCTION COST ($1000)

PLABT OWNER'S COST ($1000)
PLANT TOTAL COST ($1060)
O¥IT COST (DOLLARS/KILOGRAN)
PUNRCTIOR COEPPICIENTS RRE AS POLLOWS =
At = 3,51081e 02 A2 = 2,40477E 02 a3

PUNCTION EXPONENTS ARE AS POLLORS =

Bl = -8,97820B-03 B2 = -3,557t4e-03 B3

SUNMARY OF RESOLTS

PLANT CAPACITY

0.5 TONNE 1.5 TONNE
PER DAY PER DAY
23.3 69.8
1313.0 0094.2
2913.5 5745.0
2176.3 4294.5
1369.3 2702.0
6059.1 12765.6
26¢.81 187.60
0.0 At = 0.0
0.0 B4 = 0.0

B15s = »

3.0 TONNE

PER DAY
139.6
6366.1
8970.1
6700.6
4215.9
19886 .6
106,36

902



% ¢« % PRP SLUG INJECTION OUT OF BLOCK CARB PROCESS POR Im FUEL M-4.A(1)%

* s CO0ST

ESTIN®NRTE

DIRECT CONSTRUCTION COST

PROCESSING EQUIPMERT COST

1

2
3
[
5

ESTIMATED EQUIPMERT COST

ACTUAL IN-CELL EQUIPMENT SPACE REQUIRED

TYPE (1)
TYPE (2)

TYPP (1)
TYPE (2}
TYPE (3)

ACTUAL QUT-OF-CELL EQUIPRENT SPACE REQUIRED

CASE 1

PPEPARATIOND®T®

(%) 525200.

{Cu PT)

Bl6e * =

CASE ESTINATES

CASE 2

1123500.

ONSHIBLDED HOT ALPHA CELL - CONTACT MAINTERANCE (ITEN 7, TABLES 5 AWD 6}

= GLOVE BOXES AND

PROCESSING SPACE COST (HOT CELLS)

24
25
26
27

GRUSS IN-CELL SPACE REQUIRED

TYPE (1)

TYPR (2)

TYPE (3)

STDp. CELL WIDTH

STD. CELL HEIGHT

SUP (PROW ORNL TH-U613,
GROSS CELL VOLUME
LINEAR PT. OF CELL

STD., C2LL WIDTH

STD, CBLL HEBIGHT

S0P (PROM ORKL TH-4613,
GROSS CELL YOLUNE
LINEAR PT. OP CELL

STD. CELL WIDTH

STD. CELL HPIGHT

SUP (PROM ORNL TH-4613,
GROSS CELL VOLURE
LINEAR FT. OF CELL

IR-CELL SPACE URIT COST

TYPE (1)
TYPE (2)
TYPE (3)

(UCCF PROM ORNL TH-4613,
(UCCF PRON ORKFL TM-U613,
(OCCF PRONM ORNL TN-0613,

IN-CELL SPACE TOTAL COST

TYPE (1)
TYPE (2)
TYPE (3)

TOTAL

HOODS - DIRECT MAINTENANCE (ITEM

2700.
195,
(co {T) 1836,
&)
1 PT) 20.0
(FT) 20.0
TABLE 5) 2.50
{CU FT) 6750,
(PT} 16.88
(PT) 2.5
(FT) 4,0
TABLE §} 2,20
{CO PT) u29,
(FT) 42.90
(¥T)
(PT)
TABLE 5)
(Cu PT)
(PTY
($/¢C0 FT)
TABLE 6) 9.0v
TABLE 6) 146,00
TABLE 6)
(%)
60750.
62634,
155504,

8, TABLES S AWD 6)

7614,
300.

3672,

20.0
20.0
2.50
13035,
47.59

2.5
u.0
2.20
660,
66.00

9.00
146.90

171315,
96360.

315855.

DATE IS

07-18-74 PAGE

CASE 3

1800400.

11502.
600.

5784,

20.0
20.0
2.50
28755,
71.89

2.5
.0
2.20
1320.
132.00

9.00
146.00

25879S.
192720.

515755.

1

202



29
29

E)

32

EL]
35

36

37

39
ug
41

u2
43

an
8%
47
ug
&y
50
51
52

S4
55

56

57
59

60
61
62

SROSS OUT~OP-CELL SPACE REQUIRED
MAKE OP AND PRQCESS SERVICE SPACE

STD. AREA VIDTH
STD. AREA HEIGHT

o

(P
(PT)

SUF (PROM ORNL TH-8613, TABLE 5)

GROSS vOLUHWR
CELL OPERATING SPACE

TYPE (1) STD. AREM WIDTH
STD. AREA HEIGHT
RO, OF CBELL SIDES WITH OP. AREA
GROSS YOLUME

TYPE (Z] STD. AREA WIDTH
§TD. AREA HRIGHT
N0, OF CELL SIDES WITH OP. AREA
GROSS VOLUNE

TYPE (3) STD. AREBA WIDTH
STD. AREA HEIGHT
NO. OF CELL SIDES WITH OP. AREM
GROSS VOLONE
CRARE BAY SPACE

TYPE (1) CELY. AREA

{cu PT)
€0 PTY

(FT)
(PT)

(Co PT}

(rT)
(rr)

{(CU T

(¥T)
{(PT)

(cy rT)

(sc

SoPF (PRONM ORNL TH-8613, TABLE 5)

STD. BAY HEIGHT
$ROSS YOLUME

TYPE (2) CELL AREA

(PT)
(CO PT)
(se ™)

SUFP (PHOW ORNL TH~8613, TABLE 5)

STD. BAY BEIGH?
GPROSS VCLONE

TYPE (3} CELL AREA

(rT)
(Ca rr)

(50 1)

SUP (PROM ORBL TN-G613, TABLE 5)

STD. BAY HEIGHT
GROSS VOLUNE

(er)
(ca »T)

0o0T-0FP-CELL SPACE ONIT COST {$/C0 )

NAKE-UP AND PROCBSS SERVICE SPACE

CBLL OPRRATIRG SPACE UCCF (FROM TR-0673, TABLE 6}

TYPE (1)
TYPE (2)
TYPR (3)

CRANE BAY SPACE
TYPE (1)

TYPE (2)
TYPE (3}

uccr (FROM TA=4613, TABLE §)

15.0
16,0
2.70
4957,

10.0
20.0
1.0
3375.

10.0
%.0
1.0
6006.

338,
2.50
48,0
51975.

107,
3.50
0.0
Q.

7.00

16.0
1.0
2,70
9914,

10. 0
20.0
1.0
9517.

10.0¢
14.0
1.0
9240.

952.
3,50
4.0
156569,

165
3.50
0.0
0.

7.00

PAGE 2

16.0
1.0
2.70
15617,

10.0
20.0
‘.0
12377,

10,0
1.0
1.0
€480,

1438,
3.50
48.0

221413,

330.
3.50
0.0
0.

7.00

802



OUT-0OP-CELL SPACE TOTAL COST [§3]
63 RARKE-UP AKD PROCESS SRBRVICE SPACE

CPLL OPERATING SPACE

64 TYPE (1)
65 TYPE (2)
66 TYPE (3)
67 TOTAL

CRARE BAY SPACE

68 TYPR (1)

69 TYPE (2)

70 TYPR (3)

71 TOTAL

12 TOTAL OUT~OP-CELL SPACE fOST

73 PROCESSING SPACE TOTAL COST (£

PROCESSING SBPPORT SPACE COST (BLDG., EBXCLODING HOT CEBLLS)

IRDIRECT PROCESS SUPPORT SPACE

78 STD. AREA BEIGHT {PT)
75 SUF (PROM ORRL TN-G613, TABLE 5
76 TOTAL SPACE REQUIRED (Cu FT)

INDIRECT PROCESS SUPPORT SPACE URIT COST (3/CU0 PT)

M 9CCP (PROM ORRL TH-U613, TABLE 6} ($/CU PT)
78 PROCESSYNG SUPPORT SPACE TOTAL COST (83}
OUTSIDE UTILITIES COST (%)

79 Uc? (PROM ORNL THN-4613, TABLE 7} {PRACT.,)
80 BQUIPNEAT AND FACILITY COST

81 00TSIDE GTILITIES COST

SITE INPROVEAENT COST (¢}

82 UCP (FROM ORNL TN-U613, TABLE 8) (PRACT.)
83 SUBTOTAL DIRECT CORSTRUCTION COST (%)
84 SITE INPROVENENT COST {$)

85 TOTAL DIRECT CORSTRUCTIONW COST (£3]

35700,

23625,
a2042,

65667,

119542,
0.

119542,
219910,
375414,

f4,0
5.60
39180.

7.00
2748262,

0.10
117u876.
117488,

0.005
1292363.
6U62.
1298824,

659401,

66622,
6U680.

131302,

337110,
0.

237110.
537813,
853668,

4.0
5.60
94021,

7.00
658147,

9.10
2635314,
263531,

0.005
2899845,
taua9u,
2913339,

PAGE

109318,

100642,
129360.

230002.

509250,
0.

509250.
8uus70,
136432¢,

4.0
5.60
147216.

7.00
1030509.

0.10
4195233,
419523,

0.005
u614756.
23076,
4637829,

3

602



INDIRECT CONSTRUCTION COST

GENERAL ARD ADMINISTRATIVE CO5T

8F UCP (PROR ORNL THM-4613, TABLE 7} (PRACT.}
87 SUBTOTAL GEN. ¢ ADAM. COST . [¢3)
ENGINEERYING COST

1] UCPF (PRNOM ORNL TM-U613, TABLE 7) {(VRACT.)
89 SUBTOTAL ENGR. COST (¢1}

BISC. CONSTRUCTION COST

90 JCP (PROM ORNL TH-U613, TABLE 7) {FRACT.)
21 SUBTOTAL MISC. CONSTRUCTION COST ($)

CONTINGENCY ALLOWANCE

92 UCF (PROM ORNL TM~4613, TADLE 7) {PRACT.)
93 SUBTOTAL CONTIRGENCY ALLOWANCE (%)

SPARE PARTS COST

a4 OCF (PROM ORNL TH-8613, TABLE 7) {PRACT.)
95 SOBTOTAL SPARE PARTS COST (£3]

HOHIRSTALLED SPARE EQUIPNENRT COST

9€ OCF (PROM ORNL TH-U613, TABLE T) {FRACT.)
97 SOBTOTAL MONINSTLED SPARE EQUIPHMENT COST ($)

QUALITY ASSURANCZ COST

98 UCF (PROM URWL TN~B613, TABLE 7)  (PRACT.)
99 SUBTOTAL QUALITY ASSURANCE coOS?T (%)
100 TOTAL INDIBECT CONSTRUCTYON COST ()

0.10
129882,

0.30
389647,

0.05
64941,

0.20
259755,

0.007
5092,

0.03
38965,

D.06
77929,
970221.

0.10
291334,

0.30
874002.

0.05
1u56€7.

0.20
582668.

0.007
20393.

0.03
87600,

0.06
17u800.
2176261,

PAGE 4

0.10
463783,

0.130
1391348,

0.05
231891,

0.20
927566,

0.007
32465,

0.03
139135.

0.06
278270.
64453,

otz



OWNER'S COST

LAND COST
101 UCP (PROM ORNL TN-4613, TABLP 8) (PAM.T.)
102 SUBTOTAL LARD COST (3}

PEOJECT MANAGEMENT COST
103 UCP (PROM ORNL TN-0613, TABLE 8} (PRACT.
104 SUBTOTAL PROJ. MANGT. COST (%)
1ICERSING COS.

105 GCP (PRGM ORNL TH-4613, TABLE #]  (PRACT.}
106 SUBTOTAL LICENSING COST (5
TAXEBS, INSUPARCZ AND INTER®ST

107 ICP (PROK ORWIL TH-U613, TABLE P)  (PRACT.)
108 SUBTOTAL TAXES, 1WSURASTE AND TNT. ($)

PREOPERATIORAL TESTING AND STARTUP

109 UCF {PROM ORNL TN-0613, TABLE 8) (¥RACT.)
10 SUBTOTAL VYREOP. TEBSTING AND STARTHD (%)
111 TOTAL OWRER'S COST (%

TOTAL CAPITAL CORSTRUCTION COST

112 INCREMENT O? TOTAL PLANT COST ($)
113 PROCESSING THROUGAPUT OF ACCEPTABLE PROD (KGHB/DAY)
118 ARNORL PRODUCTION RATE (KILOGRAHS OFP HEAVY MET)L/YEAR)
115 CAPITAL CHARGE RATE (PRACT.)
o as YL CAPITAL CHARGP {DOLLARS/YEAP)
117 PRODUCT UNIT COST {DOLLARS/RTLOGRYN OP HEAVY NETAL)

0.01
12988,

.02
75976,

7.0¢
51953,

0. 20
¥59765,

0.20
259765,
€10u07,

TRINGD
521,90
93995,

1, 30
96 3047,
2.19

a.01
29113,

.02
267,

n.ou
11653,

0.20
HR2CER,

0.20
502669,
1369269,

GUSRERG,
“312.70
272348,
¢.30
12317660,
7.11

PAGE 5

0.0t
163718,

0.02
92757,

0. 04
185514,

0.20
127566,

0,20
927566.
2179778,

10282060,
1H6S,u40
SU4697.

0.30
INBU61T.
5.66

(3 ¥4



* % » PRP SLUG INJECTION OUT OF BLOCK CARB PROCESS POR IN FUEJ, N-8.A(1)S

DESCRIPTION
PROCESS THROUGHPUT (KILOGRAZS)
PROCESSING SQUIPHENT COST ($1000)

PLANT DIRECT COHSTRUCTION COST (31000)

PLANT INDIRECT CONSTRUCTICN COST (31000)

PLART OWNER'S COST {(£1000)
PLANT TOTAL COST ($1000)
ONIT COST (DOLLARS/KILOGRAM)

FURCTION COSPFICTENTS ARE AS FOLLOWS =
At = 1.,05178E 01 A2 = 8.9383BE 00 A3
PURCTION EBXPONENTS ARE AS POLLORS =

Bl = -0.19126E-04 B2 = ~2.80666E~08 B3

SUMMRRY OF RESOULTS

PLANT CAPACITY

0.5 TORNE
PER DAY

321.9

525.2

1298.8

970.2

610.4

2879.5

Al

BY

9.19

1.5 TONNE
PER DAY

932.7
1123.5
2913.3
2176.3
1369.3
6458.9

T.11

B16% x =%

3.0 TONNE
PER DAY

1865.4
1806.4
4637.8
3464.5
2179.8
10282.1
5.66

Zie



* % x PUEL ELEMENT ASSEMBLY OUT OF BLOCK CAEB PROCESS IM FOEL ¥-1.A$

** COST

ESTINATE

DIRECT CORSTRUCTION COST

PROCESSING RQUIPHERT COST

1

2
3
]
§

ESTIMATED BQUIPMENT COST

ACTUAL IN-CELL EQUIPNENT SPACE REQUIRED

TYPE (1)

TYPE (1)
TYPE (2)
TYPE (3)

ACTUAL 00T-OF-CELL EQUIPNENT SPACE REQUIRED

PROCESSING SPACE COST (HOT CELLS)

21
22
23

20
25
26
27

GROSS IN-CELL SPACE REQUIRED

TYPE (1)

TYPE (2)

TYPE (3)

STD. CELL WIDTH

STP. CELL HEIGAET

SUP (PRON ORRL TH-0613,
GROSS CELL VOLDNE
LINEAR FT. OPF CELL

STD. CELL WIDTH

STD. CELL HEIGHT

SOF (PROM ORNL TN-4613,
GROSS CELL VOLUNE
LINZAR FT. OF CELL

STD. CRLL WIDTH

STD. CELL HEIGHT

SOF (PRON ORRL TH-4613,
GROSS CELL VOLUME
LINEAR PT. OF CELL

IN-CFLL SPACE UNIT COST

TYPE (1)
TYPE (2)
TYPE (3)

(JCCY PROM ORNL TM~-4613,
(UCCP PROM ORNL TE-3613,
(UCCP FRONM ORFL TH-4613,

IN-CELL SPACE TOTAL COS%

TYPE (1)
TYPE (2)
TYPE (3)

TOTAL

PREPARAT ION* »

()
(cu M

(ce rr)
(%)
(PT)
(PT)
TABLE 5)
{CU PT)
{PT)
(PT)
(FT)
TABLE 5}
(co PT)
(FT)
(FT)
(FT)
TABLE 5)
(CO PT)
{PT)
(3/C0 PT)
TABLF 6)
TABLE 6)
TABLE 6)

(%)

CASE 1

u08900.

8568.

u440,

20.0
20.0
2.50
21420,
53.55

192780.

287534,

B17® * x DATE IS

CASE ESTIMATES
CASE 2

631400,

UNSHYELDED AOQT ALPHA CELL - CONTACT MAINTENAHCE (ITEY¥ <7, TRBLES S AND &)

14585,

5772,

20.0
29.0
2.50
36u63.
51.16

328163.

472702,

07-18-T74

PAGE

CASE 3

899L00.

23216.

6660.

20.0
20.0
2.50
58040.
145,10

9.00

522360.

779320.

1

INEA



28
29
30
31

32
33
34
35

36
37
38
as

40
a1
42
43

uy
us
a6
a7

as
ug
50
51
52
53

su
55

56

57
59

60
62

GROSS OUT~OP-CELL SPACE REQUIRED (CoO PT)
BAKE 0P AND PROCESS SERVICE SPACE

STD. AREA WIDTH (FT)
STD. AREA HEIGHT {FT)
SUP (PROM ORNL TH-4613, TABLE %)
GROSS VOLUME (co PT)
CELL OPBRATING SPACE (CU PT)
TYPE (1) STD. RREA WIDTH (¥7)
STD. AREA BEIGHT (PT)
NO. OP CELL SIDES WITH OP. AREA
GROSS VOLUME (CO eT}
TYPE (2) STD. AREA WIDTA (FT)
STD. AREA HEIGBT (P}
HO. OF CELL SIDES WITH OP. AREA
GROSS YOLOME (CU P1)
TYPF (3) STD. AREA WIDTH (1)
STD. AREA HEIGHT (PT)
¥O. OF CELL STIDES WITH OP. AREM
GROSS VOLUNE (CU PT}

CRANE BAY SPACE

TYPE {1) CELL AREA (50 PT)
SUF (FRONM ORFL TM-4613, TABLE 5)
STD. BAY HEYGHT (FT)
GROSS VOLUME {CO PTY
TYPE (2) CELL AREA (5Q PT)
SUF (FPROM ORNL TH-4613, TABLE 5)
STD. BAY HEIGHT (PT)
GROSS VOLUAE {cu PT)
TYPE (3) CELL AREA (5@ M)
SUP (PRON ORNL TH-4613, TABLE 5)
STD. BAY BEIGHT (PT)
GROSS VOLUME (CO PT)
OUT-0P-CELL SPACE UNIT COST ($/CU PT)

WAKE~OP AND PROCESS SERVICE SPACE
CFLL OPERATING SPACE UCCP (FRON TK-4613, TABLE 6)

TYPE (1)
TYPE (2)
TYPR (3)
CRARE BAY SPACE UCCF (PRON TM=08513, TABLE 6)
FYPE (1)
TYPE (2)
TYPE (3)

16.0
1.0
2.70
11988,

10.0

20.0
1.0
10710,

1071,
3.5¢0
4.0

164934,

2.30

16.0
4.0
2.70
15584.

10.0
20.0

16211.

1823,
3.50
4y, 0
280761,

7.00

7.00

2,30

PAGE 2

16.0
1.0
2.70
§7982.

10.0
20.0
1.0
29020.

2902,
3.50
4.0

4u6908.

7.00

2.30

viZ



63

0UUT-OF-CELL SPACE TOTAL COST
NAKE-UD AND PROCESS SERVICE SPACE
CELL OPERATING SPACR

TYPE (1)
TYPE (2
TYPZ (3)

TOTAL

CRANE BAY SPACE

TYPE (1)
TYPE (2)
TYPE (3)
TOTAL
TOTAL OOT-OP-CELY, SPACE COST
PROCESSIRG SPACE TOTAL COST

%)

PROCESSING SUPPORT SPACE COST (BLDG. EXCLUDINS HOT CELLS)

74
75
76

77
78

INDIRBCT PROCESS SUPPORT SPACE

STD. AREA HEIGHET
SUF (FROM ORNL TN-4613, TABLE S)
TOTAL SPACE REQUIRED

INDIRFCT PROCESS SUPPORT SPACE UNIT COST ($/CU PT)

CCCF (PROM ORNL TN-4613, TABLE 6)
PROCESSING SUPPORT SPACE TOTAL COST

OUTSIDE UTILITIBS COST

79
80
81

OCP (PRON ORNL TM-LE13, TABLE 7)
EQUIPNENT ARD PACILITY COST
OUTSIDE UTILITIES COST

SITE IHMPROVEMENT COST

82
83
8u
85

OCF (PROM ORNL TN-80613, TABLE 8)
SUBTOTAL DIRECT CONSTRUCTION COST
SITE INPROVENMENT COST

TOTAL DIRECT COWSTRUCTION COStT

(83
(PT)
(Cu FT)
($/CU ¥T)
(%)
151]
(PRACT.)
%
(PRAC'. )
()
5

83916.

74970,

74970.

379388,

3793u8,
538234,
825768.

4.0
5.60
96687.

7.00
476807.

0.10
1911473,
191147,

0.005
2102620,
10513,
21131233,

109091.

127619.

127619.

645751,

545751,
882460.
1355162.

14.0
5.60
162337.

7.00
1136358.

0.10
3122920.
12292,

0.005%
3835219,
17176.
3452387,

PAGE

125874,

20310,

203140,

1027888.

1027888.
1356901.
2136220.

w.0
5.60
262013,

7.00
1834088,

0.10
14869708,
486971,

0.005
5356670,
26783.
5383461,

3



IRDIRZCT CONSTROCTIOR COST

GENERAL AND ADAMIFISTRATIVE COST

86 TCP (PROM OENL TH=-0613, TABLE 7)  (PRACT.)
a7 SUBTOTAL GEN. + ADM. COST (%)
ENGINEERING COST

88 UCP (PROR OFNL TR-0613, TABLE 7)  (PRACT.)
89 SPeTOTAL BNGR, COST ()
MISC. CONSTRUCTION COST

a0 OCP (PRO® ORNL TN-U513, TABLE 7)  (PRACT.)
91 SUBTOTAL MISC., CONSTRUCTION COST ($)
CONTINGENCY ALIOUWAKCE

922 OCP (PROR ORNL TH~0613, TRSLE 7)  (PRACT.)
a3 SUBTOTAL CONTINGENCY ALLOUANCE ()
SPARE PARTS COST

54 3CP (PROM OBNL TA-8613, TABLE 7}  (PRACT.)
9% SUBTOTAL SPARE PAPTS COST (s)
¥OSIRSTALLED SPARZ EQOIPAENT CUST

9% acP {PRON ORRL TH-2613, TASLE 7) (PRACT.)
97 SUBTOTAL POMINSTLED SPARE BQDIPHENT COST ($)
QUALITY ASSJSWANCE COST

a8 UCP (FROM ORNL TH-0613, TABLE 7)  (PRACT.)

99 SUBTOTAL QUALITY ASSURANCE COST (3)
100 TOTAL INDIRECT COMSTOOCTIOR COST (%)

0.10
211313,

0.30
633940,

0.05
105657,

0.20
8422627,

0.007
18792,

0.03
63398,

0.06
126788,
1576507,

0. 10
345239.

0.30
1035716,

0.0S
172619,

0.20
690u77,

0.007
24167,

0.03
103572.

0.06
207143,
2578930,

PAGE 4

0.10
538346,

0.30
1615038,

0. 05
269173,

0.20
1076692,

0.007
37684,

0.03
161504,

0.06
323008.
4021442,

91



QEWLR* 3 CORT

LANR CO8T
101 BeY [PROM ONYL TE-LL1], TARLE §) (PRACT.)
192 SABTOTAL LAND CoST £3]

PROJETT MANIAEARNT COST

191 YCr {(FFO% ORXL TA-561], TABLE &y (PRACT.)
104 SOBTATAL PROJ. RANGT. COST (€3}
LICERSING CouT

W QCF (FROn OPNL TF-~4613, TARLE A) (PPACT.})
104 SUBTATAL LICENSING COST (fy
TLERY, THNMAAMCE RND YWTZREST

187 HCER (PROS ORHL YE-UAYT3, TABLE &) {PRACT.)
108 SONTOTAL TAXES, THSURACP A#D 1KT, €1}

FRENPEPATTONAL TRETING AXD STARTUP

103 gCP (PRON ORWL TH-R/13, TARLE &) {PRACT.)
13 14 SUBTATAL PREOP. TESTIHG AND STARTUP (81}
1Y TOTAL GURKER'S COST (s

TATAL CAPYTAL CONSTRUCTIONR Q03T

11 IMUHERENT? OF TOTAL PLANT COST (4]
113 PROCCISTNG THROUSHPAY 4¥ ACCEPTABL? PROD {SGHR/0AYY
Y18 ARYIAL PRODUCTION RATE (KILOGRANS OF HEAVY KETAL/YIFPAR)
115 CAPITAL CUARGE ATV {PRACT.)
11h ANNLZL CAPITAL CHAPAY (OOLLARS/YRAR)

117 PRODUCT URIT CONT (ROLLARS/RTLOGEAN OF HEAVY RPTAL)

0,01
21131,

0.02
42263.

0.0L
BU9525.

0.20
422627,

0.20
L22627.
993172,

nA84812.
295, 5¢
96266,
0.3C
1405402,
16,29

0.01
34524,

0.02
69048,

0.0u
138095.

0.20
€30u77.

0.20
6%0u77.,
1622621,

7653938,
886.50
259858,
0.30
2296181,
8.87

PAGE S

0.01
53835.

0.02
107669.

0.04
215338.

0.20
1076692,

0.20
1076692.
2530226.

11935129.
1773.00
517716.
0.30
3580538.
6.92



s ¢ & PUR! PLPWEWT ASSEMBLY OUT OF BLOCK CABB PHOCESS IW POBL N=-1.A$ B17% # #
i
SUNMARY OP RBSULTS

PLANT CAPACITY

DESCRIPTION 0.5 TORNE 1.5 TORNE 3.0 TONNE

PER DAY PER DAY PER DAY
PROCESS ‘?RROUGHPOT (RILOGRANS) 295.5 886.5 1773.0
PROCESSING BQUIPRERT COS?T ($1000) 408.9 631,04 899.u
PLANT DIRECT CONSTRTUCTION COST  ($1000) 2113.1 3u52.4 5383.5
PLART INDIREBCT CONSTRUCTION COST ($1000) 1578.5 2578.9 4021.8
PLART OWHWER'S COST ($1000) 993.2 1622.6 2530.2
PLANT TOTAL COST (£1000) u6su .8 7653.9 11935.1
ORIT COST (DOLLARS/KILOGRAN) 16.29 8.87 6.92

PUNCTION COBPFICIENTS ARE AS FOLLOWS =

A = 2.20717E 01 A2 = 1.137712 O A3 = 0.0 ‘ AL = 0.0
FONCTION EXPORENTS ARE AS POLLOWNS =

B1 = ~1.02829E~03 B2 = -2.,80745e~08 B3 = 0.0 B = 0.0

81z



* & * THORTUH RECOVERY PROCESS (T-2)Ff

**x CO0OST

DIRECT CONSTRUCTIOR COST
PROCESSING EQUIPNENT COST

1 ESTIMATED EQNICAENT COST

cASE 1

ESTIMNATE PREPARATION®® =

(%) 1637000.

ACTUAL IN-CELL EQUIPMERT SPACE REQDIRED {CU PT)

B18% + » DRTE IS

CASE ESTIMATES
CASE 2

5420000.

TYPE (1) = LIGHTLY SHIELDED HOT CBLL - CONTACT MAINTENANCE (YITEN 6, TABLES 5 AND 6)

2 TYPE (1) 1200.
3 TYPE (2)
4 TYPE (3)
5  ACTUAL OUT-0P~CELL BQUIDNERT SPACE REQUIRED (CD PT) 840.
PROCESSING SPACE COST (HOT CELLS) %

GROSS IN-CELL SPACE REQUIRED
6 TYPE (1) STD. CELL WIDTH (PTY 34,0
1 5TD. CELL RARIGHT (PT) 40.0
8 SUF (FROR ORRL 7TE-U613, TABLE 5) 2.33
9 GROSS CELL VOLUM: {CU PT) 2796.
10 LINEAR PT. OP CELL (PTY 2.33
17" TYPE (2) STD. CELL WIDTH (PT)
1? STD. CELL HPIGHT (PT)
13 SOP  (PROM ORNL THN-U613, TABLE 3)
14 GROSS CBLL VOLOUMWE {CU PT)
15 LINFAR PT. OF CELL (PT)
16 TYPE {3) STD. CEBLL WIDTH (FT)
17 STD. CBLL HEBIGHT {(rT)
18 SUP (PROM ORNL TN-U613, TABLE 5)
19 GROSS CBELL VOLUME (CO PTY
20 LINEAR PT, OP CELL (PT)

1X-CZLL SPACE UWIT COST ($/C0 PT)
2 TYPE (1) (UCCP PROM ORNL TH-4613, TABLE 6} 13.00
22 TYPE (2) (UCCP PROM ORKL TR-U613, TABLE 6)
23 TYPP (3) (UCCP PROM ORNL TH-8613, TABLE 6)

IN-C2LL SPACE TOTAL COST (s)
28 TYPE (V) 36388.
25 TYPE (2)
26 TYPE ()
27 TOTAL 131102,

1800,

1200.

30.0
40.0
2.33
LR 1N
3.09

13.00

54522,

199062.

07~-18~74 PAGE

CASE 3

9875000,

2000,

1400,

30.0
0.0
2.33
u660.
3.88

13.00

60500.

317540,

1

6l¢



S6

57
59

60
61
62

SNO55 OUT-OP-CELL SPACE REQUIRED

fIAKZ OP AND PROCESS SERVICE SPACE

CEZLL OPERATIRG SPaCE

TYRE (1)

e (24

TYPZ (3)

STD. ARER VWIDTR

STD. AREZA HEIGET

SuP (PRON ORNL TR-4613, TABLE 95)
GROSS vOoLOnE

STD. ARER WIDTH

STD. AREN HEIGHT

%0. OrF CELL SID2S WITH OP. ARER
GROSS YOLORE

STD. AREA ¥IDTE

STD. AREA HEIGBT

R0. OF CELL SIDE. WITR uP. AREA
GROSS YOLONE

STD. ARER WIDTH

STD. AREA REIGHT

#0. OP CELL SIDES WITH OP. AREA
GROSS voLUmE

CRANE BAY SPACE

TYPE (V)

TIPE (2)

TeR )

0UT-0OP-CELL SPACB USIT COST

CELL AREM

SoP [PRON ORNL THE-8613, TABLR 5)
$TD. BAY BRIGBY

GROSS VOLUNE

CELL AREM

SOP (PROM ORNL TH-4613;, TABLP 5)
STO. BAY HEIGET

GROSS VOLOURME

CELL AREM

SOP (PROX ORNL TE-G613, TABLE 5)
STD. BAY HEIGHT

GROSS voLung

NAKE-UP AND PROCESS SERYYCE SPACE

(Co Ty

(rr)
(FT)

{cu PT)

fce P7)

{*T)
(FT)

{ca pr)

(PT)
(FT)

(co PT)

(FT)
(PT)

(CU PT)

{sg PT)

(¥T)
{CU TT)

(sQ PT)

(PT)
(co P1)
1SQ ™M

(FT)
{cu rT)

($/CU P

CELL OPERATING SPACE UCCP (FROW TH~4613, TABLE 6)

TYPE (%)
TIPE (2)
TYRE (3)

CRANE BAY SPACE

TYPE (1)
TIPE (2)
TYPE (3)

UCCP (PROM TKE=8613, TADLE 6}

16.0
14.0
2.70
2268.

4.0
10.0
1.0
93.

70.
3.50
44.0

10767,

7.00

16.0
14.0
2.70
3240.

- -
B .0 o
Qe o o
DN~ ¥ - ¥ -

105.
3.50
uh.0
16147,

7.00

2.30

PAGE 2

16.0
m.0
2.70
3780.

4.0
10.0
1.6
155,

116.
3.50
44.0
17941,

7.00

7.00

0Ze



63

(1]
65
66
57

68
69
70
71
72
73

0UT-OF-CELL SPACE TOTAL COST %)
NAKE-DP aMD PROCESS SERYICE SPACE

CELL OPERATING SPACE

TYPE (1)
TYPE (2)
TYPE (I)

TOTAL

CPANE BAY SPACE

TIPE (1)
TYPE (2)
TIPE (3)
TOTAL
TOTAL OUT-OP-CELL SPACE COST
PROCESSING SPACE TOTAL COST

()

PROCBSSING SUPPORT SPACE COST (BLDG. EXCLUDING BOT CELLS)

IRDIBECT PROCESS SUPPORT SPACE

78 STD. BREA HEIGHT (PT)

75 SOP (PRONM ORNL TM-8613, TABLE 9)

7% TOTAL SPACE RPQUIRED (Co PT)
INDTRECT PROCESS SOUPPORT SPACE ONIT COST ($/CU PT}

77 UCCF (PROM ORRL TH-4613, TABLE 6) ($/C0 PT)

8 PROCESSING SUPPORT SPACE TOTAL €COST (%)

OUTSIDE DTILITIES COST [£3)]

79 oc? (PROM ORRL TH~N613, TABLE 7) {PRACT.}

80 BQUIPHENT A¥D PACILITY COST

81 00TSIDE OTILITIES COST

SITZ IWPROVENENT COST (¢4

82 DCP (PROM ORNL TK-4613, TABLE 8) {FRACT.)

83 SUBTOTAL DIRZCT CORSTRUCTION COST (s)

8a SITE INPROVENERT COST [£1]

85 TOTAL DIRECT CONSTRUCTION COST (£1]

15876.

652.

652,

20759,

24759.
81287.
172389,

14,0
5.60
18201.

7.00
127804,

0.10
1936791,
193679.

0.005
21304790,
10652.
2181122,

22680,

979.

979.

37138,

37138.
60796.
259858,

4.0
5.60
27624,

7.00
193369.

0.10
5873227,
587322,

0.005
6460549,
32303,
6492851,

PAGE k)

26460,

1087.

1087.

61264,

41264,
686812,
386351,

14.0
5.60
43630,

7. 00
305407,

0.10
10566757.
1056675.

0.005
11623432,
58117.
11681549,

122



INDIRECT CONSTROCTION COST
GENERAL ARD ABNINISTRATIVE COST

86 Uce? (PROM ORRL TH-8613, TABLE Ny (PRACT.)
87 SUBTOTAL GEW. + ADN. COST (%)

EAGINBERING COST

a8 . GCP (FROR ORNL TN-8613, TABLE 7) (PRACT. )
89 SUBTOTAL BHGR. COST (s)

HYISC. CONSTRUCTION COST

30 UCP {PRON ORRL TH-4613, TABLE 7) (PRACT.)
9 SUBTOTAL KISC. CONSTRODCTION COST ($)

COBTINGENCY ALLOWARCE

92 UCY (PROM ORAL TH-4613, TABLE 7) (PRACT.)
93 SUBTOTAL CONTINGENCY ALLORANCE (3)

SPARE PARTS COST

EL] gCr (FROM ORNL TH-8613, TABLE 7) (PRACT.)
95 SUBTOTAL SPARE PARTS COST &)
POXTASTALLED SPARE REQUIPMERT COST

96 UCF (PRONM ORKL TN-8613, TABLE 7) {PRACT.)
97 SOBTOTAL KNONINSTLED SPARE EQUIPNENT COST($)

QUALITY ASSURANCE COST

98 YCP (PROA ORNL TN-4613, TABLE 7) {PRACT. )
99 SUBTOTAL QUALITY ASSURANCE COST (%)
100 TOTAL INDIRECT CONSTRUCTIOR COST (%)

0.10
218112,

0.30
602336,

0.05
1070%6.

0.20
428224,

0.007
14988,

0.03
68233,

0.06
128467,
1599415,

0.10
6469285,

0.30
1347854,

0.05
324643,

0.20
1298570,

0.007
gsuse,

0.03
194786,

0,086
389571,
4850155.

PAGE 4

0.10
7168154,

0.30
3504464,

0.05
584077,

0.20
2336309.

0.007
81771,

0,03
350446,

0.06
700893,
8726112,

[444



OdNER'S CGST

LAND COST
101 UCY (FROM ORNL TN-U4613, TABLE f)  (PRACT.)
102 SUBTOTAL LAND COST (%)

PROJECT NANAGENENT COST

103 UCP (PROY ORNL TN-S613, TABLE 3)  (PRACT.)
104 SUBTOTAL PROJ. WANGT. COST (%)
LICENSING COST

105 UCP (PRON OONL TN-0613, TABLE 8)  (PRACT.)
106 SUBTOTAL LICENSING COST %)
TAXES, INSURANCE AND INTEREST

107 UCP (PRON ORNL TH-4613, TABLE 8)  (PRACT.)
108 SUBTOTAL TAXES, INSURANCE AND INT. )

PREQPERATICFAL TESTING AND STARTUP

109 OCP (FPRON ORNL TH-4613, TASLE 8) {PRACT.)
110 SUBTOTAL PREOP. TESTING AND STARTUP (%)
11t TOTAL OWKEE'S COST (43}

TOTAL CAPITAL CONSTRUCTIOHW COST

112 INCREMENT OF TOTAL PLART COST (£2)
113 PROCESSING THROUGHPUT NF ACCEPTABLE PROD {XGHN/DAY)
18 ANKOAL PRODUCTION RATE (KILOGRANS OF HEAVY METAL/YEAR)
115 CAPITAL CHARGE RATRE (PRACT.)
116 ARNUAL CAPITAL CHARGE {DOLLARS/YEAR)
17 PRODUCT URIT COST (DOLLARS/KILOGRAN OF HEAVY METAL)

0.01
21411,

0.02
42822,

0,04
856u5,

0,20
428224,

0.20
428224,
1006327,

4746864,
437,20
127662,
0.30
1424058,
M.15

0.01
64928,

0.02
129857,

0.04
259714,

0.20
1298570,

0.20
1298570,
3051639,

Ww3I9ue6us.
1311.60
382987,

0.30
43181392,
11.28

PAGE 5

0.01
116815,

0.02
233631,

0.04
467262,

0. 20
2336309,

0.20
2336309.
5490326.

25897968,
2623.20
765974,

0.30
7769389,
10.14

X 44



¢ % & THORTUM RECOVERY PROCESS (T-2)$

DASCRYPIYION
PROCESS THROUGHPUT (KYLOGRANS)
PROCESSING EQUIPMEBNT COST (%1000)

PLAFRT DIREC? CONSTRUCTION COST ($1000)
PLANT INDIRECT CORSTRUCTION COST ($1000)

PLANT OWKER'S COST ($1000)
PLANT TOTAL COST ($1000)
UNIT COST (DOLLARS/KILOGRAHN)

PURCTION COEFFICIENTS ARE AS FOLLONS =

A =

1. 10950E 01 A2 = 9.25344E 01 A3

PUNCTION EXPONENTS ARE AS POLLO¥S =

Bl =

1.23060E-05 B2 = -8.06938R-05 B3

!}

SUMNARY OF RESULTS

0.0

0.0

Bid* % »

PLANT CAPACITY

0.5 TONNE
PER DAY

437,2
1637,0
2141,1
1599.4
1006.3
4746.9

11.15

1.5 TONNE 3.0 TONNE

PER DAY PER DAY
1311.6 2623,2
5420,0 9875.0
6492.8 11681, 5
4850.2 8726, 1
3051.6 5490.3
14394.6 25898,0
11.28 10.14

pZT



* » & TH(N0O3)8 PREPARATION PROCFSS R~8§$

*CDST ESTIMNATE

DIRECT CONSTRUCTION COST
PROCRSSIRG EQUIPNENT COST
1 ESTIMATED EQUIPMENT COST

ACTUAL IR-CELL EQUIPMERT SPACE REQUIRED

B19* » DATE IS

CASE ESTIMATES

CASE 1 CASE 2

PREPARATICN>=*

(%) 252000. 360000,

(co )

TYPE (1) = UNSHYELDED HOT ALPEA CELL - CONTACT MAYNTENANCE (ITEM 7, TABLES 5 AND 6}

2 TYPE (1) 6600. 9800.
3 TYPE (2)
u TYPE (3)
5  ACTUAL O0T-OP-CELL EQUIPHENT SPACE REQUIRED {CO PT) 700. 1260.
PROCEBSSING SPACE COST (HOT CELLS) (%)

GROSS TN-CELL SPACE REQUIRED
6 TYPE (1) STD. CELL WIDTH (PT) 20.0 20.0
7 STD., CELL HBIGHT (PT) 20.0 20.0
8 SUP {PROA ORNL TM-4513, TABLE 5) 2.50 2.50
9 GROSS CELL VOLUKE (CU FT) 16500, 24500,
10 LINEAR FT. OF CELL (PT) 61.25 61.25
1 TYPE (2) STD. CELL WIDTH (PTY
12 STD. CELL HEIGHT (PT)
13 SUP (PROM ORNL TA-613, TABLE 5)
1w GROSS CELL VOLURE (CU PT)
15 LINEAR PT. OP CPLL (PT;
16 TYPE (3) STD. CELL WIDTR (PT)
17 STD. CELL REYGET (PT}
18 SUP (FROM ORNL TM-U4613, TABLE 5)
19 GROSS CELL VOLURE (CU PT)
20 LINEAR PT. ©.° CELL (PT)

IN-CELL SPACE ONIT COST (f/c0 PT)
21 TYDE (1) (OCCP PRON ORNL TN-U613, TABLE 6) 9.00 9.00
22 TYPE (2) (UCCF FRORM ORNL TM~8613, TABLE b6}
23 TYPE {3) (UCCP PROM ORNL TH~U613, TABLE 6)

IN-CBELL SPACE TOTAL COST )
24 TYPE (1) 148500. 220500.
25 TYPE (2)
26 TYPE (3)
27 TOTAYL 283254, 365040,

07-13-74 PAGE

CASE 3

570000,

18000.

1680.

20.0

20.0

2.50
45000.
112.50

9.00

405000.

661960.

1

A4



28
29
30
3

32
33
34
3%

36
37
38
39

40
41
82
43

a8
a5
4s
u7

48
49
50
51

52
53

S8
55

56

57
S8
59

60
62

GROSS OOT-OF-CBLL S®ACE2 PRQUIRED

MAKE OP AND PROCESS SERVICE SPACE

STD. AREA VIDTH
STD. AREA HEBIGHT

{CU PT})

(PT)
(PT)

SUF (PROM ORNL TM-UA13, TABLE 5)

GROSS VOoLUME
CELL OPBRATING SPACE

TYPE (1) STD. AREN WIDTH
STD. AREA HEIGHT

NO. QF CELL SIDES VITE gP.

GROSS VOLUNE

TYPE (2) STD. AREA WIDTB
STD. AREN HEIGHT

HO. OF CELL SIDES WITH OP.

GROSS VOLUME

TYPE (3) STD. AREA WIDTH
STD. ARER BEIGHT

(TO0 PT)
(CU PT)

(PT)
{(PT)

ARZR

(CO PT)

(PT)
(PT)

AREA

(€O PTY

(PTY
(FT)

HO. OP CPLL SIDES WITH OP. AREA

GROSS VOLUNE
CRANE BAY SPACE

TYPE (1) CBLL ARBA

{CO PT)

(SQ FT)

SUP (PRON ORNL T®-4613, TABLE 5)

STD. Ba7 HEXGHT
GROSS VOLOMR

TYPE (2) CELL AREA

(PT)
{co PT)

(sp PT)

SUP (PROM ORNL TH-0613, TABLE 5)

STD. BAY HEIGHT
GROSS VOLOHE

TYPE (3) CELL ARE}X

(PT)
(co PT)

(5Q PT)

SOF (FROM ORBWL TA-4613, TABLE 5)

STD. BAY HEIGHT
GROSS vVOoLUNE

OUT-OP-CELL SPACE URIT COST

MAKE-UP AND PROCESS SERVICE SPACE

(PT)
(CO PT}

{$/c0 PT)

CELL OPERATING SPACFE UOCCF (FROM THN-4613, TABLE 6)

TYPE (1)
TYPE (2)
TYPE (3)

CRANE BAY SPACE
*YPE (1)

TYPE (2)
TYPE (3)

OoccP {PRON TN=U613, TABLE 6)

15,0
14,0
2.70
1890,

10.0
20.0

8250.

a2s.
3.50
4a,0
1270590,

16.0
%.0
2,70
3up2.

10.0
20.0
1.0
12250.

1225.
3.50
G8.0

188E€50.

7.00

7.00

2,30

PAGE 3

1.0
14,0
2,70
8536,

10.0
20.0
1.0
22500,

2250.
3.50
44,0

386500,

7.00

2,30

9%



0UT-O0P-CELL SPACE TOTAL COST
63 MAKE-UP ARD PROCESS SERVICE SPACE

CELL OPERATING SPACE

6u TYPE (1)
65 TYPE (2)
66 TYPE (3)
67 TOTAL

CRASE BAY SPACE

68 TIPE (1)

69 TYPE (2)

70 TYPE (3)

k2 TOTAL

72 TOTEL OUT-DP-CELL SPACE COST

73 PROCESSING SPACE TOTAL COST

(£

(¢3]

PROCBSSIRG SUPPORT SPACE COST (BLDG. BYCLUDING HOT CELLS)

INDIRECT PROCESS SUPPORT SPACE

T4 STD. AREA HBIGHT (PT}

75 SOP (PROM ORNL TH-UE13, TABLE 5)

76 TOTAL SPACE REQUIRED (CU PT)
INDIRECT PROCESS SUPPORT SPACE URIT COST ($/CU PT)

77 UCCP (FROM ORNL Tm-8613, TABLE 6) ($/CU PT)

78 PROCESSIEG SUPPORT SPACE TOTAL COST t)

OUTSIDE UTILITIES COST %)

79 UCP (FROM ORWL TM-8613, TABLE 7) (PRACT.)

80 EQUIPNENT ARD PACILITY COST

81 OUTSIDE UTILITIES COST

SITE IMPROVEMENT COST t3)

82 UCP (FROM ORKL TH-3613, TABLE 8) (FRACT.)

83 SUBTOTAL DIRECT CONSTRUCTION COST (%)

st SITE INPROVEKENT COST %)

85 TOTAL DIRTCT CONSTRUCTIOR COST 'e3)

13230,

&7750.

57750,

292215,

292215,
363195,
606449,

1.0
5.60
77400,

7.00
s41802.

0.10
14900250,

10025,

0.00%
1540274,
7701,
1547975,

23814,

85750.

BS750.

#633895.

433895,
543459,
908499,

1w, 0
5.60
Tis446n,

7.00
808107.

0.10
2076605,
207660.

0.005
2284265,
11421,
2295686.

PAGE 3

31752.

157500.

157500.

796950.

7196950.
986202.
1648161,

4.0
5.60
210896.

7.00
1076271,

0.10
3696432,
369443,

0.005
4063875,
20319.
4084194,

YXAA



IRDIRECT CORSTRUCTION COST
GENERAL AND ADMINISTRATIVE COST

86 OCP (FROM ORNL TN-8613, TABLE 7) (PRACT.)
B7 SOUBTOTAL GEN. # ADM. COST (%)

ENGINEBRING COST

88 OCP (FROM ORNKL TN-0613, TABLE 7) (PRACT.)
89 SUBTOTAL BWGR. COST ($)

MYSC. CONSTRUCTION COST

90 OCF (PROM ORNL TR-4613, TABLE 7) (PRACT,)
91 SUBTOTAL MISC. CORSTRUCTIOR COST (s

CONTINGRRCY ALLOWANCE

92 OCP (PROM ORNL TH~86%13, TABLE 7) (PRACT. }
93 SUBTOTAL COHRTINGERCY ALLOWANCE $)

SPARE PARTS COST

g9n UCP (PROM ORSL TM-G613, TABLE 7) (FRACT.}
95 SO0BTOTAL SPARE PARTS COST ($)

HONINSTALLED SPARE EQUIPMENT COST

96 gCP (PROM ORRL TM-8613, TABLE 7) {PRACT.)
97 SUBTOTAL NONWIHSTLED SPARE BQUIPMENT COST (%)

QUALITY ASSURANCE COST

98 OCP (PROM ORNL TM-0613, TABLE 7) {PRACT.;
99 SOBTOTAL QUALITY ASSORANCE COST (£1]
100 TOTAL IRDIRECT CONSTRUCTION COST (¢£3}

0.10
150797,

0.30
564392,

0.0%
77399.

0.20
309595,

0.007
10836,

0.03
46439,

0.06
92878,
1156336.

0.10
229569,

0.30
688706.

0.05
118784,

0,20
459137,

0.007
16070.

0.03
6887t.

0.06
137701,
1714875,

PAGE u

0.10
408419,

0.30
1225258.

0.05
204210,

0.20
816839,

0.G07
28589,

0.03
122526.

0. 06
245052,
3050889,

8Z¢Z



OWHER'S COST

LARD COST
101 @CP (PROM ORNL TA-8613, TADLE &) {PRACT.)
102 SUBTOTAL LAND COST &)

PROJECT MANAGEMENT COST

103 OCP (PROM ORNL TN-BD613, TABLE 8) (PRACT.)
104 SOBTOTAL PROJ, MANGT. COST (%)
LICENSING COST

105 UCPF (PROM ORNL TN-U613, TABLE 8} (FRACT.}
106 SUBTOTAL LICERSIRG COST (€3]
TAXES, INSURANCE AND INTEREBST

107 UCF (PRON ORNL TN~U613, TABLE 8} {PRACT. }
108 SUBTOTAL TAXES, INSURANCE AND INT, (€3]

PREOPERATIONAL TESTING ARD STARTUP

109 UCP (FOM ORNL TN-8613, TABLE *°? (PRACT.)
110 SOBTOTAL PREOP. TESTING AND ST  RTUP (3)
111 TOTAL OWNER'S COST (s

TCTAL CAPITAL CONSTRUCTIOR COST

112 IKCREMENT OF TOTAL PLANT COST %)
113 PROCESSING THROUGHPUT OF ACCEPTABLE PROD (RGHI/DAY)
114 ANNUAL PRODUCTION RATE (KILOGRANS OF HEAVY NETAL/YEAR)
15 CAPITAL CHARGE RATE {PRACT.)
116 ANNUAL CAPITAL CHARGE (DOLLARS/YEAR)
117 PRODGCT UNIT COST (DGLLARS/KTLOGRAN OF REPAVY HETAL)

0.01
15480.

0.02
30959.

0. 04
61919,

0.20
309595.

Q.20
309595.
727548,

3u318%9.
542.90
158527,
0.30
1029558,
8. 49

0.01
22957,

0.02
us914,

0.04
91827,

0.20
459137,

0.20
459137,
1078972.

5089533,
1628.70
475580,

0.30

1526859,

3.2%

PAGE S

0.01
4gsaz,

0.02
81684,

0.04
163368,

0.20
B16839.

0.20
816839.
1919570,

9054653.
3257.40
851181,

0.30

2716395,

2.86

622



® & & TR{N0J}4 PREPARATION PROCBSS K-8% 5198 ¢ o

DESCRIPTIOR
PROCESS THROUGHPUT (KX LOGRAMS)
PROCESSIRG EQUIPHEWT COST {81007

PLANT DIRECT CONSTRUCTIOR COST ($1000)

PLART YNDIRECT CONSTRUCTION COST (%$1000)

PLANT ORNBR'S COST ($1000)
PLANT TOTAL COST ($1000}
ONXT COST (DOLLARS/K ILOGRAS)

PONCTION COBPPICIENTS ARE AS FOLLOWS =

Al = 9,23707° 00 A2 = 3.60920E 00 Al
PUNCTION EBYPONENTS ARE AS FOLLOWS =

B1 = -6,0688578-~04 B2 = -7.18698E-05 Bl

SUNMARY OF RESOLTS

PLANT CAPACITY
0.5 TONNE 1.5 TONNE 3.0 TONNE

PER DAY PER DAY PER DAY

542.9 1628.7 1257.4

252.0 360.0 570.0

1588.0 2295,7 uohy, 2

1156.2 1716.9 30%0.9

727.% 1079,0 1919%,6

3u3v.9 5089.9% 90%4.72

6.9 3.2¢ 2,86
0.0 A3 = 0.0
0.0 88 = ¢,0

0T



® s » TROPIUM DIOXTIDE MICKOSPRERT PRAPPAIATIONY Bile % = basr 2

**«CO0ST

CARE RLTTRLTRS
cazy 2

ESTIN®NATE PREDAFFAT ION & =

DYRECT CONSTRUCTION COST

PROCESSING BQUIPHENT COST

1

BSTINATED EQUIPMENT COST

{5 714090, 118a%00.

ACTUAL IN-CELL EQUIPHYNT SPATE REQUIPED [ 3]

TYPP (1) = OUNSHIELDED MOT ALPEA C¥LL ~ CONTACT MAINTEXANCE (FTEN Y, TASL2T & &MD 4y
2 PP (V) 12272, 68,
3 TYPE (2)
4 TIPE (3)
S ACTUAL QUT~-QP=-CELL RQUIPABNT SPACY REQUIRED (67 r7) a%en, asta,
PROCESSING SPACY® COST (HOT CPLLS) ]
GROSS IN-CELL SPACE REQUIRED
6 TYPE (1) STD. CELL WIDTH irn 24.0 1,0
7 STD. CELL HWIGET {(rn 1a.0 m.o
8 SUP (PRON ORNL TR-361Y), TADLY %) 1.%0 ?.%0
9 GROSS CELL VvOLORME (cu 1y 19680, €163y,
10 LINEAR PT. OF COLL (rey .3 .82
1 TYPE (2) STD. CBLL WIDTH (e
122 STD. CELL HEIGAT {rr)
13 SUP (PROA ORAL TA-3613, TADLE %)
14 GROSS CPLL voLume (o Ty
15 LINEAN PT. OF CELL rn
16 TYPE (3} STO. CPLL VIDTR (rry
17 STD. CELL HEXGHT (")
19 STP (FRON ORBRL TA-U61), TABLE 5
19 GROSS CPLL voLOMZ {ch rey
20 LINEAR PT. OF CPELL (rt
IN~CBELL SPACE ONIT COST tg/cu )
21 TIPE (1) (UCCP PROM ORPL TH-361), TABLE 6 5,080 B.00
22 TYPE (21 (UCCP FRON ORNL TH-Q61), TADLY €)
23 TYPE (3) (UCCF PRON ORNL TH=Q613, TABLE 6
IN-CELL SPACE TOTAL COS57T [43])
2 TYPE (V) 2R120, KLY,
25 TYPE (2)
26 TYRE (3)
27 “OTAL ¥yron7a, 7119006,

LEERT 2 23 rant

cany ¥

8sean,

vRE10,

119190,

260
in.e
2.50
LPATS L
e, nm

10050715,

135103,

1

1184



28
29
40
3

32
33

35

36
37
38
39

40
L3 ]
42
43

ag

a6
47

48

50
51

52
53
54
55

56

57
58
59

60
61
€62

GROSS ODT-OP-CELL SPACE REQUIRED
MAKE UOP AND PROCESS SERVICE

STD. AREA WIDTH
STD. AREA REIGHT

(CU PT)
SPACE

(PT)
(PT)

SUF (PROM ORNL TH-8613, TABLP

GROSS VOLOME
CPLL OPERATING SPACE

TYPE (1) STD. AREA WIDTH
STD. AREA HRIGHT

(co r1)
(U PT)

(FT)
(FT)

NO, OFP CELL SIDES ®ITH OP, AREA

GROSS VOLUME

TYPE (2) STD. AREAR WIDTH
STD. AREA HEIGHT

{CU PT)

(PT)
(rm

NO. OF CELL SIDES WITH OP. ARER

GROSS VOLUNE

TYPP (3) STD. ARBA WIDTH
STD. AREA HEIGHT

(co 1)

(PT)
(PT)

NO. OP CELL SIDES WITH OP. AREA

GROSS VOLUNE
CRANE BAY SPACE
TYPE (1) CELL AREM

{CU PT)

(5¢ Ty

SUP (PROK ORNL TH-4613, TABLE 5)

STD. BAY HEIGHT
GROSS VOLUME

TYPE (2) CELL ARBA

(PT)
(cou FT)

(5 FT)

SU? (PROM ORNL THR-UG13, TABLE §

STD. BAY HEIGHT
GROSS VOLUNE

TYPE (3) CELL AREA

(FT)
{co 1)

(50 FT)

SUP (FROM ORHIL TH-4613, TABLE 5)

STD. BAY HEIGAHT
GROSS VOLUSE

0gT-OP-CELL SPACE UNIT COST
MAKE-UP AND PROCESS SERVICE

(FT)
(Co PT)

($/C0 PT)
SPACE

CELL OPERATING SPACE UCCF (FRON TH-4613, TABLE 6)

TYPE (1)
TYPE (2)
TYPE (3)

CRANE BAY SPACE
TYPE (1)

TYPE (2)
TYPE (3)

UCCP (PRON TM=4613, TABLE 6)

16.0
4.0
2.70
12312,

16.0
1.0

17621,

1023,
3.50
48.0

157u91.

7.00

2.6
36204,

2101,
3.50
&n,0

323605,

7.00

2.30

PAGE

16,0
18,0
2.70
agisy,

16,0
14,0
2.0
69885,

4056,
3.50
48,0

€24598,

7.00

2

(A4



0UT-OF~CELL SPACE TOTAL COST (%)
63 MAKE-UP AND PROCESS SERVICE SPACE
CELL OPERATING SPACE

64 TYPE (1)
65 TYPE (2)
66 TYPE (3)
£7 TOTAL

CRANE BAY SPACE

68 TYPE (1)

69 TYPE (?)

T0 TYPE (3)

71 TOTAL

72 TOTAL OUT-OF~CELL SPACE COST

73  PROCESSING SPACE TOTAL COST "

PROCESSING SUPPORT SPACE COST (BLDG. EXCLUDING HOT CELLS)
INDIRECT PROCESS SUPPORT SPACE

T4 STD. AKEA HRIGHT (FT)
75 SUP (PROM ORKRL TH-4613, TABLE 5)
76 TOTAL SPACE REQUIRED (CU PT)

INDIRECT PROCESS SUPPORT SPACE UNIT COST ($/CU PT)

77 UCCP (PROM ORNL TH-4613, TABLE 6) ($/CU PT)
78  PROCESSING SUPPORT SPACE TOTAL COST 13
OUTSIDE UTILITIES COST )]

79 UCP (PROK ORNL TR-8613, TABLE 73  (PRACT.)
80 BQUIPNPHT AND PACILITY COST

81 OUTSIDE UTILITYES COST

SITE INPROVEBENT COST (5}

82 UCP (PROM ORFL TN-8613, TABLE 8)  (PRACT.)
83 SUBTOTAL DYRECT CONSTRUCTIOR COST )
8y SITE INPROVENENT COST {5)

a5 TOTAL DIRECT COWSTRUCTION COST (1]

86184,

123349,

123349,

362228.

362228.
571762.
982635,

m,0
5.60
92897,

7.00
6502e2.,

0.10
2308916,
230892.

0.00%
25319807,
12699,
2552506,

178605.

253453,

253453,

784292,

Tu4292.
1176349.
1886248,

1.0
5.60
194108,

7.00
1289039,

0.10
u365787.
96579,

0.00%
5462365.
27312,
5089676,

PAGE 3

338499,

489195,

489195,

1436575,

1836575,
2264269,
3616302,

16.0
5.60
352074,

7.00
2067309,

0. 10
9069411,
906941,

0.00¢
9976351,
49882,
10026232,

€€



TINDIRECT CONSTRUCTYION COST
GENERAL AND ADNINISTPATIVE COST

86 UCP (PRON ORNL TH-8613, TABLT 7) (PRACT.)
87 SUBTOTAL GEN. ¢ ADM. COST (£9)

ENGIVEERING COST

88 OCP (PRON ORWNL TM-8613, TABLE 7) (PRACT. }
A9 SUBTOTAL BNGR. COST [€1]

BISC. CONSTRUCTION COST

Q0 UCP (PRCY ORNL TH-~U4613, TABLE 7) (PRACT.)
91 SUBTO™? L AXSC. CONSTRUCTIOR COST ($)

CONTINGENCY ALLOWANCE

92 UCP (PROM ORWL TH-8613, TABLE 7) (FRACT.)
93 SUBTOTAL CONTINGENCY ALLOWARCE (£1)

SPARE PARTS COST

94 UCP (PROR ORHWL TH-8613, TABLE 7) (PRACT.)
95 SUBTOTAL SPARE PARTS COST 5

NORINSTALLED SPARE EQUIPMENT COST

96 OCP (FRON ORNL TH~4613, TABLE 7) {PRACT.)
97 SUDTOTAL RONINSTLED SPARE EQUIPHNENT COST($)

QUALITY ASSURANCE COST

98 OCP (PROM OHNL TH-U613, TABLE 7) {PRACT.)
99 SUBTOTAL QUALIYY ASSURANCE COST ($)
100 TOTAL INDIRECT CONSTRUCTIOR COST (%)

0.10
255251,

0.30
T€5752.

0.05
127625.

0.20
510501,

0,007
17868,

0.03
76575.

0,06
153150.
1906720.

0.10
5484957,

0.30
16686902,

0.05
2744684,

0,20
1097935,

¢.007
jsuze,

0.03
160690,

0.06
323381,
4103784,

PAGE L}

0.'10
10712623,

q' 30
3007869,

0,09
509312,

0,20
2005246,

0.007
70188,

0.0}
3100787,

0,25
601574,
7489%90.

rez



ORNBR'S COST

LAND COST
101 UCP (PRON ORNL TH-U613, TABLE 8) (PRACT.)
102 SUBTOTAL LAND COST (%)

PROJECT MANAGEMENT COST
103 UCP (FROM ORNL TA-U613, TABLE 8)  (PRACT.}
104 SUBTOTAL PROJ. MANGT. COST %)
LICENSTING COST

105 UCF (PROM ORNL TN-U613, TABLE 8)  (FRACT.)
106 SUBTOTAL LICENSING COST )
TAXES, INSURANCE AND INTEREST

107 UCP (PROX ORNL TH-8613, TABLE 8)  (PRACT.)
108 SUBTOTAL TAXES, IRSURANCE AND INT. ()

PREOPERATIORAY. TESTING AND STARTUP

109 UCP (PROM ORNL TH-8613, TABLE 8) (PRACT.)
1o SUBTOTAL PREOP. TESTING AND STARTUP %
111 TOTAL OWNER'S COST (%)

TOTAL CAPITAL CONSTRUCTION COST

712 INCRENENT OF TOTAL PLANT COST (¢3]
13 PROCESSING THROUGHPOUT OFP ACCEPTABLE PROD (KGHN/DAY)
114 ANNUAL PRODUC ' RATE (KILOGRAMS OF HEAVY METAL/YEAR)
115  CAPITAL CEAR - - VB (PRACT.)
116 AWNUAL CAPITA: .XRGE {DOLLARS/YEAR)
n7 PRODUCT UNIT Ciush (DOLLARS/KILOGRAM OF HEAVY NETAL)

0.01
25525,

0.02
$1050.

0.04
102100,

0.20
510507,

0.20
510501,
1199677,

5658903,
443,20
129318,
0.30
1697670,
13.12

0.01
94897,

0.02
10979&.

0.04
219587,

0.20
1097915,

0.20
1097925,
2580147,

12170607,
1329.60
ing2al.,

0.30
3651181,
.30

PAGE 5

0,01
100252,

0.02
200525,

0,04
uot1ou9.

0.2%
2005286,

0.20
2005246,
4712328,

22228128,
26%9,20
776486,

0.30
6668437,
8.%9

cez



® * # THORIUM DIOXIDE NICROSPFERE PREPARATIONS

DESCRIPTIOR
PROCESS THROUGHPUT (KILOGRANS)
PROCESSING EQUIPAENT COST ($1000)

PLANT DIRECT CONSTRUCTION COST {s$1000)

PLANT INDIRECT CONSTRUCTICFN COST (£1000)

PLANT OWNER'S COST (1000}
PLART TOTAL COST (21000)
ONIT COST (DOLLARS/KILOGRAN)

PONCTIOR COEFPPICIENTS ARE AS FOLLOWS =

A1 = 1.54932e 01 A2 = 1.02984E 01 A3
PUNCTION EXPONENTS ARE AS FOLLOWS =

Bl = =3.,75472E-04 B2 = ~6,83003E~05 B3

SUNNARY OF RESOLTS

PLANT CAPACITY

0.5 TONME 1.5 TOWNE
PER DAY PER DAY
ua3.2 1329.6
716.0 1768.5
2552.5 5uB89.7
1906.7 4100.8
1199,.7 25680.1
5658.9 12170.6

13.12 9.40
A8 = 0,0
Bt = Q.0

B20% ¢ »

3.0 TONNR
PER DAY

2659.2

2965.8

10026.2
74989 .¢

4712.3

22228.1
8.59

€z



* % *» BISO MICROSPHERE COATIKG PROCESS -~ PBERTILE PARTICLES-THO2 {L-1.A.(%)S$ R2%% * & DATE IS 07-18=~74 PAGE 1

CASE ESTIMATES

CASE 1 CASE 2 CASE 3
**+ COST ESTINATE PREPARATION * =
DIRECT CONSTRUCTION COST
PROCESSING EQUIPMENT COST
1 ESTINATED EQUIPMENT COST (%) 26457100, 5203500, 8567200,

ACTUAL IR~CELL EQUIPMENT SPACE REQUIRED (CO PT)

TYPP (1) = UNSHIELDED AOT ALPHA CBLL - CONTACT MAINTEWANCE (ITEN 7, TABLES 5 AND 6)

TYPZ (2) GLOVE BOXES ARD BOODS - DIRECT MAINTENANCE (ITEM B8, TABLES S5 ARD /)
2 TYPE (1) 3646, T804, 16318,
3 TYPE (2) 384, 768, 1152,
4 TYPE (3)
5 ACTUAL OUT-OP-~CELL BQUIPMENT SPACE REQUIRED (CU PT) 1704, 3408, 5112.
PROCPSSING SPACE COST (HOT CELLS) (s)

GROSS IN-CELL SPACE REQUIRED

6 TYPE (1) STD. CELL WIDTH (PTY 20.0 20.0 20.0
7 STD. CELL HBIGHT (FT) 20.0 20.0 20,0
8 SUF (FROM ORNL T#-0613, TABLE S 2.50 2.50 2.50
9 GROSS CELL VOLUNE (CU PT) 9115. 19510, 80845,
10 LIREAR PT. OF CELL (FT) 22.79 48,77 102. 11
11 TYPE (2) STD. CELL WIDTH (PT) 2.5 2.5 2,5
12 STD. CELL HEIGHT (T 5,0 4,0 4,0
13 SOUP (PROB ORHL TH-4613, TABLE 5) 2,20 2.20 2,20
14 GROSS CELL VOLUNE (CU FPT) 8us, 1690. 2534.
15 LINEAR PT. OF CELL (PTY su.u8 168.96 253. a4
16 TYFE (3) STD. CELL WIDTH {PT}
17 STD. CELL HBIGHT (FT)
18 SOF (PRON ORNL TK-4613, TABLE 5)
19 GhOSS CELL VOLUME {CU PT)
20 LINEAR PT. OF CELL (FT)

IN-CELL SPACE UNIT COST ($/CU PT)
21 TYP® (1) (UCCP PROM ORKRL TN-4613, TABLE 6) 9.00 9.00 9.00
22 TYPE (2) (UCCF PROM ORKRL TH-0613, TABLE 6) 146.00 146.00 146,00
23 TYPE (3) (UCCP PRONM ORNL TH-4613, TABLE 6)

IN-CELL SPACE TOTAL COST (§3]
24 TYPE (1) 820135, 175590. 367605.
25 TYPE (2) 123341, 246682, 370022.
26 TYPE (3)

27 TOTAL 237496. u70852. 801867.

P4/



28
29
30
3

32

34
35

36
37
38
39

40
41

43

ay
us
66
47

48
u9
50
51

52

54
55

56

57
58
59

60
61
62

GROSS OUT-OP~-CELL SPACE REQUIRED

BAKE UP AND PROCESS SERVICE SPACE

STD. ARBA WIDTH
STD. AREA HEIGAT

(CO PT)

(FT)
(FT)

SUFP (FROM ORNL THM-4613, TABLE %)

GROSS VOLURE
CELL OPERATING SPACE

TYPE (1) STD. AREA WIDTH
STD. ARBEA HEIGAT

No. OF CELL SIDES WITH OP,.

GROSS VOLURE

TY' (2) STD. AREA WIDTH
STD. AREMA HEIGHT

NO. OF CELL SIDES WITH OP.

GROSS VOLUME

TYPE (3) STD. AREA WIDTH
STD. AREA HEIGHT

NO. OF CELL SIDE" WITH OP.

GROSS YOLUNE
CRANE BAY SPACE

TYPE (1) CELL ARER

(cu PT)
{cu P1)

(PT)
(PT)

ARER

(CU PT)

(FT)
(FT)

ARER

(CO PT)

(PT)
(FT)

ARERA

{CO PT)

(SQ FT}

SUFP (PRONM ORNL TH-U613, TABLE 5)

STD. BAY HEIGHT
GROSS VOLUNE

TYPE (2) CELL ALEA

(FT)
(CU FT)

(sQ PT)

SgFP (PROM ORNL TH-4613, TABLE 5)

STD. BAY HERIGAT
GROSS VOLUNE

TYPE (3) CELL AREA

(PT)
{CU PT)

(sQ FT)

SUP (PROM ORNL TB-4613, TABLE 5)

STD. BAY HEIGHT
GROSS VOLUNME

OUT-OF-CELL SPACE UWIT COST

MARE-UP AND PROCESS SERVICE SPACE

(PT)
(€0 #T)

{$/C0 P1)

CELL OPERATING SPACE UCCP (PRON THM-4613, TABLE 6)

oYPE (1)
TIPE (2)
TYPE (3)

CRANE BAY SPACE
TYPE (1)

TYPE (2)
TYPE (3)

UCCF (FROW TH=G613, TABLE 6)

16.0
14.0
2.70
8601,

10.0
20.0
1.0
u557.

10.0
14.0
1.0
11827.

456,
3.50
44,0
70185,

211.
3.50
0.0
0.

16.0
14,0
2.70
9202.

10.0
20.0
1.0
9755,

10.0
16.0
1.0
23654,

975.
3.50
44,0
150227,

622,
3.50
9.0
0.

7.00

PAGE 2

16.0
14.0
2.70
13802.

10.0
20.0
1.0
20422,

10.0
4.0
1.0
s5u82.

2042,
3.50
44.0

314506.

634.
3.50
0.0
0.

7.00

7.00
7.00

8ge



63

6
6s
66
67

OUT-0F-CELL SPACYE TOTAL COST $
MARKE-UP AND PROCESS SERVICE SPACE
CELL OPERATIEG SPACE

TYPE (1)
TYPE (2)
TYPE (3)

TOTAL

CRANE BAY SPACE

TYPE (1)
TYPE (2)
TYPE {3)
TOTAL
TOTAL OUT~OF-CELL SPACTF COST
PROCESSING SPACE TOTAL COST

(s

PROCESSING SUPPORT SPACE COST (BLDG. BXCLUDING HOT CELLS)

INDIRECT PROCESS SGPPORT SPACR

74 STD. AREA HEIGET (PT)

75 SOF (PROI! ORNL TH-8613, TABLE 5)

16 TOTAL SPACE REQUIRED (CU PT)
INDIRBCT PROCESS SGPPORT SPACE OUNIT COST ($/C0 PT)

77 UCCF (PROM ORNL TM-G6°3, TABLE 6) ($/CU FT)

78  PROCESSING SUPPORT SPACE TOUTAL COST It

OUTSIDE UTILITIES COST 5

79 UCP (PRON ORNL TH-0613, TKBLE 7}  (FRACT.)

80 EQUIPNENT AND PACILITY COST

81 OUTSIDE UTILITIES COST

SITE INPROVENENT COST (®

82 UCP (PROM ORNL TH-U613, TABLE 8}  (PRACT.)

83 SOBTOTAL DIRECT CONSTRUCTION COST %)

8t SITE TMPROVEMERT COST %)

85 TOTAL DIRECT CONSTRUCTION COST *

32206,

31902.
82790,

114693,

161426,
[

161626,
308325,
545820.

4.0
5.60
56601,

7.00
3196206.

0.10
3399125,
339912,

0.005
3739037.
19595.
3757732,

AuB1Y,

68285.
165581,

233866,

345522,
0.

345522,
643799,
1114250,

.0
£.60
116063.

7.00
8126443,

0.10
7130122,
713019,

0.005
7843210,
39216,
7882u26.

PAGE 3

96617,

142957,
2483,

391329.

723364,

0.

723364,
1211309.
2013176.

14.0
5.60
218011,

7.00
1528873,

0. 10
12106249,
1210624,

0.005
13316873,
66584,
13383457.

6€2



INDIREZCT CORSTRUCTION COST
GENERAL AND ADHINISTRATIVE COST

e UCP (PROM ORNL TH-8K13, TABLE T) (PPACT.Y
87 SUBTOTAL GPN. & ADN, COSY (F)

ENGIFPERRING COS?T

a8 gCY (PRO® ORNL TH-GR13, TABLR 1) (FRACT .Y
89 SUBTNTAL BNGR. COST (&3]

NISC. CONSTROCTION COST

90 UCP (PPOW ORNL TR-0613, TARLE 7) {PRACT.}
91 SOGBTOTAL %ISC. CONSTPUCTION &~O3T (¥

CONTIFGENCY ALLOWANCE

92 UCP (FROM ORNL TH-G613, TABLE T) (PEACT.)
o3 STUBTOTAL CONTIHGEHCY ALLOWANCE (%)

SPARE PARTS COST

93 OCF (PROM ORRL TM-8613, TABLE 7% (PRACT.)
95 SUBTOTAL SPARE PARTS COST (%)
NONTNSTALLED SPARE BQUIFMEHNT COST

96 UCP (PROM CRRL TB-t613, TABLY T\ {FRACT.)
97 SUBTCTAYL NONINSTLRO SPARE CQUIPMREY CAST(Y)
QUALITY ASSORANCE COST

98 OCF (PROM ORNL TH-4513, TaBLE T} (PRACT.}

99 SUBTOTAL QUALITY ASSURANCEZ COST (%)
100 TOTAL INDIRECT CONSTRTUCTIOR COST (%)

3.10
375773,

0.30
1127319,

0.0%
187887.

0.20
751546,

0.907
26304,

0.03
112732,

0.06
225064,
2897022,

0.1¢
783242,

0.30
2360727,

0.05
394121,

0.20
1576585 |

0.607
~5177.

0.03
236173,

G.06
472946,
5888168,

PAGE [

Q.10
1338345,

0.130
4015036,

0.05
669173.

0.20
2676691,

0.007
93684.

0.03
401506,

0.06
803007.
9997438.

ore



OWNRR!'S COST

LARD COST
101 UCY (PROM ORNL TA-0613, TABLE 8) (FRACT.)
102 SUBTOTAL LAND COST %

PROJECT MANAGEMERT COSY

103 UCP (PROM ORNL TM-U613, TABLE 8) (PRACT.)
10u SUBTOTAL PROJ. MANGT. COST (2]
LICENSING COST

10% UCP (FPROM ORNL TN-4613, TABLE 8) (PRACT,)
106 SUBTOTAL LICENZING COST (£3]
TAXES, INSURANCE AWD INTFPREST

107 UCF (FRON ORAL TN-4613, TABLE 8) ({PRACT.)
108 SUBTOTAL TAXES, INSORANCE AND INT. (5

PREOPERATIONAL TESTING AXD STARTOP

109 UCF (PROM ORNL TN-6613, TABLE 8) (PRACT.)
110 SOUBTOTAL PREDOP. TESTING AND STARTUP (%)
111 TOTAL QUNRR'S COST £}

TOTAL CAPITAL COMNSTRUCTION COST

112 YNCRENENT OF TOTAL PLANT COST [£3]
113 PROCESSING THROUGHPUT OP ACCEPTABLE PROD (KGHN/DAY)
118 AENUAL PRODUCTION RATE (RILCGRAMS OF HBAVY METAL/YEAR)
115 CAPITAL CHARGE RATE {PRACT.)
116 ANNOGAL CAPITAL CHARGE {DOLLARS/YBAR)
117 PRODUCT UNIT COST (DOLLARS/KILOGRAM OF HEAYY NETAL)

0.01
3715717,

0.02
75155,

0.04
150309,

0.20
151548,

0.20
751546,
1766133,

8330887,
419.90
122611,
0.30
2499%¢5.
20,38

0.01
78824,

0.02
157649 .

0.04
315297,

0.20
1576485,

0.20
1576485,
3704739.

17475328,
1259.70
367832,

0.30
5242597,
14.25

PAGE s

0.01
133835,

0.02
267669,

0.04
535338.

0.20
2676691,

0.20
2676691,
6290223.

29671088,
2519.40
735665.

Q.30
8901324,
12. 10

ve



* ¢ ¢ BISO MICROSTHERE COATING PROCESS ~ PERTILE PARTICLES-THO2 (L-1.A.(1)$

DESCRIPTION
PROCESS THROUGRPUT (KILOGRAMS)
PRUCESSING EQUIPMENT COST {$1000y

PLART DIRBCT COHSTRUCTION COST ($£1000)

PLANT INDIRRCT CORSTRUCTION COST ($1000)

PLART OWNER'S COST ($1000)
PLANT TOTAL COST {%1000)
UNIT COST (DOLLARS/KILOGRAN)

PURCTIOR COBFPICYENTS ARE AS POLLOWS =
A1 = 2,43768E 0% A2 = 1.678B7E 01 A3
FUNCTXON EXPONENTS ARE AS FOLLOWS =

B1 = -4.26044E-04 82 = -1,30002B-04 B3

SUMMARY OF RESOLTS

0.0

PLANT CAPACITY

0.5 TONNE
PER DAY

419.9
2W57.1
37157.7
2807.0
1766,
8330.9

20.38

AL = 0.0

1.5 TONNE
PER DAY

1259.7
5203.5
7882 .4
5888.2
3704.7
17475.3

14,25

B21% * =

3.0 TONNE
PER DAY

2519.u
8564.2
13383.5
9997 .4
6290.2
2967%.1

12.10

vz



* * # RECLAMATION OF THORYON PROM FEBJECT KERNALSS

*«*CO0ST

ESTINAMTE

DIRECT COWSTRUCTION COST

PROCESSING EQUIPMENT COST

1

2
3
4
5

ESTINATED EQUIPMERT COST

ACTUAL IN-~CEL] BQUYPMENT SPACE REQUIRED

TYPE (1)

TYPE (1)
TYPE (2)
YPE (3)

ACTUAL OUT-OP-CELL EQUIPNERT SPACE REQUIRED

PREPARATION * =

($)
(CU PT)

CASE 1

52000.

= UNSRIBLDED HOT ALPHAR CELL -~ CONTACT MAYNTENANCE (ITEM

PROCESSING SPACE COST {(HOT CELLS)

21
22
23

24
25
26
27

GROSS IN-CELL SPACE REQUIRED

TYPE {1}

TYPE (2)

TYPE (3)

STD. CELL WIDTH

STD. CELL BEIGHT

SUP (FROM ORNL THN-4613,
GROSS CELL VOLOME
LYINEAR P¥. OF CELL

STD. CELL ¥IDTH

STD. CELL HEIGHT

SOF (PROM ORNL TM~4613,
GROSS CPLL VOLUME
LIREAR PT. OFP CELL

STD. CBLL WIDTH

STD. CBLL BEIGHT

SOF (PROM ORNL TH-4613,
GROSS CELL VOLUMNE
LYIREAR PT. OF CELL

IN-CELL SPACE UNIT COST

TYPE (1)
TYPE (2)
TYPE (3)

{JCCP FPROM ORNL TM-8613,
(DCCP PRONM ORNL THN-4613,
(UCCF PRON ORNL TH-3613,

IN-CELL SPACE TOTAL COST

TYPE (1)
TIPE (2)
TYPE (3)

TOTAL

(cu *T)
5
{FT)
(FT)
TABLE 5)
(CU PT)
(FT)
{¥T)
{FT)
TABLE 5)
(cU ?T)
(FT)
(PT)
{FT)
TABLE 5)
(CU ¥T)
(FT)
($/C0 PTY
TABLE 6)
TABLE 6)
TABLE 6)
%)

820.

430,

20.0
20.0
2.50
2050.
5.13

9.00

18450,

173911,

B22% * * DATE IS

CASE ESTIMATES
CASE 2

59000.

7, TABLES 5 AND 6)

1100.

600.

20,0
20.0
2.50
2750.
6.88

9.00

20750,

319612,

67-16-74

PAGE

CASE 3

70000.

1500.

800.

20.0
20.0
2.50
3750.
9.38

33750.

468012,

1

£ve



28
29
30
kb

32
33
34
35

36
37
38
39

ug
41
a2
43

56

57
58
59

60
61
62

GROSS OUT~-OP-CELL SPACE REQUIRED {CO FT)
MAKE UP AND PROCESS SERVICE SPACE
STD. AREA WIDTH (PT)
STD. ARBA HEIGHT {PT)

SUF (FROM ORNL TH-4612, TABLE 5)

GROSS VOLUME {C0 PT)
CELL OPERATING SPACE {(CU PT)
TYPE (1) STD. AREA WIDTH (FT)
STD. AREM BEIGHT {PT)
RO, OF CELL SIDPS WITH OP. AREX
GROSS VOLUME (CU PT)
TYPE (2) STD. ARBA 9IDTH {FT)
STD. ARPA HEIGAT (rT)
NO. OF CELL SIDES WITH OP, AREX
GROSS vOLUBE (cu PT)
TYPF (3) STD. AREA WIDTH (PT)
STD. AREA HEIGHT (FT)
NO. OF CELL SYDES WITB OP, AREA
GROSS VOLUME (CO PT)
CRANE BAY SPACE
TYPE (1) CELL ARER (sQ PT)
SUP (PROM ORNL TM-4613, TABLE 5)
STD. BAY HEIGHT (PT)
GROSS VOLUME {CU PTY
TYPE (2) CELL AREA (50 FT)
SOUF (PRON ORNL THN-U613, TABLE 5)
STD. BAY HEIGHT (PT)
GROSS VOLUNE (Cu »T)
TYPE (3) CELL AREM {sQ PT)
SUP (PRONM ORNL TH~0613, TABLE 5)
STDb. BAY AEIGHT (PT)
GROSS VOLUME (CO FT)
0UT-OP~CELL SPACE UNIT COST {¢/CU PT)

AAKE-UP AND PROCESS SERVICE SPACE

CELL OPERATING SPACE

TIPE (1)
TYPE (2)
TYPE (3)

CRANE BAY SPACE

TYBE (1)
TYPE (2)
TYPF (3)

UCCP (FROM TM-4613, TABLE 6)

1CCP (FROM TH=8613, TABLE 6)

16.0
14.0
2.70
1161,

10.0
20.0
1.0
1025.

103,
3.50
4u.0
15765,

16.0
1.0
2.70
1620.

10.0
20.0
1.0
1375,

138,
2,50
&Zn.0
21175,

7.00

7.00

2.30

PAGE 2

16.0
1.0
2,79
2160,

10.0
20.0
1.0
1875,

188.
3,50
a4.0
28875.

ba4A



63

14
65
66
67

68
69
70
71
72
73

QUT-OP~CELL SPACE TOTAL COST (&3]
MARE-UP AND PROCESS SERVICE SPACE
CELL OPERATIRG SPACE

TIPE (1)
TYPE (2)
TYPE (3)

TOTAL

CRANE BAY SPACE

TYPE (1)
TYPE (2)
TYPE (3)
TOTAL
TOTAL QUT-OP-CELL SPACE COST
PROCESSING SPACE TOTAL COST ($)

PROCESSING SUPPORT SPACE COST (BLDG. RXCLUDING HOT CELLS)

INDIRECT PRQCBSS SUPPORT SPACE

kL STD. AREA PEBIGHT (PT)

75 SUF (PROM ORNL TM-4613, TABLE 5)

76 TOTAL SPACE REQUIRED (CU PT)
IKDIRECT PROCESS SUPPORT SPACE UNIT COST ($S/CU FT)

7 UCCF (PRON ORNL TM-4613, TABLE 6} ($/CU PT)

78  PROCESSING SUPPORT SPACE TOTAL COST (3]

OUTSIDE UTILITIRS COST (¢}

79 UCPF (PROM ORKL TH-U613, TABLE T) {"RACT.)

80 EQUIPMENT AND PACILITY COST

81 OUTSIDE UTILITIES COST

SITE IMPROVEMFPHT COST 1)

82 OCP {PRON ORNWL TM-8613, TABLE 8) {FRACT.}

83 SUBTOTAL DIRECT CONSTRUCTION COST *)

84 SITE TMPROVENENT COST (%)

85 TOTAL DIRECT CONSTRUCTION COST '3

8127.

7175.

T175.

363065,

36305.
51607,
225518,

14,0
5.60
28906.

7.00
202342,

0.10
479860,
47986,

0.005

530686,

11340,

9625.

9625.

48702,

48702.
69667.
389279.

AL
5.60
50364,

7.00
352549,

0.10
800828,
80083.

0.005

885315,

PAGE 3

15120.

13125,

13125,

66n12,

66412,
94657,
562670.

4.0
5.60
72998.

7.00
510987,

0.10
1143656,
114366.

0.005
1258021.
6290.
1266211,

Sye



INDIRECT CONSTRUCTION COST

GERERAL AND ADMINISTRATIVE COST

86 OCF (PROM ORNL TN-U613, TABLE 7) (PRACT.)
87 SUBTOTAL GEN. ¢ ADN. COST (%)
ENGINEERING COS?T

88 OCP (FPROM ORNL TN-4613, TABLE 7) (PRACT.)
a9 . SUBTOTAL BHGR. COST (£1]

MISC. CONSTRUCTION COST

90 UCP (PRON ORNL TM-4613, TABLE 7) (FRACT.)
91 SUBTOTAL MISC. COWSTROCTION COST (¢4}
CONTIRGEHCY ALLOWANCE

92 UCP (PRON ORFL TR-4613, TABLE 7)  (PRACT.)
93 SUBTOTAL CORTINGENCY ALLORANCE T3]

SPARE PARTS COST

94 OCP (PRON ORNL TE-U4613, TABLE 7} (FRACT. )
95 SUBTOTAL SPARE PARTS COST (%)

RONINSTALLED SPARE BQUIPNENT COST

96 gC? (FROM ORNL TM-U4613, TABLZ 7) (PRACT.)

97 SUBTOTAL KONWINSTLED SPARE EBQUIPMERT COST ($)

QUALITY ASSURARCE COST

98 UCP (FROM ORNL TN-N613, TABLE 7) {PRACT.)
()

99 SUBTOTAL QUALITY ASSURANCE COST
100 TOTAL INDIRECT CONSTRUCTION COST (%)

0.10
53049.

0.30
159146.

0.05
26528,

0.20
106097.

0.007
3713,

0.03
15915,

0.06
31829,
396273,

0.10
88531,

0.30
265594,

0.05
uu266.

0.20
177063.

0.007
6197.

0.03
26559,

0.06
53119,
6¢1330.

PAGE )

0.10
126431,

0.0
379293.

0.05
63216.

0.20
252862,

0.007
8850,

0.03
37929.

0.06
75859.
YTITUR

A4



OWNER'S COST

LAND COST
101 UCF (FROM ORNL TN~4613, TABLE 8) (PRACT.)
102 SUBTOTAL LAND COST [ti]

PROJECT HAWAGEMERT COST

103 UCP (FROM ORNL TH~8613, TABLE B) (PRACT.)
104 SUBTOTAL PROJ. NAWGT. COST (%)
LICENSING COST

105 UCF (FPROM ORNL TM-8613, TABLE 8) (FRACT.)
106 SUBTOTAL LICENSING COST (£1)
TAXES, IHSURANCE ARD INTEREST

107 OCP (FROM ORFL TN-8613, TABLE 8) {PRACT.)
108 SUBTOTAL TAXES, INSURANCE AND INT. [£1)

PREOPERATIONAL TESTING AND STARTOUP

100 UCP (PROM ORNL TN-G613, TABLE 8) (PRACT.)
110 SUBTOTAL PREOP. TESTING AND STARTOP (0]
111 TOTAL OWNER'S COST (¢3]

TOTAL CAPITAL CONSTRUCTIOR COST

112 INCREMENT OF TOTAL PLANT COST (%)
113 PROCBSSING THROUGHPUT OP ACCEPTABLE PROD {KGHN/DAY)
114 ANRUAL PRODUCTION RATE (KILOGRAAS 0P HEAVY METAL/YEAR)
115  CAPITAL CHARGE RATE (PRACT, )
116 ANNUAL CAPITAL CHARGE (DOLLARS/YBAR)
117  PRODUCT URIT COST (DOLLARS/KILOGRANM OP HEAVY NETAL)

0.01%
5305.

0.02
10610,

0.08
21219.

0.20
106097.

0.20
106097.
2u9328.

1176086,
44.30
12936.
0.30
352026,
£7.28

0.01
8853,

0.02
17706,

0.0
35413,

0.20
177063,

0.20
177063,
316098,

1962701,
133.00
38836.

0.30
598822,
15,16

PAGE 5

0.01
12643,

0.02
25286,

0.04
50572.

0. 20
252862,

0.20
252862.
59u4226.

2802976.
265.90
77643,

0.30
840893,
10.83

VA 44



% & & RECLANATION OF THORIUM PROM

DESCRIPFION
PROCESS THROUGRPUT (KILOGRAKS)
PROCESSIHKG EQUIPNERT COST (£10009

PLANT DIRECT CONSTRUCTIOR COST {51000}

PLART INDIPECT CONSTRUCTIOR COST ($1000)

PLART OWNER'S COST {($1000)
PLANT TOTAL COST {$1000)
ONIT COST {DCLLARS/KILOGRAN)
PUNCTIOR COBFPPICIENTS ARE AS POLLONS =
At = 3.65714E 01 R2 = 2.123092 01 a3
FORCTION EXPONEHRTS ARE AS POLLOWS =
B1 = -6.620238~03 B2 = -2,53146E-03 B3

REJECT KERNALSS

SUMMARY OP RESOULTS

PLANT CAPACITY

0.5 TONNE 1.5 ToRne
PER DAY PER DAY
88,3 133.0
52.0 59.0
£30.5 885.3
3196.3 661.3
209.3 816,1
1M176.1 1962.7
27.28 15.16
0.0 A = 0.0
0.0 ps = Q.0

P2y = =

3.0 TORNE
PER DAY

265.9
70.0
1264.3
64,4
694,2
28013,0
10.83

8ve



* % * THORIUM DIOXIDE REJECT RECLAKATION COATING REMOVALS

**CO0ST

ESTIMNATE

DIRECT CONRSTRUCTION COST

PROCESSIPG EQUIPMENT COST

1

ESTIMATED EQUIPMENT COST

ACTUAL IR-CELL EQUIPMENT SPACE REQUIRED

TYPE (1)

TYPE (1)
TYPE (2)
TYPE (3)

ACTUAL OUT-OF~-CELL EQUIPMENT SPACE REQUIRED

(CU PT)

PREPARATIOR®H®

%)

CASE 1

79000.

B23%: = & DATE IS

CASE ESTINATFS
CASE 2

93000.

= UNSHIELDED HOT ALPHA CELL - COWTACT HAINTEWANCE (ITEM 7, TABLES 5 AND 6)

PROCESSING SPACE COST (HOT CELLS)

6
7
8
9
10

11
12
13
"
15

16
17
18
19
20

21
22
23

24
25
26
27

GROSS IN~CELL SPACE REQUIRED

TYPE (1)

TYPE (2)

TYPE (3)

STD. CELL WIDTR

STD. CELL HEIGHT

SUP (PROM ORRL TN-4613,
GROSS CFLL VOLUME
LINEAR PT. OF CELL

STD. CELL WIDTH

STD. CELL HEIGHT

SUF (FROM ORNL TH-4613,
GROSS CELL VOLURE
LINBEAR PT. OF CELL

STD. CELL wIDTH

STD. CBLL HBIGHT

SUP (PROM ORNL TH-4613,
GROSS CELL VOLUNE
LINREAR PT. OF CELL

IR-CELL SVACE UNIT COST

TYPE (1)
TYPE (2)
TYPE (3)

(UCCF PROM ORNL TH-4613,
(UCCP PROH ORHL TH-0613,
(UCCP PRONM ORNL TH-4613,

IN-CELL SPACE TOTAL COST

TYPE (1)
TYPE (2)
TYPE (3)

TOTAL

(CU PT)
(%)
(PT)
(FT)
TABLE 5)
(CU PT)
(PT)
(FT)
(PT)
TABLE 5)
(CU PT)
(FT)
(F1)
(FT)
TABLE 5)
(CU PT)
(FT)
($/CU PT)
TABLE 6)
TABLE 6j
TABLE 6)
(%

500.

500.

20.0
20.0
2.50
1250.
3.13

9.00

11250.

166711,

700.

700.

20.0
20.0
2.50
1750.
4.38

9.00

15750.

310612,

07-18-748 PAGE

CASE 3

176000,

2000,

900.

20.0
20.0
2.50
5000,
12.50

9.00

45000.

479262.

1

1374



a4
a5
86
u7

ug
49
5¢
51

52
53
L1

55

56

57
58
59

60
61
62

GROSS OUT-OP-CBLL SPACE REQUIRED (CU rT)
NAKE UP ARD PROCESS SERVICE SPACE
STD. AREA WIDTH {°T)
S5TD. ARER BEIGHT {rT)

SOF (PROM ORNL TH-8613, TABLE )

GROSS VOLUNE (CO PT)
CELL OPERATING SPACE cu PT)
TYPP (1] STD. AREA WIDTH (PT)
STD. AREA HEIGAT (PT)
NO. OP CELL SIDES WITH OP, ARE}R
GROSS VOLOUME (CU PT)
TYPE (2) STD. AREA WIDTH (PT)
STD. APEA HEIGHT (PT)
NO. OP CELL SIDES WITH OP. AREA
GROSS VOLURE (CU ¥T)
TYPE (3) STD. AREA WIDTH (PT)
STD. AREA HEIGHT (*T)
NO. OP CPLL SIDES WITH OP, AREA
GROSS VOLUNE (Cu FT}
CRANE BAY SPACE
TYPE (1) CELL AREA (50 ¥T)
SOP (PROM ORNL TM-0613, TABLE 5)
STD. BAY HEICHT (PT)
GROSS VOLUNE (co PT)
TYPE (2) CELL AREA (sQ PT)
SOF (PHOR ORNL TA-6613, TABLE 5)
STD. BAY HEIGET (PT}
GROSS VOLONE (co PT)
TYPE (3) CELL AREA (5Q ¥T)
S0P (PROK ORRL TH-4613, TABL: 5)
STD. 3AY HEIGHT (PT)
GROSS VOLUNE (Co PT)
OUT~0P-CELL SPACE UNIT COST ($/C0 PT)

MAKE~UP ARD PROCESS SERVICE SPACE

CBELL OPBRATING SPACE UCCP (PRON TN-4613, TABLE 6)

TYPE (1)
TYPE (2)
TYPE (3)

CRANE BAY SPACE

TYPE (1)
TYPE (2)
TIPR (3)

UCCF (PROM TH=4613, TABLE 6)

16.0
.0
2.70
1350.

10.0
26.0

1.0
625,

63.
3.50
4a.0

9625.

7.00

83.
3,50
n4, 0

13475.

7.00

7.00

2.30

PAGE

16,0
14,0
2.70
2u39,

10.0
20.0

2500.

250.
3.50
41,0
38500.

7.00

7.00

2.30

2

0se



63

6l
65
66
67

0UT-0P-CELL SPACE TOTAL COST
MAKE~UP AND PROCESS SERVICE SPACE
CELL OPERATING SPACE

TYPE (1)
TYPE (2)
TYPE (3)

TOTRL

CRANEZ BAY SPACE

TYPE (D)
TYPE (2)
TYPE (3)
TOTAL
TOTAL OUT-0P-CELL SPACE COST
PROCRESSING SPACE TOTAL COS?T

%

(s)

PROCESSIRG SUPPORT SPACE COST (BLDG. BXCLUDING HOT CELLS)

74
75
76

77
78

INDIRECT PROCESS SUPPORT SPACE

STD. AREA HEIGHT

SU¥ (FPRCM ORNL TM-4613, TABLE 5)

TOTAL SPACE REQUIRED

{PT)
(CU PT)

IRDIRECT PROCEBSS SUPPORT SPACE UNIT COST ($/CU PT)

UCCF (PROM ORNL TH~4613, TABLE 6)

PROCESSING SUPPORT SPACE TOTAL COST

OUTSIDE UTILITIES COST

79
80
81

UCF (FROM ORNL TM-4613, TABLE 7)
EQUIPNENT AND PACILITY COST
OUTSIDE UTILITIES COST

SITE INPROVENERT COST

82
83
84
85

UCP (PROM ORNY TA-4613, TABLE 8)

SUBTOTAL DIRECT CONSTRUCTION COST

SITE INPROVEMENT COST
TOTAL DIRECT CONSTRUCTIOR COST

($/CU FT)
(s)

%
{PRACT.)

($)
(PRACT.)

9u50.

8375,

4375.

22137,

22137.
35962,
202673.

1.0
5.60
257170,

7.00
1803990.

0.10
862063,
46206.

0.005
508270,
2541,
510811,

13230.

6125,

6125,

30992.

30992,
50347,
360959.

.0
5.60
ueluy,

7.00
325109,

0.10
779068.
77907.

0.005
856974,
4285.
861259,

PAGE 3

17010.

17500.

17500.

6d550.

88550.
123060,
602322.

14,0
5. 60
77698,

7.00
545277,

0.10
1323609.
132361,

0.005
1455969,
7280.
163208,

152



IBDIRECT CONSTRUCTION COST
GENERAL AWD ADMINISTRATIVE COST

86 UCP (PROM ORML TH-4613, TABLE 7) (PRACT.)
87 SOBTOTAL GEN. + ADM. COST (%)

ENGINEERING COST

88 UCP (PROM ORNL TM~8613, TABLE 7)  (PRACT.]
89 SUBTOTAL BNGR. COST ($)

NISC, CGNSTROCTYON COST

90 UCP (PROM ORNL TH-0613, TABLE 7) (FPRACT.)
91 SUBTOTAL NISC. CONSTRUCTION COST (t))

CONTINGENCY ALLOWANCE

92 UCP (PROB ORKL TN-"613, TABLE 7) (PRACT.)
Q3 SUBTOTAL CONTINGEFRCY ALLOWARCE [£3]

SPARS PARTS CGST

94 OCP (PROM ORK1 THM-83613, TABLE 7) {PRACT.)
95 SUBTOTAL SPARE PARTS COST (3)

HONIRSTALLED SPARE EQUIPNENT COST

96 UCF (FHOR ORNL TH-U613, TABLE 7) (PRACT.)
97 SUBTOTAL RONINSTLED SPARE EQUIPMENT COST (%)

QUALITY ASSURANCE COST

98 UCP (FROM ORRL TN-N4613, TABLE 7) {(PRACT.)
99 SURTOTAL QUALITY ASSURANCE COST [£3)
100 TOTAL INDIBBCT CONSTRUCTION COST %)

0.10
51081.

0.30
153243,

0.05
25541,

0.20
102162,

0.007
3576.

0.03
15324,

0.06
30649.
381576.

0.10
86126.

0.30
258378,

0.05
43063.

0.20
172252.

0.007
6029.

0.03
25838.

0.06
51676,
643360,

PAGE ]

0. 10
146325,

0.30
438974,

0.05
73162,

0.20
292550.

0.007
10243,

0.03
43897.

0,06
87795.
1093045,

FATA



OWNER'S COST

LAND COST
101 UCF (FROH ORNL TH-4613, TABLE 8) {PRACT.)
102 SUBTOTAL LARD COST (%)

PROJPCT MANAGENENT COST

103 UCP (PROM ORNL TM-4613, TABLE 8) (PRACT.)
104 SUBTOTAL PROJ. MANGT. COST (£3)
LICENSING COST

105 UCF (PRON ORNL TN-0613, TABLE 8) (PRACT.)
106 SUBTOTAL LICENSING COST (£3])
TAXES, INSURARCE ARD INTEREST

107 UCF (FPROM ORNL TE-~0613, TABLE 8) (FRACT.)
108 SUBTOTAL TAXES, INSURANCE AND INT. (%)

PREOPERATIONAL TESTING AND STARTUP

109 OCF (FROM ORNL TM-4613, TABLE 8) (PRACT.)
110 SUBTOTAL PREOP, TESTIRG AND STARTUP (%)
111 TOTAL OWNER'S CoOS?T (%)

TOTAL CAPITAL CORSTRUCTION COST

112 INCREMENT OF TQTAL PLANT COST €3]
113 PROCESSING THRODGHPUT OF ACCEPTABLE PROD {XGAN/DAY)
114 ANRUAL PRODUCTION RATE (KILOGRAMS OF HEAVY METAL/YEAR)
115  CAPITAL CHARGE PATE (PRACT.)
116 RNRUAL CAPITAL CHARGE (DOLLARS/YEAR)

117 PRODUCT UNIT COST (DOLLARS/KILOGRAM OF HEAVY METAL)

0.01
5108.

0.02
10216.

0.08
20432,

0.20
102162,

0.20
102162,
230081,

11324674
21,00
6132,

0.30
339744Q.
S8.40

0.01
8613,

0.02
17225.

0.04
34050,

0.20
172252,

0.20
172252,
uou792,

1909410,
63.00
18396.
0.30
572823,
31.14

PAGE 5

0.0
14632,

0.02
29255.

0.0u
56530.

0.20
292650.

0.20
292650.
687726.

3244019,
126.00
36792.

0.30
973206,
26,45

€5T



% » * THORIUM DIOXIDE REJECT RECLAMATION COATING REMOVALS

DBSCRIPTIOR
PROCESS THROUGHPODT (KILOGRAMS)
PROCBSSIRG EQUTPHENRT COST (51000

PLANT DTRECT CONSTRUCTION COST ($1000)

PLA¥T INDIREBCT CORSTRUCTIOR COST ($1000)

PLART OWRER'S COST ($1000)
PLANT TOTAL COST ($1000)
URIT COST (DOLLARS/KILOGRAN)
PURCTION COEBPPICIENTS ARE AS POLLOWS =
Ay = 7,39040E 09 A2 = 3.66558E 01 A3
PUNCTIOR EXPONRRTS ARE AS POLLOWNS =
B1 = -1.37194E-02 B2 = -2.58934E-03 B3

SYKMARY OF RESULTS

PLANT CAPACITY

0.5 TONNE 1.5 TONNE
PER DAY PER DAY
21.0 63.0
79.0 93.0
510.8 861.3
381.6 643,4
240.1 uon.8
1132.5 1909.4
55.40 31. 14
0.0 A4 = 0.0
0.0 B4 = 0.0

B23* ¢ «

3.0 TORKE

PER DAY
126.0
176.0

1663.2
1093.0
687.7

324u4.0

26.45

1474



& % &« RECLAMATION PROCESSING OF REJECT 23 RECYCLE POUFL (R-15 ELEMENT} 3

CASE 1
* % CO0ST ESTINATE PREPARATIONG®#
DIRECT CORSTRUCTION COST
PROCESSING EQUIPNENT COST
1 ESTINATED EQUIPNENT COST %) 15.
ACTUAL IR-CELL EQUIPMENT SPACE REQUIRED (CU PT)
TYPE (1) = NEDIUM SHIELDED HOT CELL - RENOTE MAINTENANCE (ITEM
TYP® (2) = MNEDIUN SHIBLDED EOT CELL - CONTACT MAINTENARCE (ITEM
2 TYPE (1) 7775.
3 TYPE (2) 13200.
" TYPE {3)
S  ACTUAL OUT~-OP-CELL BQUIPEENT SPACE REQUIRED {CU PT) 3ues,
PROCESSING SPACE COST (HOT CELLS) (%)
GROSS IN-CELL SPACE REQUIRED
6 TYPE (1) STD. CELL WIDTH (FT) 26.0
7 STD. CELL HEIGHT (FT) 30.0
8 SUF (FROM ORKL TH-8613, TABLE ) 4.00
9 GROSS CELL VOLUNE {CU PT) 31100.
10 LINEAR PT. OP CELL (PT) 39.87
1" TYPE (2) STD. CELL WIDTH (PT) 30.0
12 STD. CPLL REIGHT (*T) 10.0
13 SOF (PROM ORNL TH-U613, TABLE ) 2.33
i GROSS CELL VOLONE {CU ®T) 30756,
15 LINEAR PT. OF CELL (PT) 25.63
16 TYPE (3) STD. CELL WIDTH (FTY
7 STD. CELL HEIGAT (FT)
18 SUP (PROM ORNL TH-4613, TABLE %)
19 GROSS CELL YOLONE (co FT)
20 LINEAR PT. OF CELL (FT)
I¥-CELL SPACE USIT COST ($,/C0 PT)
21 TYPE (1) (UCCF PROM ORRL TH-0613, TABLE &) 39.00
22 TYPE (2) (UCCF FROM ORNL TH-0613, TABLE 6) 16.00
23 TYPE (3) (UCCF FROR ORNL TH-B613, TABLE 6)
IR-CELL SPACE TOTAL COST (s
24 TYPE (1) 1212900,
25 TYPE (2) 492096.
26 TYPE (3)
27 TOTAL 1737114,

B2ux * * DATE IS

CASE ESTINATES
CASE 2

16.

3, TABLES 5 AND 6)
8, TABLES 5 AND 6)

8155,
16500.

4060.

26.0
30.0
4.00
37620.
41.82

30.0
40.0
2.33
aguus,
32.06

2,
o
¥

39.00
16.00

12721%0.
615140,
o

&

1935u78.

07-18-74

CASE 3

16.

8700.
21500.

4595,

26.0
30.0
4,00
3u800.
4s.62

30.0
40.0
2.33
50095.
41,75

39,00
16.00

1357200.
801520.

2222958.

PAGE
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32
33
n
35

36
37
38
39

80
L3}

42
63

56

57
59

60
61
62

GROSS OUT-OP-CELL SPACE REQUIRED

MAKE UP AND PROCESS SERVICE SPACE

CELL OPBRATING SPACE

TYPE (1)

TYPE (2)

TYPE (3)

STD. AREA WIDTH

STD. AREA HEIGHT

SUP (PROM ORRL TN-3613, TABLE ©)
GROSS VOLUME

STD. AREA WIDTH

STD. AREA HEIGHT

N0, OF CELYL SIDES WITRH DP. AREA
GROSS VOLUME

STD. AREA WIDTH

STD. AREA HEIGHT

FO. OF CELL SIDES WITH OP. AREA
GROSS VOLURME

STD. AREA WIDTH

STD. AREA HEIGHT

¥0. OF CELL SYDES WITH OP. AREA
GROSS VOLOME

CRARE BAY SPACPE

TYPE (1)

TIPE (2)

TYPE (3)

OUT-OF-CELL SPACE UWIT COST

CELL AREA

SGP (PROM ORNL THE-U613, TABLE 5)
STD. BAY HEIGHT

GROSS VOLURE

CELL AREX

SOF (PROM ORNL TH-4613, TABLE 5)
STD. BAY HEIGHT

GROSS VOLUME

CBLL AREX

SUP (FRONM ORNL TH-U4613, TABLE 5)
STD. BAY HEIGHT

GROSS VOLUWE

NAKE~-UP AND PROCESS SERVICE SPACE

(CU PT)

(FT)
(FT)

(CD FT)

(cu rm)

(PT)
(PT)

(CO PT)

(PT)
(FT)

(CU ¥T)

(PT)
(PT)

(CU PT)

(50 PT)

(PT)
(CO PT)

(sQ PT)

(PT)
(CO PT)

(sQ FT)

(¥T)
(CO PT)

($/CU PT)

CELL OPERATING SPACE UCCP (FROM TH-4613, TABLE 6)

TYPE (1)
TYPE (2)
TYPE (3)

CRANE BAY SPACE

TYPE (1)
TYPE (2)
TYPE (3)

UCCF (PRON TH=4613, TABLE 6)

1860000.0
14.0

2.70
9409,

16.0
14.0
2.0
17863.

4.0
10.0

IOZ%.

1037.
3.50
44,0

159647.

769,
3.59
84.0
118011,

7.00

rd ,C?”‘

1622700.0
4.0

2.70
10962.

16.0
18,0

18736.

4.0
10,4
1.0
1281.

1087.
3.50
44,0

167449,

961,
3.50
L1 )
148013,

2.30
2.30

PAGE 2

1872000.0
w.0

2.70
126805,

16.0
4.0
2.0
19988.

4.0
10.0
1.0
1670.

1160.
3.50
84,0

178640,

1252.
3.50
44,0

192866.

7.00

7.00
7.00

962



63

64

66
67

68
69
70
KA
12
73

OUT-OF-CELL SPACE TOTAL COST
MAKE-UP AFD PROCESS SERVICE SPACE
CELL OPERATIRG SPACR

TYPE (1)
TYPE (2)
TYPE (3)

TOTAL

ZRANE BAY SPACE

TYPE (1)
TYPE (2)
TYPE (3)
TOTAL
TOTAL OUT-OP-CELL SPACE COST
PROCESSING SPACE TOTAL COST

(£9]

(5)

PROCESSING SUPPORT SPACE COST (BLDG. EXCLUDING HOT CELLS)

74
75
76

17
18

IFNDIRECT PROCESS SUPPORT SPACE

STD. ARER HRIGHT
SOP (PRON ORNL THN-U4613, TABLE 5)
TOTAL SPACE REQUIRED

(T)

(CU PT)

THDIRECT PROCESS SUPPORT SPACE URIT COST ($,/CU PT)

UCCF (PROB ORNL T®-8613, TABLE 6)
PROCESSIEG SUPPORT SPACE TOTAL COST

OUTSIDE UTILITIES COST

79
80
81

OCP (PROM ORNL TM-4613, TABLE 7)
EQUIPNERT AND PACILITY COST
0O0TSIDE UTILITIBS COST

SITE INPROVEMENT COST

82
83
84
85

UCF (FROW ORNL TN-84613, TABLE 8)
SUBTOTAL DIRECT CONSTRUOCTION COST
SITE INPROVEMERT COST

TOTAL DIRECT CONSTRUCTIONW COS?

($/CU FT)
($)

($)
{FPRACT.)

%)

(PRACT.)
(%)
($)
%)

65866.

125038.
7176.

132214,

367187,
272344,

639531,
837612.
25764725,

4.0
5.60
1u5868.

7.00
1021078,

0.10
3595818.
359582.

0.005
3955399.
19777.
3975175,

76734,

131149,
8970.

140120,

385133,
340630,

725563.
962417,
2877894,

14,0
5.60
167067.

7.00
1169469.

0.10
4047379,
4ou738.

0.005
4u52116.
22261,
4474376,

PAGE 3

86845,

139914,
11689.

151603.

410872,
443591,

854462.
1092910,
3315868,

m.0
5.60
197754,

7.00
1384278,

0. 10
4700162,
470016,

0.005
5170176,
25851,
5196028,

FA14



IXDIRECT CONSTROCTION COST
GENERAL AND ADNINISTRATIVE COST

86 UOCP (PROM ORNL TB-4613, TABLE 7) {PRACT.)
87 SUBTOTAL GER. + ADM. COST %)

ENGINEERING COST

88 UCP (PROM OBNL TN-4613, TABLE 7)  {PRACT.)
89 SUBTOTAL ENGR. COST ()

WISC. CONSTRUCTION COST

90 gcP (PROM ORKFL TM-8613, TABIE 7) {FRACT.)
91 SUBTOTAL MISC. CORSTROCTIGHW COST %)

CONTINGENCY ALLOWANCE

92 UCP (PROM ORNL TM~4613, TABLE T) (PRACT.)
93 SUBTOTAL CONTIRGERCY ALLOWAKCE [£1]

SPARE PARTS COST

98 OCF (PROM ORNL TH-8613, TABLE 7) (PRACT.)
95 SUBTOTAL SPARE PARTS COST [£3

WONINSTALLED SPARE BQUIPHEAT COST

96 OCP (FROM OBNL TK-4613, TABLE 7) (PRACT.)
97 STUBTOTAL RONINSTLED SPARF EQUIPNENT COST (%)

QUALITY ASSURANCE COST

98 OCP (PROM ORKL T¥-4613, TABLE 7) {PRACT.}
99 SUBTOTAL QUALITY ASSURAWNCE COST (£3]
100 TOTAL INDIRECT CONSTRUCTION COST (%)

0.10
397517,

0.30
1192552,

0.05
198759,

0.20
795035.

0.007 -

27826.

0.03
119255,

0.06
238510.
2969452,

0.10
547037,

0.30
13482312,

0.0%
223719,

0.20
89u87s,

0.007
31321,

0.03
134231,

0.06
268463,
3342355,

PAGE a

0.10
519603,

0.30
1558808.

0.05
259801,

0.20
1039206.

0.007
36372,

0.03
155881,

0.06
311762,
3881429,

86z



OWNER'S COST

LAND COST
101 UCP (PROM ORNL TM-U613, TABLE 8)  (FRACT.)
102 SUBTOTAL LARKD COST (%)

PROJECT MANAGEMENT COST

103 OCP (FROM ORFL TM-U613, TABLE 8) (PRACT.)
104 SUBTOTAL PROJ. MANGT. COST [£3]
LICENSING COST

105 UCP (PROM ORKL TH-4613, TABLE 8) (VRACT.)
106 SUBTOTAL LICERSING COST (%)
TAXES, INSURMNCE AND IRTEREST

107 UCP (PROM ORNL TH-4613, TABLE 8) (FRACT.)
108 SUBTOTAL TAXES, INSURANCE AND INT. (%)

PREOPERATIONAL TESTING AND STARTOP

109 UcP (PROM ORNL TM-8613, TABLE 8) (PRACT.)
1o SUBTOTAL PREOP. TESTING AND STARTOP (£3]
111 TOPAL OWKER'S COST (%)

TOTAL CAPITAL CONSTRUCTION COST

112 INCRENENT OF TOTAL PLANT COST (%)
113 PROCESSING THROUGHPUT OF ACCEPTABLE PROD {KGHN/DAY)
114 ANNUAL PRODUCTION RATE (KILOGRANS OF HEAVY METAL/YEAR)
115  CAPITAL CHARGE RATE (FRACT.)
116 ANRUAL CAPITAL CHARGE (DOLLARS/YEAR)
"7 PRODUCT ONIT COST (DOLLARS/KILOGRAN O¥ HEAVY METAL)

0.07
39752,

0.02
79503,

0.04
159007,

0.20
795035,

0.20
795035,
1868331,

86812958,
17.20
5022.

0.30

2643886.

526.42

0.01
uu7un.,

0.02
89488.

0.04
178975.

0.20
894875.

0.c.2
894875.
2102956.

9919687.
51.60
15067.
0.30
2975905.
197.51

PAGE 5

0.01%
5196 0.

0.02
103921,

0.04
20784y,

0.20
1039206.

Q.20
1039206.
2442132,

11519589.
103,20
30134,

0.30
3455876,
114.68

652



* & & RECLANATION PROCHESSING OF REJECT 23 RECYCLB FOEL (A-15 ELEMENT) S

DESCRIPTION
PROCESS THROUGHPUT (KYLOGRANS)
PROCRSSIHG ZQUIPMENT COST ($1000)

PLART DIRECT CONSTRUCTIOX COST ($1000)
PLAHT INDIRECT CONSTRUCTIOR CUST ($1000)

PLAKT OWNER'S COST ($1000)
PLANT TOTAL COST {£1000)
UNIT COST (DOLLARS/KILOGRAN)

FONCTION COEFPICIBNTS ARE AS FOLLORS =

AT = 8,59416% 02 A2 = 3,00155e 02 A3
PUHCTIOR EXPONENTS ARE AS POLLORS =

B1 = -2.B84975E~02 B2 = -1.05353e-02 B3

SUMMARY OF RBSULTS

0.0

PLANT CAPACITY

0.5 TOHWNE
PEF DAY

17.2
0.0
3975,2
2969.5
1868.3
8813.0

526.u42

At = 0.0

B = 0.0

1.5 TONKE
PER DAY

51.6
0.0
au74.4
3342.4
2103.0
9919.7
197,51

Baus * *

3.0 TONNE
PRR DAY

103.2
0.0
5196,0
3881.4
26642.1
11519.6

114,68

092



* * & RECLAMATIOR PROCESSING OF REBJECT 25 RECYCLE FUEL (A-19 BLEMENTS)S B25% % » DATE IS 07-18-74 PAGE

CASE ESTIMATES

CASE 1 CASE 2 CASE 3
**CO0SsST BSTINRARTE PREPARAMTIONGS®S®
DIRECT COWNSTRUCTION COST
PROCESSINRG EQUIDARNT COST
1 ESTINATED EQUIPMENT COST (%) 1136000, 1192000. 1336000.

ACTDAL IR-CBLL EQUIPMENT SPACE REQUIRED (co PT)
TYPE (1) = MEDIUM SHIBLDED HOGT CELL -~ REMOTE MAINTENANCE (ITEM 3, TABLES 5 AND 6)

TYPE (2) MEDIDM SHIBLDED HOT CELL - CONTACT NAINTENANCE (ITEN U4, TABLES 5 AND 6)

2 TIPE (V) 7220. 7290. 7450,
3 TYPZ (2) 12700. 13200, 13800,
4 *YPE (3)
5  ACTUAL OUT~OP-CELL EQUIPNENT SPACE REQUIRED (€U PT) 50, 3765. 4130.
PROCESSING SPACE COST (HOT CELLS) 9

GROSS IN-CELL SPACE REQUIRED
6 TYPR (1) STD. CELL WIDTH (PT) 26.0 26.0 26.0
7 §TD, CELL HEIGHT (PT) 30.0 30.0 30,0
8 SUP (PROM ORWL TM-0613, TABLE 5) 4.00 4.00 4,00
9 GROSS CELL VOLUNE U FT) 28880. 291¢€0. 29800.
10 LINEAR FT. OF CELL (PT) 37,03 37.38 38,21
1 TYPE (2) STD. CELL WIDTH (FT) 30.0 30.0 30.0
12 STD. CELL HEYGHT (FT) 40.0 40, 0 5¢.0
13 SUP (PROM ORNL TH-4613, TABLE 5) 2.33 2.33 2.33
1 GRO5S CELL VOLUME (CU PT) 29591, 30756. 32154,
15 LINEAR PT. OF CELL (1) 2666 25.63 26,79
1% TYPE (3) STD. CELL WIDTH (PT)
17 STD. CELL HEIGHT (PT)
18 SUF (PROM ORFL TH-8613, TABLE 5)
19 GROSS CELL VOLUNE (CU PT)
20 LINEAR PT. OF CELL (PT)

IN=CELL SPACE ONIT COST ($/C0 PT)
21 TYPE (1) (UCCP PROR ORNL TN-4613, TABLE 6) 39.00 39.00 39,00
22 TYPE (2) (UCCP PROM ORNL TH-G613, TABLE €) 15.00 16.00 16,00
23 TYPE (3) (UCCF PRON ORNL TM-8613, TABLE 6)

IN-CELL SPACE TOTAL COST )
24 TYPE (1) 1126320. 11372080. 1162200.
25 TYPE (2) 473456, 492096. 514464,
26 TYPE (3)

27 TOTAL 1631894, 1677514, 1740902,

192



28
29
30
k)

1)
45
46
47

uB
69
50
51
52

54
55

56

57
S8
59

60
62

GROSS OUT-OFP-CELL SPRCE REQUIRED
NAKE UP A¥D PROCESS SBERVICE SPACE

STD. AREA WIDTH
S5TD. AREA HEYGHT

(CU rT)

(PT)
{PT)

SOgP (PRON ORNL TM-6613, TABLE 5)

GROSS VOLOME
CELL OPBRATING SPACE

TYPE (1) STD. AREA WIDTH
STD. AREA HEIGHT
NO. OP CELL SIDBS WITAH OP.
GROSS VOLUNE

TYPE (2} STD. ARER VIDTH
STD. ARPA HERIGHT
¥0. OF CELL SIDES WITH DP.
GROSS VOLUNE

TYPE (3) STD. AREA WIDTH
STD. AREA HEIGH?Y
¥O0. OF CELL SIDES WITR OP.
GROSS VOLUNE
CRAVE BAY SPACE

TYDPE (1) CELL AREA

(CU 1y
(CU PT)

(FT)
(FT}

AREA

(CU rT)

(FT)
(FT)

AREA

(CO PT)

(PT)
()

ARER

(CU FPT)

(SQ FT1)

SyP (PROE ORNL TM-8613, TABLE 5)

STD. BAY REIGB?
GROSS VDOLUNE

TYPE {2) CELL AREA

{FT)
(CU PT)

{50 FT)

SGP (PROM ORAL TH-8613, TABLE 5)

STD. BAY HEIGHT
GROSS VOLUHE

TYPE (3) CELL AREM

(FT)
(CU PT)

{50 1)

SUP (PROH ORKL TN-0613, TABLE S)

STD. BAY HEIGHT
GROSS VOLUNE

00T-0P-CELL SPACE UNIT COST
MAKE-UP AND PROCESS SERVICE SPACE

(FT)
{CO PT}

{$/Cc0 PT)

CELL OPERATING SPACE UCCP (FRON TH-4613, TABLE 6)

TYPE (1)
TYPE (2)
TYPE (3)

CRANE EAY SPACE
TYPE (1}

TYPE (2)
TYPE (3)

UCCF {PROM TN=U613, TABLE ()

963.
3.50
843.0
148251,

740,
3,50
44.9
113925,

7.00

16.0
m.0
2.70
10165.

16.0
.0
2.0
16748,

4.9
10.0

1025,

972.
3.50
56.0
1496688,

769.
3.50
L)
113411,

7.00

PAGE 2

16.0
14,0
2.70
11151,

16.0
14,0
2.0
17116,

4,0
10.0
1.0
1072.

993,
3,59
44,0
152973,

804,
3.50
44,0
123793,

7.00

7.00
7.00

2.30
2.30

¢92



0UT-OP-CELL SPACE TOTAL COST {$)

63 HMAKE-UP AND PROCESS SBRVICE SPACE
CELL OPERATIRG SPACE
64 TYPE (1)
65 TYPE (2)
66 TYPE {3}
(¥4 TOTAL
CRANE BAY SPACP

68 TYPE (1)
69 TYPE (2)
70 TYPE (3)
71 TOTAL
72 TOTAL OUT-OP-CELL SPACE COST
73  PROCBSSING SPACE TOTAL COST (£))
PROCESSING SUPPORT SPACE COST (BLDG. EXCLUDING HOT CELLS)

INDIRECT PROCESS SUPPORT SPACE
T4 STD. AREA HEIGHT (PT)
75 SOP (PRONM ORNWL TH-3%613, TABLE 5)
76 TOTAL SPACE REQUIRED (CU FT)

INDIRECT PROCESS SUPPORT SPACE UNIT COST ($,U FT)
17 UCCF (PRON ORNL TH-84613, TABLE 6) ($/CU PT)
78  PROCESCING SUPPORT SPACE TOTAL COST ®)
OUTSIDE UTILITIBS COST (%)
79 gCF (PROM ORWL TH-8613, TABLE 7) (PRACT.)
80 BQUIPNENT AND FACILITY COST
81 OUTSIDE UTILITIES COST
SITE INPROVENENT COST (£3]
82 UCF (PRONM ORNL TH-U613, TABLE 8) (PRACT.)
83 SOBTOTAL DIRECT CONSTRUCTION COST ($)
84 SITE INPROVEMENT COST %
85 TGIAL DIRECT CONSTRUCTION COST (¢ 1]

65394,

116112,
6905.

123017,

340976.
262028,

603004,
791415,
2423309.

18.0
5.60
137763.

7.00
o64883,

0.10
4523791,

u52379.

0.005
4976169,
20881,
5001049,

71158,

117238
7176

124415,

3u4282.
27234u.

616626.
812199,
2489713,

14.0
5.60
142954,

7.00
10c0681.

0.10
4682394,

4682329,

0.005
5150633,
25753.
5176386.

PAGE

78057,

119811,
7503.

127314,

351838.
284723,

636562.
841932,
2582834,

16,0
5.60
149523,

7.00
1046661,

0. 10
4965495,
496549,

0.005
5462044,
27310.
5489354,

€92



INDIBECT CONSTRUCTION COST

GENEEAL AND ADAINISTRATIVE COST

86 UCP (PROM NRKL TH-9613, TABLE 7)  (FRACT.)

87 SUBTOTAL GEN. + ADE. COST (%)

ENGINEERING COST

88 UCP ({PROM ORNL TH-4613, TABLE 7)  (PRACT.)

89 SUBTOTAL ERGR. COST (%)

NISC. CONSTROCTIOR COST

90 UCF (PROM ORNL TH-8613, TABLE 7)  (PRACT.)

9 SUBTOTAL MYSC. CONSTRUCTION COST $)

CONTINGENCY ALLOWANCE

92 UCP (FRON ORNL TH-8613, TABLE 7)  (PRACT.)

93 SUBTOTAL CONTINGENCY ALLOWAKCE (s}

SPARE PARTS COST

9y UCP (PRON OINL TH-4613, TABLE 7)  (PRACT.)

95 SUBTOTAL SPARE PARTS COST ($)

NONINSTALLED SPARE EQUIPNENT COST

9% UCF (PROM ORNL TH-8613, TABLE 7)  (PRACT.)

97 SUBTOTAL RONINSTLED SPARE BQUIPHENT COST($)

QUALIPY ASSURANCE COST

98 UCF {PROM ORFL TN-8613, TEBLE 7)  {PRACT.)
(%)

99 SUBTOTAL QUALITY ASSURANCE COST
100 TOTAL INDIRBCT CONSTRUCTION COST (%)

0.10
500105,

0.30
1500314,

0.05
250052,

0.20
100621¢.
0.007

35007.

.03
150031,

0.06
300063.
3735779.

0.10
517638.

0.30
1552915,

0.05
258819,

0.20
1035277,

0.007
36235,

0.03
155292,

0.06
310583,
386C757.,

PAGE [}

0. 10
548935.

0,30
1646805,

0.05
274468,

0.20
1097870,

0.007
38425,

0.03
164681.

0.06
3293¢61.
4100543,

¥92



OWNER'S COST

LAND COST
101 OCP (PRON ORNL TN-4613, TABLE 8} (PRACT.}
102 SUBTOTAL LAND COST (%)

PROJECT MANAGEMENT COST
103 UCP (PROM ORNL TH-8613, TABLE 8)  (PRACT.)

104 SUBTOTAL PROJ. MANGT. COST (L]

LYCENSING COST

105 gcP? (PROM ORNL TH-4613, TABLE 8) {PRACT.)
106 SUBTOTAL LICENSING COST (£))
TAXES, INSURANCE AND INTEREST

107 OCF (FROM ORNL TN-G613, TABLE B8) (PRACT.}
108 SUBTOTAL TAXES, INSURANCE AND INT. %)

PREOPERATIORAL TESTIKG AND STARTUP

109 UCP (PROR ORNL TH-G3613, TABLE 8) (FRACT.)
110 SUBTOTAL PREOP. TESTING AND STARTOP (%)
111 TOTAL OWNER'S COST )

TOTAL CAPITAL CORSTRUCTIOR COST

112 IRCRENERT OF TOTAL PLART COST (¢3]
113 PROCBSSING THROGGHPUT OF ACCEPTABLE PROD (XGEN/DAY)
1y ANNUAL PRODUCTION RATE (KILOGRAMS OF HEAVY NETAL/YEAR)
115 CAPITAL CHARGE RATE ({FRACT.)
116 ANFUAL CAPITAL CHARGE {DOLLARS/YEAR)
17 PRODUCT UNIT COST (DOLLARS/XILOGRAN OF HEAVY METAL)

0.01
56010,

0.02
100021,

0,04
200042,

0.20
1000210.

0.27
1000216.
2350892,

11087320,
1.70

496,
0.30
3326195,
£700.63

0.01
51764,

0.02
103528.

0,04
207055.

0.20
1035277.

0.20
1035277,
2632901.

11476044,
5.10
1689.
0.30
3442812,
2311.85

PAGE 5

0.01
SuB9u,

0.02
109787.

0.0u
219574,

0.20
1097870,

0.20
1097870,
2579994,

12169691,
10.20
2978.

0.30
3650966,
1225.81

G992



% % » PRCLANATION PROCESSING OF REJECT 25 RECYCLE® PUEL (A-19 ELEMENTS) $

DESCRIPTION

PROCESS THROUGHPUT (KIIOGRANS)

PROCESSING EQUIPMENT COST

PLANT DIRECT CONSTRUCTION COST

PLAKT TNDIBRECT COKSTRUCTION COST ($1000)

PLART OWNER'S COST

PLANT TOTAL COST

UNIT COST {DOLLARS/KILOGRAN)

FONCTION COZPPICIENTS ARE AS POLLOWS =
A1 = 1.180762 04 a2 = U,360092 03
PUNCTICA EXPONENTS ARE AS FOLLORS =

BY = -3,12986E~01 B2 = ~1.20401E~01

SUMBARY OP RESULTS

0.5 TON

PLANT CAPACITY
1.5 TORWE

NE

PER DAY

1.7
1136.0
5001.0
373%5.8
2350.5

11087.3

6700.6

0.0 AL =

0.0 B4 =

3

0.0

PER DAY

5.1
1192.0
5176.4
3866.8
2432.9

11476.0

2311.85

B2S5% % *

3.0 TOWNE
PER DAY

10.2
1336.0
5489.4
4100.5
2580.0

12169.9
1225.81

99¢C



% ® & RECLANATION PROCESSIRG OF REJECT INM FOUEL (A-1 RLEMRHNTS)S

**xCO0ST

DIRECT COWSTRUCTION COST
PROCESSING EQUIPABNT COST

ESTIMNRATE

1

ESTIMATED EQUIPMENT COST

PRZEPARAT ION =

(5)

CASE 1

960100.

B26* » = DATE XS

CASE BSTINMATES
CASE 2

1094300.

ACTUAL IN~CELL EQUIDPNENT SPACE REQUIRED

(CU ¥T)

TYPE (1) = UNSHIELDED HOT ALPHA CELL - CONTACT MAINTENANCE (ITEM 7, TABLES 5 AND 6)

2 TYPE (1) 14785, 17781,
3 TYPE (2)
4 TYPE (3)
5  ACTUAL OUT-OP-CJLL BQUIPNENT SPACE REQUIRED (CU PT) 3950. 5010,
PROCESSING SPACE COST (AOT CELLS) ()

GROSS IN-CBLL SPACE REQUIRED
6 TYPE (1) STP. CELL WIDTH (PT) 20.0 20.0
7 STD. CELL BEIGHT (PT) 20.0 20.0
8 SUP (PROM ORNL TH-8613, TABLE 5) 2,50 2.50
9 GROSS CELL VOLUME (CU PT) 36963, auu53,
10 LINEAR PT. OF CPIL (PT) 92.41 111.13
11 TYPE (2) STD. CBELL WIDTH (PT)
12 STD. CBLL HEIGHT (PT)
13 SUP (FRON ORNL TH-3613, TABLE 5)
1% GROSS CELL VOLUME (CO PT)
15 LINEAR PT. OF CELL (FT)
16 TYFE (3) STD. CELL WIDTH (FT)
17 STD. CELL HEIGAT {FT)
18 SUF (FROW ORWNi TH-G613, TABLE 5)
19 GROSS CELYL VOLUNME (CO FT)
20 LINEAR PT. OF CELL (FT)

IN~CELL SPACE UNIT COST ($/CU PT)
21 TYPE (1) (UCCF PROM ORNL TH-U613, TABLE 6) 9.00 9.00
22 TYPE (2) (UCCF PROM ORKL TH-8613, TABLE 6)
23 TYPE (3) (UCCP PROM ORNL TH-3613, TABLE 6)

IN-CELL SPACE TOTAL COST (%)
24 TYPE (1) 332663. 400073,
25 TR (2)
26 TYPE (3)
27 TOTAL 838238. 940348,

07-18-Tu PAGE

CASE 3

1341600.

210717,

6030.

20.0
20.0
2.50
53693,
136,23

483233,

1061936,

1

92



28
29
30
i

44
a5
a6
47

48
49
50
51
52

54
55

56

57
58
59

60
62

GROSS OUT-OP-CBLL SPACE REQUIRED (Cu P7)
MAKE UP AND PROCESS SBRVICE SPACE
STD. AREA WIDTH (PT)
STD. AREA BRIGHT (rm)
SUP (PRONM ORNL TH~4613, TABLE 5)
GROSS YOLUNR (Cu PT}
CELL OPERATING SPACE (Cu FT)
TYPE (1) STD. AREA WIDTH (PT)
STD. AREM HEIGRT (rT)
KO, OF CELL SIDES WITH OP. AREA
GROSS VOLUAR {€a ¥T)
TYPE (2) STD. AREA ¥IDTH {PT)
STD. ARBEA BRICHT {FT)
NO, OP CBELL SIDES WITH OP. AREA
GROSS VOLUME {CT PT)
TYPE (3} STD. AREA WIDTH (FT)
STD. ARER HRIGHT (FT)
WO, OP CELL SIDES WITH NP. AREA
GROSS VOLUAR {ca PT)

CRANE BARY SPACE

TYPE (1) CELL AREA (50 FT)
SUF (PROM ORKL Tm-4613, TABLE 5)
STD. BAY HEIGHT (PT}
GRQOSS VOLUME (CU FT)
TYPB (2) CELL AREBA {SQ T
507 (PROM ORKNL THN-4613, TABLE 5
STD. BAY HEIGHT (PT}
GROSS VOLUAR {CO PT)
TYPE {3) CELL ARERA {5Q FT}
SUF (PROM ORFL TH-4613, TABLE 5)
STD. BAY HEIGHT (FT)
GROSS YOLURE {CO PT)
0UT~0F-CEBLL SPACE ONIT CCST ($/C8 PTY)

HAKE-UP AND PROCESS SERVICE SPACE
CELL OPERATING SPACE UGCCP {FROM TH-4613, TABLE 6)

TYPE (V)
TYPE (2)
TYPE (3)
CRANE BAY SPACE UCCF (FROM TM=U613, TABLE 6)
TYPE (1)
TYPE (2)
TYPE (3)

16.0
14,0
2.0
10665,

10.0
20.0

18481,

1848,
3.50
a4.0

284611,

2.30

16.0
1w.0
2.70
13527,

10.0
20.0
1.0
22226,

2223.
3.%0
L&, 0

3uz2Ba.

2.30

PAGE 2

16.0
1.0
2.70
16281,

10.0
20.0

26846.

2685.
3.50
4u.0

B13u32,

7.00

897



63

64
65
66
67

68
69
70
A
72
73

0UT-OP-CELL SPACE TOTAL COST
HAKE-UP ARD PROCESS SERVICE SPACE
CBLL OPBRATING SPACE

TYPE (1)
TYPE (2)
TYPE (3)

TOTAL

CRANE BAY SPACE

TYPE (1)
TYPE (2)
TYPE (3)
TOTAL
TOTAL OUT-OP-CELL SPACE COST
PROCESSTNG SPACE TOTAL COST

*

(5)

PROCESSING SUPPORT SPACE COST (BLDG. EXCLUDING HOT CELLS)

T4
7%
76

7
78

INDIRECT PROCESS SUPPORT SPACE

S7D. AREA HEIGHT
S0P (PRON ORNL THN-#613, TABLE 5)
TOTAL SPACE RBQUIRED

(eT)
(CU PT)

INDIRECT PROCESS SUPPORT SPACE UWIT COST ($/CU FT)
UCCP (PRDA ORNL TN-U613, TABLE 6) ($/CU PT)
(£3)

PROCESSING SCPPORT SPACE TOTAL COST

QUTSIDE UTILITIES COST

79
a0
81

UCP (PROM ORKL TA-4613, TABLE 7)
EQUIPNENT AND FACILITY COST
OUTSIDE UTILITIES COST

SITE IMPROVEMENT COST

82
83
84
as

UCP (FROM ORWL TH-0613, TABLE 8)
SUBTOTAL DIRECT CONSTRUCTIOR COST
SITE INPROVEMERNT COST

TOTAL DIRECT CONSTRUCTION COST

(t}
(FRACT.)

(}3}
(PRACT.)
)

(%)
183

74655.

129369,

129369.

650606.

654606.
858629.
1696867,

14.0
5.60
207203,

7.00
1450422,

0.10
4107389.
210739,

0.005
4518127,
22591,
4540717,

Ju689.

155584,

155584,

787253.

787253.
1037526.
1977874,

w.0
5.60
281603.

7.00
1687023,

0.10
4759197,
475920.

0.005
5235116,
26176.
5261291,

PAGE 3

113967.

187924,

187924,

950893.

95908913,
1252764,
2314720.

4.0
5.60
282120.

7.00
1974841,

0.10
5631161,
563116.

0.005%
6194276,
30971.
6225247,

69T



INDIRECT CONSTRUCTIOR COST
GENERAL AND ADMINISTRATIVE COST

86 UCF (PRON OBNL TH~8613, TABLE 7) (PRACT.)
87 SUBTOTAL GEN. + ADA. COST (%)
ENGINEERING COST

88 OCP (PRON ORFL TH-0613, TABLE 7) (PRACT.}
a9 SUBTOTAL ENGR. COST [¢3]

MISC. CONSTRUCTION COST

90 OCF (PRON ORNL TM-84613, TABLE 7) (PRACT.}
91 SUBTOTAL AISC. CORSTRUCTIOW COST (£3]

CORT INGEKCY ARLLOWANCE

92 UCF (PROM ORFL TN-G613, TABLE 7) (FRACT.)
93 SUBTOTAL CONTINGENCY ALLOWANCE (¢4}

SPARE PARTS CUST

9 OCF (PROS ORNL TH-8613, TABLE 7} (PRACT,)
95 SUBTOTAL SPARE PABTS COST (¢£]

GONINSTALLED SPARE EQUIPMENT COST

96 UCF (PROM ORNL TE-8613, TABLE 7) (FPRACT.)
97 SUBTOTAL HONINSTLED SPARE EQUIPHENT COST($)

QUALITY ASSURANCE COST
98 UCP (PROY OBNL TH-~8613, TABLE 7) (PRACT;)
(5)

99 SUBTOTAL QUALITY ASSORANTE COST
100 TOTAL INDIRECT CONSTRUCTIOR COST {$

0.10
us54072.

0.3¢0
1362216,

0.05
227036.

0.20
908143,

0.007
31785,

0.03
136221.

0.06
272443,

3391912,

0.10
526129.

0.30
1578387,

0.05
263065,

0.20
1052258,

0.007
36529,

0.03
157839.

0.06
315677.
3930181,

PAGE L}

0.10
622524,

0.30
1867573.

0.05
311262,

0.20
1245049,

0.007
43577,

0.03
186757,

0.06
373518,
4650255,

(0724



OWNER'S COST

LARD COST
101 OCP (PROM OKNL TN-0613, TABLE 8) (PRACT.)
102 SUBTOTAL LAND COST (4]

PROJECT WAWAGENERRT COST

103 UCF {PRON ORNL TH-U613, TABLE 8) (FRACT.)
104 SUBTOTAL PROJ. MARGT. COST ($)
LICENSING COST

105 UCF (FROM GRNL TRM-4613, TABLE 6) (PRACT.)
106 SUBTOTAL LICENSIRG COST ($)
TAXES, INSORANCE AND INTEREST

107 UCP (PROM ORNL TH-8613, TABLE 8) (PRACT.)
108 SUBTOTAL TAXES, INSURANCE AND INT. (%)

PPEOPERATIONAL TESTIWG AND STARTUP

109 UCP (PROM ORNL TN-8613, TABLE 8) (PRACT.)
110 SUBTOTAL PREOP. TESTING AND STARTUP (t3]
111 TOTAL OVRER'S COST %

TOTAL CAPITAL CONSTRUCTION COST

112 INCREMENT OP TOTAL PLART COST ($)
13 PROCESSING TBROUGHPUT OP ACCEPTABLE PROD {KGHN/DAY)
114 ANNUAL PRODUCTION RATE (KXLOGRAMS OP HEAVY METAL/YEAR)
195 CAPITAL CHARGE RATE {PRACT.)
116 ANNUAL CAPITAL CHARGE (DOLLARS/YEAR)
117  PRODUCT UNIT COST (COLLARS/KYLOGRAN OF HEAVY NETAL)

0.01
us407,

0.02
30814,

0.04
181629.

0.20
908183,

0.20
918143,
2138124,

10066765,
22.20
c482,

0.30
3020029,
§65.68

0.01
52613.

0.02
105226.

0.04
210452,

0.20
1052258,

0.20
1052258.
2072806.

116648278.
66.60
19447,
0.30
3499282,
179,94

PAGE 5

0.01
62252.

0.02
124505.

0.08
249010,

0.20
1245009,

0.20
1245049,
2925865.

13801367,
133.20
38894.

0.30
4140409,
106,45

142



* & & RECLAMATION PROCESSING OF REJECT IM PUEL (A-1 ELEMENTS)S B26* * »

SOMMARY OF RESULTS

PLANT CAPACITY

DESCRIPTION 0.5 TONNE 1.5 TONNE 3.0 TONRE
PER DAY PER DAY PER DAY
PROCESS THROUGHPUT (KILOGRANS) 22.7 66.6 133.2
PROCESSING EQUIPNENT COST ($1000) 960.1 1094.3 1381.6
PLANT DIRECT CONSTRUCTION COST (£1000) 4540.7 5261.3 6225.2
PLAKT INDIRECT CONSTRUCTION COST ($1000) 3391.9 3930.2 4650.3
PLANT OWNEBR'S COST ($1000) 21341 2472.8 2925.9
PLANT TOTAL COST ($1000) 10066.8 11664.3 13801.4
UNIT COST (DOLLARS/KILGGRAN) 865.88 179.94 106,45

FUNCTION COBFPFICIENTS ARE AS FOLLORS =
At = 7.689638E 02 A2 = 3.04149E 02 A3 = 0.0 A4 = 0.0
PORCTIOR EXPONENTS ARE AS POLLONHS =

B1 = -2.14261E-02 B2 = -7.8815uUp-03 B3 = 0.0 B4 = 0.0

e/Z






(DOLLRRS/KILOGRAM)

UNIT CRPITRL COST

ORNL-DWC 74-b461

HERD END REPRGCESSING OF 23 RECYCLE SPENT FUEL ELEMENTS (R-1S)

102
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{(JOLLRRS/KILOGRAM)

UNIT CRPITRL COST

ACID THOREX REPROCESSING (23 RECYCLE FUEL)

ORNL-DWG 74-6460

102
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HEAVY METAL PRODUCT THROUGHPUT  (KILOGRAMS/DAY)

C = H3GWNN %3078 SS3304d
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(DOLLRRS/KILGGRAM)

UNIT CRPITAL COST

ORNL-DWG 74-6459

SOLEX PROCESS FOR MICROSPHERE PREPARATION (23 RECYCLE)

103
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(DOLLARS/KILOGRAM)

UNIT CAPITAL COST

ORNL-DWG 74-6458

BISO MICROSPH COAT PROCESS 23 RECYCLE PARTICLES (TH233W102 (L-1.F (1))

103
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(BOLLARS/KILBGRAM)

UNIT CAPITAL CGST

ORNL-OWG 74-6457
FRF SLUG INJECTION DUT OF BLOCK CARB PROCESS FOR 23 RECTCLE M-4.A(2)
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(DOLLARS/KILOGRAM)

UNIT CRPITRL COST

ORML-DWG 74-6456

FUEL ELEMENT RSSEMBLY QUT OF BLOCK CRRB PROCESS 23 RECYCLE N-1.B
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(BOLLARS/KILOGRAM)

UNIT CARPITAL COST

102

ORNL-DWG 74-6455

HERD ENO REPRACESSING OF 1M AND 25 RECYCLE SPENT FUEL ELEMENTS (A1 & A19)
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(DOLLRRS/KILOGRAM}

UNIT CARPITAL COST

104

103

ACID THOREX REPROCESSING (IM SPENT & 25 RECYCLE FUEL)

ORNL-DWG 74-6454
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HEAVY METAL PRODUCT THROUGHPUT  (KILOGRAMS/DAY)

8 = H38WNN %3078 SS3J0ud
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(DOLLRRS/KILOGRAM]

UNIT CAPITRL COST

ORKL-OWG 74-6453

CUSP PROCESS FOR U02 MICROSPHERE PREPRRATION (23 RECYCLE)
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(DOLLRRS/KILOBGRAM)

UNIT CRPITRL COST

199

ORNL-DWG 74-6452

TRISGC MICROSPHERE COATING PROCESS (25 RECYCLE PARTICLES) 235u02 (L-2.C, (1))
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Appendix B-8
PUNCHED OUTPUT FROM CEP
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1 26

HEAD END REPROCESSING OF 23 RECYCLE SPENT FUEL ELEMENTS (A-15)$ B1
3 1.674008 02 5.02200E 02 1.00440E 03

\ 6.18090R 01 3.99570E 01 3.33257E 01

ACID THOREX REPROCESSING (23 RECYCLE PUBL) § B2
k!l 4.300008 02 1.29000E 23 2.580008 03

2 2.64745E 01 2.03188E 01 1.86688E 01

SOLEX PROCESS POR MICROSPHERE PREPARATION (23 RECYCLRE)S B3
3 1.17140E 02 3.516400E 02 7.02840E 02

3 2.7u396E 02 1.93048E 02 1.67278E 02

BTSO MICROSPH COAT PROCBSS 23 RECYCLE PARTICLES (TH2330)02 (L-1.P(1))S$ B4
3 1.10900E 02 3.32700E 02 6.654 008 02

u 1.12598F 02 B.16793E 01 7.09926E 01

FRP SLUG INJECTION ONT OF BLOCK CARB PRNCESS FOR 23 RECYCLE N-B.A(2)S$ BS
3 1.96700E 02 5.901008 02 1.180202 03

5 8.140198 01 5.3480068 01 3.96986E 01

FUEL ELEMENT ASSENBLY OUT OF BLOCK CARB PROCESS 23 RECYCLE. R-1.B$ B6
3 1.86900F 02 5.607008 02 1,12140E 03

6 4.330242 01 2.39099E 01 1.53726E 01

HEAD END REPROCESSING OF IM AND 25 RECYCLE SPBENT FUEL ELENENTS (A1 & A19}$ B7
3 2.68100F 02 8.04300% 02 1.60860% 03

7 4.654268 01 2.69976€ 01 2.28244% 01

ACID THOREX REPROCESSING (IR SPENT & 25 RZCYCLE PUBL)S B8
k) 5.00000e 02 1.500008 01 3.00000e 01

A 1.00350E 03 3.91600E 02 2.47862e 02

cUSP PRNCESS PR UC 2 NICROSPHERE PREPARATION (23 RECYCLE) S B89
3 3.037508 01 2. 112508 01 1.82250® 02

9 7.636078 02 4.330558 02 3.454318 02

TRISO MICROSPHERE COATING PROCESS (25 RECYCLE PARTICLES) 235002 (L-2.C.(1))$ B10
3 5.60000F 00 1.68000E 01 3.35000E 01

10 6.0608RE 02 31,36616¢ 02 2.72515% 02

FRF SLUG IRJECTIOR OUT OF BLOCK CARB PROCESS FOR 25 BECYCLR %~8.B(2)$ B11
3 2.31000E 01 7.18000E 01 1.436008 02

1" 3.13745E 02 1.834282E 02 9.98171F 01

PUEL BLEMENT ASSENBLY OUT OF BLOCK CARB PROCESS 25 RECYCLE F-1.C$ Bt12
3 2.27000E G° 6.81000E 01 1.36100E 02

12 2.09609% 02 R.28385E 01 5.06266F 01

JNH PREPARATION FOR IN ELENERHTSS 813
3 2.07000E 01 6,22000E 01 1.285008 02

" t.23639e 02 6.06984E 01 8.317198 01

Cusp PROCESS POR 002 MICROSPHERE PREPARATION (IN RECYCLE) S Bla
3 3.03750% OV 9.112508 01 1.822508 02

U 7.6uS08E 02 4,31506€ 02 3.848398E 02

TRTSO COATING PROCESS IR PISILE PARTICLES U002 (L-2.J3.(1))$ B1S
3 2.33J00E O £.980008 01 1.39600F 02

15 2.8u4811e 02 1.87605e 02 1.46357e 02

PRP SLUG INJBECTIOR OUT OF BLOCK CARB PROCESS FOR IE FUEL M-0.A(NE B16
3 3.21900r 02 9.32700E 02 1.86540E 03

16 9.19038¢€ 00 7.11868%F 00 5.66300R 00

PUBL ELEMENT ASSEMBLY OUT OP BLOCK CABB PROCESS IN PUEL N-1.A$ B17
3 2.95500e 02 8.865008 02 1.77300E 03

17 1.628R28 0t 8.87083E 00 6.91603E 00

THORI(IM RECOVERY PROCRSS (T-2)$ B18
3 4.37200E 02 1.31160E 03 2.62320E 03

19 1.11549E 01 7. 12756 01 1.014318 0%

TH(R03)4 PREPARATION PROCESS X-B8$ B19
3 5.42900E 02 1.62870® 03 3.25740E 03

19 6.49453F 00 3.210528 00 2,855878 00

THORION DTIOXIDE HICROSPHERE PREPARATIONS B20
3 8.4832008 02 1.329608 03 2.65920r 03

20 1.311818 01 9.40437g 00 8.58796E 00

HISC MTCROSPHERE COATTING PROCESS - FPERTILE PARTICLES-THO2 (L-T.A.(1$ 321
1 4.19900% 02 1.25% 708 03 2.51940r 03

21 2.03837e 91t 1.42527e 01 1.20997E 01

*ECLANATION OF THORIUM FROM REJECT KERNALSS B22
3 4.430002 01 1. 330008 02 2.65900F 02

22 2.727558 01 1.51618E 01 1.08303E 01

THORIUN DIOXIDE RERJECT RECLAWARYION COATING RENOVALS B2}
3 2.100008 01 6.30000E 01 1.26000E 02

23 5.5u048e 01 3. 11384E 01 2.64515e 01
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RECLAMAT IOX PROCEISING OF REJECT 23 RECYCLE FUEL (A-15 ELEHENT)S$
3 1.72000E 01 5.15000E 0% 1.032008 02

24 5.26019E 02 “+97509E 02 1.186828 02

RECLANATION PROCESSIIG OP REJECT 25 RECYCLE PFUOEL (A-19 ELERERTS)S
3 1.7000¢2 00 5.10000E 00 1.020008 01

25 6.790638 03 2.31185E 03 1.225818 03

RECLANATION PROCESSING OF REJECT IR POPL (A-1 ZLENENTS) S

3 2.22000€ 01 6.662008 01 1.332008 02

26 8.65881p 02 1.79138E 02 1.064532 02

B2%

B25

526
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BLOCK DIAGRAM OF TCP
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107 . °¥3 SUBTOTAL COSTS CT(1BX.1) THROUGH
CT "4t 23) AWD UN(T COSTS CX(1BX, 1) THROUSH
CX(iox.23) BASED UM PROCESS THROUSHMUT

TOTAL AND SUBTOTAL COSTS CT(18X.1) 10
CT(IBX.23) AND UKIT COSTS CX(18K.1) TRROWKH
CX(18X.23) BASED OX PROCESS PPODUCT

CAL JULATE

iax 18C

©o0 200 9

=

TITLE

NPT, VALEI(ICN L 1)
ICE. VALST(ICN.1.2)

IBX. (WR(I1BX, 1)) 1.4
IT(18X.K) K 1.NC
TPI18X.K) K 1.NC,

UX(18X, ICN) VALST(ICN.2,1)
EX(IBX.ICN) VALST(ICH.2.1) VALST(ICN. 3. 1)
EX(IBX. ICN) VALST(ICN.3.1) VALST(ICN.4.1)
FX(1BX.ICN)  VALST(ICN.4.1)

CAPITAL COST BREANYQUR FOR PLANT NX USING
NATERIAL BALANCE 1BX FOR A TOTAL OF MO
PROCESSES USING (PRODUCT THROUGHPUT) DATA
IN EACH PROCESS

PLANT CAPACITY WZ BETRIC TONS OF HEAVY
EETAL PER OAY
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LIST OF SueTOTAL COSTS

INCREDENTAL UNIT CAPITAL COST DATA -
DOLLARS/XG

LEST OF iiT COSTS FOR SLRTOTALS

THE CAPITAL COST FOR EACH OF THE
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COST OF EACH INDIVIDUAL PROCESS
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- PROGRAM LISTING OF TCP



COoOANACANONN0NN0
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Y
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PROGRAM TCP yce 10
TCP {TOTAL CAPITAL COST PROGRAM} Tce 20
TCP 30

THIS PROGRAM SIMPLY INTERFACES [HE OUTPUT FROM THE MATERIALTCP 40
RALANCE PRNGRAM (BALl AND FUNCTIONS GENERATED 8Y THE CAPITAL COSTICP 50
PROGRAM (CEP) AND DETERMINES IHE CLAPIYAL COST FOR ANY DR ALL CFTCP 60
THE 29 PROGCESS BLOCKS IN THE HIGR FUEL REPROCESSING PLANT, THETCP T0
COST FUNCTIONS CAN BE BASED ON THE MASS THROUGHPUT NR THE PRODUCTYTLCP 80
QUTPUT  (F HEAVY METAL IN THE PROLESSES. TYHE INPUT DATA TO TCPTCP 90
CAN BE RFAD IN FROM CARDS OR TAPE. THE REQUIRED INPUY DATA IS5 : TCP 100

TCP 110

{1} 2y MASS FLOW RATES FROM BAL « ANU TCP 120
(2) 29 SETS OF POINTS FROM CEP. TCP 130
JCP 140

THE POINT SET 1S FROM 2 TO S PRUDUCT THROUGHPUTS (VALUE 113) AND TLP 150
FROM 2 TO 5 PRODUCT UNIT COSTYS (VALUE 117). TCP 160
REAL*4 TITLE € 170
REAL%®8 AT BT KORD TCP 180
LATA  AT/?THRUPUT ¢/, BT/*PRODUCT */ TCP 190
DIMENSION WX{25¢30)¢ CST{25:629)e CXDL25429)eCT(25+23),WZ{25:4), TCP 200
1CX$25423)s VALSTI30+5,2)+TITLE(20+29)« WHI25,4)s CTOL25), TCP 201
2CTX(25429)onP125030)s WT125430) 1CP 202
DO 1 K2=1.25 TP 210
DA 1 K3=1.29 TP 220
CSTIK2.K3) = 0.0 TCP 230
CONY INUE TCP 240
READ(50. 10029 NXeNCONT Tcep 250
BN 2 ICN=1.NC TCP 260
READ(50« 1001) {TITLE(J,ICN) o J=1,20) e 270
READ(50:.1003) NPT(VALSTC(ICNoIeL)oI=1eNPT) TCP 280
READ(5051003) ICZe(VALSTUICLN,[s2)el=14NPT) TcP 290
CONTINUE TCP 300
READ(S0.1011) I8BC Tce 310
REAND{S0.1004) IBX e ({WBIIBXed)oeJ=1,s4) TCP 320
WZLEBXs1) = WBEIBXe1)%20.001 ICP 330
DO 4 K=1eNCo 5 TCP 340
RFEFAD(S04 10121 WT(IBXeKle WTLIBXot s WICLIBXeK+2)9 WTL(IBXeK+3) TCP 350
le WTI(IBXsK+4) ¥¢p 351
CONT {NUF TCP 360
DD 5 K=leZbe5 Teep 370
READ(5041012) WPLIBXeK)w WPLIBXsKZL) o WPLEBXsK+2)e HPLIBX.K¢3) ICP 380
le WP{TBX K+4) TCP 381
CONY INUE TCP 390
WX{TIRX,30) = 0.0 TGP 400
ICCIANLLTLIAC)Y GO YO 3 TCP 410
[FINT.EQL1) WORD = BT TGP 420
IFINT.EQ.0) WNRD = AT TCP 430
DN 8 IRX=1, IAC TCP 440
D7 ILN=1,.NC TCP 450
IFINTLEQ.0) WX{IBX,ICN) = WT{1BXelCN) TCP 460
[FINTLEOC. 1) WX(IBXsICN) = WPIIBXsILN) TCP 470
TFIWX(IBXeICN)@EQ.0.0) CSTIIBXeICN) = 0.0 TCP 480
TFIWX(1BX,ICN).EQ.0.Q0) GO YO 6 TCP 490
R o= WX(18OX, 1CN) TCP 3500
$?2= VALSTLICN.,2,1) TCP 510
53 = VAISTIICNG3,1) TCP 520
St = VALSTUICNe4e 1Y TcP 530
IFINPYLFQ.21 ICV = 1 TP 540
IF(INPTL.FO.3) . AND.(RLLELSZ)) ICV =} TCP 550
[FUINPT.FQ.3).ANDa{RaGTLS2)) ICY = 2 TCP 560
TF{{NPT.Qu%) JANDL{R.LELS2)) ICV = ) T¢P 570
TFLINPT.FQeb ) aANDO(RaGTeS23ANDLERJLELS3) )Y ICY = 2 TCP 580
IFLINPTaEQa4) cAND.(RGT&S3)) ICV = 3 TCP 550
IFLINPY  EQ0.5).AND L{RoLELS2}} ICV = ) TCP 600
TFL{NPT<EQe5) eAND ol ReGTaS2 e AND (Kol EeS3)) LCV = 2 TCP 610
TF{INPT.E0.5) AND.(ReGT.S3)oANDL(RLLELSE)) ICVY = 3 CP 620
TETINPT.EQe5 ) aAND S (ReGYLE4)) ICV = 4 TCP 630
1CO = ICV + 1 TCP 640
Cl = VALSTUICNJICV. 2] TCP 650
L2 = VALST(ICNGICO:2} TcP 660
Wl = VALSTUICN.ICV.1) TCP 670






DN

312

W2 = VALSTULICN,ICO.,1)

RAT = ALNDGIC1/C2)
R = RATZiWl-W2)}

Al = CL/EXP(B=%*KW]1)
A2 = C2/FXP{B*H2)
A = (Al ¥ A2)%0.5

CSTUIBXGIEN] =49733323%ARXP{B*WX{ IBXe ICN) I*WX(IBXs ICN)
CTX{IBX+ICN)

cradisx) =

C

= CSTIL IBX+ICN)*D.001
TOLIBX) « CTIXCIBXe1CN)

CXDU1BX,ICN) = CSTUIBX.ICN)

CONTINUE

CONT INUF

00 10 t8x
CTUIBX 1)
CTiIgXe 2}
CT(1I8Xes 3}
CTLIBXs 4]}
CT{IRXe 5}
CT(IBXe 6)
LT(IRXe 71
LT{IBXe. 8}
CTC(iBXe 9)
CT(1BXs 10)
CT(18Xe 211}
CTtIBXy12)
Cr{rBxel3)
CT{IRXe1l4)
CTL{1BXs k5)
CT(1BXe16)
CTHLIBXe1T)
CT{IBXe 18)
CTLIBX.19)

[ L T (T O £ S T S T (T I O VO I (IO

1.18C

CST(IBX.27)

CSTIL18X, 4) + CST(IBXe 5) + CSTLIBX., 6)
CT{IBX. 2) *+ CSTCIBX, 3}
CTLIBXs 3) + CST(IBXe24)

CSTUIBXe 1) + CSTLIAX. 2}
CTIIBX, 4) + CTLIBXe 5)

CST{I8X,10) +# CST(IBXe11) +« CSTHIBX,12)
CTLIBXs 7) ¢ CSTLIBXe 93
CT{IBX, B} + CST(18X,25)

CSTU1BXe 73 + CST{IBXe 8) + STU(IBXe29)
CT{iIBXs 9) + CTEIBX,10)

CSTUIBXe15) + CSTLIBXeh o) + LSTUIBXWLT)
CY(IB8Xs12) 4 CST{18Xe14)
CT{IBXy13) & CSTUIBX,26)

CT{IBXe14) + CSTUIBX.13)
CSY(18X,20) + CSTLi8Xs215

CT{IBX,16) + CSTLIBXe22) + CST(IBXe23)
CYIIBXel7) ¢ CST{IBX,L19)

CSTUIBXy L) ¢ CSVEIBXe 2) + CSTLIBXs 7)

1 + CSTLIBXs27) + CSTIIBX»28) ¢ CSTLIBXs29)

LTLIBX. 20)
CT{IBX.21)
CTiIBXs22)
CT{IBXe23)

0=1.,0273973

TE(WX{(BX+27).FQC.0.0)

CTLIBX, 4)
CT(IBX.19)
CT(IBXs151)
CTLIBX, 211

CTLIBX, 9)
CY(IBRe¢20) + CSTL(IBX,18)
CT(iBXe18)
CT{IBX,22)

L 3K 2 3

GO 10 9

O27=0/uX(18X+27)

06=0/WX{IBX+6)

02=0/wWX{ I8X. 2}

O12=0/WXtIBXe12)

Q8=0/WX{18Xe8)
Q15=0/(UX{IBX:15} + WX(1BX.21))
Ol7=0/WX{IBXe17)
021=0/HX(1BX+21?
0X=0/{HX{IBXeB8) # WALIBXs2))
01=0/ (WX{IBXe6) ¢ WX{IBXs12))

WG =

TF(NT.EQ.0)
"TFINT.EQ. 1)

TE(WXLIIBX227)aGT.0.0)
IF(UXIIBXe2T)eFELL,0.0) CX(IBX,1} =

CX({BXe 2}
CXUIBX,3)
CX{1BXe4)
CX{1BX,5)
CXUIBXe6)
CXUIBX,T)
CXUIRX,8)
CX{IBXe9)
CX{IBX,16G)
CX{18Xy11)
CXCIBX. 12}
CX{IBXs13)
CX{IBX 1)
CXUIBX,i5)
CXUIBXs16)
CX(IBX417)
CX{1BX.18)

=

R N S L I U

LTI T I 1 [

WR{LIBX+2) + WB(IBX.3) + MWB(I8X,4)

QT= Q/WB(IBXs1)
0T = Q/WG
CXL18Xel) = CTLEBX,1)%027
D‘o
CTLIBX. 2)%Q6
CT(IBX.3)%Q6
CT{IBXs4)2Q6
CViIBX,5)%Q2
CT{IBXs6)%Q2
CT{IBXs 7)*012
CTlIBX,8)*Q12
CTUIBX,9)%0Q12
CT{IBX,10)%Q8
CT{IBXs12)%012
CYLIBXs12)%017
CT(IBX.13)%017
CTULIBX.14)%017
CTLIBX,15)%017
CTiinXe.16)%Q021
CT(IBX.17)%021
CTLiBX.18)%Q21

+ CST{IBX,.8)

TCP
TCP
TCP
icp
TCP
TCP
TCP
Ice
TCe
Ice
Tcp
TGP
TCe
Tce
Tce
Tcp
TCP
1ce
yCp
TCP
ice
TCP
TCe
Tce
TCP
TCce
Ice
ce
TCP
TCp
TCP
TCP
Tce
TCP
Tce
TCP
Tce
TCP
TCce
TCcP
TCe
TCP
TCP
Tcp
JCP
Tcp
TP
Ice
Tce
Tce
TCP
TCP
TCP
TCceP
TCcpP
Tce
TCp
TCP
rce
TcP
¥CP
TCcp
TCe
Tce
TCP
TCcP
Tce
TCP
TCP
TCce
Tep

680
690
700
710
720
730
740
750
760
779
780
790
800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
960
970
980
990
991
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
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10

11

CX(1BXs19)
CX{1B8Xe 20}
CX{IBXe21}
CX{18X.22)
CX{IBX«23)

CT{IBX, 19)¢0X
CT(IBX,20)%QX
CTUIBX.211%0Q1
CT{IBXy22)%Q15
CTCIBX . 23)%0Y7

CONTINUE

DO 12 I8X = 1.1BC

ARITE(S51.1039)
WRITE{SLle 1005)
WRITE(S51.1007)
WREITE{S51+1005)
WRITE(51.1040)
WRITE{511005)
WRITF(51.1016)
WRITE{S51.1017}
WRITE(S1.1018)
WRITF(51.1019)
WRITF{(S1.,1020)
WRITE(S51.1021)
WRITE(S1.1022)
WRITE(S51+1023)
WRITF(51s1024)
WRITE(S5141025)
ARITF(S51.1026)
WRITE{S51.1G27)
WRITE(S51.1028)
WRITE(S1,1029)
WRETE(S1.1030}
WRITF(51.1031)
WRITF(51.1032)
WRITE(5141033)
WRITF{51.1034)
WRITE(51.1035])
WRITE{5141036)
ARITEL(S51,1037)
WRITF(5Le1038}
WRITF{5141041)
WRITF(51.1005}
ARITE(51.1005)
ARITE(S51.1016)
WRITE(S51.L017)
WRITF(51.1018)
wRITE(S1.1019])
WRITE(51.1020)
WRITE(S51.1021)
JRITE(51+1022)
WRITE{(S1.1023)
WRITF (511024}
WwikRITE(S51.10625)
WRITE(51.10261}
ARITE(SL.10271
WRITE(SL.1028)
WRITE(51.1029)
HRITF(51,10304
WRITE(S1.3031)
WRITF(51.1032)
wRITF{51.10%3)
ARITE(S1.1034)
WRITE(S51.1035])
dJRITE(51,1036)
WKITE(51.1037)
WRITE(S1,1038)
WRITE(51.1014)
ARITE(S51,1005)
WRITE(S51.1005)
D0 11 ICN=1.NC

NXe [BXs NCo¢ WORD

WZLIBXel}

CT(IBXy 1)
CTiIax,s 2}
CT(iax, 3)
CTLIBX, 4)
CT(I8X, 5)
CY{I8X. 61
CT{isX, 7}
CT{IBXy 8)
croisx, 9}
CY{IBXx.10}
STLIBXs11)
CTeiex,12)
CT(IBXs13)
CTLIBX,.14)
CY(IBX,15)
CTLIBX.16)
CTCIBX.17)
FTEIBX.18)
CTtIBX.19)
CTULIBX. 20}
CreiBxe21l)
CTLI8X,22)
CT(IBX.23)

CX(I8Xs 1)
CX{IBX, 2}
CX{I8X, 31
CX(IBX,y 4)
CX(IBXe 5}
CX(IBX: 61}
CXUIBX, T)
cxcisx, 81}
CX(IBXs 9}
CXU{IBX.10)
CX(IBX,11}
CXUIBX,12)
CX(IBXs13)
CX(IBXe14%)
CXUIBX,15)
CX{IBXy16)
CA{IBX,17)
cXtisx,18)
CX{IBX,19)
CX{IBXy»20)
CXUIBXy21)
CX(IBX,22)
CXtIBXe23}

7 = CXD(IBX. ICN)

WRITE(S51¢1015) ((TITLECKA, ICN3 KA=1,20),2)

CONT I NUF
WRITE(51,1008)

WRITE(S51,1009) CTO( IRX)
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TCP
TCcp
TCe
TCP
TCcP
Tcp
Tcp
TCP
TCcP
TCe
Tce
Ice
TCcp
TCP
Tce
Tcep
TCp
TCP
TCP
TCP
TCe
TCP
TCcep
Tcp
TCP
1cp
TCce
TCP
TCP
Tce
TCP
TCE
ce
TCce
TCP
ice
Tce
TCce
TCP
ice
TCP
CP
TCP
ice
TCP
TCcp
TCp
ice
Yee
Tce
TCP
Ccp
TCe
ice
TCP
TCp
TCP
TCP
ice
TCpP
TCP
TCP
TCP
TCp
TCce
Tce
TCP
TCp
TCe
Tce
TCe

1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
1880
1890
1900
1910
1920
1930
1940
1950
1960
1970
1980
1990
2000
2010
2020
2030
2040
2050
2060
2070
2080
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12 CONTINUE ¥Cp
1001 FORMAT(20A4) Tce
1002 FORMAT(3]5) TCP
1003 FORMAT{I2:5(2X4s1PEL12.5)) TCp
1004 FORMAT(I5+4(2Xs1PEL1245)) TCP
1005 FORMAT{1H ) TCp
1006 FORMAT [(15+3X¢154303XeEL12.5)) TCp
1007 FORMAT({® PLANT CAPACITY = ®*,F5.2,* METRIC TONS OF HEAVY METAL PE TCP
18 DAY*) TCP
1008 FORMAT({?® TCpP
1 EEREERSERRERRSS ) TCP
1009 FORMATI{1HO. 'SUM OF ABOVE PROCESSES (MILLIONS GF DOLLARS) TCcP
1 = SsFoe k) TCP
1010 FORMAT(1H1) TCP
1011 FORMAT(215) TCP
1012 FORMAT(S(4Xs€E12.5)) TCP
1013 FORMAT(4(4X,E12.5)) TCP
1014 FORMAT(LHL*THE CAPITAL COST FOR EACH UF THE INDIVIDUAL PROCESS BLOTCP
1CKS IS AS FOLLOWS -THOUSANDS OF DOLLARS**%?) TCP
1015 FORMAT{1HO20A4,? = $,F9,0,%00%) Tce
1016 FORMAT{IHO® COST OF SPENT FUEL STORAGE SEREE RS KEEEEEREEE e 0 XTCP
Lesotdenhthes = $oF 9.0 00") rce
1017 FORMATI!1HO® COST OF 23 RECYLLE FABRICATION SARBERRGEFEE LR RRRT(P
Lekktaoxskses = 0 _F9.0,200°) Tee
1018 FORMATIL1HO® COST OF 23 RECYCLE REFRABRICATION REXSRARERE XK TCP
R 222332 21 T3S = ', F9.0e *00%) TCce
1019 FORMAT(1HO® COST OF 23 RECYCLE REFABRICATEION WITH REJECT RECLATCP
IMATION oK = ¢, F2,0,%00*) TCP
1020 FORMAT(1IHO® CDST OF 23 RECYLLE REPRUCESSING 2CEEEREFFRATRXEXTLP
R L T i r—— ', F9.0.%00") TCe
1021 FURMAT{IHO® COST OF 23 RECYLLE PRGCESSING SE SRR SRR IR SRR 4R TCP
JES I 2T T TR = *F940,°'00%) Tce
1022 FURMAT({ IHO?® COSYT OF 25 RECYCLE FAHRICATION SEEEEC SRV R X ASE TP
1Es0eEsRBREE S = *.F9.0,%00") TCce
1023 FORMAY(1HO® CUST OF 25 RECYCLE REFABRICATION SEERBCESERES RO TP
Lo & hootRe = "o F9e00 *00%) ce
1024 FURMATIE1HO® CUST OF 25 RECYCLE REFABRICATION WITH REJECT RECLAT»?
IMATIUN sk & = ' .F9e0.'00%) TLe
1025 FORMAT{ IHO® CUST OF IM RECYCLE REPRUCESSING et aEsossEteeERSS V(P
IR TTTIETE I = 1,F9.0e '00°) Tce
1026 FURMATU{1HO® COST OF 25 RECYCLE PRUCESSING SE2SLSESREBE SRS TP
lssasasbantts = ',F9.0,%00%) e
1027 FORMAT({]1HO® COSY UOF IM FABRICATION 00608850 5008880848000 0T(P
LEscessnseden = '9F9.00 00") Tce
1028 FORMAT( IHO?® COST OF IM PREPARATIUN AND FABRICATION sessseeseILP
Loscunsssesan = ¥ ,(G.0,%00') TP
1029 FURMAT(EHD?® COST OF IM PREPARATIUN AND FASBRICATION WITH REJECTTICP
1 RECLAMATION = teF P00 °00%) Tce
1030 FOSMAT(IHO? COST UF IM FUEL PRUCESSEING PSSP SIS PEGEERRERES TP
1aeokataaeans = 9,F9.0, $00%) Tce
10231 FORMATELIHOD® COST OF THORIA FABRICATIOUN T I L T I PYY TS I
IETII I T T T = *eF9.0,°00*) Ice
1032 FOKMAT{1HO® COST OF 22 AND 23 AND FTHURIA FABRICATION WITH REJETCP
1CT RFCLAMATION = ' oF9.0,%00%) ree
1033 FORMATY{1HO® COST OF THORIA PRUCESSING 8060000050008 R0 TP
1scss0sosbon = ' FP.0,°00") Tce
1034 FURMAT(IHO® COSY OF TOTAL REPRULCESSING SOCOE PO ONNIBE IR EROT(CP
1rsesptansne = VoF9.0,°00%) ce
1035 FORMATI1HO® CUSY OF TOTAL REFABWRICATIUN COSEOBESRSRINGSIRNIOS TP
LEsssssssesb e - " . F3.0:°00) TCe
1036 FORMATL1HO? COST OF YOTAL MELYLLE PROCESSING sSetbseReGRBERRNSI TP
LTesnsssnssss = *.F9.0,°00°%) Tce
1037 FURMATL IHO® CUST OF TOTAL &N 2FACESSING PR PR RNESRBONN RO P
Less80000880 8 = ' F9.0s 00" $Cce
1038 FORMATILINHO® CUST OF TOTVAL FLEL PRCLESSING SseceENeIRERITISRRSI TP
Lesssesdnasss = 3 ,F9.0,700%) Tce
1039 FORMAT{IHI"CAPITAL COSY BREAKDORN FOR PLANY *,12,* USING WATERIAL TCP
LAAL ANCGE NOa *«12* FOR A TOTAL OF *,12,* PROCESSES USEING ', A8, 'DATICP

2A 1IN EACH PROCESS') TCP
1040 FORMATI1HO® INCREMENTAL PLANT CAv{TAL LUST DATA ~ THOUSANDS OF DQLL:CP
1AKS*) [ 4
1041 FORMAT(L1HLs * INCRFHENTAL UNIT CAPITAL LUNY DATA ~ DOLLARS Ice
T/KILQGRAMT) j 194
sTop e

END e

2090
2100
2110
2120
2130
2140
2150
2160
2161
2170
2171
2180
2181
2190
2200
2210
2220
2230
2231
2240
2250
2251
2260
2261
2270
2271
2280
2281
2290
2291
2300
2301
2310
E311
2320
2321
2330
2331
2340
23641
2350
2351
2360
2361
2370
2371}
2380
233l
2390
2391
2400
2401
2410
2411
2420
2421}
2430
2431}
2440
24%1)
2450
2451
2460
2htl
2510
2471
2480
248%
242
2490
hL{ L]
2500
2501
2510
2520



Appendix C-3
INPUT TO SAMPLE PROBLEM FOR TCP
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The input to TCP is made by combining the punched decks from CEP and BAL in that order.
There is no punched output from TCP, and the printed output from TCP is presented in Appendix
C-4. These are the total capital cost summaries for particular plant sizes using selected processes.
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1 26

HEAD END R-PROCESSING OF 23 RECYCLE SPENT FUEL ELEMERTS (A-15)% B1
3 1.67400F 02 5.022008 02 1.004407 03
1 6.18090F 01 3.8957C8 01 3.33257% 0%

ACID THOREX REPROCESSING (23 RECYCLE FUEL) $ B2
3 4.30000E 02 1.290002 03 2.58000E 03
2 2.64735% 01 2.041848 01 1.86684" 01

SOLEX PROCZSS FOR MICROSPHERP PREPARATIGN (23 RECYCL®) S B3
3 1.17780% 02 3.51400% 02 7.028u40E 02
3 2.74396E 02 1.930488 02 1.67278E 02

BISO MICRASPH COAT PROCESS 23 RECYCLE PARTICLES (TH2330)02 (L-1.F(1))$ BY
3 1.10900% 02 3.327002 02 6.65400E 02

4 1,12598EF 02 8,167938 0% 7.09926E 01

PRF SLOG INJECTION OUT OF BLOCK CARB PROCESS FOR 23 RECYCLE H-4.A(2)$ B5S
3 1.96700F 02 5.90100E 02 1.18020% 03
S 8,.14019E 01 5.38006E 01 3.96986F 01

PUBL ELEMENT ASSEMBLY OUT OF BLOCK CAREB PROCESS 23 RECYCLE N-1.BS B6
3 1.86900F 02 5.60700E 02 1.12140E 03
[ 4.33024% 01 2.39099% 01 1.53726% 01

AEAD END REPROCESSING OF IN AND 25 RECYCLE SPENT FPURL ELEMENTS (Al _A19)$ B7
3 2.68100% 02 8.043008 02 1,60860F 03
7 4.685426% 01 2.699768 01 2.28244E 01

ACID THOREX REPROCESSING (IN SPENT _25 RECYCLE FPFOBRL) ¥ BR
3 5.000008 00 1.500008 01 3.00000E2 01
8 1.00350F 03 3.93600E Q2 2.478622 02

CUSP PROCESS POR 002 MICROSPHERE PREPARATION (23 RECYCLE) ¢ B9
3 3,03750E 01 9. 112508 01 1.822508 02
9 7.636078 02 4.330552 02 3.45831E Q2

TRISO MICROSPHERE COATING PROCESS {25 RECYCLE PARTICLES) 235002 (L~2.C.{1))S$ B10
3 5.60000F Q0 1.68000E 01 3.360008 01

10 6.06048E 02 3.366168 02 2.,725158 02

FRP SLUG INJECTION OUT OF BLOCK CARB PROCESS FOR 25 RECYCLE M~U4.B(2) S B11
3 2.31000% 01 7.180008 01 1.83600E 02

n 3.13745E 02 1.442828 02 9.99171E 01

PUFL ELEMENT ASSEMBLY OOUT OF BLOCK CARB PROCESS 25 RECYCLE H-1.C$ 812
3 2.27000€E 01 6.81000E 01 1.36100E 02

12 2.09609% 02 8,243858 01 5.06266E 01

UNA PREPARATION FOR IM ELEMENTSS B13
3 2.07000F 0% 6.220002 O1 1.205008 02

13 1.23639 02 6.069848E 01 4.317192 01

CUSP PROCESS 7OR 7102 NICROSPHERE PREPARATION (IR RRECYCLE)$ 814
3 3.03750E 01 9.11250E 01 1.822508 02

1 7.60508% 02 4.315068 02 3.84398r 02

TRISO COATYING PROCESS IN PISILE PARTICLES U002 (L-~2.J.(1))¢% B1S
3 2.33000% 01 6.980008 0° 1.396008 02

1S 2.848112 02 1.876058 02 1.46357T% 02

FRP SLUG INJECTION OUT OF BLOCK CARB PROCESS POR IN PUBL K-u4.A{1)$ B16
3 3.21900E 02 9.327008 02 1.86540E 03

16 9.19638 00 7.1186488 00 5.663C0E 00

FUEL ELENENT ASSENBLY OUT OF BLOCK CABBE PROCESS IN FUEL R-1.A$ B17
3 2.955008 02 8.865008 02 1.77300F 03

17 1.628828 01 B.870432 00 6.916012 00

THORIUM RECOVERY PROCESS (T-2)$ B1R
3 4,372008 02 1.311608 03 2.62320E 03

18 1.11548g 01 1.12756% 01 1.014312 01

TH{NO3)4 PREPARATION PROCESS K-8S$ BY9
3 5.42900® 02 1.628708 03 3.257408 03

19 6.49538 00 3.210528 00 2.85587E 00

THORYUM DIOXIDE NICROSPHERE PREPARATIONS 820
3 4.43200e 02 1.32960E 03 2.65920E 023

20 1.31181e 01 9,404372 OC 8.587968 00

BISO MICROSPHERE COATING PROCESS - PERTILE PARTICLES-TRHO2 (L-1.A.{(3)$ B21
3 4.19900E 02 1.25970% 03 2.51940E 03

21 2.03837E 01 1.425278 0% 1,20997E 01

RECLAMATIOR OF THORIUN PROM RBJECT KEBRNALSS 822
3 4.43000F 01 1.13000E 02 2.65900FE 02

22 2.72756R 01 1.51618E 01 1.08303E 0¢

THORIUN DIOXIDE REJECT RECLANATIOR COATING REMOVALS 823
3 2,10000E 01 6.30000E 01 1.260002 02

23 S.580usp 01 3.11388E 01 2.685158 01
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x=CLANATION PROCESSIKG OF BEJECT 23 RECYCLE PUTL (A-15 BELEMINT) §

3
24

1.72000€ 01
5,26419E 02

5. 160008 01
1. 97509E 02

RECLARATION PROCESSING OF REJECT

2

25

1.70000E 00
6.70063E 03

5.100008 00
2.31185E 03

1.032002 02
1.146828 02
25 RECYCLE FURL (A-19 ELEMENTS)S
1.020008 01
1.225812 03

RECLANATION PROCESSING OF REJECT IN PUEL (A-1 ELENENTS) S

3
26

2.22000E 01
4.65881e 02

3

1

2

3

0.50000B+03

4.300138402
1.86869E+02
2.39234E+01
3.11005p+02
4,.18826B+02
2.22u55E¢01
8.30013E+02
1.85000E+02
2.27273:+01
2.954558+02
3.98882E4+02
2.224558401

0. 15000B+04

1-.290048+03
5.606068¢02
7.177038+01%
9.330148+02
1.25648E+01
6.67364F+01
1.230088+03
5.55000R¢02
6.81818p+01?
8.8636uE+02
1.196642¢03
6.67364P¢0 "

0.30000E+04

2.58008P+03
1.12121g¢03
1. 435018+ 02
1.866032+03
2.512952+03
1. 334738402
2.5A008%¢03
1.11006Gr¢ 03
1.363648+02
1.772732+403
2.393292003
1.31873202

6.66000E 01
1.79938E 02

0.207852402

4,30013B+02
2.79592E+02
2,27273p+ 00
2.958558+052
4.43202E4+01
0.00000E-01
1.88776E+01
5. 00000E+00
2.25000E¢01
2.92500E+02
4.43202E¢01
0.00000%~01

0.622348E+02

1.29004E+03
8.38775E+02
€.81818E+01
8.86364E+02
1.329618+02
0.00000E-01
5.66327€+01
1.50000E¢01
6. 75000E+01
B.77500E+02
1.32961R¢02
0.00000E~-01

0. 12047F+03

2.58008%¢03
1.67755E¢03
1. 3636402
1. 772732403
2.659218+02
0.000002-0t
1. 132652402
3.000002+09
1, 35000B+02
1,755002¢03
2.657218+02
0,000002«01

1.33200E 02
1.06453E 02

0. 84243E+02

1.23248B+02
S.00000E+00
2.07347R+01
4,37219E+02
1.994881E+01
0.,000008~01
1.10923E402
S.00000EB+00
2.074478: 01
4,37219R8+02
1.994881E8+01
0.00000R~0"

0. 132732403

3.697848+02
1.50000E+01
6.,22380E+01
1.31166E+03
5.98322E+01
0.%00008~-01
3.32770E+02
1.500008+01
£.22340R8+01
%,.71662+03
5.98322E+01
9.000002-01

0.26546R+03

7.396882+02
3.000007+01
1.280682+02
2.627318+03
1.196648+02
0,000008-01
6.65539%¢02
2.000002+01
1.206688+02
2,6231318¢03
1.196682002
0.00000e-01

0.4364SE+03

1.10923E+ 02
6.217927+00
2.57978E201
5.429748+02
2.95748E+01
1. 44 164F+ 00
1.05377E¢02
5.59613E400
2.32180E+01
5.082974E+02
2.95748E+01
1.46164E+00

0. 13094E+04

3.32770E402
1.86538E+01
7.73933E+01
1.62892E+03
8.87285E+01
4,32492¥%+00
3.161318¢02
1.67884E+01
6.96539E+01
1.628922+03
8.87245%+0Q1
4.32692¢E+00

0.26187E+08

6.655338402
3.730758+01%
1.50787€¢02
3.25784E+03
1. 77449F+02
B8.64983E+0C
6.322622¢02
3.357688¢01
1. 39308%+02
3. 2578428403
1. 7784497.002
8.689831Be00

B24

B25

B26

1.96704E+02
5.59613E+00
2.32180R+01
4.432028+02
2.32504E+00

1.86869E+02
5.31632E+00
2,20571E+01
3.98382E+02
2.32504E+00

5.90112E+02
1.678B84E+01
6,96539E+01
1.32961B+03
6.97513E400

5.60606R¢02
1.59490R8+01
6.61712E+01
1.19664E+03
6.975138+00

1.180228+03
3,.35768%+01
1.39308E¢02
2.65921E+03
1.39503%+01

1.12121E+03
3.18979%+01
1.323428+02
2.3932912+01
1.39503P¢01



Appendix C4
OUTPUT FROM SAMPLE PROBLEM FOR TCP



CAPLYAL COST BREAKODOWN FOR PLANT 1 USENG MATERIAL DALANCE NO. 1 FOR A TOTAL OF 26 PROCESSES USING THRUPUT DATA IN EACH PROCESS

PLANY CAPACETY = 0.50 METRIC TONS OF HEAVY METAL PE R DAY

INCREMENTAL PLANT CAPITAL COST DATA ~ THOUSANDS OF DOLLARS

COST OF SPEN., FUEL STORAGE #$6568585858384838880828000888588Y = 0.00
COSY 4F 23 RECYCLE FABRICATION SUSSSLETESEERONNER RSSO HEE 0D = 35618400
COSY GF 23 RECYCLE REFRABRICATI'Y, S53CsSsssstsssessisdsscies = 60234400
COST OF 23 RECYCLE REFABRICATION WITH REJECT RECLAMATIGON s = 78684400
COST OF 23 RECYCLE REPROCESSING 6865885864 08004888002843080 = 29092.00
COST OF 23 RECYCLE PROCESSING SESSHEEBOPEE R SOISES AL O S g% = 107977.00
COST OF 25 RECYLLE FABRICATION  S93828450 8880800883405 292804 = 151446.00
COST OF 25 RECYCLE REFABRICATION esssossstsisssssdtbstisses = 20937.00
COST OF 25 RECYCLE REFABRICATION WiTH REJECT RECLAMATION  $xe = 33406.00
COST OF IM RECYCLE REPROCESSING  ees 4305305500084 080 08808300 = 17403.00
COST OF 25 RECYCLE PROCESSING SRR AR SRS E XN IS SRS ERIBERNNRD = 50809.00
2057 OF IM FADRICATION #S3523L08885 58SV EsRss0iRssstsnkkss < 13920.00
COST OF IM PREPARATION AND FABRICATION BIEREEERES S0 I0 RS XS &8 = 33849.00
COST OF IM PREPARATION AND FABRICATION WI¥H REJECT RECLAMATION @ 43927.00
COST OF IM FUEL PROCESSING #0064 55 6506506803608 0803 8488 ke = 46422.00
COST OF THORIA FABRICATION  P54osssssssusstssoises 0648050k an = 13972.00
COST OF 22 AND 23 AND THORIA FABRICATLION WiTH REJECY RECLAMATION = 16240,00
COST OF THORIA PROCESSING SERDSEEE SR NE B SRS EERGR R RDER R BB Ry = 19672.90
COSY OF TOTAL REPRDCESSING SPETCIE RS VB SE S SRVUERTBEES S LT RS = 46495,00
COSY OF TOTAL REFABRICATION LTI TIT I P T PRI PRI Pl PR P2 Y] = 112291.00
COSY OF TOTAL RECYCLE PROCESSING  %%2508488538085383000888008 = 163533.00
COST OF TOTAL IM PROCESSING #34t5302333888888085X3 00000858 E% = 66094400
COSY OF YOTAL FUEL PROCESSING SEESERISERVESIRIRE LB ERNS RS D KRR = 229626400

12¢



BLANK PAGE



INCREMENTAL UNIT CAPIVAL COST DATA - DOLLARS /KILOGRAM

(41134
cosT
cast
cost
CasT
COsY
cosT
CosT
cosT
Cosy
CosT
cosY
cosT
CcosT
casy
COsT
COST
CosY
CosY
CosT
¢osT
casT
cosy

OF
OF
ar
OF
OF
Of
OF

OF

OF
OF
OF
OF
OF
OF
af
OF

SPENT FUEL STORAGE  #¥3553588S5assbs s sst$e 80840440
23 RECYCLE FABRICATION LIRS TRIS S TSRS LA 2282022 2 )
23 RECYCLE REFRABRICATION FAREE S RER A SRRO L RERNNEA DS
23 RECYCLE REFABRICATICN WiTH REJECT RECLAMATION 27
23 RECYCLE REPROCESSING  ###30ass238500808340003840 00
23 RECYCLE PROCESSING  #$46080420 08080ttt ni 00 udakss
25 RECYCLE FABRICATION #3#vi0sssstsdIssns s usnsssrs
25 RECYCLE REFABRICATION  #5$u3as880 4008683500084k Y
25 RECYCLE REFABRICATION WIVH HEJELT RECLAMATIGN £33 ]
IM RECYCLE REPROCESSING  #080t4dsbts st ddsssostsssss
25 RECYCLE PROCESSING  $ke3ks3324308 3308055800024 08
IM FABRICATION AEEERKEBLGSLUL RS ERCIRERAXSURI TG EROKY
IM PREPARATION AND FABRICATION FERSORTTISHERXSEAS AR S L
IM PREPARATIUN AMD FABRICATION WITH REJECT RECLAMATION
IM FUEL PROCESSING CRUBHRRI B IR P DB URBER SR ESRI AR 0L

THORIA FABRICATION SEPHIUG R SCEREREIRVEIB RS SVRBER O

22 AND 23 AND THORLA FABRICATION WiTH REJECT RECLAMATICN

THORIA PROCESSING #4580 a0 us kb aRe b4 0004 phhodd ikl
TOTAL REPROCESSING SOGEBEEERG LB OSSP ORT SR AASSRE Sy
TOTAL REFABRICATICN BV LS LB EAVGIGORE L0 R P0 B RO L
TOTAL RECYCLE PROCESSING FEFVSIGSULERRRXD R AR EAVDAR RS
YOrAL M PROCESSING AR EEFUINEL L VXXX XEEV LRI RBXIE R &L

TOTAL FUEL PROCESSING BHACL BB FRE AR LM SERB XY EOROXE LS

0.00
196.00
375.00
434.00

70.00
258.00
£85.00
$646.00

1510.00
3576.00
2297.00

48.00
118.00
153400
161.00

34.00

40.00

48.00
110.00
265.00
802.00
154.00

472.00

A4



THE CAPITAL COST FOR EACH OF THE INDIVIDUAL PRGCESS BLOCKS IS AS FOLLOWS —~THCUSANDS OF

HEAD END REPROCESSING DOF 23 RECYCLE SPENT FUEL ELEMENTS(A-15)$

ACID THOREX REPROCESSING (23 RECYCLE FUEL)S

SOLEX PROCESS FOR MICROSPHERE PREPARATION €23 RECYCLE)S

B150 WICRDSPH COAT PROCESS 23 RECYCLE PARTICLES (THZ32U102 (L~-L.F(1))s
FRF SLUG TNJECTION OUT OF BLOCK CARB PROCESS FOR 23 RECYCLE M-4,A(2)8
FUEL ELEMENT ASSEMBLY OUT OF BLOCK CARB PROCESS 23 RECYCLE N-1.8%

HEAD END REPROCESSING OF [M AND 25 RECYCLE SPENT FuS! ELEMENTS (Al & Al9)S
ACID THOREX REPROCESSING (IM SPENT & 25 RECVCLE FUEL)S

CUSP DPROCESS FOR UD2 MICROSPHERE PREPARATION {23 RECYCLE)S

TRISO MICROSPHERE COATING PROCESS (25 RECYCLE PARTICLES) 235U02 (L-2.Ce{1)}8

FRF SLUG INJECTION OUY OF BLOCK CARB PROLESS FOR 25 RECYCLE M-4.B(2)$
FUEL ELEMENT ASSEMBLY OUT OF BLOCK CARE PROCESS 25 RECYCLE N-1.Cs

UMH PREPARATION FOR IM ELEMENTSS

CUSP PRDCESS FOR UD2 MICROSPHERE PREPARATION (1M RECYCLE)S

TRISO CDATING PRQCESS IM FISILE PARTICLES UQ2 4L-2.J.11))8

FRF SLUG EINJECTION OUT OF SLOCK CARB PROCESS FOR IN FUEL M-4.A(1)$
FUEL ELEMENT ASSEMBLY OUT OF BLOCK CABB PROCESS IM FUEL N-1.A$
THORIUM RECOVERY PROCESS (T-2)s

THINO3)% PREPARATION PROCESS K-8%

THORIUM OIOXXDE MICROSPHERE PREPARATLONS

B8I50 MICROSPHERE COATING PROCESS ~ FERTILE PARTICLES-THDZ (L-l.A.(l}s$
RECLAMATION OF THORIUM FROM REJECT KERNALSS

THORIUM DI10XIDE REJECT RECLAMATION COATING REMOVALS

RECLAMATION PROCESSING OF REJECT 23 RECYCLE FUEL [A-15 ELEMENT)S
RECLAMATION PROGESSING GUF REJECT 25 RECYCLE FUEL (A~19 ELEMENTSIS

RECLAMAT ION PROCESSING OF PEJECT IM FUEL (A-1 ELEMENTS)S

SUM QF ABOVE PROCESSES (MILLIONS OF DOLLARS)

81
B2
B3
84
85
86
87
88
89

BLO

811

812

813

Bl4

B15

B16

817

Bie

820

821

823
824
825

826

"

[

OOLLARS * &2

16012.00
11081.00
32616400
12156.00
15585.00
7876.00
12519.00
4804.00
5791.00
3302.00
1210.00
4634.00
2495.00
19929.00
6441,00
2795.00
4684.00
4747.00
3432.00
5659.00
8313.00
1176.00
1091.00
10650.00
12669400

10078.00
GESKACEBRG SR GR

24 4.6267

£zZe



CAPITAL COST BREAKDOWN FOK PLANT

PLANT CAPACITY =

INCREMENT AL PLANT CAPITAL

casT
casr
COSsT
COsT
cosT
Cosy
cosT
COSsY
cast
cosr
cosT
LostT
cosTt
cost
cosT
cosy
CosT
cost
casy
CnsT
cosTt
COST

cosT

1 USING HMATERLAL BALANCE NO.

1.50 METRIC TONS OF HEAVY METAL PE R D&Y

OF SPENT FUEL

OF
OF
oF
oF
oF
OF
OF
oF
aF
GF
oF
OF
OF
QaF
OF
oF
OF
OF
oF
OF
OF

OF

23
23
23
23
23
25
25
25
4
25
M
1¢.]
0]

M

THORI A FABRIC.TION
22 AND 23 ARD THORI2 FABRICATION WITH REJECT RECLAMATIC -
THOREA PROCESSING
TOTAL REFROCESSING
TOTAL
TaTAL
TOTAL

TOTAL

RECYCLE
RECYCLE
RECYCLE
RECYCLE
RECYCLE
RECYCLE
RECYCLE
RECYCLE
RECYCLE
RECYCLE

FABRICATION

PREPARATION AND FABRICATIN

COST DATA - TrausahDS OF DOLLARS

STORAGE EFOEFLECHO SIS EBESIFEIX LS 0L SRR

FABRICATION SESTRLHBUTEFCTITONIOTESL BROU IO

REFRABRICATION SRR DEDAVHISECALCIRER R RS

REFABRICATION WITH REJECT RECLAMATICN 1

REPROCESSING PUELRCCE SRS SO ORB OB AL L LA

PRADCESSING 09550330 K008 08308 AE09 SRULEE

FABRICATION LEBFEFUVL R BB EVRELTLBILRSS RO

REFABRICATION SCEECEBECREODCIRIYTERER BN

REFABRICATION HITH REJECT RECLAMATICN Tou
REPROCESSING  $3834223 8L 0820 KRECT EARE R
PROCESSING ELIT I T R TIT TR I PR A I )
AEELRRAIKEELVRBIRCERVEVRASERRABEAEH ST

e ROEOREBU RO F RO &ue

PREPARATION AND FABRICATION WITH REJECT RECLAMATIONM

FUEL PROCESSING

FUEL

REFABRICATION
RECYCLE PROCESSING

IM PROCCSSING

FEFHHTEL SR ECLSLDILR LA BORINRED

FUEBYLAL IVELHT . XEVBARRGEH B REIRL R ET

AXGICREIVICGE L TRROELRVERL AXRPRXB B
FHIXGECP N VR C L LIBPNE G L S0 O hk e
BIRAETRIXYEB L CEXOBEOV BN ERL LT
SEIEEED GO AEDOR LRV O UESR GF
KIEFESFPCERE LR SN IR N FIFEEBE R0

PROCESSING BEFCROBRES S LR ABS GRS EBRELE SN

2 FO&

A

TOTAL OF 26 PROCESSES USING THRUPUT DATA

0.00
70175.00
139132.00
150668460
$3927.00
214595.00
21055.00
36523.00
48953.00
2762%.00
76582.00
26850.00
63797.00
75473.00
79149.00
29625.00
33422.00
38f72.00
91557.00
199620.00
305572.00
117721.00
423293.00

IN EACH PROCESS

¥ze



INCREMENTAL UNIT CAPITAL COST DATA - DOLLARS /KEILOGRAM

COsT
CosT
CosT
CGST
Cas7
CosT
cosT
COST
CosT
cosT
COosT
cost
Ccosv
cosT
CosTY
cosT
cosT
€osT
cost
cost
cost
cosT

cosY

OF
OF
OF
OF
oF
ar
OF
OF
OF
aF
OF
QF
OF
OF
aF
oF
OF
aF
oF
OF
OF
OF

oF

SPENT FUEL

23
23
23
23
23
25
25
25
(]
25
M
M
IM
1]

RECYCLE
RECYCLE
RECYCLE
RECYCLE
RECYCLE
RECYCLE
RECYCLE
RECYCLE
RECYCLE

RECYCLE

STORAGE SOBLRGEISULTERORSAEECAURIRAOROERY
FABRICATION #6398 ssS 2042003840802 08848%
REFRABRICATION RRRDOS LSS EEARACENAEIGNIGAY
REFABRICATION wlTH REJECT RECLAMATICON *y
REPROCESSING CHXBEVASRCEEDERFT RN XS SEBE 64
PROCESSING RXBHEEABEDEENELEBEX SR OB RUGE XY
FABRICATION CERSTEBGEE RNV LR SRR BCR NS SSAT RS
REFABRICATION  s53cso 2560308k 0sa s RRds iy
REFABRICATION WITH REJECT RECLAMATIGN  ##»
REPROCESSING SECHEEREEEC S I PRGNSR LA RTHER S

PROCESSING BEEBEEEPOE DRV CHSDAV BB 0SS FEL B T

FABRICATION SR LF SRS LA S S SIS ECBEZBIERERI LB EBVESD

PREPARATION &ND FABRICATION PXI 2 FTERI ST PTI 2 FYE LY
PREPARATION AND FABRICATION WITH REJECY RECLAMATION

FUEL PROCESSING AVGERPV A XU K AR TSR RIS R SXGEEANRR K

THORE A FABRICATION SASEEL RS EOEIS VBB ELREE SRV AR EENE DS

22 AND 23 AND THORIA FABRICATION WITH REJECT RECLAMATION

THORIA PROCESSING BRSVUYCEBVBSLOEFICC RIS RERR D H B EROG KD

TOTAL
TOTAL
TOTAL

TOTAL

TOTAL FUEL

REPROCESSING BLERERSERRRI K XCEKBS VR E XA LAV ER IR YL
REFABRICATION FEIEEVURRFS G OST BESUCEESABEEORE 2§
RECYCLE PROCESSING SHUCHEEPAESXERNE B ERASSLUAE

IM PROCESSING RESEEYT I RS RSV SN0 EXEASRUNRN AN

PROCESSING LEGBSBEXF R ECRBREROE SRR 4 ERT SRS

0.00
129.00
255.00
276,00

51.00
171.00
317.00
550.00
738.00

1892.00
1154.00

3l.00

74.00

87.00

92.00

24.00

27.00

32.00

72.00
157.00
499.00

91.00

290.00

LA



THE CAPITAL COST FOR EACH OF THE INDIVIOUAL PROCESS BLOCKS [S AS FOLLOWS —THOUSANDS OF DOLLARS®%x

HEAD END REPROCESSING OF 23 RECYCLE SPENT FuklL ELEMENTSLA-15})$

ACID THOREX REPROCESSING (Z3 RECYCLE FUELIS

SOLEX PROCESS FOR MICROSPHERE PREPARATIUN (23 RECYCLE)S

BISD MICROSPH COAT PROCESS 23 RECYCLE PARTICLES [TH233U)02 (L-1.Fll1)s
FRF SLUG INJECTION OUT OF BLOCK CARB PROCESS FDR 23 RECYCLE M-6.A12)s
FUEL ELEMENT ASSEMBLY OUT OF BLOCK CARB PROLESS 23 RECYCLE N-1.B3

HEAD END REPROCESSING OF [M AND 25 RECYCLE SPENT FUEL ELEMENTS (AL & Al9)¢
ACID THOREX REPROCESSING {IM SPENT £ 25 RECYCLE FUEL)S$

CUSP PROCESS FOR UD2 MICROSPHERE PREPARATION (23 RECYCLE)S

TRISO MICROSPHERE CCATING PROCESS {25 RECYCLE PARTICLES) 235002 (L~2.C.(1l}1s
FRF SLUG INJECTION QUT OF BLOCK CARB PROCESS FOR 25 RECYCLE M-4.B{2)s
FUEL ELEMENT ASSEMBLY GUT OF BLOCK CARB PRQCESS 25 RECYCLE N-1.C$

UNH PREPAFATION FOR IM ELEMENTSS

CUSP PROCESS FOR UD2 MICROSPHERE PREPARATION (IM RECYCLEMS

TRESO COATING PROCESS IM FISILE PARTICLES UG2 (L—2.d.(1))8

FRF SLUG INJECTION OUT OF BLOCK CARB PROCESS FOR IM FUEL N-4.%01)%

FUEL ELEMENT ASSEMBLY OUT OF BLOCK CABB PROCESE IH FUEL N~1.AS

THORIUM RECOVERY PROCESS (T-2)¢

THINO3)4 PREPARATION PROCESS K-8%

THORIUM DIOXIDE MICROSPHERE PREPARATIONS

BISO MICROSPHERE COATING PROCESS -~ FERTIL® PARTILCLES=THO2 (L-l.A.(%. %
RECLAMATION OF THORIUM FROGM REJECT KERNALSS

YTHORIUM DIOXIDE REJECT REZLAMATICH COAT NG REMOVALS

RECLAMAYION PROCESSING DF REJECT 23 RECYL.E FUEL [A-15 ELEMENT)S
RECLAMATION PROCESSING OF REJECT 25 RECYCLE FUEL (A-19 ELEMENTS)S

RECLAMATEON PROCESSING OF REJECT KM FUEL (A-1 ELEMENTS)S

SUM OF ABOVE PROCESSES (MILLIONS OF DOLLARS)

81
82
83
B4
85
86
87
B8
B89
810
Blil
Bl2
B13
Bl4
B15
Bl6
817
818
BLY9
820
821
B22
823
824
B25
B2¢

|l

38289.00
25638.00
68957.00
26455.00
30672.00
13049.00
21883.00
5747.00
15468.00
5504 .00
10084.00
5466.00
3576.00
36947.00
12736.00
61t 1400
T7£54,00
14 .45.00
5U30,00
12171.0¢
17+75.00
11363.00
1794 .00
11535.00
12430.00

11676.00
EEHECRRETRATHE

423,2940

g¢e



CAPITAL COST BREAKOOWN FOR PLANT 1 USING MATERIAL BALANCE NO«

PLANT CAPACITY =

3.00 METRIC TOHS OF HEAVY NETAL PE P CAY

INCREMENTAL PLANY CAPITAL COSY DATA - THUUSANDS OF COLLARS

COST
cosT
cast
CosT
cosT
(%319
casT
Casy
£0sT
COsT
COST
cOSsT
COST
cosY
COsY
CosT
casy
COsT
cosTt
COST
COST
CO0s7
CosvY

oF
af
af
oF
aF
oF
oF
nF
aF
of
oF
OF
OF
aF
aF
oF
af
oF
oF
aF
oF
OF

of

3 FOR

SPENT FUEL STORAGE AR RERXRERLETOF I EES ISR CREBOD

23
23
23
23
23
25
25
25
M
25
M
M
M
M

THORIA CGABRICATIUN

RECYCLE FABRICATION ®20%vtssausoRsssststdsosdstss

RECYCLE REFRABRICATION VEERFESEELEVESEREIRISRTRERY

RECYCLE REFABRICATION WITH REJECT RECLAMATINN

4%

RECYCLE REPROCESSING FEEREEBEJITEELOREOR KL LIS RG LS

RECYCLE PROCESSING SRLOVBUEESFTURLH VRN VSUARLRGEDS

RECYCLE FABRICATION SHEEETERASEEAEBARERBIDEIVOE G

RECYCLE REFABRICATION CEFLHFRLERISACRNTETR LR NS SR

RECYULE REFABRICATION WwiTH REJECT RECLAMAYICN

Sy

RECYCLE REPRUOCESSING FREBUEBFIEEHFIIPERDVU LS REGE

RECYCLE PROCESSING HOECEOE LR FEARESHRIAROSAEEARRRS

FABRICATION PEAREEERSRERESTATERCEISTRERBIREESKERE

PREPARATION AND FABRICATION SERUBOL SRR BEIRORLAERL

PREPARATION AND FABRICATION WITH REJECT RECLAMATION

FUEL PROCESSING LA 22223 E2 22 SRS LR 2222 22222l ] 2

BEXEFERCEE ST EEEVSLO RS S SR RSP K S BN

22 AND 23 AND THORIA FABRICATION WETH REJECT RECLAMATION

THORI A PROCESSING

SIERABUEEBEASE I RIERISESETDRI VR GV D

TOTAL REPROCESSING FEEBTEEF AL SNBSS R PR RSS2

TOTAL REFABRICATION S0k AEE RS LIS R R R IRL U EELBEIFSRES

FOTAL RECYCLE PROCESSING SHESSsS8RE8R086b ¢RIt Es

TOTAL IM PROCESSING SRS EEYVE TR RN RSN SRS S LV LSS IXEDT

TATAL FUEL PRACESSING EXSOSEREBRERE LA N NSRS B0 kS kS

A

#

TOTAL OF 26 PROCESSES USING THRUPUTY DATA IN EACH PROCESS

0.00
108368.00
226983.00
236043.,00

98159.00
334202.,00
29566.00
55556.00
65995.00
43973.00
109968.00
42084.00
97619.00
111419.00
116650.00
51648.00
577683.00
66839.00
142132.60
302038.00
470068.00
183489.00

653557.00

P44



INCREMENTAL UNIT CAPITAL COST OATA - DOLLARS /K ILOGRAM

cast
cosT
casrt
cast
cosr
casy
Lost
casry
cast
cOsT
(#2131
casy
cosY
casT
casT
casy
CosT
CcosT
cosT
cosy
cast
casT
casy

aOF
OF
OFf
OF
OF
aF
oF
OF
OF
OF
OF
OF
oF
OF
oF
oF
oF
OF
nF
of
s13
af

OF

SPENT FUEL STORAGE FEIVESE S0 000885 08800000000 020000
23 RECYCLE FABRICATION ©0ss08s82080200800008000000002
23 RECYCLE REFRABR(CATION SESISIVIT IS POECPI0000 00
23 RECYCLE REFABRICATICH wlilrH HEJECTY RECLAMATIGON e
23 RECYCLE REPROCESSING SSEBEEIISCVICINIBEIVIIENIINTY
23 RECYCLLL PROCESSING SES348°YEINCN0NCEINNNNRBIRINGS
25 RECYCLE FASRICATION €0004000r00008000000000400000
25 RECYCLE REFABRICATION #3000000905028039040000s00s
25 RECYCLE REFABRICATION wlln KEJECT RECLAHATICH  oee
14 RECYCLE REPROCESSING PBL0008000000000000000000000
25 RECYCLE PROCESSING SUGU ISV IS HEE PSP I EIL It GO RS
IM FABRICATION SE00SESBGIIIPBINISSINIENIIOEEIINOSTITS
IM PREPARATIUN AND FABRICATIUN V00000000000 008800 8"
IM PREPARATION AND FABRICATICH WITH REJECT RECLAMATION
IM FUEL PROCESSING SIUIPRVCOSIETAC0T0640800000800%00

THOR1 A FARRICATICH SHERTLLEIIIVLIEP PSS RNNINRN OB RS

22 AND 235 AND THORIA FABRILATION w!'TH REJECT RECLAMATY'S

THORIA PROCEL (ING COISENO AT ITER S DRSNS H0EIPBSILEY;
TOTAL REPROCESSING CFUBSTEINE RSP TLIDOFOLOINIOOIRREY”
TOTAL REFABRICATION BITBLEONGAERTIITREIIVOIRINENIRDY
TOTAL RECYCLE PROCESSING sonscosstsvssosssaisvetrn
TOTAL M PROCTSSING F008PALUEINI RIS SRBESORENNNNENORY

TOTAL FUEL PRICESSING SUCHL 20000000 RSNSOI INBIRSENY

0.00
59.00
208.00
210,00
37.00
133.00
223.00
416.00
497,00
1506.00
829.00
24.00
57.00
65,00
&h.00
d1.00
24.00
77.00
L6.00
3115.00
354,00
T71.30

224,010

(24
E v
[E4)



THE CAPITAL COST FOR EACH OF THL IADIVIVUAL PRULCSS BLOCKS 1S AS €00LOMS ~THCUSAMDS OF

HEAD END REPADCESSING OF 23 RLCYCLE SPenT FUEL 4LEMERTS{A-1518 &1 .
AL 1D THOREX REPROCESSING (23 RECYLLE FUEL)s L -
SOLEX PROCESS FOR MICROSPHERE PHIPARATION (23 ALCYCLENS £ ] .
A1SO MICROSPM COAT PROCESS 23 RECYLLE PARTECLeS $Tw2IDUNOY (L-L.FELBT .1} v
FAE  SLUG INJECTION OUT OF BLOCK CARG PROLESS FDR 23 RECYCLE N-&, 4(d)8 ES ’
FUEL ELEMENT ASSEMBLY OUT OF BLOCK CARS PRUKESs 23 RECYCLL M-1.8% .47 .
HEAD END REPROCESSING OF 1M AND 25 RECYCok PENT FUTL LLUMIHTS (AL L AL1938 (24 -
ACID’fHGRGX REPROCESSING [ IM SPENT £ 2% RECYCLE FUEL)S ' &3 -
CUSP PROCESS FOR UD2 MICACOSPHERE PREPARATION (23 RECYCLEDNS F:34 .
TRISO MICROSPMERE COATING PROCESS (2% RLCVCLL PARTICLES) 235002 (L-7.C.ti01e BiG °
FAF SLUG INJECTION DUT OF ODLOCK CABRD PHUIESS FDR 29 RECYCLE Mes ()8 Bt .
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