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COMPUTER PROGRAMS FOR THE 
DETERMINATION OF CAPITAL COSTS 

FOR HTGR—RFDP PROCESS EVALUATION PROJECT 

G. H. Llewellyn 

ABSTRACT 

Three computer programs. BAl. . CEP. and TC I ' , have been written to obtain the total capital costs 
for the H T O R fuel recycling plant concepts in which \arious ny.-ehods of processing are used. 

BAL is a material balance program that calculates the mass How rate of each stream and the mass 
throughput to and the product output 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 O R G R A P H , expressing capital cost rates 
as functions of process throughput. 

TCP is the total capital cost program that interfaces BAl. with C E P lo provide as output the 
breakdown of the total capital expenditures between the "Mll)(2.'<) recycle."ls(.'(25) recycle, and initial and 
makeup (INI) fuel elements. 

INTRODUCTION 

Many computer programs have been developed to do quick and systematic cost estimation 
work on complex projects. An example is CONCEPT,1 which is used for the evaluation of the cost 
of constructing power generating plants at various locations where labor and material cost data have 
been 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 FABCOST2 have been written to calculate the fabrication cost 
of rod bundle fuel elements; these programs take into consideration special design parameters such 
;>s tubing tequirements, testing, tolerances, and special alloys. 

These programs use a technique 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 piogramming. An excellent discussion of 
this subject and the subject of optimisation is given in ref. 3. 

The basis for the cost estimation work for the BAL, CEP. and TCP programs is a compiiation 
of area and volume cost factors for repeated processes in the HTGR fuel reprocessing plant 
presented bv Jarvis and Anderson.'1 

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 cost. Cost comparisons can be made which are based on 
differe u plant processes used to meet the production requirements. 

Th.- overall objective is to obtain total cost comparisons that involve the determination of 
operating and possibly transportation costs which will be obtained later in the project using methods 
similar to those employed in correlating the capital equipment COM for the project. 

1 
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It must be emphi sized that the costs obtained from thê e 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 assailed that the plant 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 bast-case data nre only 
expressions of one conceptual basis. 

All three of the computer programs have been written in FORTRAN IV, with no machine 
language involved. BAL and TCP can operate on any cuinputer capable of compiling FORTRAN 
IV. At ORNL the programs are operational on either the IBM 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 
FORTRAN at other installations. CEP also uses the ORGRAPH'' 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 either by not calling for the 
plot on the trigger card or by deleting the CALL GRAPH card in the main program. 
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rlTGP. FUEL REPROCESSING FLOWSHEET 

The plant flowsheet shown in Fig. 1 shows the 29 process blocks with the flow connectors. This 
flowsheet shows the input 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 e:ch process are 
tabulated in Table I. 

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

Each process block coniai..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 materia! entering the plant is either spent fuel coming in from storage or reactor sites, UF6, 
or thorium oxide. The material leaving the plant goes either to storage or back to the reactors. This 
material is in the form of fabricated fuel element- from the 1M, 23. and 25 processes. 

Table 1. Product and throughput streams for each of the processes 
in she H T G R fuel reprocessing plant 

Product stream' 

Process Product Pn-cess Product Process Product 

4 
5 
.'l 
7 
s 
') 
1(1 

W(49) 

\V<47) 
W<45> 
W<43) 
W(4I) 
\V(40; 
W(29) 
W(27t 
W ( 2 M 

wpl 

12 
13 
14 
15 
16 

17 
IS 
10 
20 

wan 

W(20) 
W(9> 
W(7) 
W(5) 
W(3) 
W<2) 
W(6S) 
W(34), V.'(35>.£ 
W(66). W(67) j 
W(64) jl 

21 \V(60).\V(61).W(62), 
W( 63) 

22 \V(69) 
23 \V<19) 
24 \V(!4), W( I6 ) 
25 W{15), W( I7 ) 
26 W ( l l ) , W(!3) 
27 W<39) 
2X W(36),W(37).W(3X) 
29 \V(3I) 

Throughput streams 

Process Throughput Process Throughput Process Throughput 

1 \V(49) I I W a n . W(2l) 21 W(I9) , \V(64) 
2 W(49) 12 W(2 I ) 22 W(69) 
3 W(45). \V(48) 13 W(4) 23 W(19) 
4 W(45) 14 \V(7). W(IO) 24 W(I4) . W( I6 ) 
5 \V(41), W(44) 15 W(7) 25 \V(I5), \V( I7) 
6 W(4I ) 16 W(3), W(6) 26 W ( l l ) , W(13) 
7 W,33) 17 W(3) 27 W(39) 
8 \V(29) IK W(68> 28 W(36),W(37),\V(38) 
9 W(25). \V(28) 19 W(34), W<35), 29 W(3J) 

• \V(66), W(67) 1 
10 W(25) 20 W(f>6j 1 
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Figure 1. H T G R fuel reprocessing flowsheet 
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PROCESS ALTERNATES AND BASE CASE 

V1;isi of ilie 29 processes thai formulate the 29 process blocks can he altered. Many processes, 
which might be called competithe alternate processes. ha\e been proposed for some of the blocks. 
The alternate processes presently being considered are shown in Table 2, Process Alternatives A-C, 
and in Table 3. Process Alternatives D~.\. 

I he 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. 

Ihese aiternat.es include the type ot clement, burner teed preparation, burning process, ash 
hand'ing process, classified ash treatment. SX feed preparation, extraction process, partitioning 
process, stripping process, microsphere preparation and cooling processes, fuel stick fabrication 
process, and fuel element assembly. 

An an example, in process A from Table 2. the 1M fuel element used as a base case consists of 
equal ratios ot TbO with a H1SO civ.iu:.: and l!0. .vith a TR'SO coating. The 23 recycle 
base-case elements consist of ThO.. with a BtSO coating with four pans of ThO; ana one part 
:,,UO- with :i B!SO coating. The 25 recycle elements have the same specifications as the IM 
elements. Th._ selection of a base jane is strictly arbitrary and is presented here as an example. The 
base-case data have been selected for 26 of the 29 processes and are indicated by asterisks in Tables 2 
and 3. 



Table 2. HTGR fuel cycle processing alternatives A - C 

gilt BIG 7i !!ii! 

I f P E OF FUEL ELEMENTS 
•REFERENCE ElEIEHT 

IN tlamt: WO, »I50 • !,sl»i TS1S3 IK element: TM)! BISO , 215, 'UCI TRISO 

9. 
10. 

II 
12, 

13 
U 
•IS. 
16. 

17. 
la. 
•19. 
20. 

21. 

22. 
21. 

24. 
25. 

28. 

V. 

IN ilMnt: 1M: TP150 < '"XJ Tf 130 IK clensnt: TH02 TP1S0 • :,1i;Ci TM50 IH cleemnt: ThOl BISO • "'dOi BISO |M elennt: ThOt BISO • !,5UC; BISO 23 recycle element: ThO, BISO • '"!», TRISO 23 recycle element: ThO, BISO . 
' I ' U T J TRI50 23 recycle elcaent: ThQ- TPISO . 
"JUOJ TRISO 23 recycle eleeent: ThO, TRISO * 

* " \ K 2 TRISO 23 recycle element: ThO, BISO • ">00, BISO 23 recycle element: TTiO, BISO * 
! »UCJ BISO 23 recycle element: ThO. 3IS0 * (Th » «>u)02 TR1SO 0:1 to 1:1 . 23 recycle elemnt: ThG, TRISO 1 (Th • »>U)02 TRISO 0:1 to 4:1 23 recycle element." BISO * (Ih * 2'JUJOj BISO 0:1 to 4:1 23 recycle elenent: ThO. 5IS0 • (Ih • ">U)Cj TRISO 0:! to 4:1 23 recycle elenent: ThO. TRISO * (Ih • ""11)0, TRISO 0:1 to 4:1 23 reevdt elecefit: ThOj BISO • (Ih * ̂"OjCi BISO 0:1 to 4:1 2) recycle element: ThO, BISO • "•>U02 TRISO 2S recycle elmnt: ThO, BISO * 1'IUCJ TRISO 25 recycle element: ThG2 TRISO • *"U02 TR/SO 25 recycle elereit: ThOj TRISO * 

»'UC, TRISO snt: ThO: BISO • 25 recycle elei *"U0i BISO 25 recycle element: ThO, BISO • ,,!uc, aiso 25 recycle element: ThO- BISO » (Th » 2»,0)02 TRISO 0:1 to 4:1 25 recycle element: ThO, TRISC • (Th • l«l/)0, TRISO 0:1 to 4:1 25 recycle element: ThO, BISO • (Th • BISO 0:1 to 4:1 

28. 25 rec.c'e elencnt. ThO- SISO ' (Th • ••'"1)C1 TPiSO 0-1 t l 4:1 29. 2S rccvclf elerent: ThO, TPISO • (Th « TBI50 O.I to 4 I 30 . 25 recycle eletrent. ThO B:S0 • (Th • ""UlC; 6150 O.i to 4:1 31. IH element- T'O. SISO (Th • '"'illft 'P!50 
0:1 to «:1 32. IM ele-icnt: ThO: TF1S0 [Th * :-5u}0, T=1S0 0-i to 41 33. Ife'esent. IhO-, 61SC (Tn * r'''l')0» BISO C.l xo I I 

34. IH elerent: ThO, 61S0 <Vh • I!'U)C: TRISO 0 1 :o 4:1 35. IM elfwnt: ThO, TRISO {IB UJf2 TSISO O'l to 4.1 36. IHelerw. IhO, BISO (Th • :,!U)C; 8IS0 
C:1 to 4 1 

B BURNER FBED PREPARATION •KFERtiitE PROCESS 
1. Priffflpy crushing 23 elenents 2. Prirary crushing 1H spent and 25 elements 3. Primary crushing IH spent reject elenents 4. Primary crushing 23 reject elements 5. Primary crtsh'ng 25 reject eferenCi 6. prlrarjr and secondary crushing 23 elements 7. Primary and secondary crushing IH spent and 25 elerents 8. Primary and secondary crushing IM reject elerants 9. Primary and secondary crushing 23 reject elements 10. Primary and secondary crushing 25 reject elements *11. Prlwry, secondary end tertiary crushing 23 alener.ts 

•12. Prfmary, secondary and tertiiry crushing IH spent and 25 elements *U. Prloary, secondary and tertU'y crushing IH reject elements *1«. Prlaary, secwûry ana tertiary crushing 23 reject elements "M5. Primary, secondary and tertiary crushing 25- reject elements 15. Stick removal, mechanical, 23 elenents 17. Stick removal, mechanical, IK spent and 25 elements 18. Stick reaoval, rochinfcal, IH reject elewr.ts 

ly. Stick rerwval, iscnamcal. 23 reject elenents 20. Stick removal, necnantcal. 25 »*ject elen«nts 21. *toeratar graphite separaHw 23 elerents 
22. Mooerato.' grap'p te ieparation I*1 scent «n<j ?5 elements 23. ̂derator gr.phite separation 

IH reject elt«n;nts 24. Moderator graphite separation 23 reject tUavnts 26. Moderator graphite secar̂tion 25 reject elencnts 26. Primary splitting, secondary crushing 23 elewnts <7. Primary splitting, secondary crushing IH spent and 2b elements 28. Primary splitting, secondary .-"ushtng IM rrject ele«ents 29. Primary splitting, secondary cr.shing reject elcaents X. PMnary solittlnq, secondary tmshing 25 reject elements 
BUfvrilNG •HtFERlNCt mcis; 

* 1. txothenri; followed by entodermc fluid-
iltd bed fiumfng, A1-0* as f-eaC trsnsfer tied la for exothermic burner, jl' graphite, recycle el«cents, 2. f*. followed by en. flufdlied tc<i burning, A120} AS neat trcrsfer media fc ex. bur-ner, all graphite, IH spent <r>c IS recycle elerents. 3. Ex. followed by en. fluidiletf ted burning, A),0> as fteat transfer media for tr., bur-ner,'all graphlt*. IH reject elenents. 

* 4. E», followed by en. fluidizeti b«o burning, AUÔas neat transfer red la 'ot e* burner, all graphite, 23 reject elennts 5. Ex, follo«*d by en. Muidized tei burning, AljOj as heat transfer fedia for ex. bur-ner, all graphite, 25 reject elenents. 6. fx. follower by en. flu+iltzea bed burning, all graph i*.%, 23 recycle el courts. * 7. Ex, fol'iwed by en. fluidlzed bed burning, all graphite. IH spent and 25 recycle elements. * 6. Ex. followed by en. fluidized bed burning, all graphite. IH reject elennts. 9. Ex. followed by en. ftuidized bed burning, all gr«nlte, 23 reject elennts. •10. Ex. followed by en. fluldfzed Md burning, all graphite, 25 reject elements. 

1!. follond by en. fluldlied bed burning, Al̂Oj as tieat transfer acdla for ex burner, fuel values only, 23 recyc'e elenents. 12. Ex. 'ollôed by eti. fluldlied bed burning, MjQ. »s Hil tmsfer redla for t* tjumer, fuel values only, IM spent *?»d ?5 recycle elsnents. 13. Ex. followed by en. flu.di;ed bed bumtnci, A1:0* as heat transfer avd'a for ex burner, fuel values only, IH reject elements. 14. Ex. followed by er.. Hulilied bed ftjmlng, â  fieat transfer wd'a fc ex bonier, f'iel vjlîs only, 23 reject elements 15. Ex. followed by en. fluidlied bea burning, as heat transfer media far ex burner, fuel values only, 25 reject elements. 16. £x. fallowed by en. fluldued bed burning, fuet values only, rec/de elements. 17. C*. fa11o»fd Cy en. fluidized bed burning, fuel values r*ly, IH spent trd 25 recycle elements. 16. £x. follcĥd by en. fluidi/ed ̂ed Duminy, fuel values only, IM reject elements, 19. Ex, followed b> en. fluldlzed bea burning, fuel values only, 23 reject elements. 20. EM. followed by en. Acidized bed burning, fuel values only, 25 reject e'enents. 21. Ex. bum all graphite, Al;G, as heat trans-far r»dia, 23 recycle events. 
22. Ex, burn all graphite, Ai \ as heat trans-fer media, IH spent and 2$ i-fcvcle elewnts 
23. E*. burn all graphite, MjC, as heat trans* fer wdia, IH reject elewts. •24. S*. burn all graphite, A17t, as heat trans-fer «d»a. 23 reject elerents. 25. Ex. bum all graphite, AljCj as heat trans-fer «dia, 2S reject eJerrnts. 26. Ex. burn all graphite. 23 recycle e1e«nts. 
27. Ex. burn all graphite, IK spert and 25 recycle eletcnts. 26. Ex. burn all graphite, IM reject elements. 29. Ex. burn all graphite. 21 reject elenents. 30. Ex. bum all graphite, 25 reject elements. 31. Ex. bum fuel values only, A|j03 as heat transfer media, 23 recycle elenents. 32. Ex. burr fuel values only, Al20j as wee transfer media, IH spent and 23 recycle elemnts. 33. Ex. bum fuel values only, AI?03IS heat transfer media, IH reject elements. 34. Ex. bum fuel values only, AljOj as heat transfer wtlW, 23 reject eleocnts. 35. Ex. bum fuel values only, A1a0$ as heat 

transfer cadi*, 25 reject elMffts. 36. Ex. foilôe by en. iti'ole block oumlng, all grapMte, 23 recycle eleivnts. 37. Ex. followed by en. •hole block burning, all gr.chtte, IK spent and 25 recycle 
elef̂ c-36. Ex. followed by en. whole block Cuming, all graphite, IH reject elemnts. 39. Ex. followed oy en, whole Mock burning, all graphite, 23 reject elements. 40. Ex. followed by en. trfiole block bunlng. all graphite, 25 reject decent*. 41. Ex. follcMd by en. chmk burning, fuel values only, 23 recycle eleacnts. 42. £x. foil Med by en. chunk burning, fial values on];, IN spent and 25 recycle elewnts; 43. Ex. followed by en. cht*»k burnlr.g. fuel values only, IH reject elemnts. 41. Ex. follow by en. chink burning, fuel values only, 23 reject ele«»ntt. 45. Ex. follower fy en. cnunk burning, fuel »ilues only, 25 rejret elewrits. 46. (x. follcwn b/ en. chunk burning, all graph.ie, 2i recycle eleimnts. 47. Lx. fcllawd by en. chunk turning, oU graphite, IM spent and 25 recycle elerents. 

48. Ex. f>tlv»ei 5/ en. chunk burning, t i l graphite, Tject eleoents. 49. Ex fsiiG*ec by en. chirk burning, ill grtphi?*, 2 j -eject elewnts. 50. Ex. followed by en. chunk burning, ®17 graphite, 2! reject elements. 51. En. burning of reject ThOj. 4 



Table 3. HTGR fuel cycle processing alternatives D - N 

out ns 74-1494 

ASH HANDLING 

•REFERENCE PROCESS 

1. Screen size separation, IN spent and 25 retype ash, 2. Screen size seoaration. IH reject ash. 3. Screen size separation, 25 reject ash. 4. Density separation by liquid «edia, IM spent and 25 recycle ash. 5. tensity separation by l»qufd«edie, IH reject ash. 6. Density separation by liquid media, 25 recycle reject ash. 7. teniliy separation fay gaseous media, IH *pent and 25 recycle ash. • 8 density separation by gaseous media. IM reject ash. 9. Density separation by gaseous media, 25 reject ash. MO. A1z0j recycle, 23 recycle ash. 11. MJOJ recycle, IH spent and 25 recycle asK 
12. r e c y c l e , ! « r e j e c t asfc. 13. A1203 recycle. 23 reject ash. W, A1,0} recycle, ?5 reject ash. 

CLASSIFIED ASH TREATMENT •REFERENCE PROCESS 
1. Crush TRISO fuel particles and en. bum, 23 recycle. 2. Crush TRISO fertile particles and en. bum IH reject. 3. Crush TRISO fertile particles rind'en. bum 23 reject. 4. Crysh TRISO fertile particles end en. burn IH spent and 2S reject. 5. Crush TRISO "PsO, reject particles and 

n̂. bum. ' Crush TRISO fissile particles and en. burn IM spent. ' Crush TRISO fissile particles and en. bum JH reject. ' 9. Crush TRISO fissile particles and en. bum 25 reject. 9. En. bum all fuel values (6IS0), 23 recycl 10. En. bum ill fuel values (BISO), IN spent and 25 recycle. 

11. En. bum aH fuel values {fi;»i>', IH raj 12. En. torn all fuel values '.b'.fO, 23 rej I 13. En. BUM all fuel values 'EI'JOJ, 25 r*i v'. 14. TOJSO fissile particles tt storage, IM spent and 25 recycie. 15. Crush TRISP fuel particles an? en. cufn fuel frcr 23 recycle ard fe-ti'e materii* from 25 recycle and IM seen:. 16. Crush fissile parties, If ard 25 recy. : mixed material and en. burr. •17. Er.. bum ThC2 8150 particles. 
SX FEED PREMFIATIR.N 

•REFEREHCE PMTTSS 

• 1. Leichlng, 23 recycle. • 2. Leaching, fissile material frc,-» IH spen* • 3. leaching, fertile naterial fT** 1H spent f 25 recycle, with BT fissilr present. 4. Lfaching, fertile material from IH spent & 2i recyrle. • 5. leichtng, fertile materia1, frsov 1H rtjet--. • 6 Leaching. 23 reject. • 7. LsicMng, fertile material 25 reject. • 8. Leaching, Tfc02 reject. • Snlids reroval bv certrifuge, 7.3 recyclt •10. Solids removal by centrifuge, IH spent 11. Solids removal by centrifuge from fert'l* stream, IH spent and 25 recycle with BT fissile present. 12. Solids reroval by centrifuge from fertilr stream, IM spent and 25 recycle. 
•13. Solids removal by centrifuge, fertile material IH reject. •14. Solids removal by centrifuge. 23 reject. •15. Solids removal by centrifuge, fertile material 25 reject. 16. Solids removal by centrifuge, ThO? reject. 17. Solids removal by filtratfcn, 23 recycle. IB. Solids removal by filtration, IH spent & 25 recycle. 19. Solids removal ry filtration from fertl'e stream, IH spent and 2S recycle with BT fissile present. 
20. Solids renew) by filtration fertile strtaa IH spent and 25 recycle. 21. Solids removal by filtration, fertile material IH reject. 22. Solids reroval by filtration, fertile material 23 reject.. 

23. Solids reiaoval Dv filt-;»*ci«, fertil" material 25 reject 24. Solids reroval by fiit-ĵon, ThO; reject. •26. SoIt«s washing, 23 ret/c'a. •26. Solids washtng, in tpcrc •27. Solids hashing fnyn fênle stream, ;m spent and 2S recycle BT fissile oresen 28. Solids washing from it-:.'.£ material. IH spent t 25 recycle. •29. Solids washing, fertr- -̂terlal IM »«ject. •30. Solids wishing, 23 re.\c* •31. Solids washing, fertiI. -aterlal 25 reject. 32. Solids washing. ThO; nr̂rct. •11. Sols to drying, 23 ret- » •14. Solids dry»ng, JH s&er; '-<3 25 recyoe. •35. Solids drying, IH re{t" •36. Solids drying, 23 re>-: •37. Solids dryi-g, 25 reje. t 38. Solids dryirtj, Th02 re.'fc.t. 

•45. Solids disposal, 23 rtv/Mc. •46. Solids disposal, IH spent and 25 recycle. •47. Solids disposal,.IH rcjeit. •48. Solids disposal, 23 rejret. •49. Solids disposal. 25 reject. 50. Solids disposal, ThO, reject. 
52. Leeching 23 recycle and fertile material from 25 recycle. 53. Solids removal by centHfuqe, 23 recycle & fertile rateria! from recycle. 54. Solids washing, 23 reocie fertile material from 25 recycle. 
56. Leach fissile wterial fro* IH spent and 25 recycle with died hie*.. 

57. Solids removal by cwrtMfuge frori IH spent and 25 recycle wit* ""Aed fuel. 58 Solids washing. scent wd 25 recycle with ni»ed fuel. 59. Adjustment of n<tr't* iftliitid IM spent an 25 recycle. 60. Solids removal by fi'tration, IH spent and 25 recycle. •61. Leach fissile <iat*r<il IH reject. •62. Sol Ids removal by centrifuge fissile material If reject. •63. Solids washing fisslis material IH reject. 
•65 Leaching fissile r̂rtai 25 reject. Solids rercval t/ in- fuje f1s*i1e material V> reject •67. Sal tds washir.g f(i."e material 25 reitct. 
69. Solids removal by titration fiss-'e material 1H reject 70. Solids removal b> f'.tration fissile material 25 reject 

EXTRACTION 

•REFERJSU PROCESS 

t. Purification nf solution to DFj factor, 25 recycl* V" icont). 2. Purlflcatiun ct solution to 3I2 factor, 25 recycle (tM se>m). • 3. Purification of *3)U solution to Ofj factor, ZZ recycle. 4. Purification of 2S,U solution to 0f? (actor, 23 recycle. 

H PwnmoMNG •REFERfuri PROCESS 
' 1. Recovery of ihoriir;, 23 recycle. 2.%Recovery of tnorluc, 25 recycle 3. Recovery'of thuriir, IH reject. 
' 4. Recovery of thbriixi, 23 reject. 5. Recovery of .thoriun, 25 reject. 6. tewvery of ThÛ  re**ct. 

I STRIPPING 

* * •REFERENCE PROCESS 

' 1 Concentration end rero<al of 23 recycle. ' 2. CorEentratlon and rewval of 23 reject. • J. Concentration and removal ?f 25 recycle <J« sopot). ' i. Concentration and renoval of tH reject. 1 5 Concentration and renval jf 25 reject. 

K M I C R O S P H E R E P R E P A R A T I O N 

"REFERENCE WCCES! 
. d e n l t r a t l o n p rocess 1 1-Uj for Itt. 35 and 25 racycla. 
" denltratlon * CUSP jraceis 

. f r » . l l U ) 0 , 1:1 J3 r.cy.U 
t. ifti?»t0Oj 1:1* 25 recite 
t i-i in 
i C*j:p process 

• , -J I lX l j IM t. tJSui, In 4 23 recycle 
0. ,5lUCj 2J recyle ' t. :}5U0j 25 recycle 
f : j 4 U C ; 25 r e c y c l e 

4. SNAH process a. IM b. JSJUC, IH c. 3J,U0f 2] recycle d. ?»UC2 23 recycle e. '»$UO. 25 lecvele 
f t^UCj 25 recycle 
9 . <Th7 } ,U)Oz A.I 23 recycle h. (rh55Sl')0? A: 1 2$ recycle ». (Thn4U)0, A I IH 1. (Th?)*U)0r 1:1 2) recycle k. (Th"sU)07 1:1 2S recycle \. 1:1 IH 



Table 3 (continued) 

5. S0L£x crociss • «. (n>'»U)0, 4:1 23 recycle 6. (TI>'"U)0j l | J5 ,.e,cl. C. (1hZ>!u)0j ID d. (Th1 "l)H>2 2i1 11 recycle fTM,su)0? 2:1 25 recycle I. nh'"UI02 2:1 Ih 
6. fesm process M. UluOj IK '»UC2 l« c. :1?U0a 2J recycle d- 11!UC2 I) recycle • • l«U0j 25 recycle I. !»UCj 2S recycle 
* ^ prtMration • 8. Th(«o,),, orepirjtlon 

L MICROSPHERE COATING 
•REFERENCE PROCESS 

a ISO coittrg 
». Ih f t r t l l i o i r t k l t 1 * (I) 500 in 600 i0i b- 2) recycle particle <!' 700 <Z) 400 i* (ratIn) (3) 600 urn (resin) C. 25 rtcyctt p*rtltU ' 

<t) 200 u" (2) 400 p> (resin)' (3) 600 Crwtnl 4. 2) recycle particle (I) 250 um e. 23 raeycl* particle U> 300 in 
f . recycle pan ic ! * * <l) 400 u«> 
9. 25 recycle particle il) 250 M I t>. 2S recycle particle (I) 300 m 

(Th»'0) 
(Th*»U) 

(Th*MU) 

li> 
2:1 

I; I 
2:1 

f. 2$ recycle particle (J> 400 u» j. in flttlta particle : 
(I) 2C0 b» (?) 400 <retlr«> 
(M 600 vr Inssin) 

2. TPISO coaUng «. IH f«rtlla partic'a 1 U> 500 v* 
121 600 b. 23 recycle particle (I) ZOO UP (21 400 w Cretin) t» 500 n« »i#btr> e. 25 recycle oertlcle 3 ' U> 200 WJ 400 w .resin) (5) 600 u* (resin) t. 23 reo" 'e particle CM 260 u-e. 2J recycle panlcU (I) 300 i»b f. 23 reotle particle 

(7TI23JU) 4.25-1 
2S5U 

2 5Jy 

h. 25 recycle particle ( 11 300 ). 25 recycle pertlctc (I) 400 h> j. IN flst'le 9*<-tic!« in ?00 I* r> 400 i.r ( ') 600 u« 

(th'̂U) 1:1 
(Th=»Ul 2:1 

(Tha»0) >1.25:1 
(Th25SU> I.I 
(Th?"U) 2:1 

FUEL STICK FABRICAUQH 'REFERENCE PROCESS 
Intrusion theraosettlng a. Out-of block c«rbgnlz«Uo) (H IM stick 

(?* 21 stick (3) 25 stick b. In-blocV carbonisation (1) IH stick (2) ?3 stick (3? « stick 

Actalx tftermoplwtfc a. 0-j-of-block canonization (I« it* stlc* '?} 2S sMck (3) T> stfrh 
t. In-block carbor̂ xaclon (l> IM stl'h 
('/> 2? -.trek fJ) 2b stick 

3. Slug Injection thermosetting 
i. Out-of-block cirbwilinlon 
(»> l« sttch 23 *»tlck ĈJ 25 5*fck I. In-blotk carbonization (1) IM 
(7i sttcK (3) 25 Olek 

4. Slug injection tii«rnrpl<stfc a. Out-of-blcitfk carbonixation 
• (<> sMck • 25 • (i) 25 Vtlck b. In-block carboin?Jrlon 

(!) |W st l rk 7'. stl<k 
n> stl.i. 

5. Slurry blending therwosetting 
a. Out-of-block carbooi'atton !I I Stick 
»!J stick t. in-block cartonliatlon 
«D 21 st'ck <3! '.tick 

6. Slurry blending the mop] 4$ t i c a. Out-of-block carbgnttatiOft 'I) IM itlck 2} sr/cfc 25 stick b. In-block carbonliatlon 
( ! ) IM stick 
(2) 23 st ick <3) 25 stick 

7 Extrusion thermosetting a. Out-af-block cifQon'.i«tlon (1) IM it let-(2) ii itlck <3) 25 b. •Hock carbonlratic (1) IM %tlck C?J 23 vMt> tJI 25 it let 
fl. £*tr«*ior» thennopUstlc 
a. Out-of-block carbonization (U |M stick (2) 23 stlcv <3) 25 stick b. In'Mock carbonlutlon (1) IW stick (2) 23 stk* (il 25 stick 

9. Hot intrusion a. uut*oF*block carbonization (I) IM stlct 12) 23 stick (3) 25 vtic« b. In-block carbonitatlon ll> I" stick C2) ?3 stick 75 -.tick 

N FUEL ELEUENT ASSEMBLY 
•REFERENCf PROCESS 

!. Out of block carbonization * a. I" eicntni " b. ZJ *t«iwr.t * c. 25 element 
2. In block carbonization a. IM stUneni b. 23 *le(*nt c. 25 «l««nat 
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MATERIAL BALANCE PROGRAM, BAL 

The material 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(l) is known since W(l) = X(l). 
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(l), and 32 fractions, ratios, or flow splits from X(2) to X(33). These 
input quantities 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 assumption!.: 
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. 
3. There are no losses in the system. 
4. There is no distinction made between fertile and fissile heavy metal. 

The program involves the sqlution 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, 15 
NP = a decision parameter or whether punched output will be produced, 15. 

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(l) 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(l) through X(33), the 
throughput to each of the process blocks R(l) through R(29), and the product from each of the 
blocks Q(l) through Q(29). 

The program produces a punched card output as an option by inputting a 1 for NP. If a 0 or a 
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 caw < umber and the mass flow rates calculated for W(I), 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 5(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 produced for each case 
that is run. 



Table 4. Input variables for material balance program, BAL 

HMFR = heavy-metal How rate = X(l) 

Variable Hem Units 
Quantity 

Case 1 Case 2 Case 3 

X ( l ) Total heavy-metal product from 

recycle plant 

X(2) 23 rccycic fuel from recycle 

plant 

X(3) 25 recycSc fuel from recycle 
plant 

X(4) I M fuel from recycle plant 

X(5) I M fuel front reject 

X(6j I M nick fab rejeel 

X<7) Ratio of I II to total U in t>pe I M 
fuel stick 

N(S) I M particle coating rejeel 

X'(V) I M micrusplicre preparation 

reject 

Xl 10) I >pc 25 recycle fuel element 
reject 

Xt 11) I ypc 25 recycle stick fab rejeel 

X( I2 ) Ratio «il I h ui total U in «>pc 

25 tecyclc fuel slick 

X(t J) 1 >'t>e 25 rcejek particle coating 
reject 

Kilograms per day 

H M F R to 23 recycle fuel 

Total H M F R 

H M F R to 25 recycle fuel 
Total H M F R 

H M F R to I M fuel 

Total H M F R " 

H M F R to I M fuel element reject 

H M F R to I M fuel elements 

H M F R to I M stick fab reject 
H M F R to 1M stick fab 

Thorium in I M stick fab process 

Uranium in I M stick fab process 

I IMr 'R in reject from I M particic coaling process 
H M F R to I M particic coating process 

1IMFR in reject from I M microsphere preparation process 

H M F R to I M microsphere preparation process 

H M F R in reject from type 25 fuel element assembly 
HMI-'R to type 25 fuel element assembly 

H M F R ^ject from type 25 fuel stick fab process 
I I M I R to type 25 fuel stick fab process 

Thorium type 25 fuel slick 

Uranium in type 25 fuel slick 

J I M 1-R in reject from type 25 recycle particle coating process 

I I M F R to type 25 recycle particle coating process 

500.0 1500.0 3000.0 

0.3700 0.3700 0.3700 

0.0450 0.0450 0.0450 

0.5850 0.5850 0.5850 

0.0100 0.0100 0.0100 

0.0500 0.0500 0.0500 

13.100 13.100 13.100 

0.0500 0.0500 0.0500 

0.1000 0.1000 0.1000 

0.0100 0.0100 0.0101) 

0.0500 0.0500 0.0500 

3.50 3.50 3.50 

0.0500 0.0500 0.0500 



Table 3 (continued) 

\ J l u t t : Uc-.s Quantity 
Ciisc I Casi 2 Case 3 

t t;c\<k :t .i.tij'K-ic 
pfcjMUlMn im*! 

Sli^i 1 tuSiiSlSl !.< \tf«J (Ivifcv 
trpt'vr'izng l\t i:u! 25 't\ tv:r 
Hfip f»«Hr paftu fti 
tM «cf>ik !«fl 

Mt&s th, vjjuui.-t! 
W ftfJil-Cfw! IrptiVcMHijf IM 
Atui rcriirlc os'fi-svtl .n 
U»itmo of lotai ttxl.-l 
itnm pbtit 

Xit") thK-̂ti! (jtiK! I>r< rrv.ilc 
Jt«tl-c«4 Ifprix: 

Xiis>! '>IrcWif clrmeu: 
>Cf«< 

j>}v tmyik vf .»• uh 

\l2flj Rjilii ill th 1.1 In!,\i t.' in lyfc 
<«>vk Iwd itul 

.\iJli 1){V 1.' levyrtc p,'Hitk 
kiaitn̂  itjrct 

.\t22l I ypf tc<)<k mictiiijt!n-(c 
j>lCf»4UIH'n ICK̂'t 

XtĴJ ttslw i>J t ft la t; feed tync 23 
(«>c!c mkw»ptt;rc 
ptcpaMiion 

St'-t) thormm lo»«pc J.' 
recycle thoicx 

I!Ml I reject (rum type 25 rci . . nmn'-plicre preparation p/occ-

h K to type 25 recycle v>. nsphcie preparation process 

H M I K i '.r:nnun; in lecti lo Acid ; ,irc\ processing ( I M and 25jrcc: > 11;) 

J \!!-f< :n Ar.'tf (hoicx re; r .•cssinjj < I M and 25 recycle) 

- plus, thorium separated . rad-civ-l reprocessing process 

lola . M H < 

HMI-R in 2' .cycle s'reain 
HMI-K in 25 rec ie plus i M .sire.ims 

II !• K in TCICLI lr<<m lypt . •vu:lc LUCL clement assembly 
t lM l -K in type 23 ret;. . iucl element assembly 

. I M l K injreject Irom typ ".« rccycle slick lab process 
I t M I ' U to type 21 i.\scle Mick fab process 

I liorium in type 21 recycle fuel slick 

Uranium in type 2» reeyele luel slick 

I I V I It in tejccl frnni lypc 2 ' i .'cycle parliclc coatmji proccss 
I I M I K (torn type 2J rei.-lc pa Hide coating process 

I i M l H u> icjecl (niHi type 2.' iciscle inicri'.pliere prcp.ualion pnicess 

11 M I It fnim lypc 2.' recycle microsphere preparation pmcess 

I lii'mim in fccJ to 23 i ee\ clc pro para I ion process 
rmniuin in feed to 2.1 uvyclc preparation process 

thorium How tale lo Atid Tlioi.-.' reprocessiny ( I M and 25 reeycle) 

IIMI-'K lo Acid Thnrc.\ rcprwessing (2.1 recycle) 

0.1000 OIOOD 0.1000 

0.0(100 O.OOOl) 0.0000 

0.54W (1.546? 0.5463 

0.2238 0.223K 

0,0100 (MM 0,1 0.0100 

(1.(1500 0 OjOO 0.0500 

8.WOO !< 8(K)(> 8.8000 

0.0500 0.0500 0.0500 

O.IOOO 0.1000 0.1000 

4.2500 4.2500 4.2500 

0.9561 0.9561 0.9561 



Table 3 (continued) 

Variable Item Units Quantity Variable Item Units 
Case 1 Case 2 Case 3 

X(25)» Vhunuin particle coating 

reject 

H M F R to reject from I M particle coating process 
H M F R from I M particle coating proccss 

0.0 0.0 0.0 

X(26) Thorium microsphere 

preparation reject 

H M F R to reject from I M microsphcte preparation proccss 

HM/ -P from I M microsphere preparation process 

0 . 1 0 0 0 0.1000 0 . 1 0 0 0 

X(27i Ratio of Th to IJ feed to 
type 25 recycle microsphere 
preparation 

Thorium in feed to 25 microsphere preparation process 
Uranium in feed to 25 microsphere preparation process 

0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 

X{28) Ratio of T'li to V feed to 

type 1M microsphere 

preparation 

Thorium in feed to I M microsphere preparation process 
Uranium in feed to I M microsphere preparation process 

0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 

X(29) Uranium to storage from 

type 23 recycle Acid 

Thorex process 

H M F R to storage from type 23 recycle Acid Thorex process 

H M F R lo type 23 recycle Acid Thorex process 

0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 

X(30l Uranium to storage from 
type 25 recycle Acid 
Thorex process 

H M F R lo storage from type 25 recycle Acid Thorcx procew 
H M F R to type 25 recycle Acid Thorex process 

0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 

X(31) Heavy metal to storage 
from type 25 and 1M spent 
recycle head-end process 

H M F R to storage from I M spent-fuel head-end process 

H M F R to I M spent-fuel head-end proccss 

0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 

X(32) Heavy melal to storage 
from reactor 

H M F R to storage from reactor 
H M F R to plant 

0.0000 0 . 0 0 0 0 0 . 0 0 0 0 

X(33j* Ratio of feed to ThO: 

microsphere coating to 

feed to reject coating 

removal 

H M F R to I M microsphere coating process 

H M F R to rejcct coaling removal process 

0.0500 0.0500 0.0500 

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

51,32 

X ( 1 ) - X ( 3 3 ) , 

49 
*G> 

16,47,67 

45 
-KD-

62 ,43 

41 

33 

29 + © -
17,27,34 

25 

61,23 

21 

12 

9 .11 ,35 

5.60 

14,15,30,50 

13,68,69,70 

66 
19,64 

63.65 

18 

42 .44 ,46 .48 

22 ,24 ,26 ,28 

4 , 6 , 8 , 1 0 

39 

36,37,38 

31 

OUTPUT STREAM: 

(49 ) 

>(2> 3 6 , ( 4 7 ) . 5 0 

(45>.48 
( 43 ) . 46 

( 4 1 ) . 4 4 

( 4 0 ) , 4 2 

( 2 9 ) , 3 2 , 3 8 , 3 1 

( 2 7 ) , 3 0 , 3 7 

( 2 5 ) , 2 8 

X ® - ( 2 3 ) , 2 6 

( 2 1 ) , 2 4 

x ® - (20),22 

( 9 ) 

( 7 ) . 1 0 

( 5 ) , 8 

-K16 ( 3 ) . 6 

(2).4 

X ® 
(68) 

( 3 4 ) , ( 3 5 ) , ( 6 6 ) , ( 6 7 ) 

X § > 
( 6 4 ) . 6 5 

18, (60), (61), (62).^ 
( 69 ) 

1121 
-K24 ( 1 4 ) , ( 1 6 ) 

( 1 5 ) , ( 1 7 ) 

( 1 1 ) , ( 1 3 ) 

(39 ) 

( 3 6 ) , ( 3 7 ) , ( 3 8 ) 

( 31 ) 

ORNL DIG 74- 14S. 

> W T ( 1 ) - W T ( 2 9 ) 
>W(1)-»(71) 
- £ - W P ( 1 ) - W P ( 2 9 ) 

FIGURES IN ( ) INDICATE PRODUCT STREAMS 

Figure 2. Input, output, and product stream* for the process blocks in the HTGR fuel reprocessing plant 



1 5 6 LO-'-L 1 5 1 6 2 0 2 1 2 5 2 6 3 0 1 3 1 3 5 3 6 4 C 4 1 4 5 4 6 5 C 51 55 5 6 6 0 61 65 66 T O 7 1 73 a o 

KC HP i 
I 1 1 1 J 

i 
I C I I I I . I I I . J I • I L L I I T I . 215 > I T I I I - I I - 1 . . J W D J ^ . 

CARD 2 i , 
CARD 3 
CARDA , . 
CARD 5 , 

ID 
i 
I 1 1 1 J 

i 
I C I I I I . I I I . J I • I L L I I T I 

1 5 
I T I I I - I I - 1 . . J W D J ^ . 

CARD 2 i , 
CARD 3 
CARDA , . 
CARD 5 , 

x(t); ! i x(2) i X(3) j m X(5 . M v 1 . 

. J W D J ^ . 
CARD 2 i , 
CARD 3 
CARDA , . 
CARD 5 , 

X(71 ! i A<8\ t t xfo X(10) XD'n . . . j . 

. J W D J ^ . 
CARD 2 i , 
CARD 3 
CARDA , . 
CARD 5 , X{13) i x(\v ! 1 XC15) x(l6) X(17) . . . XI(I8) 1 

. J W D J ^ . 
CARD 2 i , 
CARD 3 
CARDA , . 
CARD 5 , 

xC193 ! ! X(20) i 1 X(2I) | ! X (22} 1 X(23) . . , . fak) , . ) CARD 6 
CARD 7 
CARD 8 

CARD 9 

X(25) » 1 X(26) ! i X(27) ! |X(28) | X(29) . X(30) . , 
CARD 6 
CARD 7 
CARD 8 

CARD 9 

*(3D j X(32) | 1 X(33) | 1 , . . . • ,, 1 1 ) I 

1 : I I 

1 I . < 

• I T ! 

. . { I 

< > I I 1 

CARD 6 
CARD 7 
CARD 8 

CARD 9 
. i ! ! . ! END CASE ONt , , 1 1 1 1 ' I I 

1 1 ) I 

1 : I I 

1 I . < 

• I T ! 

. . { I 

< > I I 1 

CARD 6 
CARD 7 
CARD 8 

CARD 9 10 
.. .. . . . . . . f ( • 1 1 1 1 ' I I 

1 1 ) I 

1 : I I 

1 I . < 

• I T ! 

. . { I 

< > I I 1 

CARD 6 
CARD 7 
CARD 8 

CARD 9 
X{!) x(2) : i x(3) !X(4) 1 1 . X<5| X (6) , CARD 10 .... 

.CARD , 11 , . 
CARD 12 , 
CARD 13 
CARD 14 

X(7) ! X(8) ! X (9) !x(io) j 1 x(ll) . , . X V12) . 
CARD 10 .... 
.CARD , 11 , . 
CARD 12 , 
CARD 13 
CARD 14 

X(13) ! : x(j<o 1 ! X(15) •X(16) 1 I x(!7) . X (18) . 

CARD 10 .... 
.CARD , 11 , . 
CARD 12 , 
CARD 13 
CARD 14 

X(19) X(20) | ' x(2l) 1 |X(22) i X(23) X'(2l») 

CARD 10 .... 
.CARD , 11 , . 
CARD 12 , 
CARD 13 
CARD 14 X(25) i X(26) ; X(27) |X(28) 1 X(29). . , X'(30) | 

CARD 10 .... 
.CARD , 11 , . 
CARD 12 , 
CARD 13 
CARD 14 

X(30 ! ' X(32) ! X(33) 1 1 * 

WO 
1 1 1 1 

. I T . 

I I . T I L L 

J I I L 

1 1 4 T 

1 1 1 1 

I . . . 

I I . I 

I 

1 

CAR0.15 
1 T . U - I _ ...... ! .... I .... 1 .... I ,;,.!. END I CASE ,1 

1 * 

WO 
1 1 1 1 

. I T . 

I I . T I L L 

J I I L 

1 1 4 T 

1 1 1 1 

I . . . 

I I . I 

I 

1 

CAR0.15 
1 T . U - I _ 

Figure 3. Input format for BAL program 
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CAPITAL EQUIPMENT COST PROGRAM, CEP 

CEP is a computer program version of the capital cost estimating procedure for commercial 
fuel recycle 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 diiferent types of processes and processing 
support sprees. 

Cost estimating factors arc 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 owp.ei 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 PLCtS 1. The complete program consists of the 
data block PLCEST, the main program MAIN, and eight subroutines: INPUT, PRODAT, 
OUTPUT, SHIFTS, 1N1TS, FDBK, FUNC, and GRAP, as listed in Appendix B-2. 

The VIA IN program is used for processing, and it calls the subroutines. The INPUT subroutine 
reads the input data and transfers the information to PRODAT. 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 
ORGRAPH This subroutine yvodeces semilogarithmic plots on demand for any or all of the 
processes being investigated. 1 his subroutine will plot from two to five points whose coordinates are 
obtained from the input data. Subroutines SHIFT, IN1TS. and FDBK are character and string 
manipulation subroutines. Library subroutines PUTIN, REPLAC, SQUEEZE. LENGTH, and 
BCDTOl are also called on for character manipulation. These subroutines are listed in Appendix 
B-4. These routines must be included in the programs that arerunatinstallationsotherthanORNL. 

The computations arc done in the PRODAT subroutine, which is the computer version of the 
>;;)lfiil;itiofi? it: lob1.' 9 

Case data input is prepared for the CEP program by filling in the data sheets shown in Fig. 4. 
The >hevt->. for the most part, arc .self-explanatory. Character manipulation subroutines used in the 

program alio* data output in the same lot m chosen in the input. Except for the first four cards, the data 
can be entered for up to five plant si/es in a 5F10.2 format in columns 1-50. Data for various plant aizes 
may be placed in any order as long as the format isadhered to. An example of this feature is illustrated in 
the ease where the data for three plant sizes is desired to be input into the program; the data may be 
entered in columns !-!() for the first plant. 21-30 for the second plant.and 41-50 forthe third plant size. 
The output would have a simtlz. :oacing. The data could have been entered in columns 1-30 con-
secutively, but very little spacing would be offered in the output. Once the choice of the arrangement is 
made in card 5. it must be adhered to for the rest of the input data. The process title is entered in card I 
using a 20A4 format. In order for the title to be printed on the graphs, the title must be followed by a 
dollar sign (S). Any identifying number may appear after the dollar sign without being printed on the 
graph. 

Case names such as CASE-!, CASE-2. and CASE-3. arc 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, IOX, 312) format. 

Card 4 lists the plant capacity for each case in terms of mstric 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 it' 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 number (1-10,000). NC is the numbei of process blocks being run (1-29). 
J P is a trigger for each of the NC cases being processed. If JP = 1, the case will be printed; if J P = 0 
or is left blank, the printed output will be deleted. In like m a n n e r . JG is a plotting trigger for each of 
the NC cases being processed. If JG = 1, the case will be plotted, 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 lorm. 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 ot the 
process. The second card contains the number of cases or points 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 i ost in thousands of dollars using the same format as the preceding card. 

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

Type of space 

Equipment 
slacking 
factor, 

ESF 

Space 
utilization 

factor, 
S U F 

1. Heavily shielded hot ce l l - remote maintenance 0.7 4.0 
2. Heavily shielded hot cell—contact maiiitenar.ee 0.6 2.33 
3. Medium shielded hot cell—remote maintenance 0.7 4.0 
4. Medium shielded hot cell—contact maintenance 0.6 2.33 
5. Lightly shielded hot cell—remote maintenance 0.7 4.0 
6. Lightly shielded hot ceil—contact maintenance 0.6 2.33 
7. Unshielded hot cell (alpha cell)—contact maintenance 0.6 2.5 
X. Glove boxes and hoods—direct maintenance 0.8 2.2 
9. Shielded hot cell (analytical cell) - rcayuo maintenance 0.8 3.6 

10. Shielded hot cell (liquid waste stoiage)—contact maintenance 1.0 2.5 
11. Shielded hot cell (solid waste storage)—contact maintenance 1.0 5.3 
12. Indirect processing support area—direct maintenance 0.0 5.6 

Controlled atmosphere building areas 

13. Chemical makeup and process support system space 0.6 2.7 
14. Cell operating space 0.0 0.0 
15. Crane bay space 0.0 3.5 

Table 6. Summary of cost estimating factors 

Unit cost Unit cost 
... r per cubic foot, persquarefoot. 
l y P c of space U C 0 - UCSK 

(dollars) (dollars) 

1 Ik-.iviS >liiciJid lint n i l leiiotc :'i.iinten.utcc 42.00 1258.00 
i Hc.tv.ily shielded hot cell contact maintenance 18.00 730.00 
3. Medium shielded hot cell- remote maintenance 39.00 1174.00 
4. MciMun shielded lint cell omuict maintenance 16 00 622.00 
5 . :gii;l> shielded l..>t t.ell remote maintenance 34.00 1028 00 
r>. Lightly shielded hot eeli contact maintenance 13.00 538.00 
7. Unshielded hot cell (alpha cell) contact maintenance 9.00 180 00 
S. Glove boxes and hoods direct maintenance 146.01) 500.00 
9. Shieliled hot cell (analytical cell) reciiote maintenance 78.00 934.00 

10. Shielded hot cell tliquid waste storage) contact maintenance 2.30 114.00 
I I . Shielded hot cell (solid vvusle storage) contact mumtcnancc 2.30 114.00 
12. 1 nilucci pioccss.ng suppoit space UIICCI maintenance 7.00 100.00 

Controlled atmosphere building space 

13. C'hcmical makeup and process support sv»tetn space 7.00 100.00 
14. Cell operating space 7.00 100.00 
15. Cr.inc bay space 2.30 100.00 
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Table 7. Summary of indirect construction 
estimating factors 

Cost element 
Unit cosi 

factor, UCF" 
F O R T R A N name 

1. General and administrative 0.10 G A U C F 
2. Engineering 0.30 E N G U C F 
3. Miscellaneous construction 0.05 P S C U C F 
4. Contingency 0.20 CN' I ICF 
S. Spare parts 0 007 s r u c F 
6. Nomnslulled spare equipment 0.03 S E Q U C F 
7. Quality assurance 0.06 Q L A U C F 
8. Outside utilities 0.10 O U U C F 

"Fraction ol direct construction costs. 

Table 8. Summary of owner's cost estimating 
f.i.iurs, O: :EF 

Cost element 
Unit cost 

factor, UCF" F O R T R A N name 

1. Land 0.01 
2. Projcct management C.02 
3. Licensing 0.04 
4. Taxes, insurance, and interest 0.20 
5. Preoperational testing and 0 20 

startup 
6. Site improvement costs (1 /2% of 0.005 

direct construction costs for 
equipment and space) 

O L N ' J C F 
P J M U C F 
O L C U C F 
T H U C F 
P O T U C F 

S I C U C F 

'Fraction of direct construction costs. 
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Table 9. Cost •• .timate preparation procedure for H T G R fuel reprocessing plant 

Direct construction cost 

Processing equipment cost 

0 Estimated equipment cost (S) 

Actual in-cell equipment spacc requited <ft ) 

© ! L!i 
© i\ro 
( I ) Type UU 

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

Processing space cost (hot cells) (S) 

® 
© 
® 
© 
® 
@ 
© 
© 
© 
© 
© 
© 
C | ? ) © 

© 
© 
© 
© 
© 
© 
ft) 

Cijitss m-cell space lequircd 
Type ( I ) Standard tell width (It) 

Standard cell height (ft) 

S U F (from Table 5) 

Gross cell \olume (f t ' ) 

I.incur feet of cell (ft) 

Type (2)^ Standard cell width (ft) 

StunJ >.-i II height ;tt) 

S U F (from Table 5) 

Gross cell \plunie I f t ' ) 

Linear feet of cell (ft) 

Type (3) Standard cell width ( I I I 

Standard cell height (U) 

SUF (from Table 5) 
G I O S N cell \olume (It ' ) 

Linear feet of cell (It) 

In-cell space unit cost (S / l t ' l 

1 ype U ) I I C C F (from Table 6) 

I ype (2) I I C C F (from Table <>) 

I ype U C C F (from Table f>) 

Ill-cell space total cost (S) 

lypê U 
Type (2)_ 

lypejl̂  
Total 

Record 

Record 

Record 

Record 

Record 

Record 

Record 

Record 

Record 

Record 
Record 

© M © * © } 
Record 

Record 

Record 

© M © * © ) 

Record 

Rccord 

Record 

© X © © * @ 

©+©+©-
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Table 9 (continued) 

liro.ss out-ol-ecll space required (It1) 
Makeup and process sen ice space 

(2H) Stnndaid area width (ll) 

{2VJ St.ir.daid ate.i height (It) 

(?») Si l l - ( t roni table M 

@ ('.loss volume (It ') 

Cell operating spate (tt ') 
(S?) 1 >pc ( I ) Man da id area width (It) 

(57) Standard area height (It) 

@ 
Number ol ceil sides \w(h updating area 

( 3 5 ) C I I O . V volume lit'" 

(m>J l \pc 12) Standard ;uca width ( In 

(ST) Standard area height (It) 

( w ) Number ol cell sides with operating area 

(3?) Ciui.svolume (It1) 

(40) 1 \pc (.1) Standard area width (!t 

(4?) Standard area height (ID 

^ J ) Number ol cell sides with operating area 

(43) (iioss volume (!"t') 

Crime ba> space 

(44) I \pe jJ2 Cell area ( I f ) 

(45) S I ' t - ( I rom lable 5) 

(4h) Standaid bay height (It) 

(47) ( i ross volume (It ') 

(4s) type (2) Cell area (It') 

(49) Sl'l• (from Tabic s) 

(5(1) Standard bay height (ft) 

(5T) Ciross volume (ft') 

(5?) T>pe O j Cell area ( f r ) 

(53) SUF (front Table 5) 

(54) Standard bay height (ft) 

(5?) Gross volume (ft') 

Out-of-cell space unit cost (S/ft5) 
( 5 ^ Makeup and process service space 

Cell operating space (from Table 6) 

Record 

Record 

Kecord 

Kecord 

Rccord 

I'coord 

Kecoul 

Rccord 

Record 

Recoid 

Kccoid 

Kecord 

0 " © 
Record 

Record 

Record 

Record 

(48) x (49) x (so) 

( g ) X © 
Rccord 

Record 

( g ) x @ x @ 

Rccord 
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Tabic 9 (continued) 

© 1 > pe (11 Record 

® 'lype (21 Record 

© l \ p e (At Kecord 

C'uiie hay space (from fable (>) 

© I jpc (1) Record 

© lype (1) Kecord 

© lype (.M Kecord 

Om-ot-eell space total cost (Si 

©X© © Makeup and process service space ©X© 
i .'II .ipei.Hnig space 

© I'ype (11 

© lype|2> 

© lype (.'! 

© 1'otal 

Crane IMV spacv 

©x® . © lype (1) ©x® . 
fc') \ . 1'IPO (2) ( S I ) X ( M ) 

© lypc (3) .. @ x © 

© I otal (68 ) + ( 6 9 ) + ( 7 o ) 

© 1 otal out-of-cell space cost _ © + © + . © . _ 

© 1'iocessing space total cost t$) 

Processing support space cost (building excluding hot cells) 

Indirect process support space 

© Standaid area height <U| Record 

© SIJI- (horn 1 able 5) Kecord 

© I'otal space reipiiied (It ') © x © i © + 

( 4 K ) + © j | 

© 
Indirect process support spa..*: unit cost (S/fl1) 

© UC'CT (Irom table (>) (S/ft1) Record 

© Processing support spacc total cost (S) .. © X © 

Outside utilities cost (S) 

© UC1- (from Table 7) (%) Record 

© Fquipment and facility cost 0 f © + © 

© Outside utilities cost (79)x(8«) 
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Tabic 9 (continued) 

Site improvements cost (S) 

(82) U C F (from Tabic 8) (%) 

(83) Subtotal direct construction cost (S) 

Site improvement cost (S) 184) 
Total direct construction cost (S) 

Indirect construction cost 

General and administrative cost 
@ 

(S 

UCF (from Table 7) (%) 

Subtotal general and administrative($) 

Engineering cost 

U C F (from Table 7) (<?,) 

Subtotal engineering cost (S) 

Miscellaneous construction cost 

(90 ) U C F (from Table 7) (%) 

Contingency allowance 
© 

© 
Spare parts cost 
© 

<?S 

Subtotal miscellaneous construction cost (S) 

U C F (from Table 7) (%) 

Subtotal contingency allowance ($) 

U C F (from Table 7) (%) 

Subtotal spare parts cost ($) 

Noninstalled spare equipment cost 

( % ) UCF (from Table 70) (<»,) 

Quality assurance cost 

(98 

Subtotal noninstalled spare equipment cost ($) 

U C F (from Table 7) (%) 

99) Subtotal quality assurance cost (S) 

(00) Total indirect construction cost ($) 

Owner's cost 

Land cost 
® UCF (from Table 8) (%) 

Subtotal land cost ($) 

Record 

.J»)+©. 

Record 

Record 

Record 

y 0 ) X ( 8 S 

Record 

®X® 

Record 

Record 

Record 

@x(85) 

Record 

(101) X © 
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Table 9 (continued) 

Project management cost 

UC1 : (from Table 8) <%) ® 
( 1 0 4 ) 

Licensing cost 
© 

M 

Subtotal project management (S) 

UCK ((torn Table X)( r; , ) 

Subtotal licensing cost (S) 

Taxes, insurance, and interest 

(j07) UCK (from Table 8) (%) 

(lOT) Subtotal taxes, insurance, and interest (S) 

preopeiaiional testing and startup 

( m ) UCT (from Table 8) (%> 

(HO) Subtotal preoperational testing and startup (S) 

( U l ) Total owner's cost (S) 

Total capital construction cost 

( f l2 ) Increnicnt ol total plant cost (S) 

I'ri'cessing throughput uf acceptable product 

(kg ol heavy metal per day) 

Annual production rale (kg of heavy metal per year) 

Capital charge rate ( r r ) 

Annual capital charge (S/year) 

Pioduot unit cost (dollars per kilogram of heavy metal) 

("•V 
(U4) 
© 

© 
<fd> 

Record 

Record 

( 1 0 5 ) X J 8 5 

Record 

Record 

rPrPr^ (106) + fiojo + (no) 

<jo5) + (ni) 
Record 

2 9 2 . 0 X ( f a ) 

Record 

ifTj) x (m) 
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TOTaL CAPITAL COST PROGRAM, TCP 

The TCP program was written lo interlace the BAL program with the CUP program. The TCP 
program reads in ihe throughput and product flow rates from each of ihc proccss blocks from the 
punchcd output obtained from the BAI. program. The cu<: fates for several' - bitran- throughputs 
arc obtained from the CEP program, live cost of Ihe throughput for a spectix block is determined 
by interpolation, and the cost is summed to obtain specific totals and stthu»tals of capital cost for a 
specified plant >i/c. 

Output from the HAt. program consists of a number of vases of flow throughput and product 
ouiput. The product information is not prcsentK being utilized bccausc the functions generated in 
CEP arc based on throughput data only. 

Output from the CEP program consists of the title of the praccss block, the mass flow ra:c for 
cach of the eases (plant sizes), and the cost rate (dollars per pound of heavy metal) of the process for 
>,hc given flow rate. The point patrs may consist of a minimum ol one and a maximum of five. This 
information is included (or each of the proccss blocks considered. Punchcd output from the two 
programs. CE ' ' and BAL. are combined as input data for the TCP program, with the BAL ouiput 
cards immediately iollowing the CEP ouiput cards. A cost function is generated for each pioccss 
block considered, and the mass flow rate is used to determine the capital cost in dollars for cach of 
the process blocks. 

Referring to Fig. 5 (Unit capital costs as a function of mass throughput), the flow rates 
VALST(ICN,I.I} and the unit cost data VALST(ICN,I,2) ate read in from the CEP program as 
point pairs, where 1CN is the process block number and 1 is the case number or plant size. The mass 
flow rate is read in from the BAI. program WX(ICN) for each proccss block. The TCP program 
finds which function WX(ICN') is associated and calculates the coefficient and exponent required to 
calculate the unit capital cost C(l) and the total capital cost. CST(IBX,1CN), for cach process 
block, 1CN, 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 coefficienl and exponents calculated by the CEP program. The 
TCP program recalculates these coefficients and exponent; and arrives at the costs by the 
procedures described below. 

If the flow rate WX(ICN) is equal to or less than VALST(ICN,2,1), then the coefficient is equal 
to A( 1). and the exponent is equal to B(l). If WX(ICN) is greater than VALST(ICN,2,1) and less 
than or equal to VALST0CN.3.I), then the coefficient is equal to A(2), and the exponent is equal to 
B(2). If WX(ICN) is greater than VALST(ICN,3.I) 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 
V ALST(1CN,4,1), then the coefficient is equal to A(4), and the exponent is equal to B(4). The cost rate is 
then established for V.'X(ICN) as VALFX(ICN,I,I) * EXP [VALFX(ICN,1,2) * WX(ICN)], and 
the total cost for the process block is established as VALFX(ICN,I,!) * EXP [VALFX(1CN,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 
determined by summation of the individual processes. 



LOG PROCESS UNIT CAPITAL COST (DOLLARS/KILOGRAM) 
C =VALUE ( I C N , I , t 1 7 ) 

"ti f 

c 
8 •o I' o o 
VI ST 

a o o" 3 O 
3 

o c OS 

II -o 

CO M 
3: 
n 
-TJ 

SO 
-T» 

CJ e> so 

\ V 

}\ 
VALST (ICN.1,1) \ 

/ — 

r> < - r-- —i M 
' 

»» r CO 
S 

» r— M —* CO —4 r-—« 

•sa ro 
se u fO ro w 

ae CJ1 ro 

N A 
CD > \ CO > 

VALST (ICN.2.1) V̂  Ŝ  \ U 11 \ hO K5 
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C PROGRAM BAI 
C dAL ( H A T E R I A L BALANCE PROGRAM) 
C 
C T H I S PROGRAM CALCULATES THE MATERIAL ENTEKING AND LEAVING EACH 
C PRflCFSS I N THE HTGR FUEL REPRCCES51 Nlj PLANT• 
C THE REQUIKE D INPUT OATA IS 
C 
C ( 1 ) THE TOTAL HEAVY METAL PLANT OUTPUT ( K G / D A V ) . X ( l ) 
C 1 2 ) 3 2 FRACTIONS REPRESENTING STREAM FLOW S P L I T S OR RATIOS 
C OF COMPONENT MATERIAL TO HEAVY METAL* X C 2 I THRU X I 3 3 1 . 
C 
C THE OUTPUT PRODUCES 6 3 CALCULATED FLUM HATES FROM W i l l TO W ( 7 1 ) . 
r. W I 5 2 I THRU WC59) ARE NOT USEO ANU ARE ALWAYS ZERO. 
C THE TOTAL HEAVY METAL THRUPUT TO EACH PROCESS. R ( l » THRU R ( 2 9 ) , 
C ANO THF TOTAL HEAVY METAL PROD. U I l ) THRU 0 ( 2 9 ) FOR EACH PROCESS. 
C THE PROGRAM ALSO PRODUCES PUNCHED CARD OUTPUT ON DEMAND, BASED ON 
C F ITHEK THF THRUPUT OR THE PRODUCT FUR INPUT TO THE TOTAL C A P I T A L 
C COST PROGRAM. T C P . 
C MULT IPLE CASES CAN BE RUN CN BAL PKOCUCINU M U L T I P L E CAKD 
C OUTPUT I F Of S I R E D . 
C 

DI MFNSION X I 3 3 ) . W I 7 i ) f R ( 2 9 l g U T ( 2 S . 2 9 ) « MP (<£5 » 2 9 ) . 0 C 2 9 ) Of) 1 1=1.71 
i wm-o.o 

U H A O ( 5 0 . 1 0 0 1 J N C . N P 
DO 3 2 1 = 1 . N C 
k f a d ( s o . l o o v j m 
I X » 3 3 
IH = 71 
IR = 2 9 10 = 
R E A D [ 5 0 . 1 0 0 ? X X ( I ) . I - l . I X ) 
W t l l = X ( 1 ) 
w( ; ̂ u io)1'̂ ! 11 
Ai 36)-X(29)«W( 1) 
W l 3 7 » = X I 3 0 ) * W I 1 ) 
Wl 38 > = X» 3 1 ) » K I 1 ) 
W ( 3 9 ) = X < 3 2 ) * W I 1 ) 
W ( 7 ) = W ( 1» * X I I 
w 1 3 ) = W ( 2 ) / 1 1 . 0 - X I 5 ) ) 
W ( 4 I = W | 31 —Wl 2 ) 
W ( b ) - M ( 3 > « X ( b i / l l . O - X l 6 ) ) 
W ( 5 ) = i W ( 3 ) t W ( 6 ) ) * ( X I 28 )«• 1 . 0 ) / ( X I 7 J * 1 - 0 ) 
W ( 6 0 M W ( 3 ) * W ( 6 » - W ( 5 1 
W C 7 ) = W I 5 ) / I 1 . 0 - X I 8 1 I 
W I 8 ) = W f 7 ) - W ( 5 1 

= 1 . 0 - X 1 9 ) ) 
W l 1 0 > = WF-Wt J ) 
A = X < 7 ) / f I . O • X C 71 ) 
t l - X t 2 & > / l l . 0 • Xt 28 ) ) 
Wl 131 = I W C i ] * W16) ) * A * I H ( 81 * Wl 1U1) * B 
W I 3 5 ) = W F * X ( 2 8 l / t U 0 + X I 2 8 ) ) 
Wi 11 l = W l - . > » W ( b ) + W t 8 )<-W( 1 0 ) - H I 131 
W I 9 ) = W F - W l I 1 J - W I 3 5 ) 
Wl 12 > = W I 9 I 
Wl 7 0 I )»X { t l 
Wl 2 1 ) ~ W ( 2 0 ) / 1 l . O - X l 1 0 ) I 
W l ? 2 l = W < 2 U - M ( ? Q ) 
A= IX I 2 7 1 * 1 . 0 ) / I XI 1 2 ) * 1 . 0 ) 
8 = 1 . 0 / 1 l . 0 - X ( l l ) i 
WC23) = A* f t»W, '21 ) 
W l 2 4 ) = H * < ( 1 1 ) »W( 2 1 ) 
W ( 6 1 ) - H I 2 1 ) + W I 2 4 ) - H l 2 3 1 
W l ? 5 ) = W l 2 * > f i l . O - X l 1 3 1 ) 
W I 2 6 ) = W ( 2 5 ) - W I ? 3 J 
WI 4 0 ) = W111 * X I 2 ) 
W | 4 1 ) = W 1 4 0 ) / I 1 . 0 - X « 1 8 ) ) 
W I 4 2 ) = W < 4 l ) - W ( 4 0 ) 
W l 4 4 ) = W l 4 l } « X l l 9 1 / l 1 . 0 - X I 191 I 
W I 4 3 ) = I W I 4 1 I * W | 4 4 ) ) • ( X ( 2 3 ) « 1 . 0 ) / ( X < 2 0 ) » 1 . 0 ) 
W I 6 ? ) = U < 4 l ) t W I 4 4 ) - W ( 4 3 ) 

BAL 10 
BAL 2 0 
BAL 3 0 
HAL 4 0 
BAL 5 0 
BAL 6 0 
BAL 7 0 
BAL 8 0 
BAL 9 0 
BAL 1 0 0 
BAL 1 1 0 
BAL 120 
BAL 1 3 0 
BAL 1 4 0 
BAL 1 5 0 
BAL 1 6 0 
BAL 1 7 0 
BAL 1 8 0 
BAL 1 9 0 
BAL 2 0 0 
BAL 2 1 0 
BAL 2 2 0 
BAL 2 3 0 
BAL 2 4 0 
BAL 2 5 0 
BAL 2 6 0 
BAL 2 7 0 
BAL 2 8 0 
BAL 2 9 0 
BAL 3 0 0 
BAL 3 1 0 
BAL 3 2 0 
BAL 3 3 0 
BAL 3 4 0 
BAL 3 5 0 
BAL 3 6 0 
BAL 3 7 0 
BAL 3 8 0 
BAL 3 9 0 
BAL 4 0 0 
BAL 4 1 0 
BAL 4 2 0 
BAL 4 3 0 
BAL 4 4 0 
BAL 4 5 0 
BAL 4 6 0 
BAL 4 7 0 
BAL 4 8 0 
BAL 4 9 0 
BAL 5 0 0 
BAL 5 1 0 
BAL 5 2 0 
BAL 5 3 0 
BAL 5 4 0 
BAL 5 5 0 
BAL 5 6 0 
BAL 5 t 0 
BAL 5 8 0 
BAL 5 9 0 
BAL 6 0 0 
BAL 6 1 0 
BAL 6 2 0 
BAL 6 3 0 
BAL 6 4 0 
BAL 6 5 0 
BAL 6 6 0 
BAL 6 7 0 
BAL 6 8 0 
BAL 6 9 0 
BAL 7 0 0 
BAL 7 1 0 



BLANK PAGE 
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W I 4 5 ) = W ( 4 3 ) / ( 1 . 0 - X ( 2 1 ) ) BAL 7 2 0 
W Z = W ( 4 5 ) / l l . 0 - X ( ? 2 ) ) BAL 7 3 0 
W ( 4 B ) =W7—Wl 4 5 ) BAL 7 4 0 
W ( 4 6 ) = W ( 4 5 ) - W ( 4 3 ) BAL 7 5 0 
C = X ( 2 0 ) / ( i . 0 + X ( 2 0 1 J BAL 7 6 0 
0 = X 1 2 3 ) / ( 1 . 0 *• XI 2 3 ) 1 BAL 7 7 0 
w( 1 4 ) = ( M ( 4 2 ) * W ( 4 4 ) ) * C • I W l 4 6 ) + W 4 4 8 ) ) * D BAL 7 8 0 
W ( 1 6 ) = W ( 4 2 ) + W ( 4 4 ) + W ( 4 6 ) + k ( 4 8 ) -- M l 1 4 ) BAL 7 9 0 
W ( 6 7 ) = WZ*D BAL BOO 
W ( 4 7 ) = W I 4 5 ) •» M ( 4 B ) - Wl 1 6 ) - W I 6 7 I BAL 8 1 0 
W B = W ( 6 0 ) + W ( 6 1 ) + M I 6 2 ) BAL B20 
W I 6 4 ) = H B / i 1 • 0 — X C 2 5 ) ) BAL 8 3 0 
Wt I B ) = X ( 3 3 ) * W ( 6 4 ) BAL 8 4 0 
W( 1 9 ) = M l 1 8 ) BAL 8 5 0 
Ml 6 3 ) = Ml 6 4 ) - MB BAL 8 6 0 
U( 6 6 ) s=W(64) / 1 U Q - X I 2 6 ) ) BAL 8 7 0 
W I 6 5 ) = W ( 6 6 ) - W I 6 4 ) BAL 8 8 0 
W I 6 9 ) = W ( 6 3 ) + W ( 6 5 ) BAL 8 9 0 
W A = W ( 2 5 ) / l l » 0 - X ( 1 4 1 ) BAL 9 0 0 
WI 2 8 1 = W A - W ( 2 5 1 BAL 9 1 0 
A = X( 1 2 ) / ( 1 . 0 * X I 1 2 ) ) BAL 9 2 0 
R = X ( 2 7 ) / ( L . O * X ( 2 7 ) ) BAL 9 3 0 
Wl 1 5 1 = ( M( 2 2 ) v W ( 2 4 ) ) * A • ( M ( 2 6 ) * M I 2 8 ) ) » 8 BAL 9 4 0 
Wt 1 7 ) = H ( 2 2 > « - W ( 2 4 ) + W I 2 6 ) * W ( 2 8 I -- M l 1 5 ) BAL 9 5 0 
W ( 3 4 ) = HA*B BAL 9 6 0 
W( 2 7 1 = W 4 2 5 ) + M ( 2 8 ) - Wl 171 - W ( 3 4 1 BAL 9 7 0 
W C 5 I I = I W I 4 7 I * W( 36 n / l l . O - Kl 2 4 1 1 - W l 3 2 J BAL 9 8 0 
W ( 5 0 ) = X I 2 4 ) * ( W ( 5 1 ) • W ( 3 2 ) ) BAL 9 9 0 
A = ( W l 3 7 ) «• M ( 2 7 ) » W ( 3 8 l * X ( 1 7 ) ) / t I . J - X ( 1 7 1 ) BAC 1 0 0 0 
f) = 1 . 0 - X ( 1 5 J / ( 1 . 0 - X( 1 7 ) ) BAL 1 0 1 0 
W( 3 3 ) = ( M( 3 2 ) • Hi 3 8 ) • A ) / D SAL 1 0 2 0 
Ml 7 1) = W I 3 9 ) + W I 5 1 ) « - W I 3 3 ) BAL 1 0 3 0 
M ( 4 9 ) = H i 5 0 ) • W I 4 7 ) «• h i 3 6 ) BAL 1 0 4 0 
Wt 3 0 ) = * ( 1 5 ) * W ( 3 3 ) BAL 1 0 5 0 
W ( 6 8 ) = W( 3 0 ) » W( 5 0 ) * W I 1 4 ) + W ( 1 5 ) BAL 1 0 6 0 
W i 7 0 ) = M ( 6 6 ) * - W ( 6 7 ) + ' W ( 3 4 ) + W ( 35 ) - M ( 13 ) - U ( 6 8 ) - U ( 6 9 ) BAL 1 0 7 0 
W ( 2 9 ) = W ( 3 0 ) * W { 2 7 ) + W ( 3 7 ) BAL 1 0 8 0 
W! 3 1 1 = I M ( 3 8 ) » W ( 2 9 ) ) * X ( 1 7 ) / ( 1 . 0 - X I 1 7 1 ) BAL 1 0 9 0 
Hi 1 ) = W I 4 9 ) BAL 1 1 0 0 
R ( 7 ) = HI 4 9 ) BAL 1 1 1 0 
K ( 3 ) = HI 4 5 ) • W( 4 8 ) BAL 1 1 2 0 
R ( 4 ) = W( 45 ) BAL 1 1 3 0 
K ( 5 ) = H ( 6 2 ) • W ( 4 3 ) BAL 1 1 4 0 
R ( 6 ) = W l 4 1 ) BAL 1 1 5 0 
R ( 7 ) = H I 3 J ) BAL 1 1 6 0 
K ( 8 ) = Wl 2 9 ) BAL 1 1 7 0 
.< (9 ) = W ( 2 5 ) • W ( 2 8 ) BAL 1 1 8 0 
K ( 1 0 ) = W I 2 5 ) BAL 1 1 9 0 
K( 1 1 ) = W ( 6 1 ) * W U 3 ) BAL 1 2 0 0 
R( 1 ? ) = W ( 2 1 ) BAL 1 2 1 0 
R ( 1 3 ) = M ( 1 2 I BAL 1 2 2 0 
R( 1 4 ) = W ( 7 ) + W( 10 > BAL 1 2 3 0 
R( I S ) = M ( 7 ) BAL 1 2 4 0 
R ( 1 6 ) = W O ) * M ( 6 ) BAL 1 2 5 0 
R( 1 7 ) = w ( 2 ) • W14) BAL 1 2 6 0 
R ( 1 8 ) = W ( b 8 ) BAL 1 2 7 0 
11 19 ) = W I 3 4 ) * M ( 3 5 ) * W( 6 6 ) * W I 6 7 ) BAL 1 2 8 0 
. 1 ( 2 0 ) = W < 6 6 ) BAL 1 2 9 0 
R( 2 1 ) = W119 ) + W I 6 4 ) BAl 1 3 0 0 
R( 2 2 ) = U I 6 9 ) BAL 1 3 1 0 
R ( 2 3 I = W ( 18 ) BAL 1 3 2 0 
R< 2 4 ) = M ( 1 4 ) * M ( 1 6 ) BAL 1 3 3 0 
R ( 2 S ) = Wl 15 ) W( 1 7 ) BAL 1 3 4 0 
R( 2 6 ) = W i l l ) <• M( 1 3 ) BAL 1 3 5 0 
R ( 2 7 ) 3 W I 3 9 I BAL 1 3 6 0 
ft ( 2 8 ) = W I 3 6 ) • W l 3 7 ) * Ml 3 8 ) BAL 1 3 7 0 
R ( 2 9 ) - W ( 3 1 ) BAL 1 3 8 0 
01 1) = W ( 4 9 ) BAL 1 3 9 0 
0 ( 2 ) = W ( 4 / ) BAL 1 4 0 0 
0 ( 3 ) = W l 4 5 ) BAL 1 4 1 0 
0 ( 4 ) = W ( 4 3 ) BAL 1 4 2 0 
0 ( 1 ) = W I 4 1 I BAL 1 4 3 0 



3? 

9 10 
11 

1? 
13 

0 ( 6 ) = H ( 4 0 ) UAL 1440 
0 ( 7 ) = H ( 2 9 ) BAL 1 4 5 0 
0 ( 8 ) = H( 2 7 ) BAL 1 4 6 0 
019) = H ( 2 5 ) BAL 1 4 7 0 
0 { 1 0 ) = M ( 2 3 ) BAL 1480 
0 ( 1 1 ) = W(21 I BAL 1 4 9 0 
0 ( 1 2 ) = W 1 2 0 ) BAL 1 5 0 0 
0 ( 1 3 ) = W(9 ) BAL 1 5 1 0 
0 ( 1 4 ) = W ( 7 ) BAL 1 5 2 0 
0 ( 1 5 ) = W ( 5 I BAL 1530 
0 ( 1 6 ) = W(3 J BAL 1540 
0 t 1 7 ) = W ( 2 ) BAL 1550 
0 ( 1 8 1 = HI 6 8 1 BAL 1 5 6 0 
0 ( 1 9 ) = W ( 6 6 ) • H I 6 7 I + H I 3 5 ) + W( 3 4 ) BAL 1 5 7 0 
0 ( 2 0 ) = W ( 6 4 1 BAL 1580 
0 ( 2 1 ) = W(60 ) *• H I 6 1 ) + W( 62 ) BAL 1590 
0 ( 2 2 ) = W ( 6 9 ) BAL 1600 
0 ( 2 3 ) = W ( 1 9 l BAL 1 6 1 0 
0 ( 2 4 ) = W( 14 ) • H I 1 6 ) BAL 1 6 2 0 
0 ( 2 5 ) = H ( 1 5 ) • H I 1 7 ) BAL 1630 
0 ( 2 6 ) = W ( l l ) • H I 1 3 ) BAL 1640 
0 ( 2 7 ) = H ( 3 9 ) BAL 1650 
0 ( 2 8 ) = W( 36 ) • H I 3 7 ) * H I 3 8 ) BAL 1 6 6 0 
0 ( 2 9 ) = W ( 3 1 ) BAL 1 6 7 0 
I F ( f J P . E O . O ) GO TO 7 BAL 1 6 8 0 
0 0 2 K.= 1 . 7 9 BAL 1690 
W T ( I O . K I = R ( K ) BAL 1700 
W P ( I D . K ) = O H ' ) BAL 1 7 1 0 
CONTINUE BAL 1 7 2 0 
N=0 BAL 1730 
I F I i n . E O . 1 ) PUNCH 1 0 0 5 . NC BAL 1 7 4 0 
PUNCH 115 I D . M I L ) . U ( 1 2 ) < W I 7 0 U W( 7 1 ) BAL 1750 
I F I N . L F . 2 0 ) PUNCH 1 0 0 3 , H T ( I 0 . N * 1 ) . W T ( I O , N+2 ) . W T I I D . N + 3 ) . BAL 1 7 6 0 

BAL 1 7 6 1 
I F ( N . E O . 2 5) PUNCH 1 0 0 4 . M T I I D . l H l l . M l ( 1 0 . I W 2 ) . W T I I O . N + 3 ) , SAL 1770 

1 WT 1 1 D< N+4 ) BAL 1771 
N=N+5 BAL 1780 
IF< N . f Q . 3 0 ) GO TO 5 BAL 1 7 9 0 
c n r o 4 BAL 1 8 0 0 
N=0 BAL 1810 
1 F I N . L E . 2 0 ) PUNCH 1 0 0 3 . W P I I D . N * ! ) * H P I 1 0 * N + 2 ) . H P I I 0 . N * 3 ) . BAL 1 6 2 0 

1 WP t 1 0 . N + 4 ) • H P ( ( 0 . N + 5 ) BAL 1 8 2 1 
I F( N • E 0 « 2 5 ) PUNCH 1 0 0 4 . M P U D . N + l ) . H P I I O * N * 2 I • H P I I D . N + 3 ) . BAL 1830 

1 MT ( I 0 , N + 4 1 BAL 1 8 3 1 
N = N * 5 BAL 1840 
I F ( N . E 0 . 3 0 ) GO TO 7 BAL 1 8 5 0 
r,n r n 6 BAL 1 6 6 0 
W R I T E ( 5 1 . 1 0 1 5 ) BAL 1870 
W R I T E I 5 1 . 1 0 0 8 ) 1 0 BAL 1880 
M R I T E I 5 1 . 1 0 1 5 ) BAL 1 8 9 0 
H R I T E ( 5 1 . 1 0 1 0 ) BAL 1 9 0 0 
U R I T E ( 5 1 . 1 0 1 5 ) BAL 1 9 1 0 
IXB = IX BAL 1 9 2 0 
I S = 0 BAL 1 9 3 0 
I E = 0 BAL 1940 
I S = IX - I XB • 1 SAL 1 9 5 0 
I F I I X B . L T . 4 ) GO TO 9 BAL 1 * 6 0 
I F = I S + 3 BAL 1 9 7 0 
H R I T E ( 5 1 * 1 0 1 1 ) l ( I . X ( I ) ) , I = I S , I E ) BAL 1 9 8 0 
I F ( I X f i . E 0 . 4 l GO TO 13 BAL 1 9 9 0 
IXB = IXB - 4 BAL 2 0 0 0 
GO TO 8 BAL 2 0 1 0 
GO TO ( 1 0 , 1 1 . 1 2 ) . I X B BAL 2 0 2 0 
H R I T E ( 5 1 * 1 0 1 4 ) < ( I * X I I ) ) , I = I S * I X ) BAL 2 0 3 0 
GO TO 13 BAL 2 0 4 0 
W R I T E ( 5 1 * 1 0 1 3 ) « ( I , X ( I ) ] , I = l S , I X ) BAL 2 0 5 0 
GO TO 13 BAL 2 0 6 0 
W R I T E ( 5 1 * 1 0 1 2 ) I I I . X I I M . I ~ I S . 1 X ) BAL 2 0 7 0 
CONTINUE BAL 2 0 6 0 
W R I T E ! 5 1 . 1 0 1 5 ) BAL 2 0 9 0 
W R I T E ( 5 1 . 1 0 1 5 ) BAL 2 1 0 0 
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DRILT E ( 5 1 . 1 0 0 9 I BAL 2110 WRITEI51.1015) BAL 2120 
IWB = IM BAL 2130 
IS = 0 BAL 2140 
IE = 0 BAL 2150 

14 I S = IW - IWB • 1 BAL 2160 
I F ( 1 W R . L T . 4 ) GO TO 15 BAL 2170 
I F = IS + 3 BAL 2180 
M R I T F I 5 1 . 101 61 ( I I . M ( M . I = ( s . I T ) BAL 2190 
I F I I W B . E O . 4 ) on RN 19 BAL 2200 
IWR = I MB - 4 BAL 2210 (in rn 14 BAL 2220 

IS GO rn 1 1 6 . 1 7 . IFLL. IHB BAL 2230 
16 WRITE(51 .102 11 ( ( I . W ( 1 1 1 . 1 = 1S.LML BAL 2240 r,n TO 19 BAL 2250 
17 MR I T F ( 5 1 • 10201 ( ( I . ML I I I . 1 M S.LNI BAL 2260 an m 19 BAL 2270 
1 A WRITF(5L. 1 0 1 9 ) ( ( I . W ( I 1).1=1S.LFCT BAL 2280 
19 C0NT1NUF BAL 2290 

W R I T E ( 5 1 , 1 0 1 5 1 BAL 2300 
•<KITF(51. 10151 BA' 2310 
MRITE(51 . 10161 R 2320 
M R I T F I 5 1 . 1 0 1 5 ) 2330 IRB = IK BAL 2340 
IS = 0 BAL 2350 IE = 0 BAL 2360 

?0 1 S = 1R - I LI RT + 1 BAL 2370 
IF ( IK I1 .LT.41 GO TN 21 BAL 2360 
IF = IS 3 BAL 2390 MRITE(51.102 2) UI.R(I 11•1 = 1S.Ibi BAL 2400 
I F U R H . F Q . 4 ) GO TO 25 BAL 2410 
IRTH = IKH - 4 BAL 2420 r.n TO ?o BAL 2430 

21 r,n rn (22 .23 .24) . IRR BAL 244 0 
22 MR 1TF (51. 1025) ( 1 I . K ( I ) ) , 1 = IS,1R> BAL 2450 r.o ri) 25 BAL 2460 
23 MAI IE 1 5 1 , 1 0 2 4 1 ( ( I . R ( I ) ) . 1 = 1 S . I K ) BAL 2470 an rti 25 BAL 2480 
24 MR IT F 1 5 1 • 1 0 2 3 ) ( ( L . R ( I ) ) . I = 1S. IK» BAL 2490 25 CHNrINUE BAL 2500 

M K I T F ( 5 1 . 1 0 1 5 ) BAL 2510 
W R I I F I 5 1 . 1 0 1 5 ) BAL 2520 MRlTECil.lOW) BAL 2530 WRITE(51.1015) BAL 2540 I OF) = 10 BAL 2550 IS = 0 BAL 2560 IF = 0 BAL 2570 

?F> IS = 10 - (OB • 1 BAL 2580 
I F I I Q R . L T . 4 ) GO TO 27 BAL 2590 
IF = IS • 3 BAL 2600 
M K I T F ( 5 1 . 1 0 2 6 ) ( T 1 . 0 ( 1 ) ) . 1 = 1 S , I E ) BAL 2610 
IF 1 L<JR.E0.4) GO TO 31 BAL 2620 I Oft = I OB - 4 BAL 2630 
r.N TO 26 BAL 2640 27 r.n TO (28. 29. 30). I OB BAL 2650 28 MR ITF(51.102 9) ( ( I.0( 1 ) ). 1 = 1 S.IUJ BAL 2660 r,n rn 31 BAL 2670 

24 MR1TF(5N102 3) Id. 0(1 I). IMS, 10) BAL 2680 r.n TO M BAL 269 0 JO MR ITE ( 5 1 . 102 7 ) ( ( I . 0 ( I ) I . I = I S . 1 0 ) BAL 2700 
31 CDNTINUF BAL 2710 
32 CONTINUE BAL 2720 
1001 FORMAT ( 2 1 5 ) BAL 2730 
1002 F 0 R M A T ( 6 ( E 1 2 . 5 ) ) BAL 2740 
1003 F0RMAT(5(4X, 1 P E 1 2 . 5 ) ) BAL 2750 
1004 FORMAT(4(4X. 1PE12 .5 ) I BAL 2760 
1005 FORMAT(21 5) BAL 2770 
1006 FORMAT!(5. 4 I 2 X . F 1 2 . 5 J ) BAL 2780 
1007 FORMAT!(5) BAL 2790 
1008 FORMAT!60H10VFRALL HTGR FUEL PKUCESSING MATERIAL BALANCE, CASE NUMBAL 2800 

1BFR . 1 2 ) BAL 2801 
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1009 
1 0 1 0 1011 
1 0 1 2 1013 
1 0 1 4 
1 0 1 5 
1 0 1 6 
1 0 1 7 1 ioia 
1 0 1 9 
1 0 2 0 
1 0 2 1 
1022 
1 0 2 3 
1 0 2 4 
1 0 2 5 
1 0 2 6 
1027 
1 0 2 3 
1 0 2 9 

FORMAT! 
FORMAT! 
FORMAT! 
FORMAT! 
FORMAT! 
FORMAT! 
FORMAT 
FORMAT! 
FORMAT! 
• METAL 
FORMAT! 
FORMAT! 
FORMAT! 
FORMAT! 
FORMAT! 
FORMAT! 
FORMAT! 
FORMAT! 
FORMAT! 
FORMAT! 
FORMAT! 
FORMAT! 
STOP 
END 

37M HEAVY METAL FLOW RATL'i . KG PER OAV ) 
18H INPUT PARAMETERS 1 
2H t 4 I 2 H X ! » 1 2 . 3 H 1 * . F 1 1 . 4 , 7 X ) 1 
2H » 3 ! 2 H X ! . 1 2 . 3H) s . F l 1 . 4 , 7 X ) J 
2H , 2 ! 2 H X I , 1 2 . 3H) » , F 1 1 . 4 , 7 X ) ) 
2H . 1 I 2 H X I , I 2 . 3 H ) = . F 1 1 . 4 , 7 X ) i 
I 1 H » 
49H TOTAL PROCESS THROUGHPUT. KG/DAY OF HEAVY METAL ) 
•OPKOOtlCT OUTPUT FOR EACK PKUGESS BLOCK. KG/OAY OF H E A V Y ' , ' I 

. 4 I 2 H W 1 . I 2 . 3 H I = . F 1 1 . 4 , 7 X ; i 

. 3 I 2 H W I . 1 2 . 3 H ) x . F U . 4 . 7 X 1 ) 

. 2 I 2 H H ! . I 2 . 3 H I = , F l l . 4 , 7 X ) l 
, 1 ! 2 H M ( . I 2 . 3 H 1 = . F l l . 4 . 7 X > > 
. 4 I 2 H R ! , I 2 . 3 H ) = , F 1 1 . 4 , 7 X J J 
. 3 1 2 H R ! . 1 2 , 3 H ) ~ . F 1 1 . V . 7 X ) J 

= . F 1 1 . 4 . 7 X 1 J , 2 ! 2 H R ! . I 2 . 3 V O 
, 1 ! 2 H R ( . ( 2 . 3 H ) = . F 1 1 . 4 . 7 X 1 1 
• 4 I 2 H 0 ! , 1 2 . 3 H 1 - . F 1 1 . 4 . 7 X 1 > 
, 3 ! 2 H 0 ! , I 2 , 3 H ) = , F l l . 4 . 7 X ) i 
. 2 ( ? H 0 1 , I 2 . 3 H ) =« F 1 1 . 4 . 7 X 1 1 
. 1 I 2 H 0 ! . I 2 . 3 H I =» F 1 1 . 4 . J x ) ) 

BAL 2 8 1 0 
BAL 2 8 2 0 
SAL 2 8 3 0 
BAL 2 8 4 0 
BAL 2 6 5 0 
BAL 2 8 6 0 
BAI. 2 8 7 0 
BAL 28B0 
GAL 2 8 9 0 
BAL 2 8 9 1 
BAL 2 9 0 0 
BAL 2 9 1 0 
BAL 2 9 2 0 
BAL 2 9 3 0 
BAL 2 9 4 0 
BAL 2 9 5 0 
BAL 2 9 6 0 
BAL 2 9 7 0 
BAL 2 9 8 0 
BAL 2 9 9 0 
BAL 3 0 0 0 
BAL 3 0 1 0 
BAL 3 0 2 0 
HAL ?030 



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 *he 
use of the BAI. program. The input is set up as shown in Fig. 3. The mass flow rates in these 
examples 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(l). 

The output from the BAL is shown in Appendix A-4, listing the 33 input variables, X, the 71 
component rates VV, 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 
case number (I) and specific information on the flow rates W(l), W(9), W(70). and W(7l). Cards 3 
through 8 list the 29 process throughputs, R. and can'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. 
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3 0 
1 

0 . 5 0 0 E + 0 3 
13.1OOE+OO 

0 . 0 5 0 E + 0 0 
0 . 0 50E+00 
O.OOOE+OO 
O.OOOE+OO 

2 
1 . 5 00E+03 

13.1OOE+OO 
0 . 0 50E+00 
0 . 0 5 0 E + 0 0 
O.OOOE+OO 
O.OOOE+OO 

3 
3 . 0 00E+03 

13.1OOE+OO 
0 . 0 5 0 E + 0 0 
0 . 0 5 0 E + 0 0 
O.OOOE+OO 
O.OOOE+OO 

3 . 7 0 0 E - 0 1 
0 . 0 5 0 E + 0 0 
0 . 1 0 0 E + 0 0 
8 . 8 0 0 E + 0 0 
0.1OOE+OO 
O.OOOE+OO 

3 . 7 0 0 E - 0 1 
0 . 0 5 0 E + 0 0 
0 . 1 0 0 E + 0 0 
8 . 8 0 0 E + 0 0 
0 . 1 0 0 E + 0 0 
O.OOOE+OO 

3 . 7 0 0 E - 0 1 
0 . 0 5 0 E + 0 0 
0.1OOE+OO 
8 . 8 0 0 E + 0 0 0.10 OE+OO 
O.OOOE+OO 

0 . « 5 0 E - 0 1 
0 . 1 0 0 E + 0 0 
O.OOOE+OO 
0 . 0 5 0 E + 0 0 
O.OOOE+OO 
0 . 0 5 0 E + 0 0 

0 . 0 5 0 E - 0 1 
0 . 1 0 0 E + 0 0 
O.OOOE+OO 
0 . 0 5 0 E + 0 0 
O.OOOE+OO 
0 . 0 5 0 E + 0 0 

G . U 5 0 E - 0 1 
0.1OOE+OO 
O.OOOE+OO 
0 . 0 5 0 E + 0 0 
O.OOOE+OO 
0 . 0 5 0 E + 0 0 

0 . 5 8 5 E + 0 0 
0 . 0 1 OE+OO 
5. U 6 3 E - 0 1 
0.10OE+OO 
O.OOOE+OO 

0 . 5 8 5 E + 0 0 
0. 0 1 OE+OO 
5 . U 6 3 E - 0 1 
0.1OOE+OO 
O.OOOE+OO 

0 . 5 8 5 E + 0 0 
0 . 0 1 OE+OO 
5 . 1 6 3 E - 0 1 
0.10OE+OO 
O.OOOE+OO 

0 . 0 1 0 E + 0 0 
0 . 0 5 0 E + 0 0 
2 . 2 3 8 E - 0 1 
U . 2 ^ 0 E + 0 0 
O.OOOE+OO 

0 . 0 1 0 E + 0 0 
0 . 0 5 0 E + 0 0 
2 . 2 3 8 E - 0 1 
U . 2 5 0 E + 0 0 
O.OOOE+OO 

0 . 0 1 0 E + 0 0 
0 . 0 5 0 E + 0 0 
2 . 2 3 8 E - 0 1 
4 . 2 5 0 E + 0 0 
O.OOOE+OO 

0 . 0 5 0 E + 0 0 
3 . 5 0 0 E + 0 0 
0 . 0 1 0 E + 0 0 g.S'SIE-OI 
O.OOOE+OO 

0 . 0 5 0 E + 0 0 
3 . 5 0 0 E + 0 0 
0.010E+00 
9 . 5 6 1 E - 0 1 
O.OOOE+OO 

0 . 0 5 0 E + 0 0 
3 . S 0 0 E + 0 0 
0 . 0 1 0 E + 0 0 
9 . 5 6 1 E - 0 1 
O.OOOE+OO 



Appendix A-4 
OUTPUT FROM SAMPLE FOR BAL PROGRAM 
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OVERALL HTGR FUEL PROCESSING MATERIAL BALANCE, CASE NUMBER 1 
INPUT PARAMETERS 
XC i ) = 500.0000 XC 2) = 0.3700 XC 3) = 0.0450 XC 4) = 0.585U XC 5> = 0.010b XC 6) = o.osoo XC 7) = 13.1000 XC B> = 0.05PU XC 9) = 0.1000 XC 10 > = 0.0100 xcii) = 0.0500 XC 1 2 ) = 3.501 0 XC13) = 0.0600 XC 1A) = 0.100Q XC 15 ) = 0.0000 XC 16) = 0 -5au3 XC 17) = 0.2236 ".C 1 8 ) - 0. & 1 01) xc is; = 0.0500 XC20 ) = 6.6000 XC 21 ) = O.OSOO XC 22 ) = 0. 1000 XC23) = 4.2500 XC24) = 0.9561 
x c a s ) = 0.0000 XC2o) = 0.1000 XC27) = 0.0000 XC26) = 0.0000 XC29) = 0.0000 XC30 ) = 0.0000 XC31) = 0.0000 XC32) = 0.0000 XC 33) = u . o s o o 

HEAVY METAU FLOW RATES , KG PER DAY 
VC 1) = 500. 000 0 VC 2) = 292.50 0 0 WC 3) = 295.4545 VC 4) = 2.9545 IK 5) = 22.0571 UC 6) = 15.5502 VC 7) = 23.2180 VC 3) = 1.1C09 WC 9) = 20. 7447 KC 10) = 2.5796 VCU) = 5.0531 VC12) =i 20.7447 VC 13) = 1 7. 1924 WC14) = 24.9766 VC 15) = 1.1071 VC 16) = 4.5983 VC 17) = 1.2179 VC18) = 19.9441 VC 19) = 19.9441 VC20) a 22.5000 VC 2 1 ) = 22.7273 VC22) = 0.227 3 VC23) s 5. 3163 VC24> • 1.1962 WC25) = 5.5961 VC26) » 0.279o V C 2 7 ) » f.0000 VC28) = 0.6218 WC 29) = b.OOUO VC30) = 0.0000 VC 31 > = 1.4416 VC 32 ) = 273.1500 WC 33) = £79.5916 VC 34) = O.OOQO WC35) = 0.0000 VC36> s 0.0000 WC 37) = U.UOOO V C 3 5 ) » 0.0000 V C 39 ) » 0.0000 VC40) « 185.0000 WC41 ) = 166.&6B7 VC42) = 1.b667 WC43) = 105.3771 VC44 ) = 9.6352 WC 45) - 1 1 0.9232 VC46) = 5.S462 WC47) = 16.b'/76 VC4&> 12.3248 VC 49 ) = 430.0126 WC 50) = 411.1350 VC51) = 156.8626 VC 52) = 0.0000 WC 53) = 0.0000 VC54) = 0.0000 WC 55 ) = 0.0000 VC 56 ) - 0.000b WC 57 ) - 0.0000 VC58) = Q.00(10 VC 59 ) = 0.000& VC 60 > 26b.9477 WC 61 ) = lb.6071 V.C62) = 9 i•3268 WC63) - 0.oooo VC 64 ) = 398.3816 WC 65) = 44.3202 VC 66) = 443.20 lb V C 6 7 ) = 99.7722 VC 68 ) = 437.2187 U'C 69) - 44.3202 WC 70) = 44.2427 VC71) = 436.4542 
TOTAL PROCESS THROUGHPUT, KG/DAY OF HEAVY METAL 
RC 1) = 430. 0 126 RC 2) = 430. 0 126 RC 3) = 123. 2480 RC 4) = 110. 9232 RC 5) = 196. 7039 RC 6) = 186. 6687 RC 7) = 279. 59 l'j RC 8) = 5. 00D0 RC 9) = 6. 2179 RC 1 0 ) = 5. 5961 RC1 1) = 23. 9234 RC 12) = 22. 72 73 RC 1 3) = 20. 7447 RC 14) = 25. 7978 RC 1 5) = 23. 2180 RC 16) = 311. 0048 RC 17) = 295. 4545 RC lb) = 437. 2 1 b7 RC 19) = 542. 9740 RC20) a 443. 2018 RĈ l) = 418. 8257 RC 22 ) = 44. 3202 RC23) = 19. 9441 RC 24) = 29. 5748 RC25) = 2. 3250 PC 26 ) = a a. 2455 RC 2 7) = 0. 0000 RC2a> = 0. 0000 RC29) = 1.441c 

PRODUCT OUTPUT FOR EACH PROCESS BLOCK, KG/DAY OF HEAVY METAL 
QC 1) 430.0126 QC 2) 5 18.B776 QC 3) = 1 10.9232 QC 4) 3 105.3771 QC 5) = 186.86b7 QC &) = 185.0000 QC 7) = 5. 00 00 QC 8) = 5.000C QC 9) 5.5961 roc io> = 5.3163 QC 1 1 ) = 22.7273 QC 12) = 22.5000 QC 1 o) 20.7447 QC 14) = 23.21uO QC15) = 22.0S71 QC 16) = 295.4545 QC17)• 292.5 0 0 U a c ib) = 437.2187 QC19) = 542.9740 QC2 0 ) = 398.6816 UC2I ) = 398.bb1o QC22) = 44.3202 QC 23) = 19.9441 QC24) • 29.5748 QC25) 2.3250 OC 26) = 22.2455 QC27) = 0.0000 QC 23 ) » 0.0000 3(29) = 1.4416 
OVERALL HTGR FUEL PROCESSING MATERIAL BALANCE, CASE NUMBER 2 
INPUT PARAMETERS 
X< 1) = 1500.0UU0 XC 2) - 0.3700 x c : < ) = 0. 0450 XC 4) s X< 5) = o . o i o o XC 6 ) = 0.0500 XC It = 13.10U0 XC 8 ) 3 XC 9) = 0.1000 XC 10) 3 0.0100 XC l 1) = 0.0500 XC 12) = XC 13) = 0.2502 XC 14) - U.1000 XC 15) = 0 . 0 0 0 0 XC 16) 3 X< 17) = 0.2238 XC 18) = 0.0 100 XC 19) = 0.0500 X(20) E XC21) = 0. 0500 XC 22) 3 0.1000 XC 23) = 4.2500 XC 24) = XC 25 ) = 0 . 0 0 0 0 XC 26) = 0.1000 XC27) = 0 . 0 0 0 0 XC 28) = X( 29 ) = 0 . 0 0 0 0 XC30J = 0.QUQO XC 31) = 0 . & 0 0 0 XC32) = XC 33) = 0. 0500 

0.5850 0.0500 3.5030 0.5463 
8 . 8 0 0 0 0.9561 0.0000 0.D000 
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HEAVY METAL FLOW RATES , KG ?EH DAY 
UC 1 ) a 1500. OUUU '„C 3 077.5000 VC 3) = 8S6. 3636 VC 4) 3 8.6636 VC 5) s bb. I71«i VC 6) 3 46.o507 VC 7) = 69. 6539 VC 8) 3 3.4827 VC 9) = 02. 234 0 VC 10} 3 7.7393 Vlll) 3 15. 1592 VC 12) 3 62.2340 VC 13) a 51 . 5772 VC 14) 3 74.9297 VC IS) a 3. 3214 VC 16) a 1 3. 7948 WC 17) = 3. 653U VC lb) 3 59.6322 VC19) £ 59. 6322 WC20) 3 67.5000 VC21 ) a 6S. iai = VC 22) 3 3.6613 VC23) 3 15. 9490 VC24) = 3.5885 
f t 2 5 ) 3 16. 7eo4 VC 26) 3 0.6394 VC27) 3 15. O O O O VC 2b) 3 1 .8654 VC 29 ) a 15. o o o o VC3U) 3 0 . 0 0 0 0 V C 3 1 ) 3 4. 3249 VC3£) 3 819.4500 VC33) a o3e. 77 49 V C J4) 3 U . 0 0 0 0 VC 35 ) 3 0 . 0 0 0 0 V C 3 6) 3 0 . 0 0 0 0 WC 37 ) 3 b . 0 0 0 0 VC30) 3 0 . 0 0 0 0 VC 39 ) 3 0 . U O O O U C 4 0 ) 3 555.0000 VC41 ) = 560. 6061 V C 4 2 ) 3 5.6061 VC43) = 316. 1312 L C 44) 3 29.5056 VC ) = 33<i. 7697 V C 46) 3 !6.63o5 VC 47 ) B 56. 6327 VC46) 3 36.9 744 VC49) X 1290. 037S V( 53) 3 1233.4051 VC51 ) 3 470. 56 76 VC 52) 3 0 . 0 0 0 0 VC53) s C . 0000 VC 54) 3 o . o c o o VC55) • 0 . 0 0 0 0 VC 56) 3 0 . 0 0 0 0 V. 57) s li. 0 30 U VC 58) = 0.0000 VC59) 3 0. 3000 LC60) 3 866.6431 VCel ) 3 55. 5214 VC 62) 3 273.3634 VC63) 3 0 . 0 0 0 0 V C 64) 3 1196.6449 Vv65> 3 132. 9605 VC 66) 3 1329. 6 0 54 VC 6 7 ) 3 299. 3167 VC&S) 3 1311. 6562 VC 69 > X 132. 9 o 0 5 VC 70 ) 3 132.7282 VC 71 ) m 1309. 3627 
TOTAL PROCESS THFiOUGHPUT • KG/DAY OF HEAVY METAL 
RC 1) s 129U, 0376 RC 2) 3 1290.037B RC 3) • 369.7441 RC 4) 3 332. 7697 RC 5) 3 59U . 1 116 RC 6) 3 560.6061 RC 7) 3 836.7749 RC 8) 3 15.0000 RC 9) 3 16. 6538 HC 10) 3 16.7864 Rill) 3 71.7703 HC 12) 3 68. lblS RC 13; 3 D C . 2 J 4 3 Kt 14) 3 77.3933 RC15) 3 69.6539 RC 16) 3 933. 0 144 RC 17) 3 586. 3636 RC 16) 3 131 1.6562 RC 19J — 1628.9221 HC20) 3 1329.6054 RC21 ) 3 1256. 4771 RC 22) 3 132.9605 RC23) 59.8322 RC 24) 3 88.7245 RC 25 ) 3 6. * 75 I RC2o) 3 66.7 364 RC27) & 0.0000 RC 26) 3 0. 0000 RC 2 V ) 3 4. J*49 

PRODUCT OUTPUT FOR EACH PROCESS BLOCK, KG/DAY OF HEAVY METAL 
QC 1) 3 1291). 0 J76 QC 2) 3 56.6327 QC 3) 3 332. 7t9 7 QC 4) 3 316.1312 iC 5) S 5bU . bUbl QC 6) 3 555.U U 00 OC 7) • IS.0000 QC 8) 3 15.0000 QC 9) 3 lb. 7eo4 OC 10) 3 IS.9490 OCI1) 3 66.1816 QC 12) 3 67.5000 QCl 3) 3 t > 2 . 234 0 QC 14> 3 69.6539 QC 1 5 ) 3 66.1712 QC 1 6) 3 886.3636 OC 17) 3 677. 5000 QC 18) 3 1311.6562 aci9) 3 1628.9221 QC 20 ) 3 1 196.6409 QC21 > 3 1196. 644 9 3C 22> 3 132.9605 QC23) • 59.6322 QC 24) 3 88.7245 QC25) 3 to. 9 75 I QC £b) = 66.7 354 QC27) 3 0.0000 QC 23) 3 O . C O O O UC 29 ) 3 4. 3249 
OVERALL HIGH FUtL PROCESEIUG MATERIAL 3ALAMCE, CASE NUMBER 3 
INPUT PARAMETERS 
XC 1) 3 3000 . 000 0 XC 2) 3 0.3700 XC 3) 3 0•0450 XC 4) 3 0.5650 XC 5) 3 u . o i o o XC 6) 3 U.0500 XC 7) 3 13.1030 XC 6) a 0.0500 XC 9) 3 0.1000 X< 1 U) 3 0.0 100 XC I 1 ) 3 0.0500 XC 12) = 3.5000 XC 1 3) 3 0.050 0 X t 14 ) 3 0.1000 XC 15) = 0 . 0 0 0 0 XC 16) a 0.5463 XC 17) 3 0.2238 XC 16) 3 0.0100 XC 19) B 0.0500 XC 20 ) a 8.8000 XC 2 1 ) 3 a . o s o o X I dS ) 3 0.1000 XC 23 ) S 4.2S00 XC24) a 0.9561 XC25) 3 o.uJOO XC 26) 3 0.1000 XC 27 ) 3 0.0000 XC 26) a 0 . 0 0 0 0 XC 29 ) 3 0.00(10 XC 3 0 ) 3 0.0000 XC31 ) = 0 . 0 0 0 0 XC 32) 3 0 . 0 0 0 0 XC 33) = 0 . 0 5 0 0 

HEAVY METAL FLOV RATES , , KG PER DAY 
VC 1 ) 3 3000.0000 VC 2) 3 1755.0000 VC 3> S 1772. 7273 VC 4) a 1 7. 7273 VC 5) 3 132.3425 VC 6) 3 93.3014 VC 7) 3 139.3079 VC 8) s 6.9654 VC V) 3 124.4661 VC 10) 3 15.4767 VC 1 1 ) 3 30.3184 VC 12) a 124.46B1 VC 1 3) 3 103.1543 VC 14) 3 149.8595 VC 15) 3 6.6427 VC 16) a 37.5896 VC 17) 3 7.3075 VC 16) 3 119.6645 VC 19) B 119.6645 v c a o ) a 135.0000 VC21 ) 3 136.3636 VC 2 2 ) 3 1.3636 WC23) B 31.8979 VC 24) a 7.1770 VC25) 3 33.5768 VC 26) S 1.6788 V C 2 7 ) B 30.0000 VC 2 6 ) a 3.7308 VC29) 3 30.0000 VC 30) 3 0.0000 WC 31 ) B 8.6498 VC 32) 3 1638.9000 VC 33) 3 1677.5498 VC 34) 3 0.0000 V C 3 5 ) 3 0.0000 VC 36) 3 0 . 0 0 0 0 VC 37 ) 3 0 . 0 0 0 0 V C 36 ) 3 0.0000 VC 39 ) B 0.0000 VC 40 ) 3 1110.0000 VC41 ) 3 1121.2121 VC 42 ) = 11.2121 VC43) 3 632.2625 VC 44) a 59.0112 WC45) 3 665.5394 VC 46) 3 33.2770 V C 4 7 ) S 113.2653 VC 48) 3 73.9486 VC49) 3 2560.U756 VC 50 ) X 2466.8102 VC51 ) B 941.1756 VC 52) S 0 . 0 0 0 0 UC 53) 3 0 . 0 0 0 0 VC 54) 3 0.0000 VC 55 ) 3 0.0000 VC 56) 3 0 . 0 0 0 0 VC57) 3 0 . 0 0 0 0 VC 58) 3 0.0000 WC 59 ) 3 0 . 0 0 0 0 VC 60) B 1733.6862 VC61 ) 3 111.6427 VC 62 ) 3 547.9608 UC 63 ) 3 0.0000 VC 64) a 2393.2898 VC 65) S 265.9211 VC 66) B 2659.2109 WC 67 ) B 398.6334 VC 68) a 2623.3125 VC 69) 3 265.9211 VC 70 ) 3 265.4564 VC 71 ) B 2618.7254 
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T O T A L P R O C E S S T H R O U G H P U T , X G / D A Y O F H E A V Y M E T A L 

RC J ) = 2 5 8 0 . 0 7 5 6 RC 2 ) = E S o O . 0 7 5 6 RC 3 ) = 7 3 9 . 4 8 8 3 RC 4 ) = 6 6 5 . 5 3 9 4 
RC 5 ) = 1 1 3 0 . 2 2 3 3 RC 6 ) = 1 1 2 1 . 2 1 2 1 RC 7 ) - 1 6 7 7 . 5 4 9 6 RC S ) = 3 0 . 0 0 0 0 
RC 9 ) = 3 7 . 3 0 7 5 R l 1 0 ) = 3 3 . 5 7 6 8 RC 1 1 ) = 1 4 3 . 5 4 0 7 RC 1 2 ) = 1 3 6 . 3 6 3 6 
RC 1 3 > = 1 2 4 . 4 6 8 1 RC 1 4 ) = 1 5 4 . 7 8 6 5 RC 1 5 ) = 1 3 9 . 3 0 7 9 H C 1 6 ) = 1 8 6 6 . 0 2 5 7 
RC 1 7 ) = 1 7 7 2 . 7 2 7 3 RC 1 8 ) = 2 6 2 3 . 3 1 2 5 RC 1 9 ) = 3 2 5 7 . 8 4 4 2 R C 2 0 ) = 2 6 5 9 . 2 1 0 9 
R C 2 1 ) = 2 5 1 2 . 9 5 4 3 RC 2 2 ) = 2 6 5 . 9 2 1 1 R C 2 3 ) = 1 1 9 . 6 6 4 5 P. C 2 4 ) = 1 7 7 . 4 4 5 1 
R C 2 S ) ss 1 3 . 9 5 0 3 RC 2 6 ) = 133. 4 7 2 7 R C 2 7 ) = 0. 0 0 0 0 R C £ c ) = 0 . 0 0 0 0 
RC 2 9 ) 9 b. 6 4 9 6 

P R O D U C T 1 O U T P U T F O R E A C H P R O C E S S S L O C K , K G / D A Y O F H E A V Y M E T A L 

QC 1 ) = 2 5 8 0 • 0 7 5 6 QC 2 ) = 1 1 3 . 2 6 5 3 QC 3 ) = 6 6 5 . 5 3 9 4 QC 4 ) s 6 3 2 . 2 6 2 5 at s> = 1 1 2 1 . 2 1 2 1 QC 6 ) = 1110. 0000 QC 7 ) = 3 0 . 0 000 QC 6 ) = 3 0 . 0 0 0 0 
QC 9 ) = 3 3 . 5 7 6 8 QC 1 0 ) = 3 1 . 8 9 7 9 QC 1 1 ) = 1 3 6 . 3 6 3 6 QC 1 2 ) = 1 3 5 . 0 0 0 0 
QC 1 3 ) 1 2 4 . 4 o f a l QC 1 4 ) = 139. 3 0 7 9 QC 1 5 ) s 1 3 2 . 3 4 2 5 QC 1 6 ) = 1 7 7 2 . 7 2 7 3 
QC 1 7 ) 1 7 5 S . 0 000 QC 1 8 ) - 2 6 2 3 . 3 1 2 5 QC 1 9 ) 3 2 5 7 . 8 4 4 2 Q C 2 0 ) 2 3 9 3 . 2 6 9 a 
S C 2 1 ) = 2 3 5 3 . 2 6 9 6 Q C 2 2 ) 2 6 5 . 921 1 Q C 2 3 ) = 1 1 9 . 6 6 4 5 QC 2 4 ) = 1 7 7 . 4 4 9 1 
O C 2 5 ) 1 3 . 9 5 0 3 QC 2 b ) - 1 J 3 . 4 7 2 7 Q C 2 7 ) = 0 . 0 0 U 0 Q C & b ) = G.0D00 
0 C 2 * ) = d . 6 4 9 b 



Appendix A-5 
PUNCHED OUTPUT FROM BAL 
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3 

1 O.̂ ooooe+OS 
4 . 3 0 0 1 3 8 + 0 2 
1 . 8 6 8 6 9 0 * 0 2 
2 . 3 9 2 3 4 8 + 0 1 
3 . 1 1 0 0 5 8 + 0 2 
4 . 1 8 8 2 6 B + 0 2 
2 . 2 2 U S 5 8 + 0 1 
4 . 3 0 0 1 3 2 * 0 2 
1 . 8 5 0 0 0 K + Q 2 
2 . 2 7 2 7 3 8 * 0 1 
2 . 9 5 U 5 5 E + 0 2 
3 . 9 8 8 8 2 E * 0 2 
2 . 2 2 4 5 5 8 + 0 1 

2 0 . 1 5 0 0 0 8 + 0 4 
1 . 2 9 0 0 4 E + 0 3 
5 . 6 0 6 0 6 E * 0 2 
7 . 1 7 7 0 3 8 + 0 1 
9 . 3 3 0 1 4 8 + 0 2 
1 . 2 5 6 4 8 8 + 0 3 
6 . 6 7 3 6 4 E + 0 1 
1 . 2 9 0 0 4 E + 0 3 
5 . 5 5 0 0 0 E + 0 2 6.81818F+01 
8 . 8 6 3 6 4 E + 0 2 
1 . 1 9 6 6 4 E + 0 3 
6 . 6 7 3 6 4 8 + 0 1 

3 0 . 3 0 0 0 0 E + 0 4 
2 . 5 8 0 0 8 E + 0 3 
1 . 1 2 1 2 1 E + 0 3 
1 . 4 3 5 U 1 E + 0 2 
1 . 8 6 6 0 3 8 + 0 3 
2 . 5 1 2 9 5 8 + 0 3 
1 . 3 3 4 7 3 8 + 0 2 
2 . 5 8 0 0 8 E + 0 3 
1 . 1 1 0 0 0 K + 0 3 
1 . 3 6 3 G 4 E + 0 2 
1 . 7 7 2 7 3 E * 0 3 
2 . 3 9 3 2 9 8 + 0 3 
1 . 3 3 U 7 3 E + 0 2 

0 . 2 0 7 4 5 8 * 0 2 
Q . 3 0 0 1 3 8 + 0 2 
2 . 7 9 5 9 2 8 + 0 2 
2 . 2 7 2 7 3 8 + 0 1 
2 . 9 5 4 5 5 8 * 0 2 
4 . 4 3 2 0 2 8 + 0 1 0.00000E-01 
1 . 8 8 7 7 6 8 * 0 1 
5 . 0 0 0 0 0 8 + 0 0 
2 . 2 5 0 0 0 8 * 0 1 
2 . 9 2 5 0 0 E * 0 2 
4 . 4 3 2 0 2 8 + 0 1 
0 .000008-01 

0 . 6 2 2 3 4 8 + 0 2 
1 . 2 9 0 0 4 E * 0 3 
8 . 3 8 7 7 5 E * 0 2 6.818188+01 
8 . 8 6 3 6 4 E * 0 2 
1 . 3 2 9 6 1 E * 0 2 
0 . 0 0 0 0 0 E - 0 1 
5 . 6 6 3 2 7 8 + 0 1 
1 . 5 0 0 0 0 8 + 0 1 
6 . 7 5 0 0 0 B + 0 1 
8 . 7 7 5 0 0 E + 0 2 
1 . 3 2 9 6 1 E * 0 2 
0 . 0 0 0 0 0 E - 0 1 

0 . 1 2 4 4 7 E * 0 3 
2 . 5 8 0 0 8 E * 0 3 
1 . 6 7 7 5 5 E * 0 3 
1 . 3 6 3 6 4 E * 0 2 
1 . 7 7 2 7 3 E + 0 3 
2 . 6 5 9 2 1 E * 0 2 0. OOOODE-01 
1 . 1 3 2 6 5 E * 0 2 
3 . 0 0 0 0 0 E * 0 1 
1 . 3 5 0 0 0 E * 0 2 
1 . 7 5 5 0 0 E * 0 3 
2 . 6 5 9 2 1 E * 0 2 0.000008-01 

0 . 4 4 2 4 3 8 + 0 2 
1 . 2 3 2 4 8 B + 0 2 
5 . 0 0 0 0 0 8 + 0 0 
2 . 0 7 4 4 7 8 + 0 1 
4 . 3 7 2 1 9 E + 0 2 
1 . 9 9 4 4 1 8 + 0 1 
O.OOOOOB-OI 
1 . 1 0 9 2 3 8 * 0 2 
5 . 0 0 0 0 0 E * 0 0 
2 . 0 7 4 4 7 8 * 0 1 
4 . 3 7 2 1 9 8 * 0 2 
1 . 9 9 4 4 1 8 * 0 1 0.000008-01 

0 . 1 3 2 7 3 8 * 0 3 
3 . 6 9 7 4 4 8 * 0 2 
1 . 5 0 0 0 0 8 + 0 1 
6 . 2 2 3 8 0 8 * 0 1 
1 . 3 1 1 6 6 8 * 0 3 
5 . 9 8 3 2 2 8 + 0 1 0.000008-01 
3 . 3 2 7 7 0 8 * 0 2 
1 . 5 0 0 0 0 8 * 0 1 
6 . 2 2 3 4 0 8 + 0 1 
1 . 3 1 1 6 6 8 * 0 3 
5 . 9 8 3 2 2 8 + 0 1 
0 .000008-01 

0 . 2 6 5 4 6 8 + 0 3 
7 . 3 9 4 8 8 8 * 0 2 
3 . 0 0 0 0 0 8 * 0 1 
1 . 2 4 4 6 8 8 + 0 2 
2 . 6 2 3 3 1 8 + 0 3 
1 . 1 9 6 6 4 8 + 0 2 
0 .000008-01 
6 . 6 5 5 3 9 8 + 0 2 
3 . 0 0 0 0 0 8 * 0 1 
1 . 2 4 4 6 8 8 + 0 2 
2 . 6 2 3 3 1 B * 0 3 
1 . 1 9 6 6 4 8 * 0 2 
0 .000008 -01 

0 . 4 3 6 4 5 8 + 0 3 
1. 1 0 9 2 3 8 * 0 2 
6 . 2 1 7 9 2 8 * 0 0 
2 . 5 7 9 7 8 8 * 0 1 
5 . 4 2 9 7 4 8 * 0 2 
2 . 9 5 7 4 8 8 * 0 1 
1 . 4 4 1 6 4 8 + 0 0 
1 . 0 5 3 7 7 8 + 0 2 
5 . 5 9 6 1 3 E + 0 0 
2 . 3 2 1 8 0 E * 0 1 
5 . 4 2 9 7 4 8 + 0 2 
2 . 9 5 7 4 8 8 + 0 1 
1 . 4 4 1 6 4 8 + 0 0 

0 . 1 3 0 9 4 8 + 0 4 
3 . 3 2 7 7 0 8 * 0 2 
1 . 8 6 5 3 8 8 * 0 1 
7 . 7 3 9 3 3 3 + 0 1 
1 . 6 2 8 9 2 8 + 0 3 
8 . 8 7 2 4 5 8 + 0 1 
4 . 3 2 4 9 2 8 + 0 0 
3 . 1 6 1 3 1 8 + 0 2 
1 . 6 7 8 8 4 8 + 0 1 
6 . 9 6 5 3 9 8 + 0 1 
1 . 6 2 8 9 2 8 + 0 3 
8 . 8 7 2 4 5 8 + 0 1 
4 . 3 2 4 9 2 8 + 0 0 

0 . 2 6 1 8 7 8 + 0 4 
6 . 6 5 5 3 9 8 + 0 2 
J . 7 3 0 7 5 8 + 0 1 
1 . 5 4 7 8 7 8 + 0 2 
3 . 2 5 7 8 4 8 + 0 3 
1 . 7 7 4 4 9 B + 0 2 
8 . 6 4 9 8 3 8 + 0 0 
6 . 3 2 2 6 2 8 + 0 2 
3 . 3 5 7 5 8 8 * 0 1 
1 . 3 9 3 0 8 8 + 0 2 
3 . 2 5 7 8 4 8 + 0 3 
1 . 7 7 4 4 9 H + 0 2 
8 . 6 4 9 3 3 8 + 00 

1 . 9 6 7 0 4 8 + 0 2 
5 . 5 9 6 1 3 8 + 0 0 
2 . 3 2 1 8 0 8 + 0 1 
4 . 4 3 2 0 2 8 + 0 2 
2 . 3 2 5 0 4 8 + 0 0 

1 . 8 6 8 6 9 8 + 0 2 
5 . 3 1 6 3 2 8 + 0 0 
2 . 2 0 5 7 1 8 + 0 1 
3 . 9 8 8 8 2 8 + 0 2 
2 . 3 2 5 0 4 8 + 0 0 

5 . 9 0 1 1 2 8 + 0 2 
1 . 6 7 8 8 4 8 + 0 1 
6 . 9 6 5 3 9 8 + 0 1 
1 . 3 2 9 6 1 8 + 0 3 
6 . 9 7 5 1 3 8 + 0 0 

5 . 6 0 6 0 6 8 + 0 2 
1 . 5 9 4 9 0 8 + 0 1 
6 . 6 1 7 1 2 8 + 0 1 
1 . 1 9 6 6 4 8 + 0 3 
6 . 9 7 5 1 3 8 + 0 0 

1 . 1 8 0 2 2 8 + 0 3 
3 . 3 5 7 6 3 8 + 0 1 
1 . 3 3 3 0 8 8 + 0 2 
2 . 6 5 9 2 1 8 + 0 3 
1 . 3 9 5 0 3 8 + 0 1 

1 . 1 2 1 2 1 8 + 0 3 
3 . 1 8 9 7 9 8 + 0 1 
1 . 3 2 3 4 2 E + 0 2 
2 . 3 9 3 2 9 8 + 0 3 
1 . 3 9 5 0 3 8 + 0 1 



Appendix B-l 
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 7 4 - 1 4 8 * 

BLOCK DATA 
FO THRU F3 
FST 
KTYP 
ESF 
SUF 
UCCF 
UCSF 
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C * A I N PROGRAM ( C t P ) ) T . OKI OK 74-1451 

I N I T I A L I Z E STORAGE 

MPT - 0 
VAL' lL = 0 . 0 

C A S E H N ' 4 H 
TITLE 

L T T I - 4 H " " ' 
SlIMTTL = 4 H # * * * 

TTPTL = 4 H * » " 

READ NX. DC. JR. JC 

4 • 
iCN - 1 
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am DIC 14-ius 
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1UI DIE 74-1417 

( S .R . P R O P v P ) 

IU-20. I S - 3 
XS • KTVP(K) 
IS = IS + 5 
IUMU-M 

CALCULATE 
V t l U E ( J . I ) l - l - M 

J - 3 0 . 4 5 , 4 3 . * d 
5 3 . 7 5 . 7 7 

-L-fc 

C»lCOL»TE 
V i L U E ( i . l ) 

J = 7 9 . 82 .BB , 83 . 90. . 1 - 1 + 1 

9 2 . 9 4 . 9 S . 9 3 . I O t 
« -j 

1 0 3 , 1 0 5 , 1 0 7 . 1 0 9 
2 7 . 6 7 . 1 0 0 . I l l 

C ^ ^ N I T 
Y > 

VXD 
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S R.OUTPUT 
cm nc 74-ins 

js - nar(i) 
ibt = ( js- i ) .9+i5 
call replace 

* 

js - nar(i) 
ibt = ( js- i ) .9+i5 
call replace 

< t i £ hit 

l i - 0 
lno • b 
nlp = 0 
npg =1 

call i0ay (today) i 

( j j • [ n nlt( i) 

ktyp|= ktypc« 
iibhe ceil type 

for i cell \ 
X 

\ ktypl-ktkp(l) ! 

i ktyp2-ktkp(z) 
1 i r i ie cell trpes 
\ fob 3 cells 

M KTYPi»nnp(n ktyp2 - k!!p(2) 
*ttp3=ktyp(ii 

i r i te cell types 
for 3 cells 

NIP - HIP ] ( 7 ) 

4 

A 

A 

A 

\ mite \ 
\ pace nd. \ 

nui - nun + i 
, 
\ irite 

n calculated 
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(i I 
1 = 1 

ORNL DIG 74-1483 

SUBROUTINE FUNX D 

VALFX ( I C N , 1 , 1 ) = 0 - 0 
VALFX ( I C N , l , 2 ) = 0 - 0 

JE = NPT - 1 
1 = 1 

f 1 f 

C I = V A L V E ( 1 , 1 1 7 ) 
C 2 = V A L V E ( I 1 , 1 1 7 ) 
W l = V A L V E ( 1 , 1 1 3 ) 
K2 = V A L V E ( I 1 , 1 1 3 ) 

RAT = A L O G ( C 1 / C 2 ) 
B = R A T / ( W l - » 2 ) 

A l = C l / E X P CB-W1) 
A 2 = C 2 / E X P ( B * W 2 ) 

A = ( A 1 * 2 ) / 2 
VALFX ( I C N , l , 1 ) = A 
VALFX ( I C N . i , 2 ) = B 
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ORNL O W E 74 -1491 
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ORNL DIG 74-1483 
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ORNL m 7 4 - 1 4 8 2 

ŜUBROUTINE IHITSj) 

- 1 

1 = 1 

S ( l ) = 4H 

S (H )= = 0 - 0 

RETURN 

( £l" J 
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PROGRAM LISTING OF CEP 
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Program PLCEST 
C PROGRAM PLCEST PLCES 10 
£ * * * * * * * * * * * * * * * * » * * * * * * * * * * * * * * * * * * PLCES 2 0 
C T H I S PROGRAM CALCULATES THE ESTIMATED COST UF A PLANT FOR PLCES 3 0 

PROCESSING REACTOR FUEL MATERIALS ETC. REQUIRING EITHER PLCES 4 0 
RFMOTE EQUIPMENT OR CONTROLLED ATMOSPHERE AND TABULATES PLCES 5 0 
THF RESULTS- PLCES 6 0 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * PLCES 7 0 
BLOCK DATA PLCES 8 0 
COHHUN/XMAIN/ BLANK 1* BLANK2(3 ) • C A S E N M U O ) , PLCES 9 0 

1 S T R O U H 1 6 ) . PLTCAPI5 ) PLCES 9 1 
COMMON!/ I I T L A B / T I T L E I 1 5 . 3 8 ) , S U M I T L t 1 5 , 7 1 .LTTLC 15 , 1 1 7 ) , TYPTL U 9 , 15 ) PLCE 100 

C 
C 

C * 

COMMON/TABDAT/PRCTTLI20) , VALUE I 5 , 1 2 4 ) . V A L S T I 3 0 . 5 . 2 ) , PLCE 110 
1 I ARK 7 ) * I A R 2 1 9 . 3 ) , V A L F X I 3 0 , 4 . 2 ) PLCE 

COMMOKI/OATUC F/CNUCF , ENGUCF, GAUCF. PLCE 
1 OLCUCF. OLNUCF, OUUCF, PLCE 
2 PJMUCF. POTUCF. PSCUCF, PLCE 
3 OLAUCF, SEQUCF. SPUCF, PLCE 
4 T I I U C F . SICUCF PLCE 

COMMON/FOAT/ F S F I 1 5 ) , SUFI 1 5 ) . UCCFC15S, PLCE 
1 U C S F I 1 5 ) , K I Y P U 5 ) PLCE 

CUMMON/DATAB/ I F T T 1 1 7 ) . N L K 3 1 ) . N L 0 I 3 1 ) , PLCE 
I N L S U 5 5 ) PLCE 

COMMON/FMTDAT / F 0 1 3 I , F L O ) , F 2 1 3 ) , PLCE 
1 F3I 3 ) , FST115) PLCE 

, 0 . 0 / , F 2 / 4 h F 1 0 . . 4 H 2 , PLCE 16G 
PLC£ 161 

DATA F 0 / 4 H F 1 0 . . 4 H O . 0 . 0 / , F 1 / 4 H F i O . . 4 H I 
1 0 - 0 / . F 3 / 4 H F i O . » 4H3 . 0 . 0 / 

DATA F S T ( l ) , F S T ( 2 > , F S T ( 3 ) , F S l ( 4 t . F S T ( 5 ) . F S T ( 6 ) , F S T ( 7 ) , F S T ( B ) , F S T ( 9 P L C E 17C 
l ) . F S T ( l O ) . F S T I l l ) . F S T I 1 2 i , F S T l l 3 ) . F S r i l 4 ) , F S r U 5 ) / 4 H C l H . 4 H . 1 5 A , PLCE 1 7 1 
2 4 H 4 . 5 . 4 H X . 1 0 . 4 H X , . 4 H 2 X . 1 . 4 H 0 X . 4 H . 2 X . . 4 H 1 0 X , 4 H . 2 X . 4 H . 1 0 X . PLCE 172 
34H . 2 . 4 H X , 1 0 . 4 H X ) . 0 . 0 / PLCE 173 

OATA K T Y P / 1 , 2 , 3 , 4 . 5 . 6 . 7 . 8 . 9 . 1 0 . 1 1 . 1 2 . 1 3 . 1 4 . 1 5 / PLCE 180 
DATA t S F / U . 7 , 0 . 6 . 0 . 7 , 0 . 6 , 0 . 7 , 0 . 6 , 0 . 6 . 0 . 8 , 0 . 8 . 1 . 0 , 1 . 0 . 0 . 0 . 0 . 6 , 0 . 0 , PLCE 190 

1 0 . 0 / , S U F / 4 . 0 , 2 . 3 3 , 4 . 0 , 2 . 3 3 , 4 . 0 , 2 . 3 3 , 2 . 5 , 2 . 2 , 3 . 6 . 2 . 5 , 5 . 3 . 5 . 6 , 2 . 7 * PLC6 191 
2 0 . 0 . 3 . 5 / PLC6 192 

DATA U C C F / 4 2 . 0 0 , 1 8 . 0 0 . 3 9 . 0 0 . 1 6 . 0 3 . _ > 4 . 0 0 . 1 3 . 0 0 . 9 . 0 0 , 1 4 6 . 0 0 , 7 8 . 0 0 . PLCE 2 0 0 
1 2 . 3 0 . 2 . 3 0 . 7 . 0 0 . 7 . 0 0 , 7 . 0 0 , 2 . 3 0 / . U C S F / 1 2 5 8 , 7 3 0 , 1 1 7 4 , 6 2 2 , 1 0 2 8 , PLCE 2 0 1 
2 5 3 8 , 1 8 0 , 5 0 0 . 9 3 4 , 1 1 4 * 1 1 4 , 1 0 0 * 1 0 U , 1 0 0 . 1 0 0 / PLCF 2 0 2 

DATA GAOCF ENGUCF.PSCUCF.CNUCF.SPUCF.SEOUCF,CLAUCF.OUUCF/O.10 .0 .30PLCE 2 1 0 
1 . 0 . 0 5 . 0 . 2 0 . 0 . 0 0 7 . 0 . 0 3 , 0 . 0 6 , 0 . 1 0 / PLCE 2 1 1 

OATA OLNUCF, P JMUCF, OLCUCF, T I I U L F , P O T U L r . 5 I C U C F / 0 . 0 1 , 0 . 0 2 , 0 . 0 4 , PLCE 2 2 0 
1 0 . 2 0 . 0 . 2 0 . 0 . 0 0 5 / PLCE 2 2 1 

OATA BLANK 1 / 2 H / . B L A N K 2 / 4 H , 4 H , 4 H / PLCE 2 3 0 
DATA I F T / 1 . 1 , 1 . 1 . 1 , 2 , 2 , 3 . 1 , 3 . 2 . ^ . 3 . 1 , 3 , 2 , 2 . 3 , 1 . 3 , 3 . 3 . 3 , 1 , 1 . 1 , 1 , 2 , PLCE 2 4 0 

I . 7 . 3 . 1 . 2 . 2 . 2 . 1 . 2 . 2 . 2 . 1 . 2 . 2 . 2 , 1 . 1 . 3 , 2 # 1 , 1 , 3 , 2 , 1 , 1 , 3 . 2 . 1 , 3 , 3 , 3 , 3 , 3 . 3 , P L C E 2 4 1 
2 3 , 1 . 1 . 1 . 1 , 1 . 1 . 1 . L , 1 , 1 , 1 , 2 , 3 . 1 , 3 , 1 , 3 , 1 , 1 . 4 , 1 , 1 , 1 , 3 , 1 , 3 , 1 . 3 , 1 , 3 , 1 , 4 . P L C E 24 2 
3 1 . 3 , 1 . 3 , 1 , 1 . 3 . 1 , 3 . 1 , 3 , 1 , 3 , 1 , 3 , 1 . 1 , 1 , 3 . 1 . 3 , 1 , 3 / PLCE 2 4 3 

OATA N L T / 3 , 1 , 2 , 1 , 1 , 2 . 1 , 1 , 1 , 1 . 1 , 1 , 1 . 1 , 2 . 1 , 1 , 1 , 2 , 1 , 1 , 1 , 1 , 1 , 1 , 2 , 1 , 1 . PLCE 2 5 0 
I I . 1 . 1 / PLCE 2 5 1 

DATA N L 0 / 1 . 4 , 1 5 , 3 . 4 . 4 . 1 2 . 1 2 . 1 , 3 . 3 . 1 , 4 , 6 . 3 . 2 , 3 , 4 , 2 , 2 , 2 , 2 . 2 , 2 , 3 , 2 . 2 . P L C E 2 6 0 
1 2 . 2 . 3 , 6 / PLCE 2 6 1 

OATA N L S / 2 . 1 , 1 , 1 , 1 , 0 . 0 , 0 . 2 , 1 , 1 . 0 , 0 . 0 , 0 . 1 . 0 , 0 . 0 . 0 . 1 , 0 . 0 , 0 . 0 , 1 , 1 , 0 , 0 P L C E 270 
1 . 1 . 1 . 0 . 0 , 0 , 3 , 1 . 1 , 0 . 0 , 0 , 1 , 1 , 0 , 0 , 0 , 1 , 0 , 0 . 0 , 1 , 0 , 0 , 0 , 1 , 1 , 0 , 0 , 0 , 1 , 0 , 0 , O P L C E 2 7 1 
2 . 1 . 0 . 0 . 0 . 1 . 1 . 1 . 1 . 0 . 0 . 1 . 1 . 0 , 0 . 3 . 1 . 1 . 1 . 0 . 0 . 0 . 1 , 1 * 0 , 0 , 0 . 0 , 0 , 2 , 1 , 1 , 0 . O P L C E 2 7 2 
3 . L . 1 . 0 . 2 . L . 0 , 0 . L . 1 . 0 , 0 , 0 . 3 , 1 . 1 . 0 . 2 . 1 , U , 2 , 1 . 0 , 2 . 1 . 0 , 2 , 1 . 0 , 2 , 1 , 0 , 2 , 1 P I C E 2 7 3 
4 . 0 . 0 . 3 . 1 . 1 . 0 . 2 . 1 . 0 . 2 . 1 . 0 . 2 . 1 . 0 . 2 . 1 . 0 , 0 , 2 , 1 , 0 , 0 * 0 . 0 , 0 , 0 / 

OATA 1 A R I / 1 1 3 . 1 . 2 8 , 2 9 . 5 6 . 7 4 , 5 / 
PLCE 2 7 4 
PLCE 2 8 0 

OATA I A R 2 / 2 , b * 7 , 3 2 , 3 3 , 3 4 , 4 6 j 5 7 . O 0 , 3 , 1 1 , 1 2 , 3 6 , 3 7 , 3 8 , 5 0 , 5 8 , 6 1 , 4 , 1 6 , PLCE 2 9 0 
1 1 7 . 4 0 . 4 I . 4 2 . 5 4 . 5 9 . 6 2 / 

FND 
PI.CE 2 9 1 
PLCE 300 



BLANK PAGE 
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MAIN Program 
PROGRAM MAIN COMMflN/XMAI N/ BLANK I, BLANK.2ti)< I STROUT!161• PLTCAP4 5) CCMMON/YMAIN/NX.NC.ICN.NPT,JG!30) . JP130) 

CASENMUO). 
MAIN MAIN MAIN MAIN C nMHDN/TITLAB/T1TLE!15,381.SUHTTLIi5.71,L TTL ! 15 . 117) . TYPTL ! 19 « 15 ) MAIN COMMON/TABOAT/PRCTTL(20), VALUE(5,1241, VALSTI30.5,2). MAIN I IAR1I7). IAR2I9.3) . VALFXI30.4.2) MAIN 

1001 100? 
1 0 0 3 
1004 
1 0 0 5 
1006 

1 0 0 7 1008 
1 0 0 9 
1010 
101 1 

101 2 
1 0 1 3 

1 0 1 4 
1 0 1 5 
1 0 1 6 
101 7 

DIMfNSIUN BUFF EK120), IBUFI2U) FOUIVALENCE (BUFFERIll.IBUFI111 EQUIVALENCE I STAR,I STAR) OATA IT/IHT/.ID/1H0/.IS/1HS/ OATA STAR /4H«***/ , DUX/4HTY / FORMAT(?0A4) FORMAT(2151 FORMAT(15A4.15X.A1,14) FORMAT I IHl) FORMAT!1H .10X.15A4.10X.I3) 

MAIN MAI !i MAIN MAIN MAIN MAIN MAIN MAIN MAIN MAIN 
FORMAT! 1H0, 10X, *• * * • THERE IS AN EKRUR IN THE TITLE OATA DECK -MAIN 1—THE CARD IN FRROR IS * * * • •/1H .10X.15A4.15X.A1.14) MAIN FURMAT! 1-JA4, A2, 12) MAIN FORMATt IHO.10X.«« * « * THERE IS AN ERROR IN THE TYPE TITLE DATA DMAIN IFCK THF CARD IN 6SR0R IS * * * **/lH .10X,19A4.A2,12) MAIN FURMATI 215,4X.2911.8X.29I1) MAIN FORMAT IIHO* FUNCTION COEFFICIENTS ARfc AS FOLLOhS :•) MAIN FORMAT I 1H0* A1 = • , IPE12.5.5X.1A2 = •,IPE12.5,5X,•A3 = •*1PE12.5.5XKAIN l.'A4 = IPE12.5) MAIN FORMAT»1H0«FUNCTION EXPONENTS AKE AS FOLLOWS :•) MAIN FORMAT I 1H0* BI » «, 1PE12.5.5X,,B2 « 4.IPE12.5,5X,»B3 = • , 1PE12.5.5XMAIN 

6 
T 

8 
9 

10 

1 I 
12 
13 

14 

I,'B4 = ',1PE12.5) FORMAT!12.212X.IPE12.5)) FORMATII2.3I2X.1PE12.5)) FORMAT!I2,4!2X,'PF12.5)) FORMA TII2.5I2X.IPE12.5)) NPT = 0 
Oil I J = 1. 124 Oil 1 I = 1,5 VAL UF(I.J) = 0.0 00 2 I = 1,10 CASENMI I ) = RI.ANK2I 1) CONTIMIF DO 3 J = 1,3 8 00 3 I = 1,15 TIT1FII.J) = STAR 1)1! 4 J = I. 117 00 4 I = I.15 LTTltl.J) = ISTAR Oil 5 J = 1. 7 
00 5 I = 1,15 SUMTTI ! I.J) = STAR 01) & J = 1. 15 Oil 6 J = 1,19 TYPTL(I.J) = STAR RFA0I50. 1003 ) I BUFFERIK),K=1,15),ICHAR.NUM 1 FtICHAR.NE.IT) GO TO 9 00 8 1 = 1.15 TITLE! I,MUM) = BUFFER!I) GO TO 14 IF!ICHAR.NE.10) GO TO 11 00 10 I = 1.15 LTTL! I.NUM) = IBUFI I) GO TO 14 IF!ICHAR.NE.IS) GO TO 13 Dn 12 1= 1,15 SUMTTLl I.NUM) * BUFFERI I ) GO TO 14 
IF!BUFFER111.EO.STAR) GO TO 15 WRITE 151.1006) IBUFFERIK).K=1.15).ICHAR.NUM GO TO 28 GO TO 7 

MAIN MAIN MAIN MAIN MAIN MAIN MAIN MAIN MAIN MAIN MAIN MAIN MAIN MAIN MAIN MAIN MAIN MAIN MAIN MAIN MAIN MAIN MAIN MAIN MAIN MAIN HAIN MAIN MAIN MAIN MAIN HAIN MAIN MAIN MAIN MAIN MAIN MAIN MAIN MAIN MAIN 

10 
20 
2 1 30 40 50 51 
60 70 
80 90 

100 
110 
1 2 0 130 140 150 
160 
161 170 
1 8 0 
181 190 
200 
210 
2 1 1 
220 
230 231 240 250 
260 270 
280 290 300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500 510 520 530 540 550 560 570 580 590 
600 
610 
620 630 
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t 5 R E A D 1 5 0 . 1 0 0 7 ) I B U F F E R I K ) , K = l . 1 9 ) . O U M . NUN HAIN £ 4 0 
IF (DUM.Ntr .DUX) Gfl TO 17 MAIN 6 5 0 
Of! l b 1 = 1 . 1 9 HAIN 6 6 0 
T V P T L I I . N U M ) ^ B U F F E R I I ) MAIN 6 7 0 

16 CUNTINUF MAIN 6 8 0 on rn m MAIN 6 9 0 
17 I F I BUFFER! H - F O . S T A R ) GO TO 19 MAIN 700 

H R I T F I 5 1 , 1 0 0 H1 I B U F F E R ( K ) . K « 1 , 1 9 1 , D U M , N U M MAIN 710 
r,n i n ?.« MAIN 7 2 0 

i n (>0 TO l b MAIN 7 3 0 
19 CUNTINUF MAIN 7 4 0 

« F A 0 ( 5 0 . 1 0 0 9 ) N X . N C . ( J P ! I C N ) . I L U = 1 . 2 V ) . ( J G I I C N ) . I C N = 1 , 2 9 ) MAIN 750 
00 26 I C N = 1 . N C MAIN 7 6 0 
CALL INPUT MAIN 7 7 0 
CALL PRODAT MAIN 780 
CALL FUNX MAIN 7 9 0 
I F I J G I I C M J . E O . O ! GO TO 2 0 MAIN 8 0 0 
CALL GRAPH MAIN 8 1 0 

2 0 I F I J P I I C N ) . E O . O ) GO TO 2 1 MAIN 8 2 0 
CALL OUTPUT MAIN 6 3 0 

2 1 I F I I C N . E Q . 1 ) W R I T E ! 5 2 , 1 0 0 2 ) NX.NC MAIN 8 4 0 
W R I T E I 5 2 , 1 0 0 1 ) PRC T I L MAIN 8 5 0 
I F I N P T . N E . 2 ) GO TO 2 2 MAIN 8 6 0 
I F I N P T . E Q . 2 ) WRITE! 5 2 , 1 0 1 4 ) I N P I . ( V A L S T I I CN , 1 , 1 ) , 1 = 1 , 2 ) ) MAIN 8 7 0 
W R I T E ( 5 2 . 1 0 1 4 ) ( I C N , ( V A L S T « I C N . I . 2 i , 1 = 1 , 2 ) ) MAIN 8 8 0 
GO TO 2 5 MAIN 8 9 0 

2 2 I F I N P T . N E . 3 ) GO TO 2 3 MAIN 9 0 0 
I F ( N P T « F 0 . 3 ) WRITEC 5 2 , 1 0 1 5 ) < N P T , < V A L S T i I C N . I . 1 ) , 1 = 1 , 3 ) ) MAIN 9 1 0 
W R I T E ( 5 2 . 1 0 1 5 ) ( I C N , ( V A L S T i I C N . 1 . 2 ) . 1 = 1 , 3 ) ) MAIN 9 2 0 
GO TO 25 MAIN 9 3 0 
I F ( N P T . N E . 4 ) GO TO 24 MAIN 9 4 0 
I F ( N P T . £ 0 . 4 ) W K t T E t 5 2 , 1 0 1 6 ) ( N P I . (VALSTt I CN, 1 , 1 ) , 1 = 1 , 4 ) ) MAIN 9 5 0 
W R I T E I52,1 0 1 6 ) ( I C N . ( V A L S T f I C N . 1 . 2 ) , 1 = 1 , 4 ) ) MAIN 9 6 0 
r,0 TO MAIN 9 7 0 

2 4 IF ( N P I • EO. 5 ) WHITE! 5 2 . 1 0 1 7 ) ! NPT, ( V A L S I U CN, 1 , 1 ) . 1 = 1 , 5 ) 1 MAIN 9 8 0 
WRITE 1 5 2 . 1 0 1 7 ) ( I C N , ( V A L S T U C N . 1 . 2 ) . 1 = 1 , 5 ) ) MAIN 9 9 0 

2 5 I F ( J P I l C N ) . N E . O ) GO TO 2 6 MAI 1000 
W R I T E ( 5 1 , 1 0 0 1 ) I P R C T T L l 1 1 , 1 = 1 . 2 0 ) MAI 1010 
U R I T E ( 5 1 . 1 0 1 0 ) MAI 1020 
W R I T F ( 5 l . 1 0 1 1 ) V A L F X ! I C N . 1 , l ) , V A L F X l I C S * . 2 . I t , V A L F X l 1 C N . 3 . 1 > , V A L F X ( 1 M A I 1030 

1 C N . 4 , 1 ) MAI 1 0 3 1 
W K I T F 1 5 1 . 1 0 1 2 ) MAI 1040 
WRI T t ( 5 1 . 1 0 1 3 I V A L F X ( I C N , 1 , 2 ) . V A L F X ! I C N , 2 . 2 ) , V A L F X ! I C N . 3 , 2 ) , V A L F X l I M A I 1050 ir.N.4,2) MAI 1 0 5 1 
CONTINUE MAI 1060 

2 7 CALL AOVANS MAI 1070 
Z» CUNTINUE MAI 1080 

STOP MAI 1090 
ENO MAI 1100 
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INPUT Subroutine 
SUQRUUTINE INPUT 

C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
C EXCFPT FUR THE 1ST 4 CAROS THE INPUT DATA MUST BE R I G H T 
C THE ALLOTTED F I E L D OR EACH NUN0ER WHICH UOES NOT C O N T A I N 
C HUST BF FflLLQWEO BY O N E . 
C ******** ********************* 

COMMON/XMAIN/ BLAKlKi . B L A N K 2 I 3 ) , C A S E N M I I O ) 
I S T R O U T l 1 6 1 . PLTCAPt5i 

C O M M O N / Y M A I N / N X . N C . I C N . N P T . J G t 3 0 ) , J P ( 4 0 ) 
CQMMON/TABOAT/PRCTTL l 2 0 1 » VALUE 1 5 . 1.241 • V A L S T ( 3 0 , 5 , 2 

I N P U T 10 
* * * * * * I N P U T 2 0 
ADJUSTED I N I N P U T 30 

A DECIMAL I N P U T 4 0 

* * * * * * 

C O M M O N / I N O X / 
COMM0N/FDAT/ 

I A R I I 7 ) . 
N I T . 
eSFl15). 
U C S F I 1 5 ) . 
S K E L I 3 ) , 

( A K 2 I 9 . 3 ) 
N A K I 5 ) . 
SUFI 1 5 ) . 
K T Y P I 1 5 ) 
S T R 1 2 1 ) . 

( C A S E N M I I ) . 1 = 1 . 1 0 ) 

0 1 H F N S I U N 
1 0 0 1 F O R M A T ( 2 0 A 4 ) 
1 0 0 2 FORMAT 1 5 I ? . A 4 « ? X ) I 
1 0 0 3 FORMAT I 1 H 1 . 2 O X . • * * 9 * 

1 ESTIMATED PLANT L I F E * 
1 0 0 4 F O R M A T ! 5 F 1 0 . 0 ) 
1 0 0 5 F 0 R M A T ( 5 ( A 4 . 6 X ) ) 
1 0 0 6 F0RMAT1F 1 0 . 4 , 1 0 X . 1 5 A 4 ) 

R F A D I 5 0 . 1 0 0 1 ) PRf.TTL 
R E A D ( 5 0 . 1 0 0 2 ) 
0 0 1 J Z = 1 . 5 

I N 6 R I J Z ) = 0 
N I T = 0 
I I = - 7 
DO 3 I = 1 . 5 11=11+8 
CALL P U T I N I S K E L . 8 . C A S E N N , I 1 ) 
I F I ICOMPA ( S K E i . , BL A N K 2 . 8 ) >E t i . 0 ) GU TO 3 

? C O N T I N U F 
N I T = N I T • 1 
N A R t N l T ) = 1 

3 CONTINUE 
NPT = N I T 
CALL I N I T S l S T R O U T . 1 6 ) 
J = 1 
DU 5 K = 1 . 4 9 , 1 2 
CALL F C B K I C A S E N M . J . 8 , I L l . l R T . I W S ) 
I F ! I W S . E O . O ) GO TO 4 
NOSPL = 112 - IWS) / 2 
CALL PUT I N I T E H P , I W S . C A S E N H , I L T ) 
CALL R F P L A C I S I R O U T , K + N O S P L . I W S , T E M P I 

4 J = .1 + 3 
5 CONTINUE 

K = - 1 
fin 6 I - l . N I T 

. J = 2 * NAP.l I ) - 1 
K = K + 2 
CASFNM(K) = C A S E N M I J ) 
C A S E N H l K + 1 ) = CASENMt J + l ) 

6 CONTINUE 
K E A Q I 5 0 . 1 0 0 6 ) TMPVAL, (CAROl I I , 1= 1 . 1 5 ) 
0 0 7 I = I . N I T 

7 V A L U E ( 1 . 1 1 5 ) = TMPVAL 
NTYP = 0 
0 0 9 I = 1 . 5 . 2 
CALL P U T 1 N ( S T R , 2 . C A R D , I ) 
CALL S O U E E Z J S T R . l H ) 
CALL « E N G T H ( S T R . L T H ) 
I F ( L T H . E O . O ) GO TO 9 

B CONTINUE 
NTYP = NTYP + I 
CALL B C D T O M S T R . I N T ) 
K T Y P I N T Y P ) = INT 

9 CONTINUE 
R E A D ! 5 0 , 1 0 0 5 I (PL TCAPI I ) , 1 * 1 . 5 ) 

V A L F X I 3 0 . 4 , 
NTYP 

U C C F I 1 5 ) . 

C A R 0 I 2 0 ) 

* THERE I S AN ERROR — YOU D I D 

I N P U T 50 
I N P U T 6 0 

, INPUT 7 0 
INPUT 71 
I N P U T 8 0 

) , I N P U T 9 0 
2 ) I N P U T 9 1 

I N P U 1 0 0 
I N P U 1 1 0 
I N P U 1 1 1 
I N P U 1 2 0 
I N P U 1 3 0 
I N P U 1 4 0 

NOT G I V E ANINPU 1 5 0 
I N P U 1 5 1 
I N P U 1 6 0 
I N P U 1 7 0 
I N P U 1 8 0 
I N P U 1 9 0 
I N P U 2 0 0 
INPU 2 1 0 
INPU 2 2 0 
I N P U 2 3 0 
I N P U 2 4 0 
I N P U 2 5 0 
I N P U 2 6 0 
I N P U 2 7 0 
I N P U 2 8 0 
I N P U 2 9 0 
I N P U 3 0 0 
INPU 3 1 0 
I N P U 3 2 0 
I N P U 3 3 0 
I N P U 3 4 0 
ZHPU 3 5 0 
I N P U 3 6 0 
I N P U 3 7 0 
I N P U 3 8 0 
I N P U 3 9 0 
I N P U 4 0 0 
I N P U 4 1 0 
I N P U 4 2 0 
I N P U 4 3 0 
I N P U 4 4 0 
I N P U 4 5 0 
I N P U 4 6 0 
I N P U 4 7 0 
I N P U 4 8 0 
I N P U 4 9 0 
I N P U 5 0 0 
I N P U 5 1 0 
I N P U 5 2 0 
I N P U 5 3 0 
I N P U 5 4 0 
INPU 5 5 0 
I N P U 5 6 0 
I N P U 5 7 0 
I N P U 5 8 0 
I N P U 5 9 0 
I N P U 6 0 0 
I N P U 6 1 0 
I N P U 6 2 0 
I N P U 6 3 0 
I N P U 6 4 0 
I N P U 6 5 0 
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on 10 I = l . - M I T INPU 6 6 0 
NT = NARI11 INPU 6 7 0 
PLTCAP < ' ) = PLTCAPINTI INPU 6 8 0 

10 CONTINUE INPU 6 9 0 
0 0 1 1 I = 1 . 7 INPU 7 0 0 
K = I A R H I ) INPU 7 1 0 
R E A D ! 5 0 . 1 0 0 4 ) I V A L U E I I l . K I . 1 1 = 1 . 5 * INPU 7 2 0 
CALL S H I F T I K ) INPU 7 3 0 

1 1 CONTINUE INPU 7 4 0 
0 0 12 I = 1 . 9 INPU 7 5 0 
0 0 12 J = l . N T Y P INPU 7 6 0 
K = I A R 2 I I . J ) INPU 7 7 0 
H 6 A D I 5 0 . 1 0 U 4 1 ( V A L U E ( L , K ) . L = l . 5 l INPU 7 8 0 
CALL S H I F T ( K ) INPU 7 9 0 

12 CONTINUE INPU 8 0 0 
RETURN INPU 8 1 0 
END INPU 8 2 0 

PRODAT Subroutine 
SUBROUTINE PRODAT C * * * * * * * * * * * * * * * * * * * * * * * 

C THIS SUBROUTINE CALCULATES THE RESULTS FROM 

COMMON/YMAI N / N X . N C . I C N , N P T • J G 1 3 0 ) . J P i 3 0 1 
COMMON/TAROAT/PRCTTL120) , VALUE 1 5 . 1 2 4 1 . 

1 IAR I t 7 ) , 
COMMON/11NOX/ N I T . 
COMMON/FOAT/ E S F I 1 5 ) . 

1 UCSFI 1 5 ) . 
COMMON/UATUCF/CNUCF. 

1 A R 2 I 9 . 3 ) 
N A K I 5 ) , 
SUFI 1 5 ) . 
K T Y P I 1 5 ) 
ENGUCF, 

UUUCF . 
PSCUCF. 
SPUCF, 

* * * * * * * 

THE INPUT OATA » * * * * « * 

V A L S T I 3 0 . 5 . 2 ) . 
VALFXl 3 0 , 4 , 2 ) 

NTVP 
U C C F I 1 5 ) . 

* * * * * 

* * * * * 

GAUCF, 
OLCUCF, OLNUCF, 

1PJMUCF, POTUCF. 
20LAUCF. SEOUCF, 
3 T I 1 U C F . SICUCF 

EQUIVALENCE < V A L U E ! 1 . 1 1 8 ) . S U N V A L t 1 , 1 ) J 
DIMENSION I C C ( 1 2 ) 
DIMENSION SUMVALI 5 . 7 ) 
OAT A I C C / 8 6 , 8 8 . 9 0 . 9 2 . 9 4 . 9 6 , 9 8 . 1 0 1 . 1 0 3 . 1 0 5 . 

1 0 0 1 F O R M A T ( 1 H 0 . 1 0 X . • * * * THERE I S AN ERROR -
1HT WAS NOT GIVEN FOR CELL TYPE « . I 2 . * * 

1 0 0 2 F O R M A T ! 1 H 0 . 1 0 X . * * * THERE I S AN EKKOR 
1HPUT DATA I S MISSING * « * * » » 

IU = 20 
IS = 3 
0 0 1 K * l . N T Y P 
KS = KTYPIK) 
I S = IS • 5 
1U = IU + 1 
on l l = I . N I T 
V A L U E I I , I S ) » SUFCKS) 
V A L U E I I , I U ) = UCf .F(KS) 

1 CONTINUE 
DO 2 I = l . N I T 
V A L U E ( 1 , 3 0 ) = SUFI 1 3 ) 
VALUE! 1 . 4 5 ) = SUFI 1 5 ) 
V A L U E ! 1 . 4 9 ) a S U F ( 1 5 ) 
VALUE! 1 . 5 3 ) * SUFI 1 5 ) 
V A L U E ! 1 , 7 5 ) = SUFI 1 2 ) 
VALUE! 1 . 7 7 ) = U C C F ! 1 2 1 

2 CONTINUE 
0 0 3 I = 1 , 5 
VALUE! 1 , 7 9 ) = OUUCF 
V A L U F U . S 2 ) = SICUCF 
VALUE I 1 . 8 6 ) = GAUCF 
VALUE I 1 . 8 8 ) = ENGUCF 
VALUE! 1 . 9 0 ) » PSCUCF 

1 0 7 . 1 0 9 / 
CELL WIDTH OR * * » | 

— THE PROCESS 

PRODA 1 0 
PRODA 2 0 
PRODA 30 
PRODA 4 0 
PROOA 5 0 
PRODA 6 0 
PRODA 6 1 
PROOA 7 0 
PRODA 8 0 
PROOA 8 1 
PRODA 9 0 
PROD 100 
PROD 1 0 1 
PROD 1 0 2 
PROD 1 0 3 
PROD 1 1 0 
PROD 1 2 0 
PROD 130 
PROD 140 

CELL HEIGPROI) 150 
PROD 1 5 1 

ING THROUGPROO 
PROD 

iao 
190 

160 
161 

PROD 170 
PROD 
PROD 
PROD 2 0 0 
PROD 2 1 0 
PROD 2 2 0 
PROD 2 3 0 
PROD 2 4 0 
PROD 2 5 0 
PROD 2 6 0 
PROD 2 7 0 
PROD 2 8 0 
PROD 2 9 0 
PROD 3 0 0 
PROD 3 1 0 
PROD 3 2 0 
PROD 3 3 0 
PROD 3 4 0 
PROD 3 5 0 
PROD 3 6 0 
PROD 3 7 0 
PROD 3 3 0 
PROD 3 9 0 
PROD 4 0 0 
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VALUE! 1 . 9 2 1 = 
V A L U F U . 9 4 ) = 
VALUE I I » 9 6 ) = 
VALUE I 1 . 9 8 ) = 
V A L U E ( t . 1 0 1 ) -
V A L U E ! ( . 1 0 3 ) = 
V A L U E ! I . 1 0 5 ) = 
V A L U F ( I , 1 0 7 ) = 
V A L U E ( I . 1 0 9 ) = 
V A L U E ( 1 . 2 7 ) = 
V A L U F ( 1 . 6 7 ) = 
VALUE( 1 . 7 1 ) = 
V A L u e ( U l O O ) = 

CNUCF 
SPUCF 
SEOUCF 
QLAUCF 

OLNUCF 
PJMUCF 
OLCUCF 
T I I U C F 

< POTUCF 
0.0 0.0 
0.0 
0.0 
0.0 VALUE i I . I l l ) -

CONTINUF 
IV = 1 
DO 4 K = I . N T Y P 
I V = I V + 5 
I V P 1 = IV + 1 
DO 4 I = l . N I T 
I F ( V A L UE( I . I V J . E O . O . 
CONTINUF 
JO 8 I = l . N I T 
G£J TO ( 7 . 6 . 5 ) . N T Y P 

O .OR. VALUEI1 . I V P D . E U . O . O ) GO TO 19 

V A L U E ( 1 . 4 ) * VALUfcl I . 1 8 ) 
V A L U F ( I , 1 9 ) / ( V A L U E ! I < 1 6 ) 
VALUE! I . 19) * V A L U E ! I , 2 J ) 
V A L U E ! 1 . 2 0 ) * VALUE! 1 . 4 0 ) * V A L U E I 1 . 4 1 ) * V A L U E ! I 
V A L U E ( I . 1 6 1 * V A L U E ! 1 . 2 0 ) 
VALUE ( 1 . 5 2 ) * VALUE! 1 . 5 3 ) * V A L U E ! ! , 5 4 ) 
V A L U E ! 1 . 3 ) * VALUE! 1 . 1 3 ) 
V A L U E ! 1 , 1 4 ) / (VALUE! I . H i * 

* * 

* 

VALUE! I , 1 4 ) 
V A L U E ! 1 . 1 5 ) 
V A L U E ! I . 1 1 ) 
VALUE! 1 * 4 8 ) 

V A L U E ! 1 , 2 ) * 

VALUE( 1 , 1 9 ) = 
V A L U F ( t , 2 0 ) = 
VALUF ! I . 2 6 ) = 
VALUE( ( . 4 3 ) = 
VALUE! 1 , 5 2 ) = 
VALUE I 1 . 5 5 ) = 
VALUE! ( . 1 4 ) = 
VALUE ! 1 . 1 5 ) = 
VALUE! ( . 2 5 ) = 
VA LUF( I . 3 9 ) = 
V A L U E ! ( . 4 8 ) = 
VALUF( 1 . 5 1 ) = 
V A L U E ( 1 . 9 ) = 
V A L U E ( l . l O ) = 
VALUE I 1 . 2 4 ) = 
VALUE! 1 . 3 5 ) = 
VALUF( I . 4 4 ) = 
VALUE! 1 . 4 7 ) = 
VALUF I 1 , 2 7 ) = 
CONTINUE orv 9 I = l.NIT 
VALUE! 1 , 3 1 ) = VALUE! I , 5 ) * V A L U E I I . 3 0 ) 
VALUE! 1 , 6 3 ) = VALUE! 1 , 3 1 ) * V A L U E ! 1 , 5 6 ) 
DO 16 1 = l . N I T 
VALUE! 1 . 6 4 ) = V A L U E ! 1 , 3 5 ) * V A L U t ! 1 , 5 7 1 
VALUE! 1 , 6 7 ) = VALUE i 1 . 6 4 ) 
GO TO ( 1 2 , 1 0 , 1 0 ) . N T Y P 
VALUE! 1 . 6 5 ) = VALUE! 1 , 3 9 ) * 
VALUF! 1 , 6 7 ) = VALUE! 1 , 6 7 ) + 
GO TO ( 1 2 , 1 2 , 1 1 ) . N T Y P 
VALUF( 1 , 6 6 ) = V A L U E ! 1 , 4 3 ) * 
VALUE! I , 6 7 ) = VALUE! 1 , 6 7 ) + 
VALUE! 1 . 6 8 ) = VALUE! 1 , 4 7 ) * 
VALUE J 1 , 7 1 ) - V A L U E ! 1 , 6 8 ) 
GO TO ( 1 5 . 1 3 . 1 3 ) . N T Y P 
VALUE! 1 . 6 9 ) = V A L U E ! 1 , 5 1 ) * 
VALUE! 1 , 7 1 ) = VALUE 1 1 . 7 1 ) • 
GO TO ! 1 5 , 1 5 , 1 4 ) » N T Y P 

* V A L U E ! 1 , 1 7 ) ) 

• V A L U E ! I , 3 7 ) » V A L U E ! I 

* V A L U E ! 1 . 1 2 ) ) 
V A L U E ! 1 . Z 2 ) 
V A L U E ! 1 , 3 6 ) 
VALUEC1 ,15 ) 
V A L U E ! 1 . 4 9 ) * V A L U E I I . 5 0 ) 

V A L U E ! 1 * 8 ) 
VALUE! 1 , 9 ) / ! V A L U E ! I * 7 ) * V A L U E ! 1 , 6 ) ) 
V A L U E ! I , 9 ) v V A L U E ! 1 , 2 1 ) 
V A L U E ( 1 * 1 0 ) * V A L U E ! I . 3 2 ) * V A L U E 1 I . 3 3 ) » V A L U E ! I 
VALUE! 1 , 6 ) * VALUE! I , 1 0 ) 
VALUE ( I , 4 4 ) * VALUE! 1 , 4 5 ) * V A L U E U . 4 6 ) 
VALUF ( 1 * 2 4 ) • V A L U E ! I , 2 > ) * V A L U E C I . 2 6 ) 

V A L U E ! 1 , 5 8 ) 
V A L U E ( 1 , 6 5 ) 

V A L U E ! 1 , 5 9 ) 
V A L U E ! I . 6 6 J 
VALUE! 1 , 6 0 ) 

V A L U E ! I . 6 1 ) 
V A L U E ! 1 , 6 9 ) 

VALUF( 1 . 7 0 ) 
VALUE! 1 . 7 1 ) 
VALUE! 1 . 7 2 ) 
VALUE! 1 . 7 3 ) 
VALUE! 1 . 7 6 ) 

V A L U E ! I . 5 5 I 
VALUF! 1 * 7 1 ) 
V A L U E ! 1 , 6 3 ) 
V A L U E ( 1 , 2 7 ) 
VALUE! 1 , 7 4 ) 

148 ) + V A L U E ! 1 . 5 2 ) ) 
VALUE! 1 , 7 8 ) = V A L U E U . 7 6 ) 
VALUE! ( . 8 0 ) = V A L U E ! 1 , 1 ) ^ 

VALUE! 1 , 6 2 ) 
V A L U E ! 1 . 7 0 ) 
VALUE! 1 . 6 7 ) 
V A L U E ! 1 . 7 2 1 
VALUE! 1 . 7 5 ) 

PROD 4 1 0 
PROD 4 2 0 
PROD 4 3 0 
PROD 4 4 0 
PROD 4 5 0 
PROO 4 6 0 
PROD 4 7 0 
PROO 4 8 0 
PROD 4 9 0 
PROD 5 0 0 
PROD 5 1 0 
PROD 5 2 0 
PR00 530 
PROD 5 4 0 
PROD 5 5 0 
PROD 5 6 0 
PROO 5 7 0 
PROD 5 8 0 
PROD 5 9 0 
PROD 6 0 0 
PROD 6 1 0 
PROD 6 2 0 
PROD 6 3 0 
PROD 6 4 0 
PROD 6 5 0 
PROO 6 6 0 
PROD 6 7 0 

, 42 )PROD 6 8 0 
PROO 6 9 0 
PROD 7 0 0 
PROD 7 1 0 
PROO 7 2 0 
PROD 730 

. 3 8 ) P R O D 7 4 0 
PROO 7 5 0 
PROD 7 6 0 
PROD 7 7 0 
PROD 7 8 0 
PROO 7 9 0 

, 3 4 ) P R 0 D 8 0 0 
PROD 8 1 0 
PROD 8 2 0 
PROD 8 3 0 
PROD 8 4 0 
PROO 8 5 0 
PROD 8 6 0 
PROD 8 7 0 
PROD 8 8 0 
PROD 8 9 0 
PROD 9 0 0 
PROD 9 1 0 
PROD 9 2 0 
PROD 9 3 0 
PROO 9 4 0 
PROD 9 5 0 
PROD 9 6 0 
PROO 9 7 0 
PROD 9 8 0 
PROD 9 9 0 
PRO 1 0 0 0 
PRO 
PRO 1010 

1020 

«- VALUE! I . 7 1 ) 

* 1 V A L U E ! I , 4 4 ) + V A L U E I I , 

* V A L U f c l 1 . 7 7 ) 
• VALUE! 1 . 73 ) + V A L U E U . 7 8 ) 

PRO 1030 
PRO 1040 
PRO 1050 
PRO 1 0 6 0 
PRO 1 0 7 0 
PRO 1 0 7 1 
PRO 1080 
PRO 1090 
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16 

17 

18 

19 

20 ?1 

V & L U F I 1 . 8 1 ) = 
V A L U E ! I . 8 3 ) = 
V A L U E ! 1 . 8 4 ) = VALUE 1 1 . 8 2 ) 
VALUE! 1 . 8 5 ) = V A L U E ! 1 . 8 3 ) 
CONTINUE 
D(1 17 I = I . N I T 
0 0 17 L = 1 . 7 
K = I C C i L ) 
KP1 = K + 1 
V A L U F I I . K P 1 ) = VALUE 11« K) 

V A L U E ! I . 7 9 ) « V A L U E 1 1 . B U I 
VALUE 1 1 . 8 0 ) • VALUE 1 1 . 8 1 ) 

V A L U E ! 1 . 8 3 ) 
V A L U E ! 1 . 8 4 ) 

* V A L U E ! 1 . 8 5 ) 

. N I T i 12 

= V A L U E ! I . K ) * 
V A L U E ! I , 1 1 1 ) 

VALUE! I . 1 0 0 ) = VALUE! I . 100 ) +VALUE ( I , K.P1) 
CONTINUE 00 18 1=1. 
00 18 L = 8 . 
K s I C C t L ) 
KP1 = K + 1 
V A L U E ! I . K P 1 ) 
V A L U E ! I . I l l I 
CONTINUF 
00 2 1 I = 1 . N 1 T 
VALUE! I . 112 ) = VALUE! I . 8 5 ) + VALUE! 1 . 1 0 0 ) «- V A L U E I I . l l l ) 
V A L S T ! I C N . I . 1 ) - V A L U E ! I . 1 1 3 ) 
V A L U E ! 1 . 1 1 4 ) = V A L U E ! I . 1 1 3 ) * 
VAL UEI I . 1 1 6 ) = V A L U E ! I . 112 ) * 
VALUFI 1 . 1 1 7 ) = V A L U E ! I . 1 1 6 ) / 
V A L S T I I C N . 1 . 2 ) = VALUE! I . 1 1 7 ) 
I F ! V A L U E ! I . 1 1 3 ) . E O . 0 . 0 ) GO TO 

V A L U E ! 1 . 8 5 ) 
4- VALUE! I . K P i ) 

292 
V A L U E ! I . 1 1 5 ) 
VALUE I I , 1L41 

SUMVAL! 1 . 1 } 
S U M V A L I 1 . 7 ) 
SUMVALI 1 . 2 ) 
SUMVAL! 1 . 3 ) 
SUMVALI 1 . 4 ) 
S U M V A L I 1 . 5 ) 
SUMVAL ( I «t> t 
GO TO 2 1 
W R I T E I 5 1 . 1 0 0 1 ) 
GO TO 2 1 
WRI T E 1 5 U 1 0 0 2 ) 
CONTINUE 
RETURN 
ENO 

2U 
V A L U E ! I . 1 1 3 ) 
VALUE I I . 1 1 7 ) 
0 . 0 0 1 * V A L U E ! I . 1 ) 
0 . 0 0 1 * V A L U E ! I . 8 5 ) 
0 . 0 0 1 * V A L U E 1 1 . 1 0 0 ) 
0 . 0 0 1 * V A L U E ! I . 1 1 1 ) 
0 . 0 0 1 * V A L U E ! 1 . l i t } 

PRO 1 1 0 0 
PRO 1 1 1 0 
PRO 1 1 2 0 
PRO 1 1 3 0 
PRO 1 1 4 0 
PRO 1 1 5 0 
PKO 1 1 6 0 
PRO 1 1 7 0 
PRO 1 1 8 0 
PRO 1 1 9 0 
PRO 1 2 0 0 
PRO 1 2 1 0 
PRO 1 2 2 0 
PRO 1 2 3 0 
PRO 1 2 4 0 
PRO 1 2 5 0 
PRO 1 2 6 0 
PRO 1 2 7 0 
PRO 1 2 8 0 
PRO 1 2 9 0 
PRO 1 3 0 0 
PRO 1310 
PRO 1 3 2 0 
PRO 1 3 3 0 
PRO 1 3 4 0 
PRO 1 3 5 0 
PRO 1 3 6 0 
PRO 1 3 7 0 
PRO 1 3 8 0 
PRO 1 3 9 0 
PRO 1400 
PRO 1 4 1 0 
PRO 1 4 2 0 
PRO 1 4 3 0 
PRO 1 4 4 0 
PRO 1 4 5 0 
PRO 1 4 6 0 
PRO 147 0 
PRO 1 4 8 0 
PRO 1 4 9 0 
PRO 1500 

OUTPUT Subroutine 

SUBROUTINE OUTPUT 
£ * * * * * * * * « * * * * * * * * * * * * * * * * * * * * * * * * * * 
r. TH IS SUBROUTINE S P E C I F I E S HOW THE INFORMATION I BOTH THE INPUT DATA 
f. AN0 THE CALCULATED RESULTS) I S TO APPEAR ON THE OUTPUT SHEETS. 
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

REAL » 8 WGT. PERTM 
COMMON/XMAIN/ BLANK 1 . B L A N K 2 I 3 I . C A S E N M I 1 0 ) . 

1 S T R O U T ! 1 6 ) , PLTCAPI5 ) 
C O M M O N / Y M A I N / N X . N C . I C N . N P T . J G ! 3 0 ) , J P l 3 0 ) 
C O M H O N / T I T L A 8 / T I T L E ( 1 5 , 3 & ) , S U M T T L ( 1 5 , 7 ) , L T T L ! 1 5 , 1 1 7 ) , T Y P T L ! 1 9 , 1 5 ) 
COMMON/FOAT/ E S F ! 1 5 ) . 

1 U C S F I 1 5 ) . 
C 0 M M 0 N / T A B 0 A T / P R C T T L I 2 0 ) . 

1 I A R 1 I 7 1 * 
COMMON/INDX/ N I T . 
COMMON/DATAB/ I F T ( 1 1 7 1 . 

1 N L S I 1 5 5 ) 
C O M H O N / F M T O A T / F O ! 3 ) . 

1 F 3 ( 3 ) . 

S U F ! 1 5 ) . 
K T Y P i 1 5 ) 
V A L U E ! 5 . 1 i 4 ) . 
I A R 2 I 9 . 3 ) 

N A R I 5 ) . 
N L I I 3 1 ) . 

F 1 ( J ) . 
F S T I 1 5 ) 

U C C F I 1 5 ) . 

V A L S T I 3 0 . 5 . 2 ) . 
> V A L F X I 3 0 . 4 . 2 ) 

NTYP 
N L D I 3 1 ) . 

F 2 ( 3 ) . 

COMMON/FMTCM/ F R T 1 I 1 5 I . F R T 2 I 1 5 ) . F R T 3 t 1 5 ) . F R T 4 I 1 5 ) 
EQUIVALENCE ( V A L U E ! 1 . 1 1 £ ) . S U M V A L I 1 . 1 ) ) 
DIMENSION TODAY ( 2 ) . J T Y P I U 7 ) 
D IMENSION WGT(5 ) . PERTM15) 

OUTPU 10 
OUTPU 2 0 
OUTPU 3 0 
OUT PU 4 0 
OUTPU 50 
OUTPU 6 0 
OUTPU 7 0 
OUTPU 7 1 
OUTPU 8 0 
OUTPU 9 0 
OUT P 100 
OUT P 1 0 1 
OUTP 1 1 0 OUTP 111 
OUTP 120 
OUTP 1 3 0 
OUTP 1 3 1 
OUTP 1 4 0 
OUTP 1 4 1 
OUTP 1 5 0 
OUTP 160 
OUTP 1 7 0 
OUTP 1 8 0 
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DIMENSION SUMVALI5.7) UUTP DATA WGT/5*8H TONNE /. PERTM/5*8HPER DAY / OUTP DATA JTYP/O,1.2.3,0,1.1*1.1*I.2.2.2.2.2,3.3.3.3.3.1.2.3.1.2.3,0.0.OUTP IO.0,0.1.1.I.1.2.2,2,2.3.3,3.3.1.1.1.1.2.2.2,2.3.3.3.3.0.1.2.3,1.2.OUTP 23.o.1.2,3.0.i.2,3,o,o.c.o.o,o.o.j.u.o.o,o.o,o,o.o.o.o.o.o.o.o,o.o.ourp 30.0,0,0,0.0,0.0,0,0,0.0.0.0,0.0.0.0,0.0,0.0,0/ OUTP ,4X.«* * * •,20A4.• »3X.'DATE IS ',2X.2A4.4X.*PAGE OUTP OUTP OUTP OUTP OUTP 
OUTP '.131 OUTP OUTP •.12) OUTP 1009 FORMAT!IHO'FUNCTION COEFFICIENTS ARfc AS FOLLOWS ) OUTP 1010 FORMAT(1H0•A 1 = •.1PF12.5.5X.•A2 = •.1PE12.5.5X.»A3 = •.IPE12.5.5X0UTP l.»A4 = •«1PF12.5) OUTP 1011 FORMAT(IHO"FUNCTION EXPONENTS ARE AS FULLUWS = •) OUTP 1012 FORMAT(lHO'B 1 = •. IPF. 12.5. 5X»'B2 = ' . IPEl̂ !. 5 . 5X . «B:-, = « . 1PE12. 5. 5X0UTP 

1001 FORMAT(1H 1 •.12// ) 1002 FORMAT!1H .15A4) 1003 FORMAT(1H ) 1004 FORMAT!IHO) 1005 FORMAT(1HI) 1006 FORMAT(•CASE NUMBER = 1007 FORMAT 11H .15A4) 1008 FORMAT!1H1.120X.'PAGE 

1. »B4 = •.1PF12.5) : INITIAlIZF FORMAT IN ARRAYS 00 1 I = 1.15 TFMP = FSTI 1) FRTltl) = TEMP FRT2I I) = TEMP FRT31 I) = TFMP FRT4!I) = TEMP 
1 CflNTlNUF : PRODUCF THE FORMATS IN THE ARRAYS 00 2 I = l.NIT JS = NARII) IBT = IJS-l) * 9 + 15 CALL RFPLAC1FRT1.IBT.5.F0) CALL REPLACIFRT2.IBT.5.F1) CALL REPLACIFRT3.IBT.5.F2» CALL REPLACIFRT4.IB1.5.F3) 
2 CONTINUE LI = 0 LND = 0 NLP = 0 NPG = 1 

CALL IDAY!TODAY) WRITEI51.1005) WRITE 151.1001) (PRCTTLID.I-l.20). TUD4Y. NPG WRITE!51.1013) ISTROUTII).I»1.15) 1013 FORMAT!IH ,87X.«CASE ESTIMATES'/LH .6!>X.15A4) DO 18 I = 1.31 
N = NLTII) on 7 J = 1.N 11 = H • I WRITE (51.1002) ITITLE(L.L1),L=1,15) IFlLl.NE.4) GO TO 5 MRITEI51.10031 IFINTYP.NF. I ) GO TO 3 KTYPI = KTYPtl) WRITE(51.101A) ITYP TH KN»KTYP1)«KN*1,19) 1014 FORMAT IIH ,8X.«TYre 11) = «,19A4) GO TO 5 3 IFINTYP.NE.2) GU TO 4 KTVP 1 = KTYPI 1) KTYP2 = KTYPI2) 

OUTP tlUTP OUTP OUT P OUTP OUTP OUTP OUTP CUT P OUTP OUTP OUTP OUTP OUTP OUTP OUTP OUTP OUTP OUTP OUTP OUTP OUTP OUTP OUTP OUTP OUTP OUTP OUTP OUTP 
ourp 
OUTP OUTP OUTP OUTP OUTP OUTP OUTP OUTP OUTP OUTP OUTP OUTP 

WRITE!51.1015) ITYPTLIKN,KTYPI).KM=1,19),ITYPTLIKN.KTVP2I,KN=1,19)OUTP 
1015 FORMAT!IH ,BX.'TYPE II) = '.19A4/1H .8X,'TYPE 121 = *.19A4) OUTP GO TO 5 OUTP 4 KTYPI = KTYPll) OUTP KTYP2 « KTYPI2) OUTP KTYP3 = KTYPI3) OUTP WRITE 151. 1016) ITYP TL!KN.KTYP1).KN*L.19)»(TYPTLIK̂ .KTYP2).KN=1.19)OUTP 1.ITYPTlIKN.KTYP3),KN=I,19) OUTP 1016 F0RMATI1H .SX.'TYPE 111 = '.19A4/1H .BX.'TYPE 12) * '.19A4/1H ,8X OUTP 1 .'TYPE 13) = '.19A4) OUTP 5 CONTINUE OUTP 

190 
200 
2 1 0 
21). 
2 1 2 213 
220 221 230 240 250 
260 270 283 290 300 
310 311 320 330 331 340 350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500 510 520 530 540 550 560 570 580 590 
600 610 
620 630 640 650 
660 670 
680 690 700 710 720 730 740 750 760 770 780 790 
800 
810 
811 
820 821 830 
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NLP = NLP + 1 OUTP 840 
I F I N L S I N L P ) - - - 2 1 GO TO 6 OUTP 8S0 
WRITE151 ,1003 . OUTP 860 
GO TO 7 OUTP 870 

6 W R I T F I 5 1 . 1 0 0 4 ) OUTP 880 
7 CONTINUF OUTP 390 

IM = NLDI 5 ) OUTP 900 
00 17 J = L . N QUTP 910 
LNO = LNO • 1 auTP 9 2 0 
I F I J T Y P I L N D ) . L E . N T Y P ) GO TO 8 QUTP 9 3 0 
W R I T E I 5 1 . 1 0 0 7 U L T T L L L 3 . L N D ) . L 3 = L , 1 5 ) OUTP 9 4 0 
GO TO 13 OUTP 950 

a ISW = I F T ( L N D ) OUTP 960 
GO TC) 19, 10 , 1 1 . 1 2 ) , ISM OUTP 970 

9 WRITE(51 ,FRT1) ( L T T L I L 3 . L N D ) , 1 3 = 1 . 1 5 ) , I VALUE I M 2 . L N D ) , M 2 = L , N I T ) OUTP 980 
GO TO 13 OUTP 990 

10 W R I T F ! 5 1 , F R T 2 ) ( L T T L ( L 3 , L N O ) , L 3 = L . 1 5 ) # I VALUE{H2 .LN01 ,M2=L ,N IT ) OUT 1000 
GO TO 13 OUT 1010 

11 WRITE I51 .FRT3) I L T T L I L 3 . L N O ) , L 3 = L . 1 5 ) . ( V A L U E 1 M 2 . L N 0 ) , M 2 = 1 , N I T ) OUT 1020 
GO TO 13 OUT 1030 

12 MRITE(51 ,FRT4 1 ( L T T L ! L 3 . L N D ) , L 3 = L , 1 5 ) . 1 VALUE!M2.LND) ,N2=1 .N IT 1 OUT 1040 
13 NLP = NLP • 1 OUT 1050 

I F I N L S I N L P ) . E Q . O ) G O TO 17 OUT 1060 
LSSW = NLSINLP) OUT 1070 
GO TO ! 1 4 , 1 5 , 1 6 ) .LSSW OUT 1080 

14 W R I T E ! 5 1 , 1 0 0 3 ) OUT 109 0 
GO TN 17 OUT 1100 

15 W R I T F C U . 1 0 0 4 ) OUT 1110 
GO TO 17 OUT 1120 

16 NPG = NPG + 1 OUT 1130 
WR5TF(51 .1006 ) NPG OUT 1140 

1 7 CONTINUE OUT 1150 
18 CONTINUF OUT 116C 

H R I T F ( 5 1 . 1 0 1 7 ) (PRC I T L I I ! , 1 - 1 . 2 0 ) OUT 1170 
1017 FORMAT(1H1•14X » ' * * * ' . 2 0 A 4 . ' * * * ' , 3 X / / I OUT 1180 

M R I T E ( 5 1 . 1 0 1 8 ) ((PL TCAPI1) . W G T ( I I ) , L = I . N I T ) OUT 1190 
1018 FnRMATI1H .SOX.'SUMMARY OF RESULTS'///1H .73X,"PLANT CAPACITY' / OUT 1200 

1 IH , 1 5 X , ' D E S C R I P T I O N ' , 3 7 X , 5 ( A 4 , A A ) ) OUT 1201 
W R I T E ! 5 1 , 1 0 1 9 ) ( P E K T M I I ) , 1 = 1 , N I L ) OUT 1210 1019 FORMAT 11H • 6 6 X , 5 I A 8 . 4 X ) , ' ) OUT 1220 
DO 19 HUM = 1 , 6 (JUT 1230 WRITE(51.1020) (SUMTTL II,NUM),1=1,15).(SUKVAL(Ml,NUM), Ml = l, NIT)OUT 1240 

1020 F O R M A T ( 1 H 0 . 1 5 A 4 . 2 X , 5 ( F 1 0 . 1 < 2 X ) ) OUT 1250 
19 CONTINUF OUT 1260 

M R I T E I 5 1 . 1 0 0 3 ) OUT 1270 
RFHITF151.102 1) (SUMTTLII.7).1=1.15).ISUMVAL(Ml.7>, Klsl.NU) OUT 12B0 

10?L FORMAT(1H . 1 5 A 4 . 3 X . 5 ( F 1 0 . 2 , 2 X ) ) OUT 1290 WRITE!51.1009) OUT 1300 
WRI TF 151. 10 10 IVALFX ( ICN, 1, I ) • VALI-XI I C N . 2 . 1 ) , V A L F X L I C N . 3 , I ) , VALFX11UUT 1310 

I C N . 4 . 1 ) PUT 1311 
WRITE I51 .10111 CUT 1320 
W R I T E ( 5 1 . 1 0 1 2 ) V A L > X ! I C N , 1 ,2 ) .VALFX! 1 C N , 2 , 2 ) , V A L F X L I C N , 3 . 2 ) , V A L F X ! I OUT 1330 

1 C N , 4 , 2 ) OUT 1331 
W R I T E I 5 1 . 1 0 0 5) NUT 1340 
RETURN OUT 1350 
END OUT 1360 
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FUNX Subroutine 
SUBROUTINE FUNX 
COMMON/INOX/ N I T . N A K I 5 ) . NTYP 
CONMON/TAHDAT/PRCTTL(20 I . V A L U E ! 5 . 1 2 4 ) . V A L S T 1 3 0 . 5 . 2 ) . 

1 I A K l t 7 ) . I A R 2 I V . 3 ) . V A L F X I 3 0 t 4 , 2 ) 
COMMON/YMAIN/NX.NC. I C N . NPT . J t i l 3 0 ) . J P I 3 0 ) 
0 0 1 1 = 1 . 4 
V A L F X I I C N . I . 11 = 0 . 0 
V A L F X I I C N . 1 . 2 1 = 0 . 0 
CONTINUF 
JE=NPT—I 
on 2 1 = 1 . JE 
C I = VALUFI I . 1 1 7 J 
C2 = V A L U F I I + 1 . 1 1 7 1 
rtl = V A L U E ! 1 . 1 1 3 1 
W? = V A L U E ! I « 1 . 1 1 3 ) 
RAT = A L 0 R I C I / C 2 ) 
ft = R A T / I U 1 - W 2 ) 
A1 = C l / E X P ( B * H 1 ) 
A2 = C2 /FXP1B»W2) 
A = 0 . 5 * I A 1 * A 2 ) 
V A L F X I I C N , I . 1 ) = A 
V A L F X I i C N . 1 . 2 ) = B 
CONTINUE 
KETURN 
FND 

FUNX 
FUNX 
FUNX 
FUNX 
FUNX 
FUNX 
FUNX 
FUNX 
FUNX 
FUNX 
FUNX 
FUNX 
FUNX 
FUNX 
FUNX 
FUNX 
FUNX 
FUNX 
FUNX 
FUNX 
FUNX 
FUNX 
FUNX 
FUNX 
FUNX 

10 
20 
3 0 
3 1 
4 0 
5 0 60 
7 0 80 
9 0 

100 
1 1 0 
120 
130 
1 4 0 
150 160 
1 7 0 
1 8 0 
190 
200 
2 1 0 
2 2 0 
2 3 0 
2 4 0 

GRAPH Subroutine 

SUBROUTINE GRAPH 
COMMON/YM AIN /NX < N C < I C N . N P T . J G I 3 0 ) . J P i 3 0 ) 
COMMON/TABOAT/PRCTTL I20 ) . V A L U c l 5 . 1 2 4 ) . V A L S T 1 3 0 , 5 . 2 ) , 

1 I A R 1 I 7 I . I A K 2 1 V . 3 ) . V A L F X I 3 0 . 4 . 2 ) 
COMMON/INOX/ N I T , N A K I 5 ) * NTYP 
DIMENSION I P X ! ? ) . X A I 2 ) . L A I 2 ) . I S A ( 3 ) 
OATA I P X / - 2 1 / . I S A / - 2 . - 2 . - 1 / . L A / 2 . 2 / 
CALL O O S I Z E I 1 4 . . 9 . 6 ) 
CALL OOOCPA!2 5 . 0 . 5 5 ) 
CALL O O O C P A ! 7 . 0 . 7 0 1 
CALL O O Q C P A ! 2 8 . 0 . 1 ) 
XMIN = V A L U F I 1 . 1 1 3 ) 
XMAX = V A L U F I N P T . 1 1 3 ) 
YMIN = V A L U E I N P T . 1 1 7 ) 
YMAX = VALUE 1 1 . 117 ) 
CALL RNDPLT I X M I N . X M A X . Y K I N . Y M A X . • Y L O G ' . • N E C H ' . - 1 . . - I . . B . 4 0 0 0 . • 

1ELLYNS* ) 
CALL G R I O I - . 5 . 0 . , 0 . I 

.CALL G R I 0 I 1 . . 0 . . 0 . ) 
CALL L I N P L T ! V A L U E 1 1 , 1 1 3 ) . V A L U E ! 1 . 1 1 / ) . N P I . 1 . 0 1 
CALL L A B E L I 2 . . 2 0 . P R C T T L . - 1 ) 
CALL L A B E L ! 1 , - 2 0 . ' H E A V Y METAL PRODUCT THROUGHPUT IKILOGRAMS/D 

I t ' . - l ) 
CALL LABEL I — 1 . . 2 0 . ' U N I T CAPITAL COST I D O L L A R S / K I L O G R A M ) * ' , - l ) 
CALL L A B E L I - 2 . . 2 . ' P R O C E S S BLOCK NUMBER = t $ ' . I P X . I C N . O ) 
OO 2 1=1 .NPT 
CALL OOOCPAI—15.YT) 
CALL O O I N C H ! V A L U E ! 1 . 1 1 3 ) . V A L U E ! 1 . 1 1 7 ) . X P . V P ) 
OX = YT - YP 
XA( D E V A L U E ! 1 . 1 1 3 ) 
X A ! 2 ) = VALUEI 1 . 1 1 7 ) 
I F 11 O X . L T . 1 . 2 5 ) . A N D . I I . E O . 1 ) ) GO TO 1 
I F I I . L T . N P T ) CALL A R R O W ! V A L U E ! I , 1 1 3 ) . V A L U E I I , 1 1 7 1 . - 6 , 1 . . 1 . . . 1 

l . S I S ' . I S A . X A . L A ) 
I F 1 I . E 0 . N P T ) CALL A R R O W ! V A L U E ! I , 1 1 3 ) . V A L U E ! I , 1 1 7 ) . - 6 , - 1 . , 1 . , . 1 

GRAPH 10 
GRAPH 2 0 
GRAPH 3 0 
GRAPH 3 1 
GRAPH 4 0 
GRAPH 5 0 
GRAPH 6 0 
GRAPH 7 0 
GRAPH 8 0 
GRAPH 9 0 
GRAP 100 
GRAP 1 1 0 
GRAP 12 0 
GRAP 130 
GRAP 140 

LLEWGRAP 150 
GRAP 1 5 1 
GRAP 1 6 0 
GRAP 170 
GRAP 180 
GRAP 190 

AY) GRAP 2 0 0 
GRAP 2 0 1 
GRAP 2 1 0 
GRAP 2 2 0 
GRAP 2 3 0 
GRAP 2 4 0 
GRAP 2 5 0 
GRAP 26 0 
GRAP 2 7 0 
GRAP 2 8 0 
GRAP 2 9 0 

( tGRAP 300 
GRAP 3 0 1 

. ' I tGRAP 3 1 0 
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l . S ) » ' . I S A . X A . L A ) GRAP 3 1 1 
GO TO 2 GRAP 3 2 0 
CALL A R R O W ! V A L U E ! I , 1 1 3 ) , V A L U E { 1 , 1 1 7 ) . - 6 , 1 . , - 2 . . . I . • ( S . S ) $ * , I S A . X A , G R A P 3 3 0 

1LA) GRAP 3 3 1 
CONTINUE GRAP 3 4 0 
RETURN GRAP 3 5 0 
END GRAP 3 6 0 

SHIFT Subroutine 
SUBROUTINE S H I F T ! K J 
COMMON/TABOAT/PRCTTL(20) • 

I I A R 1 1 7 ) . 
COMMON/(NDX/ N I T . 
0 0 I I = l . N I T 
NT = N A R 1 I ) 
VALUE! I . K) = VALUE ( NT . K.) 
CONTINUE 
RETURN 
END 

V A L U c I 5 . 1 2 4 ) . 
I A K 2 ( S , J > 

N A K I 5 J . 

V A L S 1 ( 3 0 . 5 . 2 ) . 

NTYP 

S H I F T 10 
S H I F T 20 
S H I F T 2 1 
S H I F T 30 
S H I F T 4 0 
SH IFT 50 
SHIFT 6 0 
S H I F T 7 0 
S H I F T 8 0 
SH IFT 9 0 

FDBK Subroutine 

SUBROUTINF F D B K ( S T R . I F S I , 1 W , I L T . i K T . l W S ) 
GIVEN A SUBSTRING. THIS SUBROUTINE F INOS THE POSIT IONS I N THE STRING 

OF THF F IRST AND LAST NONBLANK CHARACTERS OF THE SUBSTRING AND 
REPnRTS THE NUMBER OF CHARACTFRS I N THt SUBSTRING FROM THE FIRST 
TO THE LAST NONblANK CHARACTERS 

INPUT PARAMETERS 
STR 
I F ST 

IW 

CONTAINS THE STRING 
THF CHARACTER OF THE STRING 

CHARACTER OF THE SUBSTRING 
WHICH I S THE F IRST 
TO BE SCANNED 

THF NUMBER OF CHARACTERS UF THE SUBSTRING TO BE 

OUTPUT PARAMETERS 

.C 
C C 
C 
C 
C I 
C I CI CI 
C I 
c 
r.n 
CO 
en 
cn cn 
c n 
CO 
cn 
cn 
cn 
c n 
cn 
cn 
c 
r. THE FOLLOWING LOOP F I N D S THE F I R S T NUNBLANK. ON LEFT 
C 

DIMENSION S T R ( l ) 
I = I F S T 
12= I F S T + I W - 1 

1 CALL F F T Y P E f S T R . I . 1 1 . I T Y P ) 
I F ( I T Y P . N F . 3 ) GO Tn 2 1=1*1 
I F I I . L E . I 2 ) GO TO 1 

AT T H I S POINT HAVE ENDEO LOOP TO FINO F I R S T NONBLANK ON LEFT AND 
HAVF FOUND ALL BLANKS 

I L T = I F S T + I W - 1 
I R T = I L T 
IWS=0 

ANY TRANSFER TO I J 4 ON THE FLOWCHART I S CODED AS A RETURN TO THE 

ItT 

1RT 

1WS 

THF P O S I T I O N OF THE F I R S T NONBLANK CHARACTER IN THE 
SUBSTRING. I T IS THfc P U S I f l U N OF THE LAST CHARACTER 
I F ALL CHARACTERS ARE BLANK.. 

THE P O S I T I O N OF THE LAST WONBLANK CHARACTER I N THE 
SUBSTRING. I T I S THE P O S H ION OF THE LAST CHARACTER 
IF ALL CHARACTERS ARE BLANK. 

AN IMPROPER CALL TO THt SUBROUTINE MAY LEAD TO THE 
VALUE OF IRT BEING LESS THAN THAT OF I L T . 

THF NUMBER OF CHARACTERS FROM THE F IRST TO THE LAST 
NONBLANK CHARACTERS IN THE SUBSTRING. I T I S ZERO I F 
ALL CHARACTERS ARE BLANK AND NEGATIVE I F THE 
SUBROUTINE I S IMPROPERLY CALLED 

C 
r. 

FOBK 
FOBK 
FDBK 
FDBK 
FDBK 
FOBK 
FDBK 
FDBK 
FOBK 
FDBK 

SCANNEDFDBK 
FDBK 
FDBK 
FOBK 
FDBK 
FDBK 
FDBK 
FDBK 
FDBK FDUK 
FOBK 
FDBK 
FOBK 
FOBK 
FOBK 
FOBK 
FDBK 
FOBK 
FDBK 
FDBK 
FDBK 
FDBK 
FOBK 
FOBK 
FDBK 
FOBK 
FOBK 
FOBK 
FOBK 
FOBK 
FDBK 

10 
20 
3 0 
4 0 
5 0 
60 
7 0 
BO 
9 0 
100 
110 
120 
130 
1 4 0 
150 
160 
170 
180 
190 
200 
2 1 0 
220 
2 3 0 
2 4 0 
2 5 0 
260 
27 0 
280 
2 9 0 
3 0 0 
3 1 0 
3 2 0 
3 3 0 
3 4 0 
3 5 0 
3 6 0 
3 7 0 
3 8 0 
3 9 0 
4 0 0 
4 1 0 
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C CALLING PROGRAM FDBK 4 2 0 
RETURN FDBK 4 3 0 

C A TRANSFER TR STATEMENT 2 0 I 1 A 4 1 BEGINS A BACKWARD LOOP TO FIND THE FOBK 4 4 0 
C F I R S T NONBLANK ON THE RIGHT FDBK 4 5 0 

2 I L T = I FDBK 4 6 0 
1=IFST+1W—1 FDBK 4 7 0 

3 CALL F E T Y P E I S T R . I . U . I T Y P ) FDBK 4 8 0 
I F I I T Y P . E Q . 3 ) GO TO 4 FDBK 4 9 0 
I R T = I FDBK 5 0 0 
I W S = I R T - I L T + 1 FOBK 5 1 0 
RFTURN FDBK 5 2 0 

4 1 = 1 - 1 FDBK 5 3 0 
I F I I . G E . I L T J G O TO 3 FDBK 5 4 0 
IRT= I LT—I FDBK 55 0 
I W S = - 1 FDBK 5 6 0 
RETURN FDBK 5 7 0 
END FDBK 5 8 0 

IN ITS Subroutine 
SUBROUTINE I N I T S I S . N I I N 1 T S 1 0 

C I N I T S 2 0 
C GIVEN A ONE-DIMENSIONAL REAL ARRAY S OF DIMENSION N , T H I S SUBROUTINE I N I T S 3 0 
C ASSIGNS A BLANK TO THE F I R S T N - l WORDS AND 0 . 0 TO THE LAST WORO I N I T S 4 0 
C I N I T S 5 0 

DIMENSION S i l l I N I T S 6 0 
DATA RLANK/4H / I N I T S 7 0 
M = N - i I N I T S 8 0 
I F I M . t U . O 1 GO TO 2 I N I T S 9 0 
on I 1=1 .M I N I T 1 0 0 

1 S ( I ) = B L 4 N K 1N1T 110 
? S I N M O . O I N I T 120 

RETURN I N I T 130 
END I N I T 1 4 0 



Appendix B-3 
HEADINGS FOR CEP (BLOCK DATA) 

(Submitted with Data) 
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* • C O S T E S T I M A T E P K E P A R A T I 0 N * * T 1 
DIRFCT CONSTRUCTION CnST T 2 
PROCESSING FOUIPMENT COST T 3 

ACTUAL IN-CELL EQUIPMENT SPACF KtOUIRfcU I C U FT) T 4 
PROCESSING SPACE COST IHQT C E L L S ) I S ) T 5 

GRnSS IN—CELL SPECIE REQUIRED T 6 
I N - C E L L SPACE UNIT COST I S / C U FT) T 7 
I N - C E L L SPACE TOTAL COST I S ) T 8 
GROSS OUT—OF—CELL SPACE REQUIRED t C U F T ) T 9 

MAKE UP AND PROCESS SERVICE SPACE T 10 
CELL OPERATING SPACE (CU FT) T 1 1 
CRANE 3AY SPACE T 1 2 

OUT—OF—CFLL SPACE U N I T COST l i / C U FT) T 13 
CELL OPERATING SPACE UCCF I FROM T M - 4 & 1 3 . TABLE 6 ) T 14 
CRANE BAY SPACE UCCF IFKOM T M = 4 6 1 3 . TABLE 6 ) T 15 

OUT-OF-CELL SPACE TOTAL COST l » l T 16 
CELL OPERATING SPACE T 17 
CRANE BAY SPACE T I B 

PROCESSING SUPPORT SPACE T.GST 13LOG* fcXCLUOING HOT CELLS) T 19 
INDIRFCT PROCESS SUPPORT SPACE T 2 0 
INDIRFCT PROCESS SUPPORT SPACE UNIT CUST l i / C U FT) T 2 1 

OUTSIDE U T I L I T I E S COST 1 $ ) T 2 2 
S I T F IMPROVEMENT COST 1$ ) T 2 3 
INDIRECT CONSTRUCTION COST T 2 4 
GFNFRAL AND ADMINISTRATIVE COST T 2 5 
ENGINEERING COST T 2 6 
MISC . CONSTRUCTION COST T 27 
CUNT INGFNCY ALLOWANCE T 2 8 
SPARE PARTS COST T 2 9 
NflNI NST ALL ED SPARE EQUIPMENT COST T 3 0 
OUAI fTV ASSURANCE COST T 3 1 
OWNFR'S C O M T 3 2 
LAND CR ŜT T 3 3 
PRDJFCT MANAGEMENT COST T 34 
L I C E N S I N G COST T 35 
TAXFS. INSURANCE AND INTEREST T 3 6 
PREOPERATIONAL TESTING AND STARTUP T 37 
TOT Al CAPITAL CONSTRUCTION COST T 3 8 

1 FSTIMATE!) FOUIPMENT COST ( i ) D 1 
? TYPE I D 0 2 
3 TYPF 12) D 3 
4 TYP F ( 3 ) D 4 
5 ACTUAL nUT-DF-CELL EOUIPMENT SPACE REUU1KED ICU F T ) D 5 
6 TYPF ( 1 ) STD. CELL WIDTH I F T ) D b 
7 STD. CELL HEIGHT I F T) 0 7 
a SUF (FROM ORNL T M - 4 6 1 3 . TABLE 5 ) D 8 
V GROSS CELL VOLUME ICU F T ) 0 9 

10 L INFAR F T - OF CELL I F T ) D 10 
u TYPE 121 STO. CELL WIDTH I F T ) D 1 1 
12 STD. CELL HEIGHT CFT) D 12 
n SUF (FROM ORNL T M - 4 6 1 3 , TABLE 5 ) D 13 
14 GROSS CELL VOLUME ICU F T ) D 14 
15 LINEAR F T . OF CELL I F T ) 0 15 
16 TYPF (31 S I D . CELL WIDTH I F T ) D 16 
17 STD. CELL HEIGHT I F r) 0 17 
tfl SUF (FRGM ORNL T M - 4 0 1 3 , TABLE 5 ) D 18 
19 GROSS CELL VOLUME ICU F T ) D 1 9 
20 LINEAR F T . OF CELL I F T ) 0 2 0 
2 1 TYPE ( 1 ) IUCCF FROM ORNL T M - 4 6 1 3 , TABLE 6 ) D 2 1 
2 2 TYPF 12) 1UCCF FROM DRNL T M - 4 6 L 3 . TABLE 6 ) D 2 2 
23 TYPF 13) 1UCCF FROM ORNL T M - 4 6 1 3 . TABLE 6 ) 0 2 3 
2 4 TYPE 11) D 24 
25 TYPF 121 D 2 5 
2 6 TYPE 13 ) D 2 6 
27 TOTAL 0 2 7 
2 8 STD. AREA WIDTH I F T ) D 2 8 
2 9 S T D . AREA HEIGHT I F T ) D 2 9 
30 SUF {FROM ORNL T M - 4 6 1 3 . TABLE 5 ) D 3 0 
31 GROSS VOLUME ICU F T ) 0 3 1 
32 TYPE l i t STO. AREA WIDTH I F T ) D 3 2 
33 STO. AREA HEIGHT I F T ) D 3 3 
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34 N O . OF CELL SIDES WITH O P . AREA D 3 4 
35 GROSS VOLUME (CU F T ) 0 3 5 
3 6 TYPE ( 2 1 S T D . AREA WIDTH ( F T » 0 3 6 
37 S T D . AREA HEIGHT ( F T ) D 3 7 
38 N O . OF CELL SIDES Wllrf O P . AREA D 3 8 
39 GROSS VOLUME (CU F T } D 3 9 
4 0 TYPE ( 3 1 S T D . AREA WIDTH ( F T ) 0 4 0 
4 1 STD. AREA HEIGHT ( F T ) D 4 1 
4 2 N O . OF CELL SIDES WITH O P . AREA D 4 2 
4 3 GROSS VOLUME (CU F T ) D 4 3 
4 4 TYPE ( 1 1 CELL AREA (SO F T ) 0 4 4 
4 5 SUF (FROM ORNL T M - 4 f a l J . TABLE 5 ) 0 4 5 
4 6 S T D . BAY HEIGHT ( F T I D 4 6 
4 7 GROSS VOLUME (CU F T ) D 4 7 
4 8 TYPE ( 2 1 CELL AREA (SO F T ) D 4 8 
4 9 SUF (FROM ORNL T M - 4 6 1 J , TABLE 5 ) 0 4 9 
50 STO. BAY HEIGHT ( F T ) D 50 
5 1 GROSS VOLUME (CU F T ) 0 5 1 
52 TYPE ( 3 1 CELL AREA (SO F T ) 0 5 2 
53 SUF (FROM ORNL T H - 4 6 H . IABLfc 5 ) D 5 3 
54 STO. f>AY HE (GHT ( F T ) 0 5 4 
liS GROSS VOLUME (CU F T ) D 5 5 
56 MAKE-UP AND PROCESS SERVICE SPALfc 0 5 6 
57 TYPE ( 1 1 0 5 7 
5fi TYPE 12) 0 • i8 
59 TYPE 13) D 5 9 
6 0 TYPF ( I ) D 6 0 
6 1 TYPE 12) D 6 1 
62 TYPF 1 3 ) D 6 2 
63 MAKF-UP AND PROCESS SERVICE SPACE D 6 3 
6 4 TYPE 11 ) D 6 4 
65 TYPF 1?) D 
66 TYPF ( 3 ) D 6 6 
6 7 TDTAI. D 6 7 
6 8 TYPF ( I ) D 6 8 
6 9 TYPF ( 2 ) 0 6 9 
7 0 TYPE ( 3 ) D 7 0 
71 TUT Al C 7 1 
72 TOTAL O U T - O F - C E I L SPACE COSI 0 72 
73 PROCESS ING SPACE TOTAL COST (ft) 0 73 
74 STO. AREA HEIGHT ( F T ) D 7 4 
75 SUF (FROM ORNL TM-4J .13 , TABLfc 5 ) D 7 5 
76 TOTAL SPACE REOUIREU (CU F T ) D 76 
77 UCCF (FROM ORNL T M - 4 6 1 3 . TABLE 6 ) ( S / C U F T ) D 77 
78 PROCESS1NG SUPPORT SPACE TOTAL CUSI ( f t ) D 7 8 
79 UCF {FROM ORNL TM-461.1, TABLE 7 ) ( F R A C T . ) D 7 9 
8 0 F0U(PMFNT AND F A C I L t l Y COST D 8 0 
81 n u r S I O E U T I L I T I E S COST D 8 1 
02 tlCh (FROM ORNL T M - 4 6 1 3 , TABLE 8 ) ( F R A C T c ) D 8 2 
83 SUBTOTAL DIRECT CONSTRUCTION COST ( S ) D 8 3 
84 S I T E IMPROVEMENT COST ( f t ) D 8 4 
A5 TOTAL DIRECT CONSTRUCTION COSI ( f t ) 0 8 5 
86 UCF (FROM ORNL T M - 4 6 1 3 , TABLE 7 ) ( F R A C T . ) 0 8 6 
ar SUBTOTAL GEN. » ADM. COST ( f t ) 0 8 7 
a a UCF (FROM ORNL T M - 4 6 1 3 , TABLfc 7 ) (FRACT. ) 0 8 8 
8 9 SUBTOTAL ENGR. COST ( S ) D 8 9 
•90 UCF (FROM ORNL T M - 4 6 1 3 , TABL£ 7 1 ( F R A C T . ) D 9 0 
9 1 SUBTOT At H I SC. CONSTRUCT 1UN COST ( S ) 0 9 1 
9? UCF (FROM ORNL T H - 4 t » U , TABLE 7 1 ( F R A C T . ) 0 9 2 
9 3 SUBTOTAL CONTINGENCY ALLOWANCE t f t ) 0 9 3 
9 4 UCF (FROM ORNL T M - 4 6 1 3 . TABLE 7 ) ( F R A C T . t 0 9 4 
95 SUBTOTAL SPARE PARTS COST ( f t ) 0 9 5 
9 6 UCF (FROM ORNL T M - 4 6 1 3 . TABLE 7 ) ( F R A C T . ) 0 9 6 
9 7 SUBTOTAL NONINSTLED SPARE EQUIPMENT COST(f t ) D 9 7 
98 UCF (FROM ORNL T M - 4 6 1 3 , TABLfc 7 ) ( F R A C T . ) 0 9 8 
9 9 SUBTOTAL QUALITY ASSURANCE COSI ( S ) 0 9 9 
100 TOTAL INDIRECT CONSTRUCTION COST ( f t ) 0 1 0 0 
101 UCF (FROM ORNL T M - 4 6 1 3 , TABLE 8 ) ( F R A C T . ) D 1 0 1 
102 SUBTOTAL LAND COST (f t) D 1 0 2 
103 UCF (FROM ORNL T M - 4 6 1 3 , TABLfc 8 ) ( F R A C T . ) D 1 0 3 
104 SUBTOTAL PROJ. MANGf. COST ( f t ) D 10-v 
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1 0 5 
106 
1 0 7 
l o a 
109 
110 111 li? 
113 
114 115 
116 
117 

UCf- (FROM ORNL T M - 4 6 1 3 , TAbLE 61 (FRACT. 1 
SUBTOTAL L I C E N S I N G COST (Si 
UCF (FROM ORNL T H - 4 6 1 3 , TAULE 8 ) (FRACT.J 
SUBTOTAL TAXES. INSURANCE ANQ ( N T . | * > 
UCF (FROM ORNL TM-4t>13, TABLfc 8 ) (FRACT. I 
SUBTOTAL PREOP. TESTING AND STARTUP (S) 

TOTAL OWNER'S COST (Si 
INCREMENT OF TOTAL PLANT COST (Si 

PROCESSING THROUGHPUT OF ACCEPTABLE PROD (KGHH/OAY) 
ANNUAL PRODUCTION RATE (KILOGRAMS OF HEAVY METAL/YEAR) 
CAPITAL CHARGF RATF ( F R A C T . ) 
ANNUAL CAPITAL CHARGE IUOLLAAS/YEAR) 
PRODUCT UNIT COST (OOLLARS/KILUGKAM UF HEAVY METAL) 
PROCESS THROUGHPUT (KILOGRAMS! 
PROCESSING EOUIPMENT COST I S I J U O I 
PLANT OIRECT CONSTRUCTION COST (S1UOO) 
PLANT INDIRECT CONSTRUCTION COST (S1O0U1 
PLANT OWNER'S COST I S 1 0 U U ) 
PLANT TOTAL COST I S 1 0 0 0 1 
UNIT COST (OOLLARS/ lULObtUMI 

* •«•» 
HFAVILY SHIFLllFO HOT CELL - REMOTE MA1NIENANCE ( I T E M 
HEAVILY SHIELOEO HOT CELL - CONTACT MAINTENANCE ( I T E M 
MEDIUM SHIFLOEO HUT CELL - REMOTE MAINTENANCE ( I T E M 
MFOIUH S H l t l O t a HOT CELL - CONTACT MAINTENANCE I ITEM 

1. 2. 
LIGHT! Y SH1F1DE0 HOT CELL - REMCTF MAINTENANCE ( I T E M 
LIGHT! Y SHIFLOEO HOT CELL - CONTACT MAINTENANCE ( I T E M 
UNSHIFLOFU HOT ALPHA CELL 
GLUvF 8UXFS AND HOODS - OIRECT 
SHIELOEO ANALYTICAL CELL - REMOTE 
SHIFLOFD L I Q U I D WASTE STG 

TABLES 
TABLES 

3 . TABLES 
4 . TABLES 
5 . TABLES 
6 . TABLES 
7 . TABLES 
8 . TABLES 
9 . TABLES 

CUMTACT HAINTtNANCt I 1 JEM 
MAINTENANCE ( I T E M 
MAINTENANCE ( I T E M 

CONTACT MAINTENANCE I ITEM 1 0 . TABLES 
S H I F I O F U SOLID WASTE STG. - CONTACT MAINTENANCE I I f E M 1 1 . TABLES 
OIR EC I PROC. SUPPORT AREA - DIRECT MAINTENANCE ( I T E M 1 2 , TABLES 

r ' ? £ C J H A 5 h r c ' « u C t i i t t . i 1 3 . CHFM. MAhrllP PHfjCF'.S Aft 
CFLL OPERATING SPACE 
CRANF BAY SPACF 

TABLES 
( I T E M 1 4 . IABLES 
( I T E M 1 5 . TABLES 

0 0 0 0 0 O 
D 0 
D 0 
D 0 0 
S 
S 
S 
S 
S 
s 
S 

1 0 5 
106 
1 0 7 
108 
109 110 
111 
112 
113 
1 1 4 
1 1 5 
116 
1 1 7 1 
2 
3 
4 
5 
6 
7 

ANO 6 ) 
ANO 6 ) 
ANO 6 ) 
AND 6 1 
AND 6 1 
AND b ) 
AND 6 ) 
AND 6 1 
ANO 6 ) 
ANO 6 ) 
ANO 6 ) 
AMD b> 
ANO 6 ) 
AND 6 ) 
ANO 6 ) 

1 
2 
3 
4 
5 
6 
7 

TY 
TY 
TY 
TY 
TY 
TY 
TY 
TY 8 
IY 9 
TYIO 
TY11 
TY12 
TV13 
TY14 
TY15 



Appendix B-4 

LISTING OF LIBRARY SUBROUTINES USED IN CEP 
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REPLACE Subroutine 
RFPLACF START 0 REPLA 10 

USING • . 1 5 RE PL A 20 
ENTRY REPLAC T H I S l S A TRUNCATED 6 - L E T T E R F T N - I V ENTRY. REPLA 30 

RE PLAC EOU * T H I S I S A TRUNCATED 6 - L E T T E R F T N - I V ENTRY. REPLA 4 0 
STH 2 . 3 . S A V E R E REPLACE ( STRING . J . K , C ) REPLA 5 0 
LM 0 . 3 . 0 ( 1 ) XO X I X2 X3 REPLA 6 0 
L 1 . 0 ( 0 . 1 ) X l = J REPLA 70 
L 2 . 0 1 0 . 2 ) X2=N REPLA 80 
ALR 1 . 0 X 1 = A ( S I K ( N G I * J XQ NOW AVAILABl ' REPLA 9 0 
LA 0 . 1 X 0 = 1 REPL 100 
SR 2 . 0 X 2 = N - 1 REPL 110 
8H END NO AC11 UN IAKEN FOR N . L E . O REPL 120 
SR 1 . 0 X l = A ( S l K l M i ) * J - l ADD. START REPLACE RE PL 130 
STf. 2 . M + I STORE N - l I N MVC INSTRUCTION H REPL 140 
AR 2 . 0 RFSTOKt X2 TO N REPL 150 
LA 0 . 2 5 6 SET xa TO 2 5 6 REPL 160 

TEST SR 2 . 0 SUBTRACT 2 5 6 FROM N REPL 170 
BC 1 2 . K BRAMC.H JO M TO HOVE REM A I N . OR . L E . 2 5 6 REPL 180 
NVC 0 ( 2 5 6 . U . Q ( 3 ) MOVE 2S6 ttYTfcS REPL 190 
AR 1 . 0 INCREASE X I BY 2 5 6 REPL 200 
AR 3 . 0 INCkfcASE Xi at 2 5 6 REPL 2 1 0 
A TEST BRANCH I U TteST REPL 2 2 0 

M MVC 0 ( 0 . 1 1 . 0 ( 3 ) MOVfc N CHAR. FROM CHAR TO J IN STRING REPL 2 3 0 
FNO LM 2 . 3 . S A V E R E RESIUKt * I ANO X3 REPL 2 4 0 

BR 14 REPL 2 5 0 
SAVfcRF OS 2F REPL 2 6 0 

END REPL 270 

SQUHEZ Subroutine 
SOUFF7.F «iT<VRT J 

USING 15 
FN TRY SOUEFJ 

EQU » SQUEF7 L 
SPACE 

THE • OR I C.I NAL • V 
ANO THF f)ATF (IF 
THAT VFKSION HAD 
SCUEEZE (JUT THE 
THIS NFW VERSION 
TO UO T H I S . RPR 

SPACF 

SCUfct.it I S I R I N G . CHAR) 

TH IS I S A TRUNCATED 6 - L E T T E R FTN-1V ENTRY. 
T H I S I S A TRUNCAItU 6-LfcTTER F T N - I V ENTRY-

*SOUEE ZE• ALL CHAR'S OUT OF STRING 

ERSION OF SOUEEIE mAS WRITTEN BY R . P . RANNIE 
ThF VERSION USEO AI (JRNL WAS NOV. 2 . 1 9 6 6 . 

THE PROB(EM OF CALL1NU tRRQR I F SOMEONE TRIED TO 
CHARACTER « 0 0 ' . 

SIMPLY RFTURNS WITH NU ACTION TAKEN I F ONE TRIES 
OCT. d . 1 9 6 8 . 

XII 
X I •= 
X2 = 
X3 -X4 = X-} ' 
K i xn = 

= I 
RETURN FROM 
RFTURN FROM 
ADDRESS o r 
ADDRESS OF 
AODRESS OF 
256 
ADDRESS OF 
ADDRESS OF 

TRT. ADDRESS OF NON-ZERO I N TRT TABLE 
TUT. NUN-ZERO CHARACTER FOUND 

POSIT ION 
START OF 
START UF 

POSIT ION 
LOCATION 

TO MOVE ELEKENTS OF STRING TO 
SCAN FUR CHA > TO BE SQUEEZED 
SCAN FOR CH&R NOT TO SQUEEZE 

SOUEE IG 
SOUEE 20 
SOUEE 3 0 

SOUEE 4 0 
SOUEE 5 0 

SQUEE 6 0 
SOUEE 7 0 
SOUEE 80 
SQUEE 9 0 
SOUE 100 
SQUE 110 
SOUE 120 

SOUE 130 
SOUE 140 
SOUE 
SOUE 
SQUE 
SOUE 
SOUE 
SQUE 

150 
160 
170 
180 
1 9 0 
200 

r u MOVE ELEMENTS OF STRING FROM SOUE 2 1 0 
I N TRT TABLES TO SET/RESTORE SOUE 2 2 0 

SPAfl SOUE 230 
fitfl 1 4 , a , | 2 i i M SOUE 240 
1 II • i . ' i . o i i l X 4 * A l S l f U N G I X5=A(CHAR) SOUE 250 
Sll n . i i ZERO XB SOUE 2 6 0 
IC I I . O h ) . 5 ) X8 = < I tin T AO JUSTEO CHARACTER SOUE 270 
LTR 8 . 8 TEST Xa FOH X » 0 0 ' SOUE 280 
BZ FRR BRANCH TU EKKUR I F X8 * 0 SOUE 2 9 0 
LA 0 . 1 XO = 1 FOR ALL OF SOUEEZE SOUE 300 
LA 6 . 2 5 6 X6 = 2 5 6 FOR ALL OF SOUEEZE SQUE 3 1 0 
I. A a . T R T X ( S ) X8=ADQRESS I N TRTX TO SET X ' O l * SOUE 320 
MVI 0 ( 8 ) , X ' 0 1 « SET X»01« I N TRTX AT LOCATION OF CHAR SOUE 330 
AR 8 . 6 Y8-ADDRESS I N TRTA TO SET X«00» SOUE 340 
M V I 0 ( 8 ) . X * 0 0 » SET X'OO* I N TRTA AT LOCATION OF CHAR SOUE 350 
SR 2 . 2 ZERO X2 SOUE 360 
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SR I . 1 ZERO X I SOUE 3 7 0 
SPACE 3 SOUE 3 8 0 

TRTO TRT 0 1 2 5 6 . 4 ) . T R T X SCAN FOR CHAR TO BE SQUEEZED SQUE 3 9 0 
BC 6 * EN 00 SQUE 4 0 0 
AR 4 . 6 X4 = X4 «• 2 5 6 SQUE 4 1 0 
8 TRTO SQUE 4 2 0 

FN DO SR 2 , 0 T E i T FOR ' 0 0 ' FOUND. XO = 1 SQUE 4 3 0 
BP DONF I F VALUE I S i . END HAS BEEN FOUND SOUE 4 4 0 
LR 3 . 1 X3 = ADDRESS OF F I R S T CHAR TO SOUEEZE SOUE 4 5 0 
I A 5 . 1 ( 0 . 1 ) X5 = X1«-1=AUD TO START SCAN FOR OTHER SQUE 4 6 0 
B TRT2 GO TO SCAN FUR OTHER SOUE 4 7 0 
EJECT SQUE 4 8 0 

L SCAN FDR CHAR SQUE 4 9 0 
SPACE SQUE 5 0 0 

SCANL LA 4 . 1 ( 0 . 1 ) X4 = X l + 1 = A D 0 TO START SCAN FOR OTHER SOUE 5 1 0 
TRT1 TRT 0 ( 2 5 6 . 4 ) . T R T X SCAN FOR CHAR TO BE SQUEEZED SQUE 5 2 0 

BC 6 . E N D 1 SOUE 5 3 0 
M VC 0 ( 2 5 6 . 3 ) . 0 1 7 ) MOVE 2 5 6 FROM A 0 D ( X 7 i TO AD01X3) SQUE 5 4 0 
AR 3 . 6 X3 •= X3 • 2 5 6 SQUE 5 5 0 
AR 7 . 6 X7 = X 7 • 2 5 6 SOUE 5 6 0 
AR 4 . 6 X4 = X4 • 2 5 6 SQUE 5 7 0 
B TRT 1 SOUE 5 8 0 

FND1 SR 2 . 0 T E i l FOR • 0 0 " FOUND. XO = I SQUE 5 9 0 
BP ENDFOUN1 I F VALUE I S 1 . END HAS BEEN FOUND SOUE 6 0 0 
LA 5 . 1 ( 0 . 1 ) X5 = X l * i=ADL> TO START SCAN FOR OTHER SOUE 6 1 0 
SR 1 . 7 X I = NUMBER OF OTHER TO MOVE SOUE 6 2 0 
SR 1 . 0 XI = NUMBER OF OTHER TO HOVE - I SOUE 6 3 0 
STC 1 . H 1 H STORE NUMBER UF OTHER TO MOVE - I . M l SQUE 6 4 0 

Ml MVC 0 ( 0 . 3 1 . 0 ( 7 ) MOVE OTHER FROM A 0 D I X 7 ) TO A0D(X3 t SOUE 6 5 0 
AR 3 . 1 X3=NtW AUO TO MOVE OTHER TO - 1 SOUE 6 6 0 
AR 3 . 0 X3=NEM ADO TO MOVE CTHER TO SOUE 6 7 0 
SPACE 3 SOUE 6 8 0 

L SCAN FOR OTHER (NOT CHAR) SOUE 6 9 0 
SPACE SOUE 7 0 0 

TRT2 TRT 0 ( 2 5 6 , 5 ) , T R I A SCAN FOR l\iONCHAR SQUE 7 1 0 
BC 6 , EN02 SQUE 7 2 0 
AR 5 , 6 X5 = X5 * 2 5 6 SOUE 7 3 0 
o TRT2 SOUE 7 4 0 

FND2 SR 2 . 0 TEST FOR * 0 0 « FOUND. XO = I SOUE 7 5 0 
BP FNDF01JN2 I F VALUE I S 1 . END HAS BEEN FOUND SQUE 760 
LR 7 . 1 X7=Xi=A0i )RESS OF NONCHAR. START MOVE SQUE 7 7 0 
B SCAN 1 NONCHAR FOUND. SCAN FOR CHAR SQUE 7 8 0 
SPACE SOUE 7 9 0 

1 THIS TS THE CHANGED CODE OF O C T . , > 6 8 . SQUE 8 0 0 
SPACE SQUE 8 1 0 

L FRR L 15 . = V(E RRllR ) SQUE 8 2 0 
I BAI R 1 4 . 15 CALL ERROR SQUE 8 3 0 

SPACF SQUE 8 4 0 
FNnFnUNl SK 1 . 7 X I = NUMdifR TU MOVE - 1 SOUE 8 5 0 

SR 1 . 0 SQUE 8 6 0 
STf. 1 . M 3 + 1 STORE NUMBtrt TO MOVE - 1 I N M3 SQUE 8 7 0 

M3 MVC 0 ( 0 . 3 ) . 0 ( 7 ) MOVE X l + 1 TU CORRECT LOCATION SQUE 8 8 0 
LA 1 . 1 I 3 . U SQUE 8 9 0 

FNOFDUN2 MVl 0 ( 3 ) , X ' O O ' PUT TERMINATOR! K ' O O ' ) AT NEI< END SOUE 9 0 0 
DONF M VI 0 ( 8 ) , X* 01 • RESIDUE X ' O l ' I N TRTA SQUE 9 1 0 

SR a . 6 X 8 = X 8 - 2 5 6 = A 0 D ( TRTX) SOUE 9 2 0 
M V I 0 ( B ) . X ' O O ' RESTORE X ' O O 1 I N TRTX SQUE 9 3 0 
SPACF SOUE 4- .0 

L T H I S I S THE CHANGED CODE OF O C T . . ' 6 8 . SQUE 9 5 0 
SPACE SOUE 9 6 0 

FRR LM 2 . 8 . 2 8 1 1 3 ) RESIURE X2 THROUGH X8 SQUE 9 7 0 
SPACF SOUE 9 8 0 
MVI 1 2 ( I 3 J , X ' F F * SQUE 9 9 0 
RR 14 SQU 1 0 0 0 

fRTX nr. X* 0 2 ' « 2 5 5 X • 0 0 * SOU 1 0 1 0 
TKTA nc X* 0 2 * . 2 5 5 X • 0 1 * SQU 1 0 2 0 

END SQU 1 0 3 0 
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8CDT0JNT START 0 
USING * . 1 5 
FNTRY Bf.OTQl 
ENTRY BCDTINT 
ENTRY BCDT IN 

BCDTOINT Subroutine 

T H I S I S A TRUNCATED 6-LfcTTEK F T N - I V ENTRY. 

T H I S I S A TRUNCATED 6—LE T IER F T N - I V ENTRY. 

BCDTC 10 
BCDTO 20 
BCDTO 30 
BCDTO 4 0 
BCOTO SO 

BCDTOI FOU * T H I S I S A TRUNCATtU 6 - L E T T E R F T N - I V ENTRY. BCDTO 6 0 
BCDTINT ECU * BCDTC 7 0 
RCDTIN EOU * T H I S I S A TRUNCATED 6 - L E T T E R F T N - I V ENTRY. BCDTC 8 0 

STM 2 , 4 . 2 6 ( 1 3 ) BCOTO 9 0 
LM 3 , 4 . 0 ( 1 ) X3» AOUSSIR< X 4 * A C 0 X I N I < BCOT 100 
SR 1 , 1 BCDT 110 
SR 2 . 2 CLEAR RtGISTER TO RECEIVE CHARACTER SCOT 120 
I C 2 , 0 ( 3 ) BCDT 130 
C 2» = F • 9 6 * CHECK FOR MINUS BCOT 140 
BNF NOTMI BRANCH I F NUT MINUS BCOT 150 
MV I aPER,X«1B« SR ORDER BC OT 160 
B BUMP BCOT 170 

NOT MI M VI O P E R . X * 1 4 • BCDT 180 
C 2 . = F « 7 a « CHECK FOR PLUS BCOT 190 
HNE CONVA BCOT 200 

8UMP LA 3 , 1 ( 0 . 3 ) INCREASE STRING BCDT 2 1 0 
I C 2 , 0 ( 3 ) BCDT 220 

CONVA S 2 , = F ' 2 4 0 ' BCDT 2 3 0 
BM END INT NUMEHIC I S NOT MINUS fiCDT 240 
C 2 » = F * 10 • CHECK FUR UPPER 80UN0 BCDT 2 5 0 
BNL END I NT BR ANCH I F NOT LESS THAN 10 BCOT 2 6 0 
LR 0 . 1 INT£GEK*10 « INTEGER BCDT 2 7 0 
SLA 0 , 3 1 * 8 BCOT 2 8 0 
AR 0 . 1 i * a t i BCDT 2 9 0 
AR 1 . 0 t i l BCDT 300 

GPFR AR 1 , 2 l+CHAft BCOT 3 1 0 
B BUMP BCDT 3 2 0 

FNDINT ST l . 0 ( 0 . 4 ) BCDT 3 3 0 
LM 2 . 4 . 2 8 1 1 3 ) BCDT 340 
BR 14 BCOT 350 
END BCDT 360 

INSFRT L L 

INSERT Subroutine 
START (/ 
T H I S IS i VERSION OF INSERT fcl AL WHICH OSES THE NEW 
FAST VERSION OF SEARCH. 

USING * , 1 5 
FNTRY LFNGTH 
ENTRY DELETE 
ENTRY SEARCH 
ENTRY P U T I N 
FNTRY PUT I NAT 
ENTRY PUT INA T H I S I S A 
STM 2 , 7 . S A V E R E 

L ENTRY 
INSFRTB 
L ENTRY 
INSFRTA 
AAI 

TRTI 

ST 
LM 
AT 

15 .SAVE15 
1 . 4 , 0 ( 1 ) 

TRUNCAItO 6 - L E T T E R F T N - I V ENTRY. 
INSERT ( STRING , J , N , C ) 

X I=A(STKJNO) X 2 = A ( I ) X 3 - A ( J ) X 4 = A ( 0 ) 
INSERTS X1=A(STRA) X 2 = A ( I ) X3=A(NJ X4= A ( S T R B ) + J - 1 

L 2 . 0 ( 0 , 2 ) X2= I 
AT INSERTA X1=A(STRA) X 2 * 0 XJ -A ( N ) X 4 = A ( S T R B ) + 1 — 1 

LA 0 . 2 5 6 
LTR 6 . 7 X6<1 
BC 12,BRANA BRA I « 0 UK I MINUS 
L 3 , 0 ( 0 , 3 ) X3#J 
1TR 3 , 3 
BC 1 2 . F X I T BRANCH OUT ( F J . E O . O OR I S 
LR 5 , 1 X5#A*STK< 

TRT 0 ( 2 5 6 , 1 ) , T R T A B 4 
bC 6 . F N D I 
LA 1 , 2 5 6 ( 0 , 1 ) 
B TRTI 

INSER 10 
INSER 2 0 
INSER 3 0 

INSER 4 0 
INSER 50 
INSER 6 0 
INSER 7 0 
INSER 30 
INSER 9 0 
INSE 100 
INSE 110 
INSE 120 
INSE 130 

INSE 1 4 0 
INSE 1 5 0 
INSE 1 6 0 
INSE 1 7 0 
INSE 180 
INSE 190 
INSE 200 
INSE 210 
INSE 220 
INSE 230 

INSE 2 4 0 
INSE 2 5 0 
INSE 260 
INSE 270 
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FNDI SR 1 . 5 X I «_ INSE 2 8 0 
LR 2 . 1 X2«L INSE 2 9 0 
SR 2 . 6 X 2 # L - I INSE 3 0 0 
BM BRANC BRANCH I F L . L I . 1 INSE 3 1 0 
LA 7 . 2 ( 0 . 2 ) X 7 « H # L - I £ 2 INSE 3 2 0 

C C I ALR 5 . 6 X 5 - A I S I R I N G l + l INSE 3 3 0 
SL 5» = F • 1 * X 5 = A ( S I R l N G ) « - I - l = PZ INSE 3 4 0 
CR 7 , 0 M VS 2 5 6 INSE 3 5 0 
SH BRAND BRANCH I F M . G T . 256 INSE 3 6 0 

DDI S 7» = F * 1 * X7=M-1 INSE 3 7 0 
STC 7 . I N S A + 1 INSE 3 8 0 
STC 7 . I N S B + 1 INSE 3 9 0 

1NSA MVC T E M P S T 1 0 ) . 0 ( 5 ) INSE 4 0 0 
LR 7 . 3 X7»J INSE 4 1 0 
At R 7 . 5 X7=J+PZ INSE * 2 0 

INSB MVC 0 1 0 . 7 ) . T E H P S T INST 4 3 0 
F F l CR 3 . 0 J VS 2 5 6 INS I: 4 4 0 

BH BRANE BRANCH I F J . G T . 2 5 6 INSE 4 5 0 
S 3 . = F • 1 • X 3 = J - 1 INSE 4 6 0 
STC 3 . I N S C + l INSE 4 7 0 

IMSC MVC 0 ( 0 . 5 ) . 0 ( 4 ) INSE 4 8 0 
EX 11 LM 2 . 7 . 5 A V E R E 2 . 6 0 INSE 4 9 0 

L 1 5 . S A V E 1 5 INSE 5 0 0 
BR 14 INSE 5 1 0 

ftRANA MVL 0 ( l l . X ' O O ' INSE 5 2 0 
LA 2 , 1 MAKc 1 * 1 INSE 5 3 0 
B AAI INSE 5 4 0 

BKANC LA 7 . 1 X7#M«1 INSE 5 5 0 
LA 6 . 1 ( 0 . 1 ) MAKE I H L & 1 INSE 5 6 0 
B CCI INSE 5 7 0 

HRANO ALR 1 . 5 X1=PZ*L INSE 5 8 0 
SLR 1 . 6 INSE 5 9 0 
SL l . = F « 254« INSE 6 0 0 
LR 2 . 3 X2KJ INSE 6 1 0 
ALR 2 , 1 X 2 = A l + J INSE 6 2 0 

RRANDA MVC T E M P S T ( 2 5 6 ) . 0 ( 1 ) INSE 6 3 0 
MVC 0 ( 2 5 6 . 2 ) . T E M P S T INSE 6 4 0 
SR 7 , 0 X7DM-256 INSE 6 5 0 
CR 7 . 0 M VS 2 5 6 INSE 6 6 0 
BC 1 2 . D D I INSE 6 7 0 
SLR 2 . 0 X 2 = A l - 2 5 6 INSE 6 8 0 
SLR 1 . 0 X l = A J - 2 5 6 INSE 6 9 0 
B BRANOA INSE 7 0 0 

BRANF MVC 0 ( 2 5 6 . 5 ) . 0 ( 4 ) INSE 7 1 0 
ALK 5 . 0 P Z = P Z * 2 5 6 INSE 7 2 0 
ALR 4 . 0 0 0 = 0 0 * 2 5 6 JNSE 7 3 0 
S« 3 . 0 J - 2 5 6 # J INSE 7 4 0 
R EE 1 INSE 7 5 0 
FJFCT INSE 7 6 0 
USING • . 1 5 X2 X3 X4 X5 X6 INSE 7 7 0 

SFARCH S I M 2 . 1 4 . S A V E R F SAVE REGISTERS INSE 7 8 0 
L SEARCH!STRING. J . N. CHAPS. 1 ) INSE 7 9 0 
t XO SET TO 2 FOR SOME USES I N S E 8 0 0 
L X I USEO FOR START AND RETURN I N TRT INSE 8 1 0 
I X2 AFTER A ( S T R I N G ) I S SAVED I N X 1 4 . X2 RETURNS FROM TRT INSE 8 2 0 
( X 3 X3=25t> AFTER FREE FROM J INSE 8 3 0 
L X4 N INSE 8 4 0 
L X5 A(CHARS) INSE 8 5 0 
L X6 A( I 1 I N S E 8 6 0 
I X7 LOCATION I N TRT TA8LE INSE 8 7 0 
I x e USEO WITH X I IN MULT COMPARE INSE 8 8 0 
L X9 X9 = 4 0 9 6 INSE 8 9 0 
L X lO USED WITH X5 I h MULT CUKPAKE INSE 9 0 0 
L X I I X I i = 1 INSE 9 1 0 
I X 12 USEO AS 00UBLE REG. MITM X 1 3 FOR S H I F T Ot> N INSE 9 2 0 
1 X13 USEO AS DOUBLE REG. WITH X 1 2 I N S H I F T OF N ETC. INSE 9 3 0 
I X 1 4 USEO AS SAVE REGISTER FOR A<STRING) - 1 FROM X2 I N S E 9 4 0 

EJECT INSE 9 5 0 
LM 2 . 6 . 0 ( 1 ) X2 X3 X4 X5 X6 INSE 9 6 0 
LA 1 1 . 1 X U " 1 INSE 9 7 0 
SR 2 . 1 1 X2«SA< S T R 1 N G 1 - 1 INSE 9 8 0 
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L 

L E 2 5 7 

MULT I 

CC1NX1 

N? 

Ml 

Nl 

LOOP2NI 
LOOP2N 

LR 1 4 . 2 SAVE A l S T R I N G ) - 1 FROM X2 
LA 0 . 2 XO = 2 FOR USE I N ALL OF SEARCH 
LA 9 . 4 0 9 5 ( 0 . 1 1 ) X 9 = 4 0 9 6 
L 1 . 0 ( 0 . 3 ) X1=J 
ALR 1 . 2 X 1 = A I S T R I N & ) + J - 1 (STARTI 
LA 3 . 2 5 6 X 3 = 2 5 6 
SR 2 . 2 ZERO X2 FOR USE AS RETURN BY TRT 
SR 7 . 7 X 7 = 0 
I C 7 . 0 ( 0 . 5 ) X7=F IKST CHARACTER OF CHARS 
LA 7 . T R T A B 4 I 7 ) X 7 = A 0 0 . I N TRTAB4 FOR X * 0 1 » TO BE SET 
MVI T R T A B 4 . X ' 0 4 • SET X* 0 4 ' I N START OF TRTAB4 

FOR BRANCH TO EN022+4 
SPACE 3 
L 4 . 0 1 0 . 4 ) X4»N 
SR 4 . 1 1 X4=N—1 
BM BYPA BRANCH I F N . L E . O 
BZ N l I F N=1 BRANCH TO N l 
CR 4 . 3 COMPARE N - l TO 2 5 6 
BH MULT 1 BRANCH I F N . G T . 2 5 7 
CR 4 . 0 COMPARE N - l TO 2 
BL N2 BRANCH FOR N"2 
BE N3 BRANCH FOR N=3 

CONTINUE TO L E 2 5 7 FOR N L E . 2 5 7 BUT MORE THAN 3 
EJECT 

MVI 0 ( 7 ) . H 2 - E N 0 2 2 FOR N . L E . 2 5 7 
SR 4 . 1 1 X4 = N - 2 
S I C 4 . H 2 * l 
B L 0 0 P 2 N 
SPACF 3 

MVI 0 ( 7 ) . Q G 2 5 7 - E N D 2 2 FOR N . G I . 2 5 7 
1 R 1 2 . 4 PUT N - l I N X I 2 
SR 1 3 . 13 ZERO X 1 3 
S«OL 1 2 . 8 SHIFT SMALL COM. INTO X 1 3 , X 1 2 = N 2 5 6 
LTR 1 3 . 1 ) TESI FUR NON-INTEGRAL MULT OF 2 5 6 
B2 CON X I BRANCH I F INTEGRAL MULT OF N * 2 5 6 « l 
SRL 1 3 . 2 4 SHIFT SMALL INTO RIGHT 
SR 1 3 . 1 1 X 1 3 = N - 2 
STC 1 3 . H 3 + 1 STORE N MOO 2 5 6 I N CLC H3 
LR 13 . 12 STGRfc NO. OF 2 5 6 CYCLES I N X13 
B L00P2N 

MVI I N T M U L + l . X * F 0 ' SET BRANCH I N INTMUL I F INTEGRAL 
LR 13 . 12 STORE NO. OF 2 5 6 CYCLES I N X13 
B L 0 0 P 2 N 
SPACE 3 

MVI 0 ( 7 1 . C N 2 - E N D 2 2 FOR N . E 0 . 2 
I C 0 . 1 ( 0 . 5 ) INSERT SECPNC CHAR. I N XO 
STC 0 . C N 2 + 1 STORE SECONC CHAR. I N C L I AT CN2 
B L0nP2N 
SPACE 3 

MVt 0 ( 7 1 . C N 3 A - E N 0 2 2 FOR N . E Q . 3 
I C 0 . 1 ( 0 . 5 ) 
STC 0 . C N 3 A + 1 
I C 0 . 2 ( 0 . 5 ) 
STC O.CN 3B+1 
B L 0 0 P 2 N 
SPACE 3 

MVI 0 ( 7 J . F 0 U N D - E N 0 2 2 FOR N . E U . l 
B LOOP 2N 
EJECT 

AR 1 . 1 1 INCREASE X I BY I 
TRT 0 1 2 5 6 . 1 I . T R T A B 4 

BC 6 . E N D 2 2 I 2 ) 
TRT 2 5 6 ( 2 5 6 . 1 ) . T R T A B 4 
BC 6 . E N D 2 2 I 2 ) 
1RT 5 1 2 ( 2 5 6 . 1 ) . T R T A B 4 
BC 6 . E N 0 2 2 I 2 ) 
TRT 7 6 8 ( 2 5 6 . 1 ) . T R T A B 4 
BC 6 . E N 0 2 2 I 2 ) 
TRT 1 0 2 4 1 2 5 6 . 1 ) • T R T A B 4 
BC 6 . c N D 2 2 l ?.) 
TRT 1 2 8 0 ( 2 5 6 . 1 ) . T R T A B 4 

INSE 9 9 0 
INS 10Q0 
INS 1010 
INS 1020 
INS 1030 
INS 1040 
INS 1050 
INS 1060 
INS 1070 
"MS 1080 
NS 1090 
INS 1100 

INS 1110 
INS 1120 
INS 1130 
INS 1140 
INS 1150 
INS 1160 
INS 1170 
INS 1160 
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 

(NS 1430 
INS 1440 
INS 1450 
INS 1460 
INS 1470 

INS 1480 
(NS 1490 
INS 1500 
INS 1510 
INS 1520 
INS 1530 
INS 1540 

(NS 1550 
INS 1560 
INS 1570 

INS isao 
INS 1SS0 

INS 1600 
INS 1610 
INS 1620 
INS 1630 
(NS 1640 
INS 1650 
INS 1660 
INS 1670 
INS 1680 
INS 1690 
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END22 

BC 6.EN022121 
TRT 1536(256, D . T R T A B 4 
BC 6.END22I2) 
TRT 1792(256, 1 U T R T A B 4 
BC 6,EN022(2I 
TRT 2048(256,II«TRTAB4 
BC 6,EN022(2) 
TRT 2304(256,1)« TRTAB4 
BC 6,END22(2< 
TRT 2560(256, D . T R T A B 4 
BC 6,EN022(2) 
TRT 2B16 (256, 1) , T.1TAB4 
BC 6.END22{2) 
TRT 3072(256,11.TRTAB4 
BC 6,EN0?2(2) 
TRT 3378(756, D . T R T A B 4 
BC 6,EN022(2) 
TRT 3584(256,1),TRTAB4 
BC 6,END22(2) 
TRT 3 8 4 0 ( 2 5 6 , U . T R T A B 4 
RC 6,EN022(2! 
BXH 1. 9.L 00P2N INCREASE XI BY 4096 AND CONTINUE TRT 

L THIS IS THE LOCATION TO WHICH THE BRANCH WILL GO WHEN X"00« FOUND 
2,2 
2,010.6) 
0(7),X'OO" 
TRTAB4,X* 02 ' 
2,14,SAVERE 
14 

ZERO X2 
STORE 0 
RESTORE 
RESTORE 
RESTORE 

SR 
ST 
MVI 
MVI 
LN 
BR 
FJECT 

L THE FOLLOWING SECTION IS FOR N.LE.257 
H2 CLC 1(0,1),1(5) COMPARE 

L0UP2NI 
FOUND 

IN I 
X'OO* IN TRTAB4 
X"02' AT START CF TRTAB4 
REGISTERS 

STARTING AT TRT HATCH • 1 
BNF 
BE 
FJECT 
SPACF 
SPACE 

L THE FOLLOWING SECTION IS FOR N.GT.2S7 
0G257 LR 8 , 1 STORE CURRENT HATCH FRCM TRT I N 

I R 1 0 , 5 
LR 13 , 17 XI3-NUMBER OF MULT. CF 2 5 6 TO 0 0 
B FIRSTMUL 

MUttOM AH 10 , 3 INCREASE X10 BY 2 5 6 
AR 8 . 3 INCREASE X8 BY 2 5 6 

F IRSTMt l l C I C 1 ( 2 5 6 , 8 ) . i ( 1 0 ) COMPARE 2 5 6 BYTES 
BNF L 0 0 P 2 N I INCREASE X I BU 1 AND TRT 
BCT 13.MULCOM LOOP FOR X13 GROUPS OF 256 

INTMiU BC 0 . FCUNORES BRANCH ONLY IF I N T . MULT OF 2 5 6 
H3 CI C 2 5 7 ( 0 , 8 ) , 2 5 7 ( 10 ) COMPARE NON I N T . . MUL CF 2 5 6 

BNF LOOP ?NI 
B FOUND 

FOUNORFS MVI INTMUL frl, X ' 0 0 * RESTORE NU BRANCH TC INTMUL 
R FOUND 
EJECT 
SPACF 3 

L THE FOLLOWING SECTION I S FOR N=2 
CN2 CI I 1 ( 1 l . X ' O O " COMPARE SECOND CHAR. WHEN FIRST 

BNE L 0 0 P 2 N I 
B FOUND 
SPACE 3 

L THE FOLLOWING SECTION I S FOR N=3 
CN3A CL I 1 1 1 1 . X ' O O " 

BNE L 0 0 P 2 N I 
CN3B C L I 2 ( 1 ) » X " 0 0 ' 

BNE L 0 0 P 2 N I 
B FOUND 
SPACE 3 

L THE FOLLOWING SECTION I S FOR Nf l l 
L ANC 1 THE COMMON POINT WHEN A MATCH I S FOUND. 
FOUND SK I . 14 Xl=VALUE TO STORE I N i . X 6 = A ( I ) 

ST 1 , 0 1 0 . 6 1 STORE LENGTH I N IFNO 

INS 1700 
INS 1710 
INS 1720 
INS 1730 
INS 1740 
INS 1750 
INS 1760 
INS 1770 
INS 1780 
INS 1790 
INS 1800 
INS 1810 
INS 1620 
INS 1830 
INS 1840 
INS 1650 
INS 1860 
INS 1870 
INS 1880 
INS 1890 
INS 1900 
:NS 1910 
INS 1920 

INS 1930 
INS 1940 
INS 1950 
INS 1960 
INS 1970 
INS 1980 
INS 1990 
INS 2000 
INS 2010 

INS 2020 
INS 2030 
INS 2040 
INS 2050 
INS 2060 
INS 2070 
INS 2080 

INS 2C90 
INS 2100 
INS 2110 
INS 2120 

INS 2130 
INS 2140 

INS 2150 
INS 2160 
INS 2170 
INS 2180 

INS 2190 
INS 2200 
INS 2210 

INS 2220 
INS 2230 
INS 2240 
INS 2250 

4 INS 2260 
INS 2270 
INS 2280 
INS 2290 
INS 2300 
(NS 231C 

INS 2320 
INS 2330 

INS 2340 
INS 2350 
INS 2360 
INS 2370 
INS 2380 
INS 2390 

IMS 2400 
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HVI 0(71.X'OO* RESTORE X'OL« TO X'OO' IN TRTAB4 
B* PA MVI TR TAB4.X' 02 • RESTORE X* 02* TO START OF TRTAB4 

LM 2.14.SAVERE RESTORE REGISTERS 
BR 14 
EJECT 
USING *« 1 5 ADDRESS OF ARGLIST »X1 TIME 

LENGTH STH 2.3,SAVERE LENGTH 1STRINS,LENG< 
L 3.410.1) X3# A<LENGTH< .80 
L 1.0(0.11 XI* ASSTRINGC .80 
LR 0.1 XO # A*STRING< m 40 

TRTL TRT 0(256.11.TRTAB4 FINDS TERMINAL CHARACTER 3 • 90C 
BC 6.ENDL 1. 13 
LA 1.256(0.11 BUMP UP BY 256 .60 
B TRTL 1. 13 

FNOL SLR % 0 AXTERM)-ATSTRING)KLENGTH .40 
ST 1.0(0.31 STORE LENG • 94 
LM 2.3.SAVERE 
BR 14 1. 13 
USING *.15 

DFIFTE STM 2.5.SAVERE DELETE(STRING.I.N< 
LM 1.3.0(1) X U A S S T R C X 2 J A X K X3#AXN< 2.00 
I 3.0(0.3) X3=N 
LTR 3.3 TEST FOR N.LE.O 
BC 12.BYPASS N.LI.ORKJO SKIP 1.13 
L 4<0(0.2) X4=I X2 IS FREE FOR USE IN TRT 
S 4. = F » 1« X4=1—1 (EST FOR I.LE.O 
BM BYPASS 1.13 
LR 0.1 XO(AXSTKING< 

TRTD TRT 0(256. D . T R 7 A B 4 
BC 6.END0 
LA 1.256(0.1) 
N TRTD 

FNOD SLR 1.0 XL=AITERM)-A(STRING)=LENGTH .40 
SR 1.4 XI=L-J«-I 
BC 12.BYPASS IF L.GT.L 1.13 
ALR 4.0 X4=AI STR JNG )•!— 1 MOVE DOWN TO 
SR 1.3 XL=L—I•1+N»MM*H—1 
BC £ 1.NOR1 BRANCH TO N0K1 IF MM NOT -
MVI 0(4).X'00> DELETE ALL AT STR(I) PUT 00 END 
B BYPASS 

NflRl ALR 3.4 X33A(SIRiNG)*I - l+N MOVE DOWN FROM 
c m FI LR 5.1 X51MN 

S 5.»F'255« X5-MM-255 
BC 12.ONCE BRANCH IF HH.LE.255 
MVC 0(256.4).0(3) MOVE 256 CHAR TO NEW LOCATION 
LA 3.256(0.3) X3=X3>256 
LA 4.256(0.4) X4=X4»256 
S L.»F»256« 
a CYCLE1 

ONCE STF. L.C + L L0AI> MHHM-1 INTO MNC INST . C 
C MVC 0(0.4).0(3) MOVE H CHAR TO NETT LOCATION 
BYPASS LM 2. 5.SAVERE 2.20 

BR 14 1.13 
USING *.15 

PUTINA FOU * THIS IS A TRUNCATED 6-LETTER FTN-IV ENTRY. 
POTINAT STM 2. 7.SAVERE PUTINAT(STRA,I ,N,STRB,J< 

ST 15.SAVE15 
LM 1,5.0(1) X1= A(STRA) X2—A! I) X3=A(N> X4=A(STKB) X5* AT J) 
A 4,0(0.5) X4=A( STRB)+J 
s 4« = F•1* X4=A(STRB)+J—I 
L 15.=AIINSERTI 
USING INSERT.15 
B INSERTB CHANGE TO INSERT 
USING *• 15 

PUTIN STM 2.7.SAVERE PUTIN!S I RA,N,S T R B .I ) 
ST 15,SAVE15 
LM 1.4.0(1) Xl*A!STRAi X2«A(N) X3"A(STRBI X4= A I D 
L 4.0(0.4) X4=I 

INS 2410 
INS 2420 

INS 2430 
INS 2440 
INS 2450 
INS 2460 
INS 2470 

INS 2480 
INS 2490 
INS 2500 
INS 2510 

INS 2520 
INS 2530 
INS 2540 
INS 2550 

INS 2560 
INS 2570 
INS 2580 
INS 2590 
INS 2600 

INS 2610 
INS 2620 
INS 2630 
INS 2640 
INS 2650 
INS 2660 
INS 2670 
INS 2680 
INS 2690 

INS 2700 
INS 2710 
INS 2720 
INS 2730 

INS 2740 
INS 2750 
INS 2760 
INS 2770 
INS 2780 
INS 2790 
INS 2600 
INS 2810 
INS 2820 

INS 2830 
INS 2840 
INS 2850 
INS 2860 
INS 2870 
INS 2880 
INS 2890 
INS 2900 
INS 2910 
INS 2920 

INS 2930 
INS 2940 
INS 2950 
INS 2960 

INS 2970 
INS 2960 
INS 2990 
INS 3000 
INS 3010 
INS 3020 
INS 3030 
INS 3040 
INS 3050 

INS 3060 
INS 3070 
INS 3080 
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Al R 4 . 3 
S 4 . = F • 1 * 
LR 3 , 2 
SK 2 . 2 
L 1 5 , = AI INSER T) 
USING I N S E R T , 1 5 
H INSERTA 

TRTAB4 DC X ' 0 2 * 
OC 2 5 5 X * 0 0 " 

SAVFRF DS 13 F 
SAVE 15 OS F 
TFMPST DS 2 5 6 C 

LTORG 
2ND 

X 4 * A ( S T R B ) + I 
X 4 = A I S I K B ) • ! — 1 
X 5 = A I N l SET UP TO USE INSERT 

SAVE REGISTERS 

INS 3 0 9 0 
INS 3 1 0 0 
INS 3 1 1 0 
INS 3 1 2 0 
INS 3 1 3 0 
INS 3 1 4 0 
INS 3 1 5 0 

INS 3 1 6 0 
INS 3 1 7 0 

INS 3 1 8 0 
INS 3 1 9 0 
INS 3 2 0 0 

INS 3 2 1 0 
INS 3 220 



Appendix 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 accurate 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 5 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 '5 , 26 consecutive l'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 l'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 10,* 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, 21-30. 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 5 through 20 in process block 1. 

The output from CEP is 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 calculated 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 33-44 are 
tabulated the three abcissas of points on the cost graph (heavy-metal throughput) of J.67400E02, 
5.02200E02, and 1.00440E03. The third card contains the specific process block number (1) in 
columns 1-2. Using ihe same format as card 2 the three ordinates for the first process block (unit 
capital costs) are 6.18090E01, 3.89570F01, 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 111111111111111111111111 
HEAD BHD REPROCESSING OF 2 3 RECTCIE S P 
CASE 1 CA5E 2 

0 - 3 1 
0 . 5 1 . 5 

1 6 7 . U S 0 2 . 2 
1 1 1 8 5 0 0 . 0 0 2 2 1 3 6 0 0 . 0 0 

16. 
H I . 1 4 . 

7 . 7 . 10. 11. 
2 2 0 5 . 3 0 2 3 . 
9 6 8 * ; . 1 8 0 3 5 . 

26. 26. 
3 0 . 3 0 . 
16. 16. 10. 10. 
2. 2. 

00 . 00 . 
7 . 7 . 

2 . 3 2 . 3 

ooo iiiiiniiiininu m m 11000 
iT F O E t E tEHBHTS ( A - 1 5 1 $ B1 
CASE 3 2 

3 
3 . 0 0 

toou. t t 5 
3 6 1 2 0 0 0 . 0 0 6 

1 6 . 7 
10. 8 7. <J 
10. 10 

5 0 5 8 . 11 
3 1 0 5 5 . 12A 

2 6 . 13A 
3 0 . 10A 
1 6 . I S A 
1 0 . 16A 

2 . 17A 
0 0 . 18A 

7 . 19A 
2 . 3 20A 

' I D THOPEX REPROCESSING ( 2 3 RECYCLE P 0 E L ) S 
,SE 1 CASE 2 CASE 3 

0 . 3 2 0 
1 .5 1 . 5 3 . 0 

0 3 0 . 1 2 9 0 . 2 5 8 0 . 
1 0 3 6 3 0 0 . 3 1 3 7 9 0 0 . 6 2 ^ 0 0 0 0 . 

1 6 . 1 6 . 1 6 . 
1 0 . 1 0 . 1 0 . 

7 . 7 . 7 . 
1 0 . 1 0 . 1 0 . 

2 5 0 0 . 5 0 1 6 . 1 0 3 3 2 . 
9 5 0 0 . 2 5 3 7 6 . 2 5 7 5 2 . 

2 3 5 B 7 . 5 3 2 0 8 . 1 1 3 5 7 6 . 
3 0 . 3 0 . 3 0 . 
3 0 . 3 0 . 3 0 . 
0 0 . 0 0 . 0 0 . 
0 0 . 0 0 . 0 0 . 

0 . 0 . 0 . 
0 . 0 . 0 . 

1 0 . 1 0 . 1 0 . 
1 0 . 1 0 . 1 0 . 

1 . 1 . 1 . 
1 . 1 . 1 . 

0 0 . 0 0 . 0 0 . 
0 0 . 0 0 . 0 0 . 

7 . 7 . 7 . 
7 . *y 7 . 

2 . 3 2 . 3 2 . 3 
2 . 3 2 . 3 2 . 3 

B2 
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FOLSX PROCESS 
H S 2 3 - 4 

0 . 3 
0 . 5 

1 1 7 . 1 4 
2 7 5 6 0 0 0 . 

16.0 
2 8 . 0 

7 - 0 1U.0 
1 8 9 0 0 . 
11880. 
3 1 8 0 0 . 

3 0 . 0 
26.0 
ttO.O 
16.0 

4 . 0 
16.0 
1 0 . 0 
1 4 . 0 1.0 
2.0 au .o 

4 4 . 0 
7 . 0 
7 . 0 
2 . 3 
2 . 3 

POR BICROSPHERB P E t m R A T I O H ( 3 3 BECYCLU)J 
H S 2 3 - 5 

U 3 
1 . 5 

3 5 1 . t O 
5 2 0 2 0 0 0 . 

16.0 
2 8 . 0 

7 . 0 
1 4 . 0 

3 2 2 0 0 . 
1 8 9 0 0 . 
7 2 0 0 0 . 

3 0 . 0 
26.0 
4 0 . 0 
3 6 . 0 

4 . 0 
16.0 
10.0 
1 4 . 0 

1.0 
2 . 0 

4 4 . 0 
4 4 . 0 

7 . 0 
7 . 0 
2 . 3 
2 . 3 

N S 2 3 - 6 

3 . 0 
7 0 2 . 8 4 

8 7 1 6 0 0 0 . 
16.0 
2 8 . 0 

7 . 0 
1 4 . 0 

4 7 6 0 0 . 
2 7 0 0 0 . 

1 2 8 4 0 0 . 
3 0 . 0 
26.0 

4 0 . 
3 6 . 0 

4 . 0 
16.0 
10.0 
1 4 . 0 
1.0 
2.0 

4 4 . 0 
4 4 . 0 

7 . 0 
7 . 0 
2 . 3 
2 . 3 

B3 

B r s o NICROSPH COAT PROCESS 2 3 BECYCIE PABTICLE5 ( T H 2 3 3 0 ) 0 2 ( I - 1 . F < 1 ) ) « 84 
CASE 1 CASE 2 CASK 3 

0 . 3 310 8 
0 . 5 1 . 5 3 . 0 

1 1 0 . 9 3 3 2 . 7 6 6 5 . 4 
3 0 5 1 5 0 0 . 6 4 4 9 5 0 0 . 1 0 7 3 4 5 0 0 , 

16. 16. 16. 
1 4 . 1 4 . 

7 . 7 . 7 . 
1 4 . 1 4 . 1 4 . 

1 6 6 4 . 3 3 2 8 . 5 1 2 0 . 
5 7 4 5 . 1 3 2 9 3 . 2 5 1 0 0 . 

2 0 0 . 4 0 0 . 6 0 0 . 
2 0 0 . 4 0 0 . 6 0 0 . 
26. 26. 26. 
10. 10. 10. 
2 . 5 2 . 5 2 . 5 
3 0 . 3 0 . 3 0 . 

. 1 2 . 12. 12. 4. 4. 4. 
16. 16. 16. 
10. 10. 10. 10. 10. 10. 14. 11». i«. 
1 4 . 1 4 . 1 « , 
1 4 . 1H. 1 « . 

2 . 2 . 2 . 
1. 1. 1. 
1. 1. 1. 

4 4 . 4 4 . tiU. 
0 . 0. 0. 0, 0. 0 . 
7 . 7 . 7 . 
7 . 7 . 7 . 
7 . 7 . 7 . 

2 . 3 2 . 3 2 . 3 0. 0. 0 . o. 0. 0. 
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FHF S t n c INJECTION OOT OF BLOCK CARB PROCESS FOB 23 RECYCLE 1 - 4 . f t ( 2 ) S B5 
CASE 1 CASE 2 CASE 3 2 

. 3 3 1 0 8 3 
0 - 5 1 . 5 3 . 0 4 

1 9 6 . 7 5 9 0 . 1 1 1 8 0 . 2 5 
1 6 1 2 4 0 0 . 3 1 0 3 7 0 0 . 4 5 9 4 9 0 0 . 6 

1 6 . 1 6 . 1 6 . 7 
1 4 . 1 4 . 1 4 . 8 

7 . 7 . 7 . 9 
IM. 1 4 . 1 4 . 10 

2 7 1 2 . 5 3 7 ? . 8 0 2 8 . 11 
1 5 4 9 8 . 3 0 9 9 6 . 4 6 2 7 8 . 12A 

2 0 0 . 3 0 0 . 4 0 0 . 12B 
1 6 0 . 2 4 0 . 3 2 0 . 12C 

2 6 . 2 6 . 2 6 . 13* 
1 0 . 1 0 . 1 0 . 13B 
2 . 5 2 . 5 2 . 5 13C 
3 0 . 3 0 . 3 0 . 14A 
1 2 . 1 2 . 1 2 , 14B 

4 . 4 . 4 . 14C 
1 6 . 1 6 . 1 6 . 1 5 * 
1 0 . 1 0 . 1 0 . 15B 
1 0 . 1 0 . 1 0 . 15C 
1 4 . 1 4 . 1 4 . 1 6 * 
1 4 . 1 4 . 1 4 . 16B 
1 4 . m . 1 4 . 16C 

2 . 2 . 2 . 17A 
1 . 1 . 1 . 17B 
1 . 1 . 1 . 17C 

4 4 . 4 4 . 4 4 . 18A 
18B 
1BC 

7 . 7 . 19A 
7 . 7 . 7 . 19B 
7 . 7 . 7 . 19C 

2 . 3 2 . 3 2 . 3 20A 
20B 
20C 

FOEL ELEMENT ASSEMBLY OOT OF BLOCK CAV'B PROCESS 23 RECYCLE N - 1 . B S B6 
CASE 1 CASE 2 CASE3 7. 

. 3 3 3 
0 . 5 1 . 5 3 . 0 4 

1 8 6 . 9 5 6 0 . 7 1 1 2 1 . 4 5 
5 0 0 5 0 0 . 7 6 3 6 0 0 . 1 0 5 5 5 0 0 . 6 

1 6 . 1 6 . 1 6 . 7 
1 4 . 1 4 . 1 4 . 8 

7 . 7 . 7 . 9 
1 4 . 1 4 . 1 4 . 10 

4 4 4 0 . 5 7 7 2 . 6 6 6 0 . 11 
8 5 6 8 . 1 4 5 8 5 . 1 8 5 2 2 . 12A 

2 6 . 2 6 . 2 6 . 13A 
3 0 . 3 0 . 3 0 . 14A 
1 6 . 1 6 . 1 6 . 15A 
1 4 . 1 4 . 1 4 . 16A 

2 . 2 . 2 . 17A 
4 4 . 4 4 . 4 4 . 18A 

7 . 7 . 7 . 19A 
2 . 3 2 . 3 2 . 3 20A 
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HEAD BHD RBPHOCESSIHG OF IH AHD 2 5 RECYCLE SPEST POBL ELEMENTS (A1 _ A 1 9 ) $ B7 
CASE 1 CASE 2 CASE 3 2 

0 . 3 1 3 
0 . 5 1 . 5 3 . 0 4 

2 6 8 . 1 8 0 4 . 3 1 6 0 8 . 6 5 
i ; : 3 ? 5 0 0 . 0 0 2 3 4 2 5 0 0 . 0 0 3 8 3 7 0 0 0 . 0 0 6 

1 6 . 1 6 . 1 6 . 7 
1 4 . 1 4 . 1 4 . 8 

7 . 7 . 7 . 9 
1 4 . 1 4 . 1 4 . 10 

3 2 6 5 . 4 8 8 0 . 7 2 9 0 . 1' | 
1 1 6 1 5 . 1 9 7 1 6 . 3 4 0 2 1 . 12A 

2 6 . 2 6 . 2 6 . 13A 
3 0 . 3 0 . 3 0 . 14A 
1 6 . 1 6 . 1 6 . 15A 
1 4 . 1 4 . 1 4 . 16A 

2 . 2 . 2 . 17A 
4 4 . 4 4 . 4 4 . 18A 

7 . 7 . 7 . 19A 
2 . 3 2 . 3 2 . 3 20A 

ACID THOREX REPSOCESSIHG ( IH SPERT _ 2 5 RECYCLE FUEL) S B8 
;B 1 CASE 2 CASE 3 

0 . 3 2 4 
5 1 . 5 3 . 0 

5 . 1 5 . 3 0 . 
6 6 0 0 0 0 . 7 5 0 0 0 0 . 9 0 5 0 0 0 . 

1 6 . 1 6 . 1 6 . 
1 4 . 1 4 . 1 4 . 

7 . 7 . 7 . 
1 4 . 1 4 . 1 4 . 

1 5 5 0 . 1 7 0 0 . 1 9 0 0 . 
4 1 0 0 . 4 4 0 0 . 4 8 0 0 . 
9 0 0 0 . 1 1 0 0 0 . 1 5 0 0 0 . 

3 0 . 3 0 . 3 0 . 
3 d . 3 0 . 3 0 . 
4 0 . 4 0 . 4 0 . 
4 0 . 4 0 . 4 0 . 

4 . 4 . 4 . 
4 . 4 . 4 . 

1 0 . 1 0 . 1 0 . 
1 0 . 1 0 . 1 0 . 

1 . 1 . 1 . 
1 . 1 . 1 . 

4 4 . 4 4 . 4 4 . 
4 4 . 4 4 . 4 4 . 

7 . 7 . 7 . 
7 . 7 . 7 . 

2 . 3 2 . 3 2 . 3 
2 . 3 2 . 3 2 . 3 
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CUSP PROCESS FOR 0 0 2 
HS23 1 

0 . 3 0 0 
0 . 5 

3 0 . 3 7 5 
2 1 5 5 0 0 0 . 

1 6 . 0 
28.0 

7 . 0 
10.0 

16800. 
7 2 0 0 . 

22200. 
3 0 . 0 
26.0 
0 0 . 0 
3 6 . 0 O.0 
16.0 
10.0 
10.0 
1.0 
2 . 0 00.0 00.0 
7 . 0 
7 . 0 
2 . 3 
2 . 3 

NICROSPHERE PREPARATION ( 2 3 RBCICI.E) S B9 
S S 2 3 2 

0 3 
1 . 5 

9 1 . 1 2 5 
3 8 5 0 0 0 0 . 

16.0 
28.0 

7 . 0 
10.0 

28000. 
3 6 0 0 . 

3 8 0 0 0 . 
3 0 . 0 
26.0 00.0 
3 6 . 0 
0.0 

16.0 
10.C 
10.0 

1.0 
2.0 00.0 00.0 
7 . 0 
7 . 0 
2 . 3 
2 . 3 

H S 2 3 3 

3 . 0 
1 8 2 . 2 5 

6 3 0 7 0 0 0 . 
16.0 
28.0 

7 . 0 
10.0 

3 B 5 0 0 . 
1 1 7 0 0 . 
61800 . 

3 0 . 0 
26.0 

00. 
3 6 . 0 

0.0 
16.0 
10.0 
10.0 

1.0 
2.0 00.0 00.0 
7 . 0 
7 . 0 
2 . 3 
2 . 3 

TRTSO MICROSPHERE COATING PROCESS <25 R S C f t L B PARTICLES) 2 3 5 0 0 2 ( L - 2 . C . ( 1 > ) $ 3 1 0 
CASE 1 CASE 2 CASE 3 

0 . 3 310 8 
0 5 1 . 5 3 . 0 

5 . 6 1 6 . 8 3 3 . 6 
0 0 0 0 0 0 . 1 1 0 0 0 0 0 . 2 0 0 0 0 0 0 . 

1 6 . 1 6 . 1 6 . 
1 0 . 1 0 . 1 0 . 

7 . 7 . 7 . 
1 0 . 1 0 . 1 0 . 

1 1 0 0 . 1 2 5 0 . 1 0 0 0 . 
2 5 0 0 . 3 0 0 0 . 4 5 0 0 . 

2 0 0 . 2 5 0 . 3 0 0 . 
2 0 0 . 2 5 0 . 3 0 0 . 

2 6 . 2 6 . 2 6 . 
1 0 . 1 0 . 1 0 . 
2 . 5 2 . 5 2 . 5 
3 0 . 3 0 . 3 0 . 
1 2 . 1 2 . 1 2 . 

0 . 0 . 0 . 
1 6 . 1 6 . 1 6 . 
1 0 . 1 0 . 1 0 . 
1 0 . 1 0 . 1 0 . 
1 0 . 1 0 . 1 0 . 
1 0 . 1 0 . 1 0 . 
1 0 . 1 0 . 1 0 . 

2 . 2 . 2 . 
1 . 1 . 1 . 
1 . 1 . 1 . 

0 0 . 0 0 . 0 0 . 
0 . 0 . 0 . 
0 . 0 . 0 . 
7 . 7 . 7 . 
7 . 7 . 7 . 
7 . 7 . 7 . 

2 . 3 2 . 3 2 . 3 
0 . 0 . 0 . 
0 . 0 . 0. 
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FBP SLOG IMJECTIOH OCT OP BLOCK CABB PPOCBSS POS 2 5 RECYCLE n - 4 . 3 { 2 ) $ B11 
CASE 1 CASE 2 CASE 3 2 

. 3 3 1 0 8 3 
0 . 5 1 . 5 3 . 0 4 

2 3 . 1 7 1 . B 1 4 3 . 6 5 
7 0 0 0 0 0 . 1 0 0 0 0 0 0 . 1 3 5 0 0 0 0 . 6 

1 6 . 1 6 . 1 6 . 7 
1 '». 1 4 . 1 4 . 8 

7 . 7 . 7 . 9 
1 4 . 1 4 . 1 4 . 10 

1 0 0 0 . 1 5 0 0 . 2 0 0 0 . 11 
7 0 0 0 . 1 0 0 0 0 . 1 4 0 0 0 . 12A 

2 0 0 . 2 5 0 . 3 0 0 . 12B 
1 0 0 . 1 5 0 . 2 0 0 . 1 2 C 

2 6 . 2 6 . 2 6 . 13A 
1 0 . 1 0 . 1 0 . 13B 
2 . 5 2 . 5 2 . 5 13C 
3 0 . 3 0 . 3 0 . 14A 
1 2 . 1 2 . 1 2 . 14B 

4 . 4 . 4 . 14C 
1 6 . 1 6 . 1 6 . 15A 
1 0 . 1 0 . 1 0 . 15B 
1 0 . 1 0 . 1 0 . 15C 
1 0 . 1 4 . 1 4 . 16A 
1 4 . 1 4 . 1 4 . 16B 
1 4 . 1 4 . 1 4 . 16C 

2 . 2 . 2 . 17A 
1 . * 1. 17B 
1 . 1 . 1. 17C 

4 4 . 4 4 . 4 4 . 18A 
18B 
18C 

7 . 7 . 7 . 19A 
7 . 7 . 7 . 19B 
7 . 7 . 7 . 19C 

2 . 3 2 . 3 2 . 3 20A 
2 0 B 
2 0 C 

FUEL ELEHENT ASSEMBLY OIJT OP BLOCK CARB PROCESS 25 RECYCLE H - 1 . C $ B12 
CASE 1 CASE 2 CASE 3 2 

. 3 3 3 
0 . 5 1 . 5 3 . 0 4 

2 2 . 7 6 8 . 1 1 3 6 . 1 5 
7 0 0 0 0 . 1 3 5 0 0 0 . 2 1 5 0 0 0 . 6 

1 6 . 1 6 . 1 6 . 7 
1 4 . 1 4 . 1 4 . 8 

7 . 7 . 7 . 9 
1 4 . 1 4 . 1 4 . 10 

3 5 0 0 . 3 7 0 0 . 4 2 0 0 . 11 
5 7 0 0 . 6 5 0 0 . 7 8 0 0 . 12A 

2 6 . 2 6 . 2 6 . 13A 
3 0 . 3 0 . 3 0 . 14A 
1 6 . 1 6 . 16. 15A 
1 4 . 1 4 . 1 4 . 16A 

2 . 2 . 2 . 17A 
4 4 . 4 4 . 4 4 . 18A 

7 . 7 . 7 . 19A 
2 . 3 2 . 3 2 . 3 20A 
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<JHH PBEPARATIOH FOR TH EtEHERTSI 
CASE 1 CASS 2 

0 . 3 7 
S 1. 5 

2 0 . 7 6 2 . 2 
200 0 0 0 . 3 5 0 0 0 0 . 

16. 1 6 . 
1 4 . 1 4 . 

7 . 7 . 
1 4 . 1 4 . 

5 0 0 . 9 0 0 . 
5 0 0 0 . 7 0 0 0 . 

2 0 . 2 0 . 
2 0 . 2 0 . 10. 1 0 . 
2 0 . 2 0 . 1. 1. 
4 4 . 4 4 . 

7 . 7 . 
2 . 3 2 . 3 

013 
CASE 3 2 

3 
3 . 0 a 

124.5 5 
5 1 0 0 0 0 . 6 

1 6 . 7 14. fl 
7 . 9 
1". 10 

1200. n 
10000. 12 

20 . 13 
20 . m 
t o . 1 5 
20. 16 
1- 17 

44. 18 
7. 19 

2 . 3 20 

CtJSp PROCESS 
HS23 1 

0 . 3 0 0 
0 . 5 

3 0 . 3 7 5 
2 1 5 5 0 0 0 . 

16.0 
2R.0 

7 . 0 
14 . 0 

16800. 
7 2 0 0 . 

22200. 
3 0 . 0 
?6 .0 
4 0 . 0 
3 6 . 0 

4 . 0 
16.0 
10 .0 
1 4 . 0 
1.C 
2.0 
44.0 
4 4 . 0 

7 . 0 
7 . 0 
2 . 3 
2.1 

FOR 1 0 2 MICROSPHERE PREPARATION ( i n HECtCLE)S 
1 S 2 3 2 
U 3 
1 . 5 

9 1 . 1 2 5 
1 8 5 4 0 0 0 . 

16.0 
28.0 

7 . 0 
1*.0 

28000. 
8 G 4 0 . 

3 8 4 0 0 . 
3 0 . 0 
26.0 
4 0 . 0 
3 6 . 0 

4 . 0 
16.0 
10.0 
1 4 . 0 

1.0 
2.0 

4 4 . 0 
4 4 . 0 

7 . 0 
7 . 0 
2 . 3 
2 . 3 

BS23 '3 

7 . 0 
1 6 2 . 2 5 

6 3 4 7 0 0 0 . 
16.0 
28.0 

7 . 0 
1 4 . 0 

3 8 5 0 0 . 
1 1 7 0 0 . 
61800. 

3 0 . 0 
26.0 

4 0 . 
3 6 . 0 

4 . 0 
16.0 
10.0 
1 4 . 0 

1.0 
2.0 

4 4 . 0 
4 4 . 0 

7 . 0 
7 . 0 
2 . 3 
2 . 3 

8 1 4 
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I S O COATING PBOCBSS IN F I S I L E PARTICL2S 0 0 2 U - 2 , 
LSE 1 CASE 2 CASE 3 

0 . 3 7 3 
1 .5 1 . 5 3 . 0 

2 3 . 3 6 9 . 8 1 3 9 . 6 
1 9 1 3 0 0 0 . 0 0 9 0 2 0 0 . 6 3 6 6 1 0 0 . 

1 6 . 1 6 . 1 6 . 
1 0 . 1 0 . 1 0 . 

7 . 7 . 7 . 
1 0 . 1 0 . 1 0 . 

1 6 3 8 . 3 2 5 0 . 4 9 0 2 . 
2 5 7 9 . 0 8 1 3 . 7 9 3 8 . 

3 0 7 . 3 0 7 . 0 6 1 . 
2 0 . 2 0 . 2 0 . 
2 . 5 2 . 5 2 . 5 
2 0 . 2 0 . 2 0 . 

4 . 0 . 0 . 
1 0 . 1 l i . 1 0 . 
1 0 . 1 0 . 1 0 . 
2 0 . 2 0 . 2 0 . 
1 0 . 1 0 . 1 0 . 

1 . 1 . 1 . 
1 . 1 . 1 . 

0 0 . 0 0 . 0 0 . 
0 . 0 . 0 . 
7 . 7 . 7 . 
7 . 7 . 7 . 

2 . 3 2 . 3 2 . 3 
0 . 0 . 0 . 

PRE S t n G IHJECTIOH OOT 0? BLOCK CARB PROCESS FOB I N FOEL 1 - 0 . A ( 1 ) S B 1 6 
CASE 1 CASE 2 CASE 3 2 

. 3 7 8 3 
0 . 5 1 . 5 3 . 0 0 

3 2 1 . 9 9 3 2 . 7 1 8 6 5 . 0 5 
5 2 5 2 0 0 . 1 1 2 3 5 0 0 . 1 8 0 0 0 0 0 . 6 

1 6 . 1 6 . 1 6 . 7 
1 0 . 1 0 . 1 0 . 8 

7 . 7 . 7 . 9 
1 0 . 1 0 . 1 0 . 10 

1 8 3 6 . 3 6 7 2 . 5 7 8 0 . 11 
2 7 0 0 . 7 6 1 0 . 1 1 5 0 2 . 12A 

1 9 5 . 3 0 0 . 6 0 0 . 12B 
2 0 . 2 0 . 2 0 . 13A 
2 . 5 2 . 5 2 . 5 13B 

. 2 0 . 2 0 . 2 0 . 10A 
0 . 0 . 0 . 10B 

1 0 . 1 0 . 1 0 . 1SA 
1 0 . 1 0 . 1 0 . 1 5 B 
2 0 . 2 0 . 2 0 . 16A 
1 0 . 1 0 . 1 0 . 16B 

1 . 1 . 1 . 17A 
1 . 1 . 1 . 1 7 B 

0 0 . 0 0 . 0 0 . 18A 
1 8 8 

7 . 7 . 7 . 19A 
7 . 7 . 7 . 1 9 B 

2 . 3 2 . 3 2 . 3 20A 
20B 
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?OEX. ELEHEHT ASSEMBLY OOT OF BLOCK CABB PROCESS IH POEL H - 1 . A S B 1 7 
CASE 1 CBSE 2 CASE 3 2 

. 3 7 3 
0 . 5 1 . 5 3 . 0 tt 

2 9 5 . 5 8 8 6 . 5 1 7 7 3 . 0 5 
1 0 8 9 0 0 . 6 3 1 1 ) 0 0 . 899««Q0. 6 

1 6 . 1 6 . 1 6 . 7 
1 4 . 1 4 . I t t . 8 

7 . 7 . 7 q 
1 4 . 1 4 . 1 4 . 10 

4 4 U 0 . 5 7 7 2 . 6 6 6 0 . 1 1 
8 5 6 8 . 1 4 5 8 5 . 2 3 2 1 6 . 12A 

2 0 . 2 0 . 2 0 . 13A 
2 0 . 2 0 . 2 0 . 14A 
1 0 . 1 0 . 1 0 . 15A 
2 0 . 2 0 . 2 0 . 16A 

1. 1 . 1 . 17A 44. HQ. UU. 18* 
7 . 7 . 7 . 19A 

2 . 3 2 . 3 ? . 3 20A 

THORIUM RECOVERY PROCESS (7-2) t 
CASE 1 CASE 2 CASE 3 

0 . 3 6 
. 5 1 . 5 3 . 0 

4 3 7 . 2 1 3 1 1 . 6 2 6 2 3 . 2 
1 6 3 7 0 0 0 . 5 4 2 0 0 0 0 . 9 8 7 5 0 0 0 . 

1 6 . 1 6 . 1 6 . 
1U. 1 4 . 1 4 . 

7 . 7 . 7 . 
1U. 1 4 . 1 4 . 

R 4 0 . 1 2 0 0 . 1 4 0 0 . 
1 2 0 0 . 1 8 0 0 . 2 0 0 0 . 

3 0 . 3 0 . 3 0 . 
4 0 . 4 0 . 4 0 . 

4 . 4 . 4 . 
1 0 . 1 0 . 1 0 . 

1 . 1 . 1 . 
4 4 . 4 4 . 4 0 . 

7 . 7 . 7 . 
2 . 3 2 . 3 2 . 3 

BVS 
2 

4 

6 
7 
8 
9 10 

11 
12A 
13A 
14A 
15B 
16A 
17A 
ISA 
19A 
2 0 A 

T H ( 8 0 3 ) 4 PREPARATIOS PROCESS K - 8 $ B19 
CASE 1 CASS 2 C t S E 3 

0 . 3 7 
0 . 5 1 . 5 3 . 0 

5 4 2 . 9 1 6 2 8 . 7 3 2 5 7 . 4 
2 5 2 0 0 0 . 3 6 0 0 0 0 . 5 7 0 0 0 0 . 

16. 16. 16. 
1 4 . 1U. m . 

7 . 7 . 7 . 
1 4 . 1 4 . I D . 

7 0 0 . 1 2 6 0 . 1 6 8 0 . 
6 6 0 0 . 9 8 0 0 . 1 8 0 0 0 . 

20. 20. 20. 
20. 20. 20. 10. 10. 10. 
20. 20. 20. 
1. 1. 1. 

4 4 . 4 4 . 4 4 . 
7 . 7 . 7 . 

2 . 3 2 . 3 2 . 3 
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THORIOH DIOXIDE HICROSPHERE P R E P » f t M l O > $ B20 
CASE 1 CASE 2 i CASE 3 2 

0 . 3 7 3 
0 . 5 1 . 5 3 . 0 4 

4 4 3 . 2 1 3 2 9 . 6 2 6 5 9 . 2 5 
7 1 6 0 0 0 . 1 7 8 8 5 0 0 . 2 9 8 5 8 0 0 . 6 

1 6 . 1 6 . 1 6 . 7 
1 4 . 1 4 . 1 4 . fi 

7 . 7 . 7 . 9 
1 4 . 1 4 . 1 4 . 10 

4 5 6 0 . 9 4 5 0 . 1 7 9 1 0 . 11 
1 2 2 7 2 . 2 5 2 1 6 . 48-;-70. 12A 

2 6 . 2 6 . 2 6 . 13b 
3 0 . 3 0 . 3 0 . 14A 
1 6 . 1 6 . 1 6 . 15A 
1 * . 1 4 . 1 4 . 16A 

2 . 2 . 2 . 17A 
4 4 . 4 4 . 4 4 . 18A 

7 . 7 . 7 . 19A 
2 . 3 2 . 3 2 . 3 20A 

BISO BICROSPHERB COATING PROCESS - FERTILE PARTICLBS-TH02 <1 . -1 . A. ( 1 ) $ B21 
CASE 1 CASE 2 CASE 3 

0 . 3 7 8 
0 . 5 1 . 5 3 . 0 

4 1 9 . 9 1 2 5 9 . 7 J 5 1 ° , 4 
24 5 7 1 0 0 . 5 2 0 3 5 0 0 . 8 5 ' J 4 2 0 0 . 

16. 16. 16. 
1 » . 1 4 . 1 t t . 

7 . 7 . 7 . 
1 4 . 1 4 . 

1 7 0 4 . 3 4 0 8 . 5 1 1 2 . 
3 6 4 6 . 7 8 0 4 . 1 6 3 3 8 . 

3 3 4 . 7 6 8 . 1 1 5 2 . 
20. 20. 20. 
2 . 5 2 . 5 2 . 5 
20. 20. 20. 
4. 4. 4. 

10. 10. 10. 
10. 10. 10. 20. 20. 20. 

1 4 . 1 4 . 
1. 1. 1. 1. 1. 1. 

4 4 . 4 4 . US. 0. 0. 0. 
7 . 7 . 7 . 
7 . 7 . 7 . 

2 . 3 2 . 3 2 . 3 0. 0. o. 
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BECL&H&TXON OP TH0RID1 PROS REJECT KEBBALSS B22 
CASE 1 CASE 2 CASE 3 

0 . 3 7 
0 . 5 1 . 5 3 . 0 

4 4 . 3 1 3 3 . 0 2 6 5 . 9 
5 2 0 0 0 . 5 9 0 0 0 . 7 0 0 0 0 . 

16. 16. 16. 1ft. ia. in. 
7 . 7 . 7 . 

1 4 . 1 4 . 1 4 . 
4 3 0 . 5 0 0 . 8 0 0 . 
8 2 0 . i : 0 0 . 1 5 0 0 . 
20. 2P. 20. 
20. 20. 20. 
10. 10. 10. 
20. 20. 20. 
1. 1, 1. 

4 4 . 4 4 . 4 4 . 
7 . 7 . 7 . 

2 . 3 2 . 3 2 . 3 

THORIffH DIOXIDE REJECT RBCLAHATION COATIBS REROVAtS B 2 3 
CASE 1 CASE 2 CASE 3 2 

0 . 3 7 3 
0 . 5 1 . 5 3 . 0 4 

2 1 . 0 6 3 . 0 1 2 6 . 0 5 
7 9 0 0 0 . 0 0 9 3 0 0 0 . 0 0 1 7 6 0 0 0 . 0 0 6 

1 6 . 1 6 . 1 6 . 7 
1 4 . 1 4 . 1 4 . 8 

7 . 7 . 7 . 9 
1 4 . 1 4 . 1 4 . 10 

e - 0 0 . 7 0 0 . 9 0 0 . 11 
•=>00. 7 0 0 . 2 0 0 0 . 12A 

2 0 . 2 0 . 2 0 . 13A 
2 0 . 2 0 . 2 0 . 14A 
1 0 . 1 0 . 1 0 . 15A 20. 20. 20. 16A 

1 . 1 . 1 . 17A 
4 4 . 4 4 . 4 4 . 

7 . 7 . 7 . 19A 
2 . 3 2 . 3 2 . 3 20A 



BECLANATION PROCESSING OF RBJECT 2 3 BECTCLE FOEL ( A - 1 5 ELBHEBT)S B24 
CASE 1 CASE 2 CASE 3 2 

0 . 300 3 0 3 
0 . 5 1 . 5 3 . 0 0 

1 7 . 2 5 1 . 6 1 0 3 . 2 5 
1 6 . 1 6 . 1 6 . 7 

1 0 6 0 0 0 0 . 1 6 2 2 7 0 0 . 1 8 7 2 0 0 0 . 6 
1 0 . 1 0 . 1 0 . 8 

7 . 7 . 7 . 9 
1 0 . 1 0 . 1 0 . 10 

3 0 8 5 . 0 0 6 0 . 0 5 9 5 . 11 
7 7 7 5 . 8 1 5 5 . 8 7 0 0 . 12A 

1 3 2 0 0 . 1 6 5 0 0 . 2 1 5 0 0 . 12B 
2 6 . 2 6 . 7' 13A 
3 0 . 3 0 . 13B 
3 0 . 3 0 . 3 0 . 10A 
o o . 0 0 . 0 0 . 14fc 
1 6 . 1 6 . 1 6 . 15A 
0 . 0 0 . 0 0 . 0 15B 

1 0 . 0 1 0 . 0 1 0 . 0 16A 
1 0 . 0 1 0 . 0 1 0 . 0 1 6 B 

2 . 2 . 2 . 17A 
1 . 1 . 1 . 17B 

0 0 . 0 0 . 0 0 . 18A 
0 0 . 0 0 . 0 0 . 18B 

7 . 7 . 7 . 19A 
7 . 7 . 7 . 19B 

2 . 3 2 . 3 2 . 3 20A 
2 . 3 2 . 3 2 . 3 2 0 B 

RECLAHATION PROCESSING OF HEJECT 2 5 H2CICLE FUEL ( A - 1 9 ELEHENTS)* B 2 5 
.SB 1 CASE 2 CASE 3 

0 . 3 3 4 
1 .5 1 . 5 3 . 0 

1 . 7 5 . 1 1 0 . 2 
1 1 3 6 0 0 " . 1 1 9 2 0 0 0 . 1 3 3 6 0 0 0 . 

1 6 . 1 6 . 1 6 . 
1 0 . 1 4 . 1 0 . 

7 . 7 . 7 . 
1 0 . 1 0 . 1 0 . 

3 0 6 0 . 3 7 6 5 . 0 1 3 0 . 
7 2 2 0 . 7 2 9 0 . 7 4 5 0 . 

1 2 7 0 0 , 1 3 2 0 0 . 1 1 8 0 0 . 
2 6 . 2 6 . 2 6 . 
3 0 . 3 0 . 3 0 . 
3 0 . 3 0 . 3 0 . 
0 0. 0 0 . 4 0 . 
1 6 . 1 6 . 1 6 . 

0 . 0 . 0 . 
1 0 . 1 0 . 1 0 . 
1 0 . 1 0 . 1 0 . 

2 . 2 . 2 . 
1 . 1 . 1 . 

0 4 . 0 0 . 4 0 . 
0 0 . 0 4 . 0 4 . 

7 . 7 . 7 . 
7 . 7 . 7 . 

2 . 3 2 . 3 2 . 3 
2 . 3 2 . 3 2 . 3 



113 

RECLABATIOH PROCBSSIHG OF REJECT I B Ft!EL ( A - 1 ELEBBHTS) 3 B 2 6 
CASE 1 CASE 2 CASE 3 2 

0 . 3 7 3 
0 . 5 1 . 5 3 . 0 U 

2 2 . 2 6 6 . 6 1 3 3 . 2 5 
9 6 0 1 0 0 . 1 0 9 4 3 0 0 . 1 3 4 1 6 0 0 . 6 

1 6 . 1 6 . 1 6 . 7 
1 4 . 1 4 . 1 4 . 8 

7 . 7 . 7 . 9 
1 4 . 1 4 . 1 4 . 10 

3 9 5 0 . 5 0 1 0 . 6 0 3 0 . 11 
1 4 7 8 5 . 1 7 7 8 1 . 2 1 4 7 7 . 12 

20. 20. 20. 13 
2 0 . 2 0 . 2 0 . 14 
10. 10. 10. 15 
20. 20. 20. 16 

1 . 1 . 1 . 17 
4 4 . 4 4 . 4 4 . 18 

7 . 7 . 7 . 19 
2 . 3 2 . 3 2 . 3 2 0 



Appendix B-6 
OUTPUT FROM SAMPLE PROBLEM FOR CEP 



* * * BEAD ETO REPROCESSING OP 23 RECYCLE SPEHT P'JBL ELESEH1S{A-15) t B1* * » DATE IS 07-18-79 PAGE 

CASE ESTIMATES 
CASE 1 CASE 2 CASE 3 

* * C 0 S T E S T I M A T E P R E P A R A T I O K * * 

DIRECT CONSTRUCTION COST 

PROCESSING EQ0IPH8HT COST 

1 ESTIMATED EQUIPMENT COST (S) 1119500. 2213600. 3612900. 

ACTUAL IK-CELL EQOIPHENT SPACE REQUIRED (CO FT) 

TTPE (1) = HEAVILY SHIELDED HOT CELL - REMOTE MAINTENANCE (ITEM 1, TABLES 5 AND 6) 

2 TTPE (1) 9685. 18035. 31955. 
3 TTPE (2) 
H TTPE <3) 
5 ACTUAL OUT-OF-CELL ZQUIPBERT SP&CE BEQ(JIBED (CO FT} 2205. 3923. 595 a . 

PROCESSING SPACE COST (HOT CELLS) (*) 

GROSS ID-CELL SPACE REQUIRED 

6 TTPE (1) STD. CELL WIDTH (FT) 26 .0 26.0 26.C 
7 STD. CELL HEIGHT (FT) 30 .0 30.0 30.0 
8 SOP (FROB ORHL TH-9613, TABLE 5) 9 .00 U.00 9 .00 
9 GROSS CELL VOLOHE 

TABLE 5) 
(CO FT) 38790. 72190. 125820. 

10 LINEAR FT. OF CELL (PT) 99.67 92. 99 161.31 

11 TTPE (2) STD. CELL WIDTH (FT) 
12 STD. CELL HEIGHT (FT) 
13 SOP (PROS ORHL TH-9613, TABLE !>) 
19 GROSS CELL VOLUBE (CO FT) 
15 LISEAR FT. OF CELL (FT) 

16 TTPE <3> STD. CELL HIDTH (PT) 
17 STD. CELL HEIGHT (FT) 
18 SD? (FROB ORHL TH-9613, TABLE 5) 
19 GROSS CELL VOLOBE {CO FT) 
20 LINEAR FT. OF CELL (FT) 

IB-CELL SPACE UNIT COST ($/CU FT) 

21 TYPE (1) (OCCF FROB OBHL TH-9613, TABLE 6) 92.00 92.00 92.00 
22 TTPE (2) (TJCCF PROS ORNL TH-9613, TABLE 6) 
23 TTPE (3> (UCCF PSOB ORNL TM-9613, TABLE 6) 

IK-CELL SPACE TOTAL COST («) 

2« TYPE (1) 1627080. 3029B80. 5289990. 
25 TTP2 (2) 
26 TTPE (3) 
27 TOTAL 1627080. 3029880. 5289990. 



SROSS OOT-OF-CSLL SPACE REQOIBED (CO FTJ 

BAKE aP ISD PROCESS SERVICE SPACE 
28 STD. AREA SIDTH (FT) 
29 STD. AREA HEIGHT (FT) 
30 SOP (PROS ORNL TH-0613, TABLE 5) 
31 GROSS VOLOHE (CO FT) 

CEIL OPERATING SPACE (CO FT) 

32 TYPE STB. AREA WIDTH (FT) 
33 STD. AREA HEIGHT (FT) 
31 SO. OF CELL SIDES WITB OP. AREA 
3<5 GROSS VOI,DUE (CO FT) 

36 TtPE (2) STD. AREA WIDTH (FT) 
37 STD. AREA HEIGHT (PTJ 
38 SO. OF CELL SIDES SITU OP. AREA 
39 CROSS YOLOBE (CD FT) 

10 TTPE (3) STD. AREA WIDTH (FT) 
11 STD. AREA HEIGHT (FT) 
12 HO. OP CELL SIDES 8ITH OP. AREA 
43 GROSS VOttraE (CO PT) 

CRAKE BAT SPACE 

41 TTPE (1) CELL AREA (SQ FT) 
15 SOF (FROH ORHL TH-4613, TABLE 5) 
16 STD. BAT HEIGHT (FT) 
17 GROSS YOMHB (CO FT) 

18 TTPE (2) CELL AREA (SQ FT) 
49 SOP (FROB ORHL Tfl-9613, TABLE 5) 
50 STD. BAT HEIGHT (FT) 
51 GROSS VOL DUE (CO FT) 

52 TYPE (3) CELL AREA (SO PT) 
53 SOF (FROB OBBL TH-1613, TABLE 5) 
50 STD. BAT HEIGHT (FT) 
55 GROSS VOL00E (CO FT) 

OOT-OP-CELL SPACE ORIT COST (t/CO FT) 

56 RAKE-OP AND PROCESS SERVICE SPACE 

CELL OPBRATIHS SPACE OCCF (FROH TH-4613, TABLE 6) 

57 TTPE (1) 
58 TTPE (2) 

59 TTPE (3) 

CRAKE BAY SPACE OCCF (FROH TH=4613, TABLE 6) 

60 TYPE (1) 61 TYPE (2) 
62 TYPE (3) 

I'AGE 2 

16.0 
11.0 
2 .70 

5953. 

16.0 
11.0 
2.70 

9282. 

16.0 
11 .0 
2 . 7 0 

11737. 

16.0 
11 .0 

2 .9 
22251. 

16.0 tl.O 2.0 
11131. 

16 .0 
14.0 
2.0 

72266. 

1291. 
3 .50 
4 0 . 0 

198865. 

2405. 
3 .50 11.0 

370318. 

1191. 
3 .50 ~ 
41 .0 a> 

615875. 

7 . 0 0 

7 . 0 0 

2 . 3 0 

7 .00 

7 . 0 0 

2 .30 

7 . 0 0 

7 .00 

2 .30 



OOT-OP-CEI/L SPACE TOTAL COST (4) 

63 HAKE-UP MCD PROCESS SERVICE SPACE 

CELL OPERATING SPACE 

61 TYPE (1) 
65 TYPE (2) 
86 TYPE (3) 
67 TOTAL 

CRAKE 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 ($) 

PEOCESSI., ' SOPPOHT SPACE COST (BLDG. EXCLUDING HOT CELLS) 

INDIRECT PROCESS SUPPORT SPACE 

7tt STD. AREA HEIGHT fFT) 
75 SU? (FROH ORNL TH-1613, TABLE 5) 

76 TOTAL SPACE REQUIRED (CO FT) 

INDIRECT PROCESS SUPPORT SPilCE UNIT COST (S/CU FT) 

77 UCCF (FROH ORNL TH-1613, TABLE 6) (S/CU PT) 78 PROCESSING SUPPORT SPACE TOTAL COST ($) 

OUTSIDE UTILITIES COST (S) 

79 UCF (PROP! ORNL TH-4613, TABLE 7) (PRACT.) 
80 EQUIPMENT AND FACILITY COST 
81 OUTSIDE UTILITIES COST 

SITE IHPROVEHENT COST ($) 

82 UCF (FROH ORNL TH-0613, TABLE 8) (PRACT.) 
83 SUBTOTAL DIRECT CONSTRUCTION COST ($) 
81 SITE IHPROVEHENT COST (J) 
85 TOTAL DIRECT CONSTRUCTION COST (t) 

PAGE 

1671. 6169"i. 103156. 

155755. 

155755. 

290010. 

290010. 

505861. 

505861. 

057390. 851732. 1S85S12. 

157390. 
651819. 

2281898. 

851732. 
1206166. 
4236316. 

1185512. 
2094528. 
7378968. 

14.0 
5 .60 

101240. 

11.0 
5.60 

188526. 

11.0 
5.60 

328809. 

7 .00 
708683. 

7 .00 
1319680. 

7 .00 
2301661. 

0.10 
1109081. 

410908. 

0.10 
7709626. 

776962. 

0 . 1 0 
13293032. 

1329302. 

0 .005 
1519988, 

22600. 
1512587. 

0.005 
8516588. 

12733. 
8589320. 

0 .005 
11622331. 

73112. 
11695115. 



INDIRECT CONSTRUCTION COFT 

GENERAL AND ADBINISTFATUTE COST 

86 OCP (PSOU ORNL TB-1613, TABLE 7) (PRACT.) 
<V» SUBTOTAL GEN. • HOB. COST ($) 

ENGINEERING COST 

88 OCP (I'ROH ORNL TB-0S13, TABLE 7) (PRACT.) 
89 SUBTOTAL ENGR. COST ($) 

HISC. CONSTPtJCTION COST 

90 OCP (PROB ORNL TH-1613, TABLE ">) (PRACT.) 
91 SUBTOTAL BISC. C0BS??Wr:I03 COST (*) 

CONTINGENCY ALLOWANCE 

92 OCP (PROD ORNL TB-0613, TABLE 7) (PRACT.) 
93 SUBTOTAL CONTINGENCY AUOIAICE ($) 

SPARC PARTS COST 

OCP (PROB ORNL TN-H613, TABLE 7) (PRACT.) 
9S SUBTOTAL SPARE PARTS COST (I) 

MNI(STALLED SPARE EQOIPBENT COST 

96 OCP (PROB ORNL TH-9613, TABLE 7) (PRACT.) 
97 SUBTOTAL WttNSTLED SPARE EQOIPHENT COST (J) 

qOAiXTt ASSURANCE COST 

9« OCT (T»OH ORNL Tfl-9613, TABLE 7) (PRACT.) 
99 SUBTOTAL QUALITY ASSURANCE COST ($) 
100 TOTAL TUSIKCT CONSTRUCTION COST (S) 

I'AGE 2 

C.10 
1«U259. 

0.10 
858932. 

0.10 
1169503. 

0 . 30 
1362775. 

0 . 30 
2576795. 

0 . 30 
1108632. 

0 . 0 5 
227129. 

0 . 05 
129166. 

0 . 0 5 
731772. 

0 . 2 0 
908517. 

0.20 
1717863. 

0 .20 
2939088. 

0 . 0 0 7 
31798. 

0 .007 
60125. 

0 . 0 0 7 
102868. 

0 . 0 3 
136278. 

0 .03 
257680. 

0 . 0 3 
110863. 

0.06 
272535. 

3393309. 

0.06 
515359. 

6116217. 

0.06 
881727. 

10977192. 



OK***"5 COST 

U # » COS? 

*er (r*an O M TH-OMI, TASLS EJ t m c T . ) «02 soBtorn u«o cc.st m 

Hears? s*«e*nm ccsr 
act t rsoR o m TB-OSIJ, TABLE s> j m c T . j 

«0« S9*TOT*L P»QJ. «A»GT. COS? 

t : c « » s t * c COST 
<icr f r t o f O M L -r«-«6t 3. r * 0 t r at <»RACT.) 

10* SWROTAL LJRCMIRG COST (» 

Tilmapnnct jurtsssr 
oer o*si TB-»613, T»ste »> j m c T . j 

>E» .tvsrom m*s, J*SO»*JCB A*P r*i 

moresiTiam mrm *»t> snnat 
OCF (F«08 O M T T*-M13, TABLE FL» (MACT.I sowom mtot. testiitc ADD STARTUP (»> 

HI T«*L «»•**<5 COST (F) 

TOTAL CAPITAL COM*BCT*0» COST 
« 2 t n c n o r TOTAL I>U*T COST 
>1} PIPCSSSTNC M O W N P O T o r ACCEPTABLE PAOD (KCHH/OATJ 
MS AKMAt fl'OtWCTtO* SAT* «moSJ»AHS Of HSAVT flBTAt/TBAR> 
I t S flAMTAL C8A»ttt *AT* (fRACT.) 
I H **WUL C W l T k l CSAKCt (tOllABS/tBARJ 
l i t FpntwcT a* iT c n s r <DOLLARS/KIUKRM o r HEATT IIETALI 

PAGE 

0.01 
95026. 

0.01 
85893. 

0.01 
106950. 

0.02 
90852. 

0.02 
171786. 

0.02 
293909. 

0.04 
181703. 

0.00 
303573. 

0.01 
587818. 

0.20 
900517. 

0.20 
1717863. 

0.20 
293908B. 

0 . 2 0 
9P8517. 

2135015. 
0.20 

1717863. 
0036978. 

0 . 2 0 
2939088. 
6906857. 

10070911. 
167.00 08881. 
0.30 

3021272. 
61 .81 

19082512. 
502.20 

106602. 
0.30 

5712752. 
38.96 

32579776. 1000.00 
293285. 

0.30 
97 73931. 

33.33 



• MM GAO SUP PEPrcctSSIan or 23 RECYCLE SPSHT PBBL BLBHE»TS(A-I5J t B1* * • 

SOOMRR OP RBSO*.TS 

PLART CAPACITY 
DESCRIPTION 0 . 5 TOURS 

PER DAT 
1 . 5 TONIIB 

PER DAT 
3 .0 TOHRB 

PER DAY 

PROCESS T'JROPGPPOT (KILOGRAMS) 167. a 502 .2 100ft • 0 

PROCESSING EOOIPSERT COST (f 1000) 1118.5 2213.6 3612.0 

PLAHT DIRECT COKSTROCTIOR COST (J 1000) 0502.6 8589 .3 10695.0 

PLABT IRDIRECT COHSTROCTIOR COST (f 1000) 3393.3 6U16.2 10977.5 

PLANT OtTHER'S COST (S1000) 2135.0 US3?50 6906 .9 

PLART TOTAL COST (S1000) 10070.9 19002.5 32579.8 

DHIT COST (DOLLARS/KILOGRAH) 61 .81 38.96 3 3 . 3 3 

PBRCTIOR COEFFICIENTS ARE AS FOLLOWS = 

A1 » 7.78506B 01 A2 = 0.55398E 01 A3 = 0 . 0 A» = 0 . 0 

PORCTIOR ETPORBRTS ARB AS POLLQBS = 

B1 = - 1 . 37870E-03 B2 = - 3 . 10889E-0B B3 = 0 . 0 BO 3 0 . 0 ro w 



• • * ACID THOBEX REPROCESSING (23 RECTCLE FOBL) $ B2« * * DATE I S 07-18-70 PAGE 

CASE ESTIMATES 
CASE 1 CASE 2 CASE 3 

* * C 0 S T E S T I M A T E P R E P A R A T I O N * * 

DIRECT CONSTROCTION COST 

PROCESSING EQUIPMENT COST 

1 ESTIMATED EQUIPMENT COST <»1 1136800. 3137900. 6211000. 

ACTUAL IT-CELL EQUIPMENT SPACE REQOIRED (CO FTI 

TTPE (1) = HEAVILY SHIELDED HOT CELL - CONTACT MAINTENANCE (ITEM 2 , TABLES 5 AND fi) 
TTPE (2) = MEDIUM SHIELDED HOT CELL - CONTACT MAINTENANCE (ITEH 0, TABLES 5 AHD 6) 

2 TTPE (1) 9500. 25376. 25752. 
3 TTPE (2) 23587. 53218. 113576. 
1 TTPE (3) 
5 ACTUAL OUT-1 OP-CELL EQUIPMENT SPACE REQUIRED (CU PT) 2511. 5616. 10332. 

PROCESSING SPACE COST (HOT CELLS) (*> 

GROSS IN-CELL SPACE REQOIRED 

6 TTPE (1) STD. CELL WIDTH (FT) 30.0 30.0 30.0 
7 STD. CELL HEIGHT (FT) 10.0 10.0 10 .0 
8 SOP (PROM ORNL TH-1613, TABLE 5) 

(FT) 
2 .33 2 .33 2 .33 

9 GROSS CELL VOLUME (CU FT) 22135. 59126. 60002. 
10 LINEAR PT. OP CELL (FT) 18.15 19.27 50.00 

11 TTPE (2) STD. CELL WIDTH (FT) 30.0 30.0 30 .0 
12 STD. CELL HEIGHT (FT) 10.0 10 .0 10.0 
13 SUP (PROM ORNL TH-0613, TABLE 5) 

(FT) 
2 .33 2 .33 2 .33 

10 GROSS CELL VOLUME (CO PT) 51958. 120068. 260632. 
15 LINEAR PT. OP CEIL (FT) 15.80 103.39 220.53 

16 TTPE (3) STD. CELL WIDTH (FT) 
17 STD. CELL HEIGHT (FT) 
18 SUP (PROB ORNL TH-1613, TAB* E 5) 
19 GBOSS CEIL VOLO'i/7 (CO PT) 
20 LINEAR PT. OP Cl tL (FT) 

IB-CELL SPACE UNIT COST (t/C U FT) 

21 TTPE <U {OCCf PROM ORNL TH-0613, TABLE ) 10.00 18.00 18.00 
22 TTPE (21 (UCCF PROB ORNL TH-0613, TABLE 6) 16.00 16.00 16.00 
23 TTPE (3) (UCCP PROA ORNL TH-1613, TABLE 6) 

IK-CELL SPACE TOTAL COST (*) 

20 TTPE (1) 398130. 1061269. 1080038. 
25 TTPE (2) • 879323. 1985085. 1230113. 
26 TTPB (3) 
27 TOTAL 1277753. 30U9351. 5310151. 



5R0JS Otrt-OT-CSIL 5 ACt ICT) rn 
HAKE CT> KID PROCESS SERVICE SPACE 

28 STD. ABB* IIDTB (PT) 
29 STD. AREA BRIGHT (TT) 
30 SUP (PROB OR*!. TB-86 13, TABLE 5J 
JF GROSS VOLOBE (CO FT) 

CELL OPERATING SPACE (CO PT) 
3? TTPE (T) STD. A9EA SIDTB (PT) 
33 STD. AREA HEIGHT (PT) 
IS «0. OP CELL SIDES IITH OF. AREA 
35 GROSS VOL0BE (CO PT) 
3* TYPE (2) STD. AREA IIDTH (PT) 
37 STD. AREA HEIGHT (PT) 
38 DO. OP CELL SIDES «ITB OP. AR2A 
39 CROSS ROTOBE {CO PT) 
•0 TYPE (J) STD. AREA >IDTR (PT) 
81 STD. AREA HEICHT (PT) 
82 BO. OP CELL SIDES I ITB OP. AREA 
83 GROSS VOLOHE (CO PT) 

CRAIE BAT SPACE 
88 TTPE (1) CELL AREA (SO PT) 
85 SOP (PROB ORRL TB-8613, TABLE 5) 
86 STD. BAT BEIGBT (PT) 
87 GROSS rOlOHE (CO PT) 

88 rrre t2> CELL AREA (SQ PT> 
89 SOP (PROB ORBL TB-8613, TABLE 5) 
50 STD. BAT BEIGBT (FT) 
51 GROSS VOLOBE (CO PT) 
52 TYPE (3) CELL AREA (SQ PT) 
53 SOP (PROB ORBL TB-8613, TABLE 5) 
58 STD. BAY HEIGHT (PT) 
55 GROSS VOLOBE (CO PT) 

OOT-OR-CELL SPACE OBIT COST (S/CO PT) 
56 HAKE-OP AID PROCESS SERVICE SPACE 

CEIL OPERATING SPACE OCCP (PROB TR-8613, TABLE 6) 
57 TYPE (1) 
58 TTPE (2) 
59 TYPP (J) 

CBARB BIT SPAM OCCP (PROB TR«8613, TABLE 6) 
60 TYPE (1) 61 TYPE (2) 
62 TYPE (3) 

I'AGE 2 

16.0 16.0 16.0 
18.0 19.0 18 .0 
2 .70 2 .70 2 .70 

6869. 13583. 27896. 

« . 0 8 . 0 9 . 0 
10.0 10.0 10.0 

1.0 1.0 1.0 
738. 1971. 2000. 

8 . 0 U.O 8 . 0 
10.0 10.0 10.0 

1.0 1.0 1.0 
1832. 8136. 8821. 

553. 
3 .50 
88.0 

85220. 

1378. 
3 . 5 0 
8 8 . 0 

211587. 

1878. 
3 .50 
88.0 

227635. 

3102. 
3 .50 
98 .0 

977661. 

1500. 
3 .50 
89 .0 

231008. 

6616. 
3.50 
9 8 . 0 

1018B33. 

7 . 0 0 7 .00 7 . 0 0 

7 . 0 0 
7 . 0 0 

7 . 0 0 
7 .00 

7 .00 
7 .00 

2 . 3 0 
2 . 3 0 

2 .30 
2 .30 

2 .30 
2 .30 



OUT-OP-CELL SPACE TOTAL COST ($) 
63 HAKE-OP AMD PROCESS SERVICE SPACE 

CELL OPERATING SPACE 
6<L TTPE |1) 
65 TTPE (2) 
66 TTPB (3) 
67 TOTAL 

CRANE BAT SPACE 
68 TTPE <1) 
69 TTPE (2) 
70 TTPB (3) 
71 TOTAL 
72 TOTAL OUT-OP-CBLL SPACE COST 
73 PROCESSING SPACE TOTAL COST («) 

PROCESSING SUPPORT SPACE COST (BLDG. EXCLUDING ROT CELLS) 
INDIRECT PROCESS SOPPORT SPACE 

70 STD. AREA HEIGHT (PT) 
75 SOP (PROH ORNL TH-0613, TABLE 5) 
76 TOTAL SPACB REQUIRED (CO PT) 

INDIRECT PROCESS S< PPORT SPSCE UNIT COST (t/CO PT) 
77 0CCP (PROH ORNL TH-0613, TABLE 6) («/CU PT) 78 PROCESSING SUPPORT SPACE TOTAL COST ($) 

OUTSIDE UTILITIES COST (S) 
79 UCF (PROH ORHL TH-0613, TABLE 7) (FRACT.) 
80 EQTJIPHBNT AND FACILITT COST 
B1 OUTSIDE UTILITIES COST 
SITE INFWRTEHENT COST ($) 
82 UCP (PROH ORNL TH-0613, TABLE 8) (PRACT.) 
83 SUBTOTAL DIRECT CONSTRUCTION COST (J) 
80 SITE IHPROTBHENT COST ($) 
85 TOTAL DIRECT CONSTRUCTION COST ({) 

PAGE 

08082. 90802. 195275. 

5165. 
12823. 

17988. 

13796. 
20909. 

02705. 

10000. 
61707, 

75708. 

196005. 
086650. 

682655. 
708725. 

2026077. 

523561. 
1098619. 

1622180. 
1759727. 
0809081. 

531318. 
2303315. 

2870633. 
3105655. 
80 59806. 

10 .0 
5 .60 

151102. 

10.0 
5 . 6 0 

359060. 

10.0 
5 .60 

636283. 

7 . 0 0 
1057710. 

7 .00 
2513017. 

7 . 0 0 
0053977. 

0 . 10 
0 520907. 

052099. 

0.10 
10060398. 

1006039. 

0 . 10 
19127776. 

1912776. 

0 . 005 
0 973085. 

20865. 
0997950. 

0 . 005 
11506037. 

57532. 
11563969. 

0 .005 
21000500. 

105203. 
21105700. 



IHDIRECT CO]f STRUCT TOR COr.T 

GEHERAL AHD ADRIMISTRATIVE COST 

86 OCP (PROM ORHL TH-1613, TABLE 7) (PRACT.> 
87 SUBTOTAL GER. • AD!f. COST (*) 

ENGINEERING COST 

88 OCP (PROil ORHL TB-4613, TABLE 7) (PRACT.) 
89 JOBTOTAL EHGR. COST (J) 

RISC. CONST&OCTIOH COST 

90 OCP (PROD ORHL TK-1%1 j , TABLE 7) (PRACT.) 
91 SOBTOTAL RISC. COHSTROCTTOR COST (J) 

ConTttCSfCT »LLOV»KCB 

92 OCP (PROS ORHL TH-4613, TABLE 7) (PRACT.) 
93 SOBTOTAL CONTIRGEHCT AILOBARCE (J} 

SPARE PARTS COST 

91 tlCP (PHOn ORHL TB-1613, TABLE 7) (PRACT.) 
95 SOBTOTAL SPARE PARTS COST ft) 

<*0*r*STALLBD SPARE EQUIPMENT COST 

96 OCP (PROH ORHL TB-1613, TABLE 7) (PRACT.) 
97 SOBTOTAL HON IRS TLED SPARE EQ0IPHBHT COST (J) 

QOALITT ASSORARCB COST 

98 OCP (PROS ORHL TH-0613, TABLE 7) (PRACT.) 
99 SOBTOTAL QOALITT ASSDRAHCB COST ($) 
100 TOTAL IHDIRECT COHSTRDCTIOH COST (! ) 

I'AGE 2 

0.10 
<199795. 

0.10 
1 .56396 . 

0 . 1 0 
2111573. 

0 . 3 0 
1199381. 

0 .30 
3169190. 

0 . 30 
6313722. 

0 . 0 5 
219897. 

0 . 0 5 
578198. 

0 . 0 5 
1057287. 

0.20 
999590. 

0-20 
2312793. 

0.20 
1229118. 

0 .007 
31986. 

0 .007 
80948. 

0 .007 
148020. 

0 . 0 3 
149938. 

0 . 0 3 
316919. 

0 . 0 3 
631372. 

0.06 
299877. 

3733163. 

0.06 
693838. 

8638281. 

0.06 
1268741. 

15795866. 



OTHER'S COST 
LAUD COST 
101 OCr (PROH ORNL TH-0613, TABLE 8) (PRACT.) 
102 SUBTOTAL LAND COST (t) 

PROJECT HARAGEHENT COST 

103 OCP (PROH ORHL TH-0613, TABLE 8) (PRACT.) 
100 SUBTOTAL PROJ. BANGT. COST ($) 

LICENSING COST 
105 OCP (FROH ORNL TH-061 3, TABLE 8) (PRACT.) 
106 SUBTOTAL LICENSING COST ($) 

TAXES, INSURANCE AND INTEREST 
107 TJCP (PROH ORNL TH-0613, TABLE 8) (PRACT.) 
108 SUBTOTAL TAXES, INSURANCE AND INT. <$) 

PREOPERATIONAL TESTING AND STARTUP 
109 OCP (PHOH ORHL TH-0613, TABLE B) (PRACT.) 
110 SUBTOTAL PREOP. TESTING AND STARTUP FT) 
111 TOTAL OWNER'S COST (J) 

TOTAL CAPITAL CONSTRUCTION COST 
112 INCRBHENT OP TOTAL PLANT COST ($) 
113 PROCESSING TH80UGHPUT OP ACCEPTABLE PROD (RGHH/DAI) 
110 ANNUAL PRODUCTION RATE (KILOGRAHS OP BEAV7 HETAL/TEAR) 
115 CAPITAL CBARGB RATE (PRACT.) 
IIS ANNUAL CAPITAL CHARGE (DOLLARS/TEAR) 
117 PRODUCT UNIT COST (DOLLARS/KILOGRAM OP HEAVT BETAL) 

I'AGE 2 

0.01 
09979. 

0.01 
115600. 

0.01 
211057. 

0.02 
99959. 

0.02 
231279. 

0.02 
022915. 

0.00 
199918. 

0.00 
062559. 

0.00 
805830. 

0.20 
999590. 

0.20 
2312793. 

0.20 
0229108. 

0 . 2 0 
999590. 

2309035. 

0.20 
2312793. 
5035063. 

0 .20 
0229108. 
9938097. 

11080008. 
030.00 

125560. 
0 . 3 0 

3320133. 
26 .07 

25637296. 
1290.00 
376680. 

0 .30 
7691187. 

20 .02 

06880096. 
2580.00 
753360. 

0 .30 
10060026. 

18,67 



* * * ACID THOREI PEPPOCESSIBG (23 HECTCLE FUEL) T B2* * * 

SORHAH* OP RESULTS 

DESCRIPTION 

PROCESS TBRODGHPDT (KILOGRAMS) 
PROCESSING EQUIPMENT COST ($1000) 
PLANT DIRECT CONSTRUCTION COST ($1000) 
PLANT INDIRECT CONSTRUCTION COST (J1000) 
PLANT OWNER1 S COST (»1000) 
PLANT TOTAL COST ($1000) 

UNIT COST (DOLLARS/KILOGRAM) 
FUNCTION COEFFICIENTS ARE AS FOLLOWS = 
A1 = 3.01160E 01 A2 = 2.23323E 01 A3 
PUHCTIOH EXPONENTS ARE AS POLLOIS = 
B1 = -3.02030E-01 B2 = -6.91587E-05 B3 

PLAST CAPACITT 
0.5 TONHE 1.5 TONNE 

= 0.0 

= 0 . 0 

PER DAT 
130.0 
1136.8 
1997.9 
3733.5 
2319.0 

11080.1 

26 .17 

AO = 0.0 

B1 = 0.0 

PER DAT 
1290.0 
3137.9 

11561.0 
8638.3 
5135.1 

25637.3 

20.12 

3.0 TONNE 
PER DAT 
2580.0 
6211 .0 

21105.7 

15795.9 
9938.5 
06880.1 

18.67 

to 00 



* • * SOLE* PROCESS FOR MICROSPHERE PREPARATION (23 RECYCLE) F 

MS23-9 
• • C O S T E S T I M A T E P R E P A R A T I O N ' ^ 

DIRECT CONSTRUCTION COST 

PROCESSING EQUIPMENT COST 
1 ESTIMATED EQDIPHENT COST (*1 27*I6000. 

ACTUAL IB-CELL EQUIPMENT SPACE REQUIRED (CU FT) 
TIPE (1) = MEDIUM SHIELDED HOT CELL - CONTACT MAINTENANCE (ITEM 9 
TIPE (2) = MEDIUM SHIELDED HOT CELL - REMOTE MAINTENANCE (ITEM 3 

2 TIFE (H 11880. 
3 TTPE (2) 31800. 
9 TTPB (3) 
5 ACTOAL OOT-L DP-CELL EQOLPMENT SPACE REQUIRED (CU FT) 18900. 

PROCESSING SPACE COST (HOT CELLS) 
GROSS IN-CELL SPACE REQUIRED 

C- TTPB (1) STD. CELL WIDTH (FT} 30.0 
7 STD. CELL HEIGHT (FT) 90.0 
8 SOP (PROS ORHL TH-9613, TABLE 5) 2.33 
9 GROSS CELL VOLUME (CD FT) 27680. 
10 LINEAR PT. OF CELL (FT) 23.07 
11 TYPE (2) STD. CELL WIDTH (FT) 26.0 
12 STD. CELL HEIGHT (FT) 36.0 
13 SUP (PROS ORHL TFL-9613, TABLE 5) 9.00 
19 GROSS CELL VOLUME (CO TT) 127200. 
15 LIHEAR FT. OP CELL /PT) 135.90 
16 TTPE (31 STD. CBLL WIDTH <?T) 
17 STD. CELL HEIGHT (FT) 
18 SUP (PHOB ORHL TH-9613, TABLE 5) 
19 GROSS CELL VOLUME (CO FT) 
20 LINEAR FT. OF CELL (PT) 

IN-CELL SPACE OHIT COST (*/CU FT) 
21 TTPE (1) (UCCF PROB ORHL TH-8613, TABLE 6) 16.00 
22 TTPE (2) (OCCP PROM ORHL TB-8613, TABLE 6) 39.00 
23 TYPE (3) (UCCF FROH OH3L TB-8613, TABLE 6) 

IN-CELL SPACE TOTAL COST (S) 
29 TTPE (1) 882886. 
25 TTPE (2) 9960800. 
26 TTPE (3) 
27 TOTAL 5903686. 

B3* * * DATE IS 07-18-7U PAGE 

CASE ESTIMATES 
MS23-5 H32J-6 

5202000. 

TABLES 5 AMD 6) 
TABLES 5 AND 6) 

18900. 
72000. 
32200. 

8716000. 

27000. 
128400. 
97600. 

30.0 
90.0 
2.33 

99037. 
36.70 

30.0 
90.0 
2.33 

62910. 
52.92 

26.0 
36.0 
9.00 

288000. 
307.69 

26.0 
36.0 
9.00 

513600. 
598.72 

16 .00 
39.00 

16.00 
39.00 

7 .'8592. 
112:2000. 

1006560. 
20030100. 

11936591. 21036999. 



GROSS OOT-OP-CELI. SP.LCE HEO-I (CO FT) 

BAKE OP AHO PROCESS SERVICE SPACE 
28 STD. AREA WIBTR (PT) 
29 STD. AREA HEIGHT (PT) 
30 SOP (PROR ORHL TH-06 13, TABLE 5) 
31 GROSS VOLORE (CO ?T) 

CELL OPERATIRG SPACE (CO PT) 
32 TYPE (11 STD. AREA WIDTH (PT) 
33 STD. AREA HEIGHT (PT) 
30 HO. OF CELL SIDES WITH OP. AREA 
35 GROSS VOL aHE (CD PT) 
36 TYPE (2) STD. AREA WIDTH (PT) 
37 STD. AREA HEIGHT (FT) 
38 HO. OP CELL SIDES WITH OP. AREA 
39 GROSS VOLOHE (CO PT) 
00 TYPE (3) STD. AREA WIDTH (PT) 
01 STD. AREA HEIGHT (FT) 
HZ HO. OP CELL SIDES WITH OP. AREA 
03 GROSS VOLDHE (CO PT) 

CRAHE BAY SPACE 
00 TYPE (1) CELL AREA (SO PT) 
05 SOP (PROH ORHL TH-0613, TABLE 5) 
06 STD. BAY HEIGHT (PT) 
07 GROSS VOLUHE (CO FT) 
08 TTPE (2) CELL AREA (SO PT) 
09 SOP (FROH ORHL TH-0613, TABLE 5) 
50 STD. BAY HEIGHT (PT) 
51 GROSS VOLDHE (CO FT) 
52 TYPE (3) CELL AREA (SQ PT) 
53 SOP (FROH ORHL TH-0613, TABLE 5) 
50 STD. BAY HEIGHT (PT) 
55 GROSS VOLDHE (CO FT) 

ODT-OP-CELL SPACE DHIT COST (*/CO PT) 
56 RAKE-OP AHD PROCESS SERVICE SPACE 

CELL OPERATIHG SPACE OCCP (PROH TM-0613, TABLE 6) 
57 TYPE (1) 
58 TJPE (2) 
59 TYPE (3) 

CRAHE BAY SPACE OCCP (FHOH TB=0613, TABLE 6) 
60 TYPE (1) 
61 TYPE (2) 
62 TYPE (3) 

PACE 

16 .0 
2 8 . 0 2.70 

51030. 

16.0 
28.0 2. 

86900. 

16.0 
28.0 
2.70 

128520. 

0.0 
10.0 
1.0 

023. 

0.0 
10.0 
1.0 

1068. 

0.0 io.y 
1.0 

2097. 

16.0 10.0 
2.0 

60882. 

16.0 1U.0 2.0 
137806. 

16.0 
10.0 2.0 

205826. 

692. 
3.50 00.0 

106569. 
3533. 
3.50 00.0 

500133. 

1101. 
3.50 00.0 1695U2. 

C000. 
3.50 00.0 

123199B. 

1573. 
3.50 
00.0 

202203. 
10267. 
3.50 00.0 

2197065. 

7.00 7.00 7.00 

7.00 
7.00 

7.00 
7.00 

7.00 
7.00 

2.30 
2.30 

2.30 
2.30 

2.30 
2.30 



OUT-OF-CBLI SPACE TOTAL COST (S) 
63 HAKE-OP AHD PROCESS SERVICE SPACE 

CELL OPERATING SPACE 
61 TTPE (11 
65 TTPE (2) 
66 TTPE (3) 
67 TOTAL 

CRAHE BAT SPACE 

68 TIPE (1) 
69 TTPE (2) 
70 TTPE (3) 
71 TOTAL 
72 TOTAL OOT-OP-CELL SPACE COST 
73 PROCESSING SPACE TOTAL COST (S) 

PROCESSING SUPPORT SPACE COST (BLDG. BXCLODIHG HOT CELLS) 
INDIRECT PROCESS SUPPORT SPACE 

71 STD. AREA HEIGHT (PT) 
75 SDP (PROH ORNL TH-1613, TABLE 5) 
76 TOTAL SPACE REQOIRED (CO FT) 

IKDIHECT PROCESS SUPPORT SPF.CE UNIT COST (F/CO FT) 
77 OCCP (PROH ORNL TH-1613, TABLE 6) (S/CU PT) 
78 PROCESSING SL'PPOHT SPACE TOTAL COST (J) 

OOTSIDE UTILITIES COST ($) 
79 OCF (FROH 088L TH-1613, TABLE 7) (PRACT.) 
80 BQOIPHBNT AND FSCILITT COST 
81 OOTSIDE UTILITIES COST 
SITE IHPKOVEHEFLT COST ($) 
82 UCF (FROH ORNL TH-1613, TABLE 8) (PRACT.) 
83 SUBTOTAL DIRECT CONSTRUCTION COST (J) 
81 SITE IHPROVEHENT COST («) 
85 TOTAL DIRECT CONSTRUCTION COST ($) 

I'AGE 2 

357210. 

6159. 
126171. 
132633. 

608580. 

10275. 
961922. 
9T5197. 

899610. 

11679. 
1720778. 
1735156. 

215110. 
1251505. 
1196611. 
2286157. 
7690113. 

389917. 
2833591. 
3223511. 
1807317. 
16713908. 

557067. 
5053217. 
5610311. 
8215109. 
29282352. 

11.0 
5.60 

331267. 
11.0 
5.60 

713511. 
11.0 
5.60 

1211809. 

7.00 
2318865. 

7.00 
1991580, 

7.00 
8692663. 

0 .10 
1 2 7 6 S O O e . 
1276500. 

0.10 
26910100. 
2691017. 

0 .10 
16691008. 
1669099. 

0.005 
11011508. 

70208. 
11111715. 

0.005 
29631512. 

118173. 
29782672. 

0.005 
51360096. 
256800. 

51616896. 



INDIRECT CONSTRUCTION COST 
GENERAL AND ADHINISTFATIVE COST 

86 DC? (FROH ORNL TH-0613, TABLE 7) (FRACT.) 
87 SUBTOTAL GEN. • ACH. COST ($) 

ENGINEERING COST 
8B UCF (PROK ORHL TN-0613, TABLE 7) (PRACT.) 
89 SUBTOTAL ENGR. COST (J) 

HISC. CONSTRUCTION COST 
90 UCP (PROB ORHL TH-0613, TABLE 7) (FRACT.) 
91 SUBTOTAL HISC. CONSTRUCTION COST (*) 

CONTINGENCY ALLOWANCE 
92 UCP (FROH 'ARNL TH-0613, TABLE 7) (FRACT.) 
93 SUBTOTAL CONTINGENCY ALLOWANCE ($) 

SPAKE PARTS COST 
90 UCP (FROI1 ORNL TH-0613, TABLE 7) (PRACT.) 
95 SUBTOTAL SPARE PARTS COST (S) 

NONIHSTALLBD SPARE EQUIPHENT COST 
96 UCP (PROH ORNL TH-0613, TABLE 7) (FRACT.) 
97 SUBTOTAL NONINSTLBD SPARE EQUIP BENT COST («) 

QUALITY ASSURANCE COST 
98 UCF (FROH OR1IL TH-0613, TABLE 7) (PHACT.) 
99 SUBTOTAL QUALITY ASSURANCE COST (*) 
100 TOTAL INDIRECT CONSTRUCTION COST (J) 

I'AGE 2 

0 . 1 0 
1011170. 

0.10 
2978266. 

0.10 
5161687. 

0.30 
0233513. 

0.30 
8930600. 

0. 30 
150 85066. 

0.05 
705586. 

0.05 
1089133. 

0.05 
2580800. 

0 . 2 0 
2822302. 

0.20 
5956530. 

0. 20 
10323378. 

0.007 
98782. 

0.007 
208079. 

0.007 
361318. 

0.03 
023351. 

0.03 
893080. 

0.03 
1508506. 

0.06 
806703. 

10501000. 
0.06 

1786960. 
22207616. 

0 . 0 6 
3097013. 
38557776. 



ORNER' S COST 

LARD COST 

101 OCP (PROB ORNL TH-1613, TABLE 8) (PRACT.) 
102 SUBTOTAL LA HI) COST ( f ) 

PROJECT HANAGEHENT COST 
103 OCP (PROH OBHL TH-1613, TABLE 8) (PRACT.) 
101 SUBTOTAL PROJ. BAHGT. COST ( t) 

LICE USING COST 

105 OCP (PROH ORHL TB-0613, TABLE 8) (PRACT.) 
106 SUBTOTAL LICENSING COST ($) 

TAXES, INSURANCE A11D INTEREST 

107 0Ci» (PROH OSNL TH-1613, TABLE 8) (FRACT.) 
108 SOBTOTAL TAXES, INSURANCE AND INT. (J) 

PREOPERATIONAL TESTINC! AND STARTUP 

109 UCP (PRCS ORNL TB-0613, TABLE 8) (FRACT.) 
110 SUBTOTAL P3E0P. TESTIRG AND STARTUP («) 
111 TOTAL OBHER'S COST («J 

TOTAL CAPITAL CONSTRUCTION COST 
112 IHCREHBNT OP TOTAL PLANT COST ($) 
113 PROCESSING THROUGHPUT OP ACCEPTABLE PROD (KGHB/PAT) 
110 ANNOAL PRODUCTION RATE '̂KILOGRAMS OP HEAVT BETAL/YEAR) 
115 CAPITAL CHARGE RATE (PRACT.) 
116 ANNUAL CAPITAL CHARGB (DOLLARS/TEAR) 
117 PRODUCT UNIT COST (DOLlAR S/KILOG RAH OP HEAVY HETAL) 

PAGE 

0 .01 
101117. 

0.01 
297827. 

0.01 
516169. 

0.02 
282230. 

0.02 
595653. 

0 . 0 2 
1032338. 

0 .01 
561169. 

0.00 
1191306. 

0 .01 
2060675. 

0 . 2 0 
2822302. 

0 . 2 0 
5956530. 

0 .20 
10323378. 

0 . 2 0 
2822302. 
6632503. 

0.20 
5956530. 

13997850. 

0.20 
10323378. 
21259936. 

31285608. 
117 .11 
30205. 

0 . 3 0 
9385692. 

271.10 

66028128. 
351.10 

102609. 
0 .30 

19808032. 
193.05 

111131608. 
702.81 

205229. 
0 .30 

31330368. 
167.28 



* • * SOLEX PPOCSSS FOR .LICROSPER.RE PREPARATION (23 SECTCLE)$ D3« 

SUNHART OP RESULTS 

DESCRIPTION 
PLANT CAPACITT 

0.5 TONNE 
PEP DAT 

1.5 TONNE 
PER DAT 

3.0 TONNE 
PER DAT 

PROCESS THROUGHPUT (KILOGRAHS) 117.1 151.11 702.B 
PROCESSING EQUIPNENT COST ($1000) 2756.0 5202.0 8716.0 
PLANT DIRECT CONSTRUCTION COST ($1000) mm.7 29782.7 51616.9 
PLANT INDIRECT CONSTRUCTION COST (11000) 10501.0 22207.6 10557,8 
PLANT OWNER'S COST (*1000) 6632.5 13997.9 21759.9 
PLANT TOTAL COST ($IOOO; 31285.6 <56028. 1 110&3S.6 
UNIT COST (DOLLARS/KILOGRAH) 270.00 193.05 167.28 

FUNCTION COEFFICIENTS ARE AS POLLONS = 
A1 = 3.27105E 02 A2 = 2.22780E 02 A3 = 0.0 AO A 0.0 
FUNCTION EXPONENTS ARB AS POLLOBS « 
B1 = -1.50100E-03 B2 = -0.07698B-00 B3 « 0.0 BO » 0.0 



• • • BISO BICROSPB COAT PPOCS33 2J *JCTC« P»«TKt*S (TrIl»3)*>J (t-1.f(tH# «»# # • tuts ts Me? i 

• • c n s T E S T I B A T E rrrs>A*ATio*»* CA?r 1 CAST f S t l t i W * CAJS« 3 CiSe J 

DIRECT COBSTROCTIOR COST 
PROCESSItC EgOIpBSHT COST 
1 ESTIPATEO EQOIPBEBT COST 

ACTOAL TH-CELL EQOIPBMT SPACE «E0Oi*!J> ica m 
Awnoa. 

TTPE (t) « REOI1JB SBIILDED SOT CELL - »S*1?* <umS»A*CJ! {IT*» 1, * *** M TTPE I2> • SHIELDED ttQOir «!>$« Sttf - COtflCT *Al«f*H»C* (IT** 10, tAtttl 5 »*D «•) TTPF (J) • CtOTR 80K5 *»» HOODS - PJRECT *AT*TE«*«CS (IT** T*»« * IM &» 
TTPE (1) TTPIt (J) TT°B 0\ 

ACTUAL O O T - O f - c m E 0 t ) I ? « ! » T SPACE (CtJ PTJ 
57»*. 
300. 
I f l O . 

ltd. 

n m . 
•06. 

JOlJiMO. 

nioo. too. to®. «130. 

PRnCESMHG SPACE COST (SOT CELLS) (ti 
3*nss IH-CELL SPACE HiUJQUMC 

6 TIP* (<) STO. CStl ttBTff (PT1 3*.0 Jfc.0 ii.P 7 STD. CELL atrCBT (PT) w.o )0.0 
» SOP (f*OB OML T*-*ft1>. TA9LT '•) S.OB c.oo 9 CSOSS CELL TOtttBE (ca rt) 100*06. 10 » « « pt. or c m tm ii.u 13B.73 
11 TTPE (?l STD. CELL XIDTM tm 10.0 10.S 12 STD. CELL neres? irt) '3.0 13.6 u.e U SOP (Fson «UL TAB 11! «) i.to J.<0 
M <3»OSS CELL fOtOBE (C« RRI 500. 1fia<?» 1*0 9, 15 LIHEAR PT. OP CELL TRRJ «. 17 *.» «3.'»0 
16 TTPE (J) STO. CKU. KIMB tm 1.1 3. * 17 STO. CELL BEXCBT irt) 1« SOP JPROB ORHt T»-«MJ, TABLE *) 3.10 3. JO J.io 19 CROSS CEtt TOMBS (c« m ««9. WEI. 1>?8. 20 LIBRAE PT. Of CELL tm M.06 11J.PO 

IB-CELL SPAT? OPIV COST (*/C8 m 
21 TTPE (0 {OCCP PROB OBBL TB-«61», TAttE *J Xt.tiO 19. <59 22 TTPE (?) (occp man o m TR-»SM, TA8t* <1 3. IN 3. »0 J.) TTP8 (i) (OCCP MOB ORHL TB-SMJ, TABLE *> 1««,.Q0 15*..00 nt.oft 

M-mi SPACE TOTAL COST 
2a T m (1} 307,17M. 25 TTPE 12) 3 >09. litO. 26 TTP! O) 1J«»B0. 27 TffPAL 330»*M. 



3ROSS OOT-OP-CELL SF-*C2 .IOCIPED (co ri) 
H*KE (JP »»D PROCESS S ! S » t C E SPACE 

2B STD. HUE* «IDTB FFT) 
29 STO. AREA HEIGHT (FT) 
30 SOP (PROH ORRL TH-1613, TABLE 5) 
31 5B0SS FOLOHE (CO PT1 

CELL OPBRFCTIHG SPACE (CO FT) 
32 TTPE (1) STO. AREA WIDTH (PT) 
33 STD. AREA HEIGHT (PT) 
30 HO. OP CELL SIDES IFLTB OP. AREA 
35 GROSS VOLOHE (CO PT) 
36 TTPE (2) STD. AREA WIDTH (PT) 
37 STD. AREA HEIGHT (PT) 
38 HO. OP CELL SIDES WITH OP. AREA 
39 GROSS VOLOHE (CO PT) 
UO TTPE (3) STD. AREA WIDTH (PT) 
01 STD. AREA HEIGHT (PT) 
02 HO. OP CELL SIDES WITH OP. AREA 
03 GROSS VOLOHE (CO PT) 

CRAKE BAT SPACE 
00 TTPE (1) CELL AREA (SQ PT) 
05 SOP (PROH ORHL TH-«615, TABLE 5) 
06 STD. BAT HEIGHT (PT) 
07 GROSS VOLOHE (CO PT) 
08 TTPE (2) CELL ABBA (SO PT) 
09 SOP (PROH ORHL TH-0613, TABLE 5) 
50 STD. BAT HBIGHT (PT) 
51 GROSS VOLOHE (CO PT) 
52 TTPE (3) CELL AREA (SQ PT) 
53 SOP (PROH ORHL TH-0613, TABLE 5) 
50 STD. BAT HEIGHT (PT) 
55 GROSS VOLOHE (CO FT) 

OBT-OP-CELL SPACE UHIT COST (S/CO PT) 
56 HAKE-OP AHD PROCESS SERVICE SPACE 

CELL OPERATIHG SPACE OCCF (FROII TH-0613, TABLE 6) 
57 TTPE (1) 
58 TTPE (2) 
59 TYPE (3) 

CRARE BAT SPACE OCCP (FROH TH»1613, TABLE 6) 
60 MPS (1) 61 TTPE (2) 
62 TTPE (3) 

I'AGE 2 

16.0 16.0 16.0 10.0 o i«.0 
2,70 2.70 2.70 <1119). 6906. 13820. 

16.0 
10.0 2.0 

13199. 

10.0 
10.0 
1.0 

503. 

10.0 
1 0 . 0 
1.0 

6160. 

16.0 
10.0 2.0 

30500. 
10.0 
10.0 
1.0 1167. 

10.0 
1 0 . 0 1.0 

12320. 

16.0 
11.0 
2.0 

57666. 

10.0 
10.0 
1.0 

1750. 
10.0 
10.0 
1.0 10X80. 

766. 1772. 3307. 
3.50 3.50 3.50 -oo.o on.o oa.o o> 

117960. 272950. 515386. 
02. 83. 125. 
3.50 3.50 3.50 
0.0 0.0 0.0 0. 0. 0. 
110. 220. 330. 
3.50 3.50 3.50 
0.0 0.0 0.0 0. 0. 0. 

7.00 7.00 7.00 

7.00 
7.00 
7.00 

7.00 
7.00 
7.00 

7.00 
7.00 
7.00 

2 . 3 0 
0.0 
0.0 

2.30 
0 . 0 
0.0 

2.30 
0 .0 
0.0 



OUT-OP-CELL SPACE TOTAL COST ($) 
63 RAKE-OP ADD PROCESS SERVICE SPACE 

CELL OPERATING SPACE 
61 TTPE (1) 
65 TTPE (2) 
66 TYPE (3) 
67 TOTAL 

CRANE BAY SPACE 
68 TYPE (1) 
69 TYPE (2) 
10 TYPB {3) 
71 TOTAL 
72 TOTAL OUT-OP-CELL SPACE COST 
73 PROCESSING SPACE TOTAL COST (J) 

PROCESSING SUPPORT SPACE COST (BLDG. EXCLUDING HOT CELLS) 
INDIRECT PROCESS SUPPORT SPACE 

71 STD. AREA HEIGHT (PT) 
75 SUP (PROH ORNL TH-0613, TABLE 5) 
76 TOTAL SPACE REQUIRED (CU PT) 

INDIRECT PROCESS SUPPORT SPACE UNIT COST ($/C0 PT) 
77 OCCP (PROH ORNL TH-0613, TABLE 6) (S/CU PT) 78 PROCESSING SOPPORT SPACE TOTAL COST («) 

OUTSIDE UTILITIES COST (S) 
79 OCP (PROH ORNL TH-0613, TABLE 7) (PRACT.) 
80 BQ0IPNENT ABD FACILITY COST 
81 OUTSIDB UTILITIES COST 
SITE IBPROVPHBNT COST (») 
8 2 OCP (PBOH ORHL T N - 0 6 1 3 , TABLE 8 ) (PRACT.) 
83 SUBTOTAL DIRECT CONSTRUCTION COST <»( 
80 SITE IBPROTEBBNT COST ($) 
85 TOTAL DIRECT CONSTRUCTION COST (») 

PAGE 

31050. 62899. 9 S 7 6 8 . 

92391. 
0083. 

03120. 
139595. 

213779. 
8167. 

86210. 
308185. 

003659. 
12250. 

129360. 
505269. 

271317. 0. 0. 
271317. 
002361. 
1003970. 

627780. 0. 0. 
627761:. 
998868. 
3203353. 

1185388. 0. 0. 
1185398. 
1827025. 
5939193. 

10 .0 
5.60 

71905. 
10.0 
5,60 

162737. 
10.0 
5.60 

298051. 

7.U0 
503615. 

7.00 
1139161. 

7.00 
2086353. 

0.10 
4959084. 
095908. 

0.10 
10792010. 
1079201. 

0.10 
10760032. 
1876002. 

0.005 
5050992. 

21275. 
508226B. 

0.005 
FLFL7T2RS. 

59356. 
11930S71. 

0.005 
2C63S032. 

1031B0. 
207 39200. 



INDIRECT CONSTRUCTION COST 
GENERAL AND ADMINISTRATIVE COST 
86 'JCR (PROH ORNL TH-8613, TABLE 7) (PRACT.) 
87 SUBTOTAL GBR. • ADR. COST (S) 

ENGINEERING POST 
88 UCP (PRO* ORNL TH-8613, TABLE 71 (TRACT.) 
89 SUBTOTAL ENGR. COST (») 

RTSC. CONSTRUCTION COST 
90 OCR (PRO* ORNL TH-8613, TABL2 7) (PRACT.) 
91 SUBTOTL HISC. CONSTRUCTION COST (J) 

COHTIRGERCT ALLOFFANCP 
92 UCP (PEON ORNL TH-8613, TABLE 7) (PRACT.) 
93 SUBTOTAL CONTINGENT ALLO0ANCE (I) 

SPARE PARTS COST 
90 OCF (PROH ORNL TH-8613, TABLE 7) (PRACT.) 
95 SUBTOTAL SPARE PARTS COST (I) 

N0NIN5TALLBD SPARE BQUIPKEHT COST 
96 UCP (PROH ORRL TH-1613, TABLE 7) (PRACT.) 
97 SOSTOTAL ROHIISTLED SPARE EQUIPKERT COST (I) 

QUALITY ASSURANCE COST 
98 UCP (PROH ORHL TH-8613, TABLE 7) (PRACT.) 
99 SUBTOTAL QUALIFY ASSURANCE COST (*) 
100 TOTAL INDIRECT COHSTROCTIOH COST (J) 

f'MGR « 

0.10 
588226. 

0.10 
1193056. 

0.10 
207J919. 

0.30 
16011679. 

0.30 
3579170. 

0. .<0 
6221759. 

0.05 
278113. 

0.04 
596«29. 

o.o*; 
1016960. 

0.20 
1096853. 

0.20 23B61-.8. 0.20 
8181819. 

0.007 
38376. 

0.007 0.007 
185178. U cc 

0.03 
168868. 

0.03 
357917. 

0.03 
622176. 

0 . 0 6 
328936. 

8 095288. 
0 .06 

715838. 
8912132. 

0.06 
1288>51. 
1589*176. 



OBNER1S COST 
LAND COST 
101 UCF (FROH ORHL TH-0613, TABLE 8) (PRACT.) 
102 SUBTOTAL LAHD COST (S) 

PROJECT IHSAGBHEKT 

103 UCF (PBOH ORHL TH-0613, TABLE 8) (FRACT.) 
100 SUBTOTAL PROJ. HANGT. COST (S| 

LICENSING COST 
105 UCP (FROH ORNL TH-0613, TABLE 8) (PRACT.) 
106 SUBTOTAL LICENSING COST (J) 

TAXBS, INSURANCE AND INTEREST 
107 UCP (PROH ORNL TH-0613, TABLE 8) (PRACT.) 
108 SUBTOTAL TAKES, INSURANCE AND INT. (J) 

PREOPERATIONAL TESTING AND STARTUP 
109 (TCP (FROH ORNL TN-0613, TABLE 8) (FRACT.) 
110 SUBTOTAL PREOP. TESTING AND STARTUP (I) 
111 TOTAL ORNBR'S COST (J) 

TOTAL CAPITAL CONSTRUCTION COST 
112 INCHEHENT OP TOTAL PLANT COST (J) 
113 PROCESSING THROUGHPUT OF ACCEPTABLE PROD (KGHH/DAT) 
110 ANNUAL PRODUCTION RATE (KILOGRANS OF HEAVY HETAL/TEAH) 
115 CAPITAL CBARGE RATE (FRACT.) 
116 ANNUAL CAPITAL CHARGE (DOLLARS/TEAR) 
117 PRODUCT UNIT COST (DOLLARS/RILOGRAH OF HEAVY HCTAL) 

PAGE 

0.01 
50823. 

0.01 
119306. 

0.01 
207392. 

0.02 
109605. 

0.02 
238611. 

0.02 
0107B0. 

O.OO 
219291. 

0.00 
077223. 

0. 00 
B295M. 

0.20 
1096053. 

0.20 
2396110. 

0.20 
01^7839. 

0.20 
1096053. 
2576660, 

0.20 
23B6110. 
5607.167. 

0. 20 
0107039. 
9707021. 

12150178. 
110.90 
32383. 
0.30 

3606252. 112.60 

26050008. 
332.70 
97108. 

0.30 
7935013. 

61.68 

05978700. 
665.00 
190297. 

0.30 
11793633. 

70.99 



» * * BISO MICROS PH COAT PROCESS 23 RECTCLE PARTICLES (TH233U)02 (L-1.P(1)L$ B»« • • 

SUHHART OF RESULTS 

DESCRIPTIOH 

PROCESS THROOGHPDT (KILOGRAHS) 

PROCESSING EQUIPHENT COST ($1000) 
PLAHT DIRECT CONSTROCTION COST ($1000) 
PLANT INDIRECT CONSTRUCTION COST ($1000) 
PLANT OWNER'S COST ($1000) 
PLANT TOTAL COST ($1000) 
UNIT COST (DOLLARS/KILOSRAH) 

FUNCTION COEFFICIENTS ARE AS FOLLOWS = 
AL = 1.32207E 02 A2 = 9.39706Z 01 A3 
FUNCTION EXPONENTS ARE AS POLLOWS = 
B1 = -1.00737B-03 B2 = -0.21070B-00 B3 

PLANT CAPACITY 
0.5 TONNE 1.5 TONNE 

0.0 

0.0 

PER DAT 
110.9 

3051.5 
5082.3 
0095.2 
2576.7 
12150.2 

112.60 

AO 

BTT 

PER DAT 
332.7 

6409.5 
11930.6 
9912.1 
5607.A 

26050.0 
61.68 

0.0 

0.0 

3.0 TONNE 
PER DAT 
665.0 

10730.5 

20739.2 
15992.2 
97117. U 

05978.8 
70.99 

A 
o 



* * * FRF SLOG INJECTION OCT OP BLOCK CARB PROCESS FOR 23 RECYCLE H-0.A(2)$ B1* • • OWE IS 07-1B-70 PAGE 

• • C O S T E S T I M A T E P R E P A R A T I O N * * 
CASE 1 

CASE ESTIMATES 
CASE 2 CASE 3 

DIRECT COHSTROCTIOB COST 
PROCESSING EQOIPHENT COST 
1 ESTIMATED BQOIPHBNT COST 

ACTOAL IN-CELL EQOIPHEHT SPACE REQUIRED 
W 

<CO FT) 
1612800. 3103700. 

TYPE (1) = HEDIOH SHIELDED HOT CELL - BEHOTE HAINTENANCE (ITRH 3, TABLES 5 AND 6) 
TYPE (2) = SHIELDED LIQOID (TASTE STG - CONTACT HAINTENANCB (ITEH 10, TABLES 5 AND 6) 
TYPE (3) = GLOVE BOIES AND HOODS - DIRECT MAINTENANCE (ITEH 8, TABLES 5 AND 6) 

TYPE (1) 
TYPE (2) 
TYPE (3) 

ACTOAL OOT-OP-CELL EQOIPHENT SPACE REQUIRED (CO FT) 

15498. 
200. 
160. 
2712. 

30996. 
300. 
240. 
5370. 

•>594900. 

46778. 
<100. 
320. B028. 

PROCESSING SPACE COST (HOT CELLS) ($) 
GROSS IN-CELL SPACE REQUIRED 

6 TYPE (1) STD. CELL BIDTB (FT) 26.0 26.0 26.0 
7 STD. CELL HEIGHT (FT) 30.0 30.0 30.0 
8 SUF (FROH ORHL TH-4613, TABLE 5) 4.00 0.00 0.00 
9 GROSS CELL VOLUHE (CU FT) 61992. 123980. 185112. 
10 LINEAR FT. OF CELL (FT) 79.48 158.95 237.32 
11 TYPE (?) STD. CELL NIDTH (FT) 10.0 10.0 10.0 
12 STD. CELL HBIGBT (FT) 12.0 12.0 12.0 
1.3 SUF (FBOH ORNL TH-4613, TABLE 5) 2.50 2.50 2.50 
14 GROSS CELL VOLUHE (CO FT) 500. 750. 1000. 
15 LINEAR FT. OF CELL (FT) 4.17 6.25 8.33 
16 TYPE (3) STD. CELL WIDTH (FT) 2.5 2.5 2.5 
17 STD. CELL BEIGBT (FT) 4.0 0.0 0.0 
18 SUF (PROH ORNL TH-4613, TABLE 5) 2.20 2.20 2.20 
19 GROSS CELL VOLUHB (CU FT) 352. 528. 700. 
20 LINEAR PT. OP CELL (FT) 35.20 52.80 70.00 

IS-CBLt SPACE UNIT COST (VCD 
21 TYPE CD (OCCF PFOH ORNL TH-4613, TABLE 6) 39.00 39.00 39.00 
22 TYPE (2) (OCCF PROH ORBL TH-4613, TABLE 6) 2.30 2.30 2.30 
23 TYPE (3) (UCCP PROH ORNL TH-4613, TABLE 6) 146.00 106.00 106.00 

IB-CELL SPACE TOTAL COST 
24 TYPE (1) 2417688. 0835376. 7219368. 
25 TYPE <2) 1150. 1725. 2300. 
26 TYPE (3) 51392. 77088. 102780. 
27 TOTAL 2070228. 0910187. 7320050. 



GROSS O0T-OF-CELL SPACE REQ0IFED (CO M 
HAKE OP AKD PROCESS SERVICE S M C If 

28 STD. ARE* WIDTH (PT) 
29 STD. AREA HEIGHT (PTJ 
30 SOP (PROH ORNL TH-0613, TABLE 5) 
31 GROSS VOLUHS (CO FT) 

CELL OPERATING SPACE (CD FT) 

32 TTPE (1) STD. AREA WIDTH (FT) 
33 STD. ARBX BBIGBT ( F T ) 
30 HO. OF CELL SIDES »ITH OP. AREA 
35 GROSS VOLOHE (CD PT) 

36 TTPE (2) STD. AREA WIDTH (FT) 
37 STD. AREA HEIGHT (FT) 
38 HO. OP CEIL SIDES BITH OP. AHEA 
39 GROSS VOLUHE (CO FT) 

00 TTPE (3) STD. AREA WIDTH (FT) 
01 STD. AREA HEIGHT (FT) 
02 RO. OP CELL SIDES WITH OP. AREA 
03 GROSS VOLOHE (CO FT) 

CRAHP BAT SPACE 

00 TTPE (1) CELL APEA (SQ FT) 
«5 SOP (FttOH ORHL TH-0613, TABLE 5) 
06 STD. BA* HEIGHT (PT) 
07 GROSS VOLOHE (CO FT) 

08 TTPE (2) CELL AREA (SQ FT) 
09 SOP (FROH ORHL TH-0613, TABLE 5) 
50 STD. BAT HEIGHT (FT) 
51 GROSS VOLOHE (CO PT) 

52 TTPE (3) CELL AREA (SQ PT) 
53 SOP (PROH ORHL TH-0613, TABLE 5) 
50 STD. BAT HEIGHT (PT) 

55 GROSS VOIDHE (CO PT) 

OOT-OF-CELL SPACE OHIT COST (S/CO FT) 

56 HAKE-DP AND PROCESS SERVICE SPACE 

CELL OPERATING SPACE OCCP (PROH TH-0613, TABLE 6) 

57 TTPE (1) 58 TTPE (2) 

59 TTPE (3) 

CRAHE BAT SPACE OCCP (PROH TH=0613, TABLE 6) 

60 TTPE (1) 61 TTPE (2) 
62 TTPE (3) 

I'AGE 2 

16.0 
10.0 
2 . 7 0 

7322. 

16.0 
10.0 
2 . 7 0 

10099. 

16.0 
10.0 
2 .70 

21676. 

16.0 
10.0 
2.0 

35606. 

10.0 
10.0 

1.0 
583. 
10.0 
10 .0 
1.0 

0928. 

16.0 10.0 2.0 
71211. 

10.0 io.O 1.0 
875. 

10.0 
10.0 

1.0 
7392. 

1 6 . 0 
10.0 
2.0 

106321. 
10.0 
10.0 
1.0 

1167. 

10.0 
10.0 
1.0 

9856. 

2066. 
3 .50 00.0 

318226. 

42 . 
3 . 5 0 
0.0 0. 
88. 

3.50 
0.0 0. 

0133. 
3 .50 00.0 

636051. 

63 . 
3 .50 
0.0 0. 

132. 
3 .50 0.O 0. 

6170. 
3 .50 £ 
o o . o ro 

950201. 

03 . 
3 . 5 0 
0.0 0. 

176. 
3 .50 

0 . 0 0. 

7.00 7 . 0 0 7 .00 

7 . 0 0 
7 . 0 0 
7 . 0 0 

7 .00 
7 .00 
7 . 0 0 

7 . 0 0 
7 . 0 0 
7 . 0 0 

2 .30 
0 . 0 
0.0 

2 .30 
0 . 0 
0 .0 

2 .30 
0.0 
0 .0 



OUT-OF-CELL SPACE TOTAL COST (S) 
63 MAKE-OP AMD PROCESS SERVICE SPACE 

CELL OPERATING SPACE 
FIL ?YPE (1) 
65 TTPE (2) 
66 TTPE (3) 
67 TOTAL 

CPANB BAT SPACE 
68 TTPE (1) 
69 TTPE (2) 
70 TTPE (3) 
71 TOTAL 
72 TOTAL OUT-OF-CELL SPACE COST 
73 PROCESSING SPACE TOTAL COST ($) 

PROCESSING SOPPORT SPACE COST (BLDG. EXCLUDING HOT CELLS) 
INDIRECT PROCESS SOPPORT SPACE 

70 STD. AREA BEIGHT (FT) 
75 SOP (FROH ORHL TH-1613, TABLE 5) 
76 TOTAL SPACE REQUIRED (CU FT) 

INDIRECT PROCESS SUPPORT SPACE UNIT COST (S/TU FT) 
77 UCCF (FROH ORNL TH-1613, TABLE 6) (J/CO FT) 78 PROCESSING SUPPORT SPACE TOTAL COST (J) 

OUTSIDE UTILITIES COST (J) 
79 UCF (FROH ORHL TH-1813, TABLE 7) (FRACT.) 
80 EQUIPMENT AND FACILITY COST 
81 OUTSIDE UTILITIES COST 
SITE IMPROVEMENT COST ($) 
82 UCF (PROH ORNL TH-1613, TABLE 8) (FRACT.) 
83 SUBTOTAL DIRECT CONSTRUCTION COST ($) 
8U SITE IMPROVEMENT COST (T) 
85 TOTAL DIRECT CONSTRUCTION COST (T) 

PAGE 

51257. 101193. 151729. 

2U92T(0. 
1083. 
31196. 

287819. 

198179. 
6125. 

51711. 
556318. 

711215. 
8167. 
68992. 
821103. 

731918. 0. 0. 
731918. 
1070993. 
3511221. 

1163836. 0. 0. 
1163IN5. 
2121677. 
7035861. 

2185551. 0. 0. 
2185551. 
3158686. 
10183136. 

11.0 
5.60 

172172. 
11.0 
5.60 

339260. 
11.0 
5.60 

501090. 

7.00 
1205200. 

7.00 
2371817. 

7.00 
3520632. 

0.10 
6358821. 
635882. 

0.10 
12511381. 
1251137. 

0.10 
18606656. 

1860661. 

0.005 
6991702. 

31971. 
7029675. 

0.005 
13765818. 

68829. 
13831617. 

0.005 
20167312. 
102337. 

20569618. 



INDIRECT CONSTRUCTION COST 
GENERAL AND ADHINISTPATIVE COST 
86 OC? (PROS ORNL TH-A613, TABLE 7) (PFACT.) 
87 SOBTOTAL GEN. • ADR. COST (J) 

ENGINEERING COST 
88 OCP (PROH ORKL TB-H613, TABLE 7) (PRACT.) 
B9 SOBTOTAL BNGR. COST (I) 

>11 SC. CONSTRUCTION COST 
90 OCP (PROH ORHL TB-0613, TABLE 7) (PRACT.) 
<»1 SOBTOTAL BISC. CONSTRUCTION COST (J) 

CONTINGENCT ALLOWANCE 
92 OCP (PROB ORNL TH-0613, TABLE 7) (PRACT. ] 
93 SOBTOTAL CONTINGENCY ALLOWANCE (S) 

SPARE PARTS COST 
90 OCF (PROH ORNL TH-0613, TABLE 7) (PRACT.) 
95 SUBTOTAL SPARE PARTS COST (J) 

NONINSTALLED SPARE EQOIPBENT COST 
96 OCF (PHOB ORNL TB-0613, TABLE 7) (PRACT.) 
07 SOBTOTAL NOHIHSTLEO SPARE EQOIPSBNT COST ($) 

QUALITY ASSURANCE COST 
98 OCP (PROH ORNL TH-0613, TABLE 7) (PRACT.) 
99 SOBTOTAL QUALITY ASSURANCE COST ($) 
100 TOTAL INDIRECT CONSTR0CTIOH COST ($J 

I'AGE 2 

0. 10 
702967. 

0.10 
1383S60. 

0.10 
2056960. 

0.30 
2108902. 

0.30 
U150393. 

0.30 
6170893. 

0.05 
351080. 

0.05 
691732. 

0.05 
1028082. 

0.20 
1005930. 

0.20 
2766929. 

0.20 
0113929. 

0.007 
09208. 

0.007 
96803. 

0,007 
103988. 

0.03 
210890. 

0.03 
015039. 

0.03 
617089. 

0.06 
U217B0. 

5251163. 
0.06 

830079. 
10330077. 

0 . 0 6 
1230178. 
15365522. 



OWNER'S COST 

LARD COST 

101 OCP (PROH ORHL TH-0613, TABLE 8) (PRACT.) 
102 SOBTOTAL LARD COST <$) 

PROJECT HAHAGEHBHT COST 

103 OCP (PROH ORHL TH-0613, TABLE 8) (PRACT.) 
104 SOBTOTAL PROJ. HARGT. COST ($) 

LICEHSIHG COST 

105 OCP (PROH ORHL TH-0613, TABLE 8) (PRUCT.) 
106 SOBTOTAL LICEHSIHG COST (J) 

TAXES, IHSORAHCE AHD IKTSRBST 

10? OCP (PROH ORHL TH-0613, TABLE 8) (PRACT.) 
108 SOBTOTAL TAXES, IHSORAHCE AHD IRT. ($) 

PREOPERATIONAL TESTIHG AHD STARTOP 

109 OCP (PROH ORHL TH-0813, TABLE 8) (PRACT.) 
110 SUBTOTAL PREOP. TESTIRG AHD STARTOP (J) 
111 TOTAL OWRBR'S COST {$) 

TOTAL CAPITAL COHSTBOCTIOR COST 

112 IHCREHEHT OP TOTAL PLAHT COST (J) 
113 PROCESSING TBROOGBPDT OP ACCEPTABLE PROD (KGHR/DAT) 
114 AHHOAL PRODOCTIOR RATE (KILOGRAHS OP HEAPT HETAL/fEAR) 
115 CAPITAL CHARGE RATE (PRACT.) 
116 AHHOAL CAPITAL CHARGE (DOLLARS/TEAR) 
117 PRODOCT ONIT COST (DOLLAHS/KILOGRAH OF HEAVY HETAL) 

PAGE 

0 . 0 1 
70297. 

0.01 
1383U6. 

0.01 
205696. 

0 . 0 2 
140593. 

0.02 
276693. 

0.02 
411393. 

0 .00 
281187. 

0.04 
553386. 

o.oa 
822786. 

0.20 
1005930. 

0.20 
2766929. 

0 . 2 3 
4113929. 

0 . 2 0 
1005930. 
3303905. 

0.20 
2766929. 
6502283. 

0 .20 
0113929. 
9667733. 

15580783. 
196.70 
57036. 

0 . 3 0 
0675030. 81.00 

30671392. 
590.10 

172309. 
0 .30 

9201016. 
53 .00 

056 0 289 6 . 
1180.20 
300618. 

0 .30 
13680866. 

39 .70 



» • » PRF SLOG INJECTION OO? OP BIOCK CARB PROCESS FOB 23 RECTCLE H-0.A(2)S B5» * *• 

SOHNARI OP RESULTS 

PIANT CAPACITT 
DESCRIPTION 0.5 TONNE 

PER DAT 
1.5 TONHB 
PEP DAT 

3.0 TONNE 
PER DAT 

PROCESS TBROOGHPOT (KILOGRAFLS) 196.7 590.1 1180.2 
PROCESSING BQOIPHENT COST ($1000) 1612.0 3103.7 0590.9 

PLANT DIRECT CONSTROCTION COST (S1000) 70 29.7 13830.6 20569.6 
PLANT INDIRECT CONSTROCTION COST (J 1000) 5251.2 10330.5 15365.5 
PLANT OWNER'S COST («1000) 3303.9 6502.3 9667.7 
PLANT TOTAL COST (11000) 15580.8 30671.D 05602.9 
OBIS COST (D0LIARS/KI10GRAH) 81.00 53.00 39.70 

FONCTION CO EFFICIENTS ARE AS FOLLOWS = 
A1 = 1.00503E 02 A2 = 7.1B319E 01 A3 = 0.0 AO X 0.0 
FONCTION EXPONENTS ARE AS F0LL08S = 
BI = -1.07162E-03 B2 = -5.02068E-00 B3 = 0.0 BO = 0.0 A o 



* * * FUEL ELEMENT ASSEMBLY OCT OP BLOCK CARE PROCESS 23 RECYCLE N-1.BJ 

CASE 1 
* * C O S T E S T I M A T E P R E P A R A T I O N * * 

DIRECT CONSTRUCTION COST 
PROCESSING EQOIPHERT COST 
1 ESTIMATED EQUIPMENT COST (I) 500500. 

ACTOAL IR-CBLL EQOIPHERT SPACE REQOIRED (CO PT) 
TYPE (1) = HBDIUH SHIELDED HOT CELL - BEHOTE MAINTENANCE (ITER 3, 

2 TYPE (1) 8568. 
3 TYPB (2) 
1 TYPB (3) 
5 ACTOAL OUT-OP-CELL EQOIPHERT SPACE REQUIRED (CO PT) 0000. 

PROCESSIHG SPACE COST (HOT CELLS) (S) 
GROSS IH-CELL SPACE REQUIRED 

6 TTPE (1) STD. CELL SIDTH (FT) 26.0 
7 (1) STD. CELL HEIGHT (FT) 30.0 
8 SUP (FROB ORHL TH-0613, TABLE 5) 0.00 
9 GROSS CELL VOLUME (CU FT) 30272. 
10 LIHEAR FT. OF CELL (FT) 03.90 
11 TYPE (2) STD. CELL HIDTH RFTJ 
12 

(2) 
STD. CELL HEIGHT (FT) 

13 SUP (PROH ORNL TH-•0613, TABLE 5) 
10 GROSS CELL VOLOHE (CO FT) 
15 LIHEAR FT. OP CELL (PT) 
16 TYPE (3) STD. CELL SIDTH (FT) 
17 STD. CELL HEIGHT (FT) 
18 SOP (PROH ORHL TH-•0613. TABLE 5) 
19 GROSS CELL YOLOBE (CO FT) 
20 LINEAR PT. OP CELL (FT) 

IH-CELL SPACE UNIT COST (t/CV FT) 
21 TYPE (OCCP FROM ORHL TH-0613, TABLE 6) 39.00 
22 TIPE (2) (OCCP FROM ORHL TH-•0613, TABLE 6) 
23 TYPE (3) (OCCF FROH ORHL TH-•0613, TABLE 6) 

IN-CELL SPACE TOTAL COST (*) 

20 TYPE (1) 1336608. 
25 TYPE (2) 
26 TYPE (3) 
27 TOTAL 1389108. 

06* * * DATE IS 07-18-70 PAGE 1 

CASE ESTIHATES 
CASE 2 CASE3 

763600. 1055500. 

5 AHD 6) 

10585. 18522. 

5772. 6660. 

26.0 
30.0 0.00 

58300. 
70.79 

26.0 
30.0 0.00 

70088. 
90.98 

39.00 

2275260. 

2350071. 

39.00 

2889032. 

2990510. 



GROSS OOR-OP-CELL SPACE REQOIRED {CO PT) 
MAKE OP AID PROCESS SERVICE SPACE 

28 STD. AREA WIDTH (PT) 
29 STD. AREA HEIGHT (FT) 
30 SOP (FROH ORML TH-0613, TABLE 5) 
31 GROSS VOLOME (CI FT) 

CELL OPERATING SPACE (CO FT) 
32 TTPE (1) STD. AREA WIDTH (FT) 
33 STD. AREA HEIGHT (FT) 
30 NO. OF CELL SIDES WITH OP. AREA 
35 GROSS VOLOME (CO FT) 
36 TTPE (2) STD. AREA WIDTH (FT) 
37 STD. AREA HEIGHT (FT) 
38 NO. OF CELL SIDES WITH OP. AREA 
39 GROSS VOLDHE (CO FT) 
00 TTPE (3) STD. AREA WIDTH (FT) 
01 STD. AREA HEIGHT (FT) 
02 NO. OF CELL SIDES WITH OP. AREA 
03 GROSS VOLOHE (CO FT) 

CRANE BAT SPACE 
00 TTPE (1) CELL AREA (SO PT) 
05 SOT (FROM ORNL TH-0613, TABLE 5) 
06 STD. BAT HEIGHT (FT) 
07 GROSS VOLUME (CO PT) 
08 TTPE (2) CEL1 AREA (SQ PT) 
89 SOP (FRON ORNL TH-0613, TABLE 5) 
50 STD. BAT HEIGHT (FT) 
51 GROSS VOLOHE (CO FT) 
52 TTPE (3) CELL AREA (SQ FT) 
53 SOF (FROH ORNL TH-0613, TABLE 5) 
50 STD. BAT HEIGHT (FT) 
55 GROSS VOLOHE (CO PT) 

OOT-OP-CEIL SPACE BNIT COST (t/CO PT) 
56 HAKE-OP AHD PROCESS SERVICE SPACE 

CELL OPERATING SPACE CCCF (FROH T8-0613, TABLE 6) 
57 TTPP (1) 
58 TTPE (2) 
59 TTPE (3) 

CRANE BAT SPACE DCCP (FROH TH=0613, TABLE 6) 
60 TTPE (1) 61 TTPP (2) 62 TTPE (3) 

I'AGE 2 

16.0 
I'L.O 
2.70 

11988. 

16.0 
10.0 
2.70 

15580. 

16.0 
10.0 
2.70 

11982. 

16.0 
10.0 
2.0 

19680. 

16.0 
10.0 2.0 

33508. 

16.0 
10 .0 2.0 

02553. 

1102. 
3.50 00.0 

175930. 

1905. 
3.50 00.0 

299«7«. 

2070. 
3.50 00.0 

3803*8. 

7.00 7.00 7.00 

7.00 7.00 7.00 

2.30 2.30 2 . 3 0 



OUT-OF-CELL SPACE TOTAL COST 
63 HAKE-OP AHD PROCESS SERVICE SPACE 

CELL OPERATING SPACE 

60 TTPE (1) 
65 TTPB (2) 
66 TTPE (3) 
67 TOTAL 

CRANE BAT SPACE 

68 TTPE (1) 
69 TYPE (2) 
70 TTPE (3) 
71 TOTAL 
72 TOTAL 00T-0P-CELL SPACE COST 
73 PROCESSIHG SPACE TOTAL COST ( f ) 

PROCESSING SOPPORT SPACE COST (BLDG. EXCLUDING HOT CELLS) 

INDIRECT PROCESS SOPPORT SPACE 

74 STD. AREA BRIGHT (PT) 
75 SOP (PROH ORNL TH-0613, TABLE 5) 

76 TOTAL SPACE REQOIRED (CO PT) 

INDIRECT PROCESS SOPPORT SPACE ONIT COST (t/CU PT) 

77 OCCP (PROH ORHL TH-0613, TABLE 6) ($/CU PT) 78 PROCESSING SOPPORT SPACE TOTAL COST (J) 

ODTSIDE UTILITIES COST ($) 

79 DCF (PRO!! ORHL TH-0613, TABLE 7} (FRACT.) 
80 EQUIPMENT AND PACILITT COST 
81 OUTSIDE UTILITIES COST 

SITE IHPROYEHEHT COST (J) 

82 UCF (PROH ORNL TH-4613, TABLE 8) (FRACT.) 
83 SUBTOTAL DIRECT CONSTRUCTIOH COST ( t ) 
80 SITE IHPROVEHEHT COST ( t ) 
85 TOTAL DIRECT CONSTRUCTION COST ($) 

I'AGE 2 

839 1 6 . 109091. 12587 ft. 

137791. 

137791. 

23 4 557. 

234557. 

297872. 

297072. 

404638. 688800. 874732. 

404638. 
626345. 
2015092. 

688800. 
1032408. 
3386518. 

R70732. 
1298077• 
4292991. 

14 .0 
5 . 6 0 

99730. 

10.0 
5 .60 

167711. 

14 .0 
5 . 6 0 

213948. 

7 . 0 0 
698110. 

7 . 00 
1173973. 

7 . 0 0 
1497617. 

0.10 
3214101. 

321410. 

0.10 
5324091. 

532009. 

1.10 
680b128. 
680613. 

0 .005 
3535510. 

17678. 
3553187. 

0 .005 
5856099. 

29282. 
5885781. 

0 .005 
7530740. 

37650. 
756839 3. 



IHDIRBCT CONSTRUCTION COST 
GENERAL AND ADMINISTRATIVE COST 
86 UCP (PROH ORNL TH-0613, TABLE 7) (PRACT.) 
87 SUBTOTAL GEN. • ADH. COST ($) 

ENGINEERING COST 
88 UCP (PROH ORNL TH-0613, TABLE 7) (PRACT.) 
89 SOBTOTAL E1GR. COST ($) 

HISC. CONSTRUCTION COST 
90 OCP (?BOH OBNL TH-0613, TABLE 7) (PRACT.) 
91 SUBTOTAL HISC. CONSTRUCTION COST {$) 

CONTINGENCY ALLOWANCE 
92 OCP (FROH ORNL TH-0613, TABLE 7) (FRACT.I 
93 SUBTOTAL CONTINGENCY ALLOVANCE (») 

SPARE PARTS COST 
90 UCP (PROH ORHL TH-0613, TABLE 7) (PRACT.) 
95 SOBTOTAL SPARE PARTS COST (S) 

NONINSTALLED SPARB EQUIPMENT COST 
96 OCF (FROM ORNL TH-0613, TABLE 7) (FRACT.) 
97 SOBTOTAL NONINSTLED SPARB EQUIP BENT COST (*) 

QUALITY ASSURANCE COST 
98 UCF (FROH ORNL TH-0613, TABLE 7) (FRACT.) 
99 SUBTOTAL QUALITY ASSURANCE COST (I) 
100 TOTAL INDIRECT CONSTRUCTION COST (t) 

I'AGE 2 

0.10 
355319. 

0.10 
588*78. 

0.10 
756839. 

0.30 
1065955. 

0 .30 
1765730. 

0.30 
2270517. 

0.05 
177659. 

0.05 
290289. 

0.05 
378020. 

0.20 
710637. 

0.20 
1177156. 

0 . 2 0 
1513678. 

0.007 
20872. 

0.007 
01200. 

0.007 
52979. Ol o 

0.03 
106596. 

0.03 
176573. 

0.03 
227052. 

0.06 
213191. 

2650227. 
0.06 

353107. 
0396675. 

0 .06 
050100. 
5653585. 



OWNER'S COST 

LAND COST 

101 DCF (FROM ORNL TH-0613, TABLE 8) (FRACT.) 
102 SOBTOTAL LAUD COST (J) 

PROJECT HANAGEBENT COST 

103 OCF (FROB ORNL TH-0613, TABLE 8) (FRACT.) 
100 SOBTOTAL PROJ. HANGT. COST (J) 

LICENSING COST 

105 OCF (PROB ORHL TH-0613, TABLE 8) (FRACT.) 
106 SOBTOTAL LICENSING COST (t) 

TAXES, INSURANCE AND INTEREST 

107 OCF (FROH ORNL TH-0613, TABLE 8) (FRACT.) 
108 SOBTOTAL TAXES, INSURANCE AMD INT. ($J 

PREOPERATIONAL TESTING AND STARTUP 

109 UCP (FROB ORNL TH-0613, TABLE 8) (FRACT.) 
110 SUBTOTAL PREOP. TESTING AND STARTUP ( t ) 
111 TOTAL OWNER'S COST ($) 

TOTAL CAPITAL CONSTRUCTION COST 

112 IHCRERENT OF TOTAL PLAHT COST (J) 
113 PROCESSING THROUGHPUT OF ACCEPTABLE PROD (KGHB/DAY) 
110 ANNUAL PRODUCTION RATE (KILOGRABS OP HEAVY METAL/YEAR) 
115 CAPITAL CHARGE RATE (FRACT.) 
116 ANNUAL CAPITAL CHARGE (DOLLARS/YEAR) 
117 PRODUCT UNIT COST (DOLLARS/RILOGRAfl OF HEAVY HETAL) 

PAGE 

0.01 
35532. 

0.01 
58858. 

0.01 
75680. 

0.02 
710b0. 

0.02 
117716. 

0.02 
151368. 

0.00 
102127. 

0.00 
235031. 

0.00 
302736. 

0 .20 
710637. 

0.20 
1177156. 

0 .20 
1513678. 

0 .20 
710637. 

1669997. 

0.20 
1177156. 
2766316. 

0 .20 
1513678. 
3557103. 

7877011. 
186.90 
50575. 

0 . 3 0 
2363222. 

03 .30 

13008772. 
560.70 

163720. 
0 . 30 

3910630. 
23 .91 

16779120. 
1121.00 
3270B9. 

0 .30 
5033735. 

15.37 



« • » FUEL ELP.HERT ASSENBH OOT OF BLOCK CURB PROCESS 23 RECYCLE N-1.BS B6» » » 

SOBNART OP RESULTS 

PLANT CAPACITY 
DESCRIPTION 0.5 TONNE 

PER DAT 
1.5 TONNE 

PER DAT 
3.0 TONNE 

P3R DAT 

PROCESS THROUGHPUT (KILOGRAHS) 186.9 560.7 1121.0 

PROCESSING BQOIPHER? COST (SI 000) 500.5 763.6 1055.5 

PLANT DIRECT CONSTRUCTION COST (S1000) 3553.2 5885.8 7568.0 

PLANT INDIPECT CONSTRUCTION COST ($1000) 2650.2 0396.7 5653.6 

PLANT OfcilER'S COST ($1000) 1670.0 2766.3 3557.1 

PLANT TOTAL COST ($1000) 7877.0 13008.8 16779.1 

UNIT COST (DOLLARS/KILOGRAR) 

FUNCTION COEFFICIENTS ARB AS POLLOBS = 

03.30 23.91 15.37 

A1 = 5.82706E 01 A2 = 3.71880E 01 A3 = 0 . 0 AO - 0 .0 

FUNCTION EXPONENTS ARE AS FOLLOBS = 

B1 = -1.58B86E-03 B2 = -7.87770E-00 B3 = 0 . 0 BO * 0 . 0 Ui KJ 



• * * HEAD END REPROCESSING OF IH AND 25 RECYCLE SPENT FUEL ELEHBNTS (M S A19)$ B7» * * DATE IS 07-18-71 PAGE 

CASE ESTIHATES 
CASE 1 CASE 2 CASE 3 

• • C O S T E S T I H A T E P R E P A R A T I O N * * 

DIRECT CONSTRUCTION COST 
PROCESSING EQUIPHENT COST 

1 ESTIMATED EQUIPMENT COST (T) 1233500. 2312500. 3837000. 
ACTUAL IN-CBLL EQOIPHEHT SPACE REQOIRED (CO PT) 

TYPE (1) = HEA7ILI SHIELDED HOT CELL - REHOTE HAIHTEHANCB (ITEH 1, TABLES 5 AND 6) 
2 TIPE (1) 11615. 19716. 3U021. 
3 TTPE (2) 
A TTPE (3) 
5 ACTOAL OUT-' OF-CELL E3BIPBEBT SPACE REQUIRED (CU FT) 3265. 1880. 7290. 

PROCESSING SPACE COST (HOT CELLS) 
GROSS IH-CELL SPACE RBQOIRBD 

6 TYPE (1) STD. CELL WIDTH (FT) 26.0 26.0 26.0 
7 STD. CELL HEICHT (FT) 30.0 30.0 30.0 
8 SOP (FROH ORNL TH-1613, TABLE 5) 1.00 1.00 1.00 
9 GROSS CELL VOLOHE (CO FT) 16160. 78861. 136081. 
10 LINEAR PT. OF CELL (FT) 59.56 101.11 171.17 

11 TYPE (2) STD. CELL WIDTH (FT) 
12 STD. CBLL BEIGBT (FT) 
13 SOF (FROB ORNL TH-1613, TABLE 5) 
11 GROSS CELL VOLOHE (CO FT) 
15 LINEAR FT. OF CELL (FT) 
16 TYPE (3) STD. CBLL RIDTH (FT) 
17 STD. CELL HEIGHT (FT) 
18 SUP (FROH ORNL TH-1613, TABLE 5) 
19 GROSS CBLL 70LUBE (CO FT) 
20 L'NEAR FT. OF CELL (FT) 

IN-CELL SPACE OBIT COST (S/CU PT) 

21 TYPE (1) (UCCF FROH ORNL TH-1613, TABLE 6» 12.00 12.00 12.00 
22 TYPE (2) (OCCF FROH ORNL TH-1613, TABLE 6) 
23 TYPE (3) (UCCP FROH ORHL TH-1613, TABLE 6) 

IN-CBLL SPACE TOTAL COST («) 
21 TIPE (1) 1951320. 3312288. 5715528. 
25 TYPE (2) 
26 TYPE (3) 
27 TOTAL 2003860. 3391099. 5820610. 



GROSS OOT-OP-CELL SPACE BEQOISED (CU PT) 

HAKE UP AHD PROCESS SERVICE SPACE 

28 STD. AREA WIDTH (PT) 
29 STD. ARPA HEIGHT (PT) 
30 SUP (PROH ORHL TH-1613, TABLE 5) 
31 GROSS VOLUHE (CU PT) 

CELL OPERATIHG SPACE (CU PT) 

32 TYPE (1) STD. AREA WIDTH (FT) 
33 STD. AREA HEIGHT (FT) 
30 HO. OP CELL SIDPS WITH OP. AREA 
35 GROSS VOLUHE (CU PT) 

36 TYPE (2) STD. AREA WIDTH (PT) 
37 STD. AREA HEIGHT (PT) 
38 HO. OP CELL SIDES WITH OP. AREA 
39 GROSS VOLUHE (CU PT) 

00 TYPE (3) STD. AREA WIDTH (PT) 
01 STD. AREA HEIGHT (PT) 
02 HO. OP CELL SIDES WITH OP. AREA 
03 GROSS VOLOHE (CD PT) 

CRAKE BAY SPACE 

00 TTPE (1) CELL AREA (SQ PT) 
05 SUF (FROH ORHL TH-0613, TABLE 5) 
06 STD. BAY HEIGHT (FT) 
17 GROSS VOLUHE (CU PT) 

08 TYPE (2) CELL AREA (SQ FT) 
09 SUP (FROH ORHL TH-0613, TABLE 5) 
50 STD. BAY HEIGHT (FT) 
51 GROSS VOLUHE (CU FT) 

52 TYPE (3) CELL AREA (SQ FT) 
53 SUF (PROH ORHL TH-0613, TABLE 5) 
50 STD. BAY HEIGHT (PT) 
55 GROSS VOLUHE (CO FT) 

OOT-OP-CELL SPACE UHIT COST (*/C0 PT) 

56 HAKE-UP ADD PROCESS SERVICE SPACE 

CELL OPERATING SPACE nCCF (FROH TH-0613, TABLE 6) 

57 TYPE (1) 
58 TYPE (2) 

59 TYPE (3) 

CRAHE BAY SPACE UCCP (FBOH TH=0613, TABLE 6) 

60 TYPE (1) 61 TTPE (2) 
62 TYPE (3) 

I'AGE 2 

16.0 
11.0 
2 . 7 0 

8815. 

16.0 
10 .0 
2.70 

13176. 

16.0 
10.0 
2 .70 

19683. 

16.0 
10 .0 2.0 

26685. 

16.0 
10.0 
2.0 

05296. 

16.0 10.0 
2.0 

78161. 

1509. 
3 .50 00.0 

238095. 

2629. 
3 .50 00.0 

<•00835. 

0536. 
3 . 50 00.0 

698560. 

7 . 0 0 7 . 0 0 7 .00 

7 .00 7 .00 7 . 0 0 

2 . 3 0 2 .30 2 . 3 0 



OCT-OP-CELL SPACE TOTAL COST ( t ) 

63 HAKE-OP AHD PROCESS SERVICE SPACE 

CELL OPERATING SPACE 

66 TTPE (1) 
65 TTPE (2) 
66 TTPE (3) 
67 TOTAL 

CRARE BAT SPACE 

68 TTPE (1) 
69 TTPE (2) 
70 TTPE (3) 
Ti TOTAL 
72 TOTAL ODT-OP-CBLL SPACE COST 
73 PROCESSING SPACE TOTAL COST (S) 

PROCESSING SOPPORT SPACE COST (BLDG. BICLODING ROT CELLS) 

IHDIRECT PROCESS SOPPORT SPACE 

70 STD. AREA B BIGHT (FT) 
75 SOP (PROH ORHL TH-1613, TABLE 5) 

76 TOTAL SPACE REQUIRED (CO FT) 

IHDIRECT PROCESS SOPPORT SPACE OHIT COST (t/CO FT) 

77 OCCP (PROH ORHL TH-1613, TABLE 6) (J/CO PT) 78 PROCESSING SUPPORT SPACE TOTAL COST (J) 

00TSIDE UTILITIES COST (J) 

79 OCP (PROH ORHL TH-1613, TABLB 7) (FRACT.) 
60 EQOIPHEHT AHD FACILITY COST 
81 OOTSIDE UTILITIES COST 

SITE IHPROVEHENT COST (J) 

82 OCT (PROH ORNL TH-4613, TABLE 8) (FRACT.) 
83 SOBTOTAL DIRECT COHSTROCTION COST ( t j 
81 SITE IHPROVEHBHT COST ($> 
65 TOTAL DIRECT COHSTROCTIOH COST ( t ) 

"'iGE 3 
61708. 92232. 137781. 

186793. 

186793. 

317070. 

317071. 

517127. 

517127. 

518537. 931120. 1606697. 

518537. 
797039. 

2800898. 

931120. 
1310125. 
1731524. 

1606697. 
2291605. 
8112215. 

11 .0 
5 . 6 0 

131581. 

11.0 
5.60 

221317. 
11.0 
5 .60 

375961. 

7 . 0 0 
921069. 

7 . 0 0 
1519425. 

7 . 0 0 
2631748. 

Oi 

0.10 
1955066. 

095516. 

0 . 1 0 86231U9. 
862305. 

0. 10 
10580963. 

1058095. 

0 . 0 0 5 
5151012. 

27255. 
5178267. 

0 . 0 0 5 
9185793. 07129. 9533221. 

0.005 
16039058. 

80195. 
16119253. 



INDIRECT CONSTRUCTION COST 

GENERAL AND ADHINISTP.ATIV? COST 

86 UCF (PROH ORHL TH-0613, TABLE 1) (PRACT.) 
87 SOBTOTAL GEH. : ADH. COST ($) 

ENGINEERING COST 

88 OCF (FROH ORNL TH-0613, TABLE 7) (FRACT.) 
89 SUBTOTAL EHGR. COST f t ) 

HISC. CONSTRUCTION COST 

90 UCP (ifROH ORNL TH-0613, TABLE 7) (FRACT.) 
91 SUBTOTAL HISC. CONSTRUCTION COST ($) 

CONTINGENCY ALLOWANCE 

92 UCF (PROH ORNL TH-0613, TABLE 7) (FRACT.) 
93 SUBTOTAL CONTINGENCY ALLOWANCE (S) 

SPARE PARTS COST 

90 OCF (FROti ORHL TH-0613, TABLE 7) (FRACT.) 
95 SUBTOTAL SPARE PARTS COST (J) 

NONINSTALLED SPARE EQUIPMENT COST 

96 UCP (PROM ORNL TH-0613, TABLE 7) (PRACT.) 
97 SUBTOTAL NONINSTLED SPARE EQUIPHENT COST(S) 

QUALITY ASSURANCE COST 
98 UCF (FROH ORNL TH-0613, TABLE 7) (FRACT.) 
99 SUBTOTAL QUALITY ASSURANCE COST ( t ) 
100 TOTAL INDIRECT CONSTRUCTION COST ($) 

I'AGE 2 

0.10 
507827. 

0.10 
953322. 

0.10 
1611920. 

0 . 3 0 
1603079. 

0 .30 
2859965. 

0. 30 
0035775. 

0 . 0 5 
27 3913. 

0 .05 
076661. 

0 . 0 5 
805963. 

0 . 2 0 
1095653. 

0.20 
1906600. 

0.20 
3223850. 

0 .007 
38308. 

0 .007 
66733. 

0 .007 
112835. Ln O 

0 . 0 3 
160308. 

0 .03 
285997. 

0 . 0 3 
083578. 

0 . 0 6 
328696. 

009 2261. 

0.06 
571993. 

7121312. 

0.06 
967155. 

12001077. 



OWNER'S COST 

LAUD COST 

101 UCP (rBOU ORNL TH-0613, TABtB B) (PBACT.) 
102 SOBTOTAL LAND COST (S) 

PROJECT HANAGFHEHT COST 

103 OCP (PROH ORHL TH-0613, TABL5 8( (PRACT.) 
10H SUBTOTAL PROJ. HANGT. COST ( t ) 

LICENSING COST 

105 OCP (PROH ORRL TH-U613, TABLE 8) (PRACT.) 
106 SUBTOTAL LICENSING COST ( t ) 

TAXES, IRSORARCB AND INTEREST 

107 OCP (PROH ORHL TH-0613, TABLE 8) (PRACT.) 
108 SUBTOTAL TAXES, INSURANCE AND INT. ({) 

PREOPERATIOHAL TESTING AND STARTUP 

109 UCP (PROH ORNL TH-0613, TABLE 8) (PRACT.) 
110 SOBTOTAL PREOP. TESTING AND STARTOP ($) 
111 TOTAL OWNBB' S COST ( t ) 

TOTAL CAPITAL CONSTRUCTION COST 

112 IHCREHENT OP TOTAL PLAHT COST {$) 
113 PROCESSING THROUGHPUT OP ACCEPTABLE PHOD (KGHH/DAY) 
1 1 0 ANNUAL PBODUCTION RATE (KILOGRAHS OP HEAVY nETAL/YEAR) 
115 CAPITAL CHARGE RATE (PRACT.) 
116 ANNUAL CAPITAL CHARGE (DOLLARS/TEAR) 
117 PRODUCT UNIT COST (DOLLARS/KILOGRAM OP HEAVY HETAL) 

I'AGE 2 

0.01 
50783. 

0.01 
95332. 

0.01 
161192. 

0.02 
109565. 

0.02 
190660. 

0.02 
322385. 

0.00 
219131. 

0.00 
381329. 

0.00 
6 M 7 7 0 . 

0 . 2 0 
1095653. 

0 .20 
1906600. 

0 .20 
3223850. 

0 . 2 0 
1095653. 
2570780. 

0 .20 
19066UU. 
4080613. 

0.20 
3223050. 
7576007. 

12105312. 26B.10 
78285. 

0 . 3 0 
3603593. 

06.50 

21135136. 
800.30 

230856. 
0 .30 

6300539. 
27 .00 

357SC-35J. 
1608.00 
069711. 

0 .30 
10720903. 

22.82 



* • * HEAD EKD REPROCESS 1113 OP IH AHD 25 RECYCLE SPBHT PUEL ELEMENTS (AL 6 A19)J B7« • » 

SOHHAR7 OP RESULTS 

DESCRIPTION 

PROCESS THROUGHPUT (KILOGRAHS) 
PROCESSIHG EQUIPHEHT COST ($1000) 
PLAHT DIRECT COHSTROCTIOH COST (41000) 
PLAHT IHDIBECT COHSTRUCTIOH COST (S1000) 
PLAHT OHHBR'S COST (S1000) 
PLAHT TOTAL COST (11000) 
URIT COST (DOLLARS/KILOGRAH) 

PUHCTIOH COEPPICIBHTS ARE AS POL 1,0US = 
AL = 6.11101E 01 A2 = 3.19337E 01 A3 
POHCTIOR EXPOHEHTS ARE AS POLLOBS = 
B1 = -1.01570E-03 B2 = -2.08772E-01 B3 

0.5 TOHHE 
PER DAT 
268.1 

1233.5 
5178.3 
0092.3 
2̂ 71.8 
12115.3 

16.51 

IT CAPACITY 
1.5 TOHHE 
PER DAY 
801.3 
2312.5 
9533.2 
7121.3 
1180.6 

21135.1 
27.00 

3.0 TOHHE 
PER DAY 
1608.6 
3837.0 
16119.3 
12011.1 
7576.0 
35736.3 

22.82 

0.0 AL = 0.0 

0.0 B1 = 0.0 Oi co 



« » « ACID THOREX REPROCESSING (IB SPENT 6 25 RECYCLE FOEL) S 

CASE 1 
• • C O S T E S T I H A T E P B B P A R A T I O H » » 

DIRECT CONSTROCTION COST 
PROCESSING EQOIPBENT COST 
1 ESTIHATED BQOIPBBNT COST ($) 660000. 

ACTOAL IR-CELL EQOIPHENT SPACE RECTJIRED (CD FT) 
TYPE (1) = HEAVILY SHIELDED HOT CELL - CONTACT HAIHTEHANCE (ITEH 2 
TIPE (2) = HEDIDH SHIELDED HOT CBLL - CONTACT HAINTENANCE (ITEH 0 

2 TYPE (1) 0100. 
3 TYPE (2) 9000. 
0 TYPE (3) 
5 ACTOAL OOT-OF-CELL EQOIPBBNT SPACE HEQOIRED (CO FT) 1550. 

PROCESSING SPACE COST (BOT CELLS) ($) 
GROSS IR-CELL SPACE REQOIRED 

6 TYPE (1) STD. CELL «IDTB (FT) 30.0 
7 STD. CELL BBIGBT (PT) 00.0 
8 SBF (FBOH ORHL TH-0613, TABLE 5) 2.33 
9 GROSS CELL VOLOHE (CO FT) 9553. 
10 LINEAR PT. OP CELL (FT) 7.96 

11 TYPE (2) STD. CBLL NIDTB (FT) 30.0 
12 

(2) 
STD. CBLL HEIGHT (FT) 00.0 

13 SOF (PROB ORHL TH-0613, TABLE 5) 2.33 
10 GROSS CBLL VOLOHB (CO PT) 20970. 
15 LINEAR PT. OP CELL (FT) 17.07 

16 TYPE C3) STD. CBLL HIDTB (FT) 
17 STD. CELL HEIGHT (FT) 
18 SOF (FROH ORHL TH-0613, TABLE 5) 
19 GROSS CELL VOLOHE (CO PT) 
20 LINEAR PT. OF CELL (FT) 

IN-C8LL SPACE ONIT COST (S/cn FT) 
21 TIPE (1) (OCCF PROH ORHL TB-0613, TABLE 6) 18.00 
22 TYPE (2) (OCCF FROH ORNL TH-0613, TABLE 6) 16.00 
23 TYPE (3) (OCCF PROH ORNL TH-0613, TABLE 6) 

IN-CELL SPACE TOTAL COST 
20 TIPE (1) 171950. 
25 TYPE (2) 335520. 
26 TYPE (3) 
27 TOTAL 558866. 

B8* * • DATE IS 07-18-70 PAGE 

CASE ESTIMATES 
CASE 2 CASE 3 

750000. 905000. 

TABLES 5 AND 6) 
TABLES 5 AND 6) 

0000. 0800. 
11000. 15000. 
1700. 1900. 

30.0 00.0 
2.33 

10252. 
8.50 

30.0 00.0 
2.33 

11180. 
9.32 

30.0 00.0 
2.33 

25630. 
21.36 

I 

30.0 00.0 
2.33 

30950. 
29.12 

18.00 
16.00 

18.00 
16.00 

180536. 010080. 201312. 
559200. 

671700. R63296. 



GROSS OOT-OF-CELL SPACE REQUIRED (CO FT) 

HAKE UP AHD PROCESS SERVICE SPACE 

28 STD. AREA WIDTH (FT) 
29 STD. AREA HEIGHT (FT) 
30 SOP {PROH ORH1 TH-0613, TABLE 5) 
31 GROSS VOLUHE (CU FT) 

CELL OPBHATIHG SPACE (CO FT) 

32 TTPE (1) STD. AREA WIDTH (FT) 
33 STD. AREA HEIGHT (FT) 
30 HO. OP CELL SIDES WITH OP. AREA 
35 GROSS VOLUHE (CU PT) 
36 TTPE ( 2 ) STD. AREA WIDTH (FT) 
37 STD. AREA 88IGBT (FT) 
38 HO. OF CELL SIDES WITB OP. AREA 
39 GROSS V0L03E (CD PT) 

4 0 TTPE (3) STD. AREA WIDTH (FT) 
01 STD. AREA HBIGBT (PT) 
02 HO. OP CELL SIDES WITH OP. AREA 
43 GROSS TOIORB (CO FT) 

CRAHE BAT SPACE 
40 TTPE (1) CELL AREA (SQ PT) 
0 5 SOF (FROfl OBNL T H - 4 6 1 3 , TABLE 5) 
06 STD. BAT BBIGBT (FT) 
07 GBOSS VOIOHE (CD PT) 
08 TTPE (2) CELL ABBA (SQ FT) 
09 SOF (FBOH OBBL TH-4613, TABLE 51 
50 STD. BAT HEIGHT (PT) 
51 GBOSS VOLUHE (CU PT) 

52 TTPE (3? CELL AREA (SQ PT) 
53 SUP (PBOH OBHL TH-0613, TABLE 5) 
50 STD. BAT HEIGHT (PT) 
55 GBOSS VOLUHE (CO FT) 

OUT-OF-CELL SPACE OHIT COST (T/CG PT) 
56 HAKE-UP AHD PROCESS SERVICE SPACE 

CELL OPERATIHG SPACE UCCF (FBOH TH-4613, TABLE 6) 
57 TTPE (1) 
58 TTPE (2) 
59 TTPS (3) 

CRAHE BAT SPACE OCCP (FBOH TH=0613. TABLE 6) 
60 TTPE (1) 61 TTPE (2) 
62 TTPE (3) 

I'AGE 2 

16.0 16.0 16.0 
10.0 10.0 10.0 
2.70 2.70 2.70 
0185. 0590. 5130. 

0.0 0.0 | 0.0 
10.0 10.0 * 10.0 
1.0 1.0 1.0 

318. 302. 373. 
0.0 0.0 0.0 

10.0 10.0 10.0 
1.0 1.0 1.0 

699. 850. 1165. 

239. 
3.50 
40.0 

36779. 

524. 
3.50 
44.0 

80734. 

256. 
3.50 
40.0 

39070. 

601. 
3.50 
40.0 

98675. 

280. 
3.50 
04.0 

03058. 

870. 
3.50 00.0 

130557. 

7.00 7.00 7.00 

7.00 
7.00 

7.00 
7.00 

7.00 
7.00 

2.30 
2.30 

2 . 3 0 
2 . 3 0 

2.30 
2.30 



OUT-OP-CELL SPACE TOTAL COST (S) 
63 HAKE-OP ARD PROCESS SERVICE SPACE 

CELL OPERATING SPACE 
6TT TTPE (1) 
65 TTPE (2) 
66 TTPE (3) 
67 TOTAL 

CRANE BAT SPACE 
68 TTPE (1) 
69 TTPE (2) 
70 TTPE (3) 
71 TOTAL 
72 TOTAL OOT-OP-CELL SPACE COST 
73 PROCESSING SPACE TOTAL COST (J) 

PROCESSING SOPPORT SPACE COST (BLDG. EXCLUDING ROT CELLS) 
INDIRECT PROCESS SUPPORT SPACE 

70 STD. AREA HEIGHT (PT) 
75 SUP (PROH ORNL TH-0613, TABLE 5) 
76 TOTAL SPACE REQUIRED (CD PT) 

INDIRECT PROCESS SOPPORT SPACB UNIT COST (T/CU FT) 
77 UCCF (PHOH ORHL TH-0613, TABLE 6) (J/CD FT) 78 PROCESSING SUPPORT SPACE TOTAL COST (J) 

OUTSIDE UTILITIES COST ($) 
79 UCP (PROH ORNL TH-0613, TABLE 7) (PHACT.) 
80 EQOIPHBNT AND FACILITT COST 
81 OUTSIDE UTILITIES COST 
SITB IHPBOVEHBHT COST ($) 
82 UCP (PROH ORNL TH-0613, TABLE 8) (PRACT.) 
83 SUBTOTAL DIRECT CONSTRUCTION COST ($) 
80 SITE IHPROVEHEHT COST (J) 
85 TOTAL DIRECT CONSTRUCTION COST ($) 

I'AGE 2 

29295. 

2229. 
0893. 

7122. 

32130. 

2 3 9 2 . 
5 9 8 0 . 

8372. 

35910. 

2610. 
8155. 
10765. 

80592. 
105689. 
270281. 
306698. 
865563. 

90781. 
226953. 
317735. 
358237. 

1029901. 

99030. 
309182. 
008516. 
055191. 
1318186. 

10.0 
5.60 

66720. 
10.0 
5.60 

80677. 
10.0 
5.60 

100221. 

7.00 
167069. 

7.00 
560702. 

7.00 
729517. 

0.10 
1992631. 
199263. 

n . i o 
2300681. 
230168. 

0. 10 
2953032. 
295303. 

0.005 
2191890. 

10959. 
2202853. 

0.005 
25791U9. 

12896. 
2592010. 

0.005 
3208335. 

16212. 
3261576. 



INDIRECT CONSTRUCTION COST 
GENERAL AND 1DHINISTRATIVE COST 
86 OCP (FROH ORNL TH-0613, TABLE 7) (PRACT.) 
87 SOBTOTAL GEN. • AON. COST (I) 

ENGINEERING COST 
88 OCP (PROH ORNL TH-0613, TABLE 7) (PRACT.) 
89 SUBTOTAL ENGR. COST ($) 

HISC. COHSTROCTION COST 

90 OCP (FFIOA ORHL TH-0613, TABLE 7) (PRACT.) 
91 SOBTOTAL HISC. CONSTHOCTIOH COST (J) 

CONTINGENCY ALLOWANCE 
92 DCP (PROH ORNL TH-0613, TABLE 7) (PRACT.) 
93 SUBTOTAL CONTINGENCY ALLOWANCE ($) 

SPARE PARTS COS? 
90 OCP (PHOH ORNL TH-0613, TABLE 7) (PRACT.) 
95 SOBTOTAL SPARB PARTS COST (J) 

NONINSTALLED SPARE EQUIPHEHT COST 
96 UCF (PROH ORHL TN-0613, TABLE 7) (PRACT.) 
97 SUBTOTAL HONINSTLBD SPARE EQUIPKENT COST (S) 

QUALITY ASSURANCE COST 
98 UCF (PROH ORNL TH-0613, TABLE 7J (PRACT.) 
99 SUBTOTAL QUALITY ASSURANCE COST ($) 
100 TOTAL INDIRECT CONSTRUCTION COST (S) 

PAGE U 

0.10 
220285. 

0.10 
259200. 

0. 10 
326057. 

0.30 
660856. 

0.30 
777613. 

0.30 
979373. 

0.05 
110103. 

0.05 
129602. 

0.05 
163229. 

0.20 
000571. 

0.20 
518009. 

0.20 
652915. 

0.007 
15020. 

0.007 
18100. 

0.007 
22852. o-KJ 

0.03 
66086. 

0.03 
77761. 

0.03 
97937. 

0.06 
132171. 

1605529. 
0.06 

155523. 
193625U. 

0.06 
195875. 
2038636. 



OHNBR'S COST 
LARD COST 

101 OCP (PROS ORNL TH-0613, TABLE 8) (PRACT.) 
102 SOBTOTAL LAND COST ($) 

PROJECT MANAGEMENT COST 
103 OCP (PROH ORNL TH-0613, TABLE 8) (?RACT.) 
100 SOBTOTAL PROJ. HABGT. COST (S) 

LICENSING COST 
105 OCP (PRON ORNL TH-1613, TABLE 8) (PRACT.J 
106 SOBTOTAL LICENSING COST ($) 

TAXES, INSURANCE AND INTEREST 
107 OCP (PROH ORHL TH-0613, TABLE 8) (PRACT.) 
108 SOBTOTAL TAXES, INSORAHCE AND INT. (T) 

PREOPERATIONAL TESTING AND STARTOP 
109 OCP (PROH ORNL TH-0613, TABLE 8) (PRACT.) 
110 SOBTOTAL PBEOP. TESTING AND STARTOP (T) 
111 TOTAL ONHER'S COST ($) 

TOTAL CAPITAL CONSTROCTION COST 
112 INCREMENT OP TOTAL PLANT COST (JJ 
113 PROCESSING TRROOGHPOT OP ACCEPTABLE PROD (KGHB/DAY) 
110 ANNOAL PRODOCTION RATE (KILOGRAMS OP HEAVY HETAL/YEAR) 
115 CAPITAL CHARGE RATE (PRACT.) 
116 ANNOAL CAPITAL CHARGE (DOLLARS/YEAR) 
117 PRODOCT OHIT COST (DOLLARS/KILOG RAM OP HEAVY HETAL) 

PAGE 

0.01 
22029. 

0.01 
2 5 9 2 0 . 

0.01 
32606. 

0.02 
00057. 

0.02 
51801. 

0.02 
65292. 

0.00 
88110. 

O.OO 
103682. 

0.00 
130583. 

0.20 
000571. 

0.20 
518009. 

0 .20 
6 5 2 9 1 5 . 

0.20 
000571. 
1035301. 

0.20 
518009. 

1218260. 

0.20 
652915. 
1530350. 

0883722. 
5.00 

1060. 
0.30 

1065116. 
1003.50 

5706558. 
15.00 
0380. 
0.30 

1723967. 
393.60 

7237562. 
30.00 
8760. 
0.30 

2171268. 
207.86 



* » » ACID THOREX REPROCESSIHG (IS SPENT 6 25 RECYCLE 

SOHHARY OP RESULTS 

B8* • » 

PLANT CAPACITY 
DESCBIPTIOH 

PROCESS THROUGHPUT (KILOGRARS) 
PROCESSING BQUIPBBNT COST (T 1000) 
PLANT DIRECT CONSTRUCTION COST ($1000) 
PLANT INDIRECT CONSTRUCTION COST (11000) 
PLANT OWNER'S COST (11000) 
PLANT TOTAL COST (S1000) 
UNIT COST (DOLIARS/KILOGRAS) 

FUNCTION COEFPICIENTS ARB AS POLLOWS = 
A1 = 1.60233E 03 A2 =• 6.25O20E 02 A3 » 0.0 
PONCTION EXPONENTS ARB AS POLLOWS = 
01 = -9.35919E-02 B2 = -3.08309E-02 B3 = 0.0 

1.5 TONNE 
PER DAY 

1.5 TONNE 
PER DAY 

3.0 TONNE 
PER DAY 

5.0 15.0 30.0 
660.0 750.0 905.0 
2202.9 2592.0 3260.6 
1605.5 1936.3 20 38.6 
1035.3 1218.3 1530.3 
0863.7 5706.6 7237.6 
1003.50 393.60 207.86 

AO = 0.0 

RO = 0.0 

\ 



* » * CUSP PROCESS FOR 002 MICROSPHERE PREPARATION (23 RECTCLE)« 

IIS 23 1 
« * C O S T E S T I M A T E P B E P A E A T ! O H » * 

DIRECT CONSTRUCTION COST 
PROCESSING EQUIPMENT COST 
1 ESTIMATED EQUIPMENT COST ($) 2155000. 

ACTOAL IN-CELL EQOIPMENT SPACE REQUIRED (CU FT) 
TTPE (1) = MEDIUM SHIELDED HOT CELL - CONTACT MAINTENANCE (ITEM 1 
TTPE (2) = MEDIUM SHIELDED HOT CELL - REMOTE MAINTENANCE (ITEM 3 

2 TTPE (1) 7200. 
3 TTPE (2) 22200. 
1 TTPE (3) 
5 ACTUAL OOT-OP-CELL EQOIPHEHT SPACE REQUIRED (CU FT) 16800. 

PROCESSING SPACE COST (HOT CELLS) 
GROSS IN-CELL SPACE REQUIRED 

6 TTPE (1) STD. CELL HIDTH (FT) 30.0 
7 STD. CELL HEIGHT (FT) 10.0 
8 SUF (PROH ORHL TH-1613, TABLE 5) 2.33 
9 GROSS CELL VOLOHE (CU FT) 16776. 
10 LIHEAR FT. OP CELL (FT) 13.98 
11 TTPE (2) STD. CELL PIDTH (FT) 26.0 
12 STD. CELL HEIGHT (FT) 36.0 
13 SOP (FBOH ORHL TH-4613, TABLE 5) 4.00 
11 GROSS CELL TOLUHE (CO FT) 88800. 
15 LIHEAR FT. OP CELL (FT) 91.87 
16 TTPE (3) STD. CELL WIDTH (FT) 
17 STD. CELL HEIGHT (FT) 
18 SUF (PROH ORHL TH-4613, TABLE 5) 
19 GBOSS CELL VOLUME (CU PT) 
20 LIHEAR PT. OF CELT, (FT) 

IH-CELL SPACE UNIT COST (VCO PT) 
21 TTPE (1) (0CCF PROH ORHL TH-1613, TABLE 6) 16.00 
22 TTPE (2) (UCCP FROH ORHL TH-4613, TABLE 6) 39.00 
23 TTPE (3) (UCCF PROS ORHL TFL-4613, TABLE 6) 

IH-CELL SPACE TOTAL COST («) 
21 TTPE (1) 268416. 
25 TTPE (2) 3163200. 
26 TTPE (3) 
27 TOTAL 3783006. 

B9* * * DATE IS 07-18-71 PAGE 

CASE ESTIMATES 
HS23 2 MS23 3 

3851000. 

TABLES 5 AND 6) 
TABLES 5 AND 6) 

8640. 
38400. 
2B000. 

6317000. 

11700. 
61800. 

38500. 

30.0 
1 0 . 0 
2.33 

20131. 
16.78 
26.0 
36.0 1.00 

153600. 
164.10 

30.0 
10.0 
2.33 

27261. 
22.72 
26.0 
36.0 
1 . 0 0 

217200. 
261 .10 

16.00 16.00 
39.00 39.00 

322099. 136176. 
5990100. 9610800. 
6389586. 10179758. 



CROSS OUT-OP-CEIL SPACE DEO01RED (CO PT) 

HAKE OP AMD PROCESS SBPVICE SPACE 

28 STD. AREA RIDTH (FT) 
29 STD. KXBt HBIGHT (PT) 
10 SOP (FROH ORNL Tfl-0613, TABLE 5) 
31 GROSS VOLOHE (CO PT) 

CELL OPERATING SPACE (CO FT) 

32 TTPE (1) STD. AREA HIDTH (FT) 
33 STD. AREA HEIGHT (PT) 
34 DO. OF CELL SIDES RITH OP. AREA 
35 GROSS VOLOHE (CO FT) 

36 TTPB (2) STD. AREA BIDTH (PT) 
37 STD. AREA HEIGHT (FT) 
38 RO. OF CELL SIDES WITH OP. AREA 
39 GROSS VOLOHE (CO PT) 

10 TTPE (3) STD. AREA WIDTH (PT) 
01 STD. AREA HEIGHT (PT) 
02 HO. OP CELL SIDES WITH OP. AREA 
03 GROSS VOLOBE (CO PT) 

CRANE BAT SPACE 

00 TTPE (1) CELL AREA (SQ PT) 
05 SOP (PROH ORHL TH-0613, TABLE 5) 
06 STD. BAT HEIGHT (PT) 
07 GROSS VOLOHB (CO FT) 
08 TTPE (2) CELL AREA (SQ PT) 
09 SDP (PROH ORNL TH-0613, TABLE 5) 
50 SVD. BAT HBIGB7 (FT) 
51 GROSS VOLOBE (CO PT) 

52 TTPE (3) CELL AREA (SQ PT| 
53 SOP (PBOB ORHL TB-0613, TABLE 5) 
50 STD. DAT HEIGHT (FT) 
55 GROSS VOLORE (CO FT) 

OOT-OP-CELL SPACE OBIT COST ($/CD FT) 

56 nAKE-OP AID PROCESS SERVICE SPACE 

CELL OPERATING SPACE UCCF (FROH TB-0613, TABLE 6) 

57 TTPE (1) 
58 TTPE (2) 

59 TTPE (3) 

CRANE BAT SPnCE UCCF (PROH TH=8613, TABLE 6) 

60 TTPE (1) 61 TTPB (2) 
62 TTPE (3) 

PAGE 2 

16.0 
28.0 
2 . 7 0 

05360. 

16.0 
28 .0 
2 .70 

75600. 

16.0 
28.0 
2 . 7 0 

103950. 

0 . 0 
10.0 

1.0 
559. 

0 . 0 
10.0 
1.0 
671. 

0 . 0 
10.0 
1.0 

909. 

16.0 
10.0 
2.0 

02503. 

16.0 
10.0 2.0 

73518. 

16.0 
10.0 
2.0 

118318. 

019 . 
3 . 50 00.0 

60588. 

2067. 
3 . 5 0 00.0 

379866. 

503. 
3 .50 00.0 

77505. 

0267. 
3 .50 00.0 

657066. 

682. 
3 .50 £ 00.0 o-

101955. 

6867. 
3 . 50 00.0 

1057066. 

7 . 0 0 

7 . 0 0 
7 . 0 0 

7 .00 

7 . 0 0 
7 .00 

7 .00 

7 . 0 0 
7 .00 

2 . 3 0 
2 .30 

2 .30 
2 .30 

2 .30 
2 .30 



OOT-OF-CELL SPACE TOTAL COST ($) 

63 HAKE-OP AND PEOCESS SERVICE SPACE 

CBLL OPERATING SPACE 

6U TTPE (1) 
65 TTPE (2) 
66 TTPE (3) 
67 TOTAL 

CRANE BAT SPACE 

68 TTPE (1) 
69 TTPE (2) 
70 TTPE (3) 
71 TOTAL 
72 TOTAL OOT-OP-CBLL SPACE COST 
73 PROCESSING SPACB TOTAL COST ($) 

PROCESSING SOPPORT SPACE COST (BLDG. EXCLODING HOT CELLS) 

INDIRECT PROCESS SOPPORT SPACE 

70 STD. AREA HEIGHT (PT) 
75 SOP (PROH ORNL TH-0613, TABLE 5) 

76 TOTAL SPACB REQUIRED (CO PT) 

INDI3ECT PROCESS SOPPOBT SPACE OMIT COST («/C0 PT) 

77 OCCF (PBOH ORNL 7H-0613, TABLE 6) (J/CO PT) 78 PROCESSING SOPPORT SPACB TOTAL COST (S) 

OOTSIDE UTILITIES COST («) 

79 OCP (PROH ORNL TH-0613, TABLE 7) (FRACT.) 
80 BQOIPHENT AND FACILITY COST 
81 OOTSIDE OTILITIES COST 

SITE IHPROVBHENT COST (I) 

82 OCF (FROH ORNL TH-0613, TABLE 8) (FRACT.) 
83 SOBTOTAL DIRECT CONSTROCTION COST (S) 
80 SITE IHPROVEHEHT COST (J) 
85 TOTAL DIRECT CONSTROCTION COST (J) 

PAGE 3 

317520. 529200. 727650. 

3910. 
297518. 

301032. 

0697. 
510626. 

519323. 

6361. 
828226. 

830586. 

108551. 
873693. 

178261. 
1511251. 

201396. 
2032170. 

1022200. 
1601195. 
5020201. 

1689512. 
2738030. 
9127620. 

2673565. 
0235801. 

10015559. 

10.0 
5 .60 

233167. 

10.0 
5 .60 

380312. 

10.0 
5 . 6 0 

605576. 

7 . 0 0 
1632166. 

7 . 0 0 
2690182. 

7 . 0 0 
0239030. 

o-
VI 

0.10 
9211367. 

921136. 

0.10 
15671802. 

1567179. 

0 . 10 
25001568. 

2500155. 

0 . 005 
10132503. 

50663. 
10183165. 

0 . 005 
17238976. 

86195. 
17325168. 

0 .005 
27501712. 

137509. 
27639216. 



INDIRECT CONSTRUCTION COST 

GENERAL AND ADMINISTRATIVE COST 

86 UCP (PROH ORHL TH-0613, TABLE 7) (PRACT-) 
87 SOBTOTAL GEN. • ADH. COST (J) 

ENGINEERING COST 

88 UCP (PROH OBNL TH-0613, TABLE 7) (PRACT.| 
89 SUBTOTAL ENGR. COST (J) 

HISC. CONSTRUCTION COST 

90 UCP (FROH ORHL TH-0613, TABLE 7) (PRACT.) 
91 SUBTOTAL HISC. CONSTROCTION COST («) 

CONTINGENCY ALLOWANCE 

92 UCP (PROS ORNL T8-0613, TABLE 7) (PRACT.) 
93 SUBTOTAL CONTINGENCY ALLOWANCE ($) 

SPARE PARTS COST 

90 UCP (FROH ORHL TH-0613, TABLE 7) (FRACT.) 
95 SUBTOTAL SPARE PARTS COST (S) 

HOHIHSTALLED SPARE EQUIPHENT COST 

96 UCF (FROH ORNL TH-0613, TABLB 7) (PRACT.) 
97 SUBTOTAL HONIHSTLED SPiRE EQUIPHEHT COST (J) 

QUALITY ASSURANCE COST 

98 UCF (PBOH ORHL TH-0613, TABLB 7) (PRACT.) 
99 SUBTOTAL QUALITY ASSURANCE COST (() 
100 TOTAL INDIRECT CONSTRUCTION COST (t) 

PAGE 0 

0.10 
101B316. 

0.10 
1732516. 

0.1C 
2763920. 

0 . 3G 
3050909. 

0 . 30 
5197509. 

0 . 3 0 
8291763. 

0 . 0 5 
509158. 

0 . 0 5 
866258. 

0 . 0 5 
1381960. 

0 . 2 0 
2036632. 

0 . 2 0 
3065033. 

0 . 2 0 
5527002. 

0 . 0 0 7 
71282. 

0 .007 
121276. 

0 .007 
193070. o-oo 

0 . 0 3 
305095. 

0 . 0 3 
519755. 

0 . 0 3 
829176. 

0.06 
610990. 

7606820. 

0 .06 
1039510. 

12901896. 

0 .06 
1658352. 

20606060. 



OflREB'S COST 
LARD COST 

101 DCP (FROB ORNL TH-1613, TABLE 8J (FRACT,1 
102 SOBTOTAL LAND COST («) 

PROJECT BANAGEBENT COST 

103 OCF (FROH ORNL TH-1G13, TABLE 8) (PRACT. 1 
10U SOBTOTAL PROJ. HANGT. COST (J) 

LICENSING COST 

105 OCP (PROH ORNL TH-1613, TABLE 8) (PRACT.) 
106 SOBTOTAL LICERSING COST («) 

TAXES, IHSBRANCB AHD INTEREST 

107 OCP (PROH ORHL TH-1613, TABLE 8) (FRACT.1 
108 SUBTOTAL TAXES, INSOBANCB AHD INT. (») 

PREOPERATIONAL TESTING AHD ST&RTOP 

109 li<JP (PRCrt ORNL TH-4613, TABLE 8) (FRACT.) 
110 SOBTOTAL PREOP. TESTING AND STARTOP (J) 
111 TOTAL CSNER'S COST (JJ 

TOTAL CAPITAL CONSTRUCTION COST 

112 INCREMENT OF TOTAL PLAHT COST (J) 
113 PROCESSING THROUGHPUT OF ACCEPTABLE PROD (KGBfl/DAY) 
l i t AHHOAL PRODUCTION BATE (KILOGRAMS OP BEAT! BBTAL/rEARJ 
115 CAPITAL CHARGE RATE (PRACT.) 
116 ANNUAL CAPITAL CHARGE (DOLtARS/FBAR) 
117 PRODOCT OHIT COST (DOLLARS/KILOGRAM OF HEAVY HETAL) 

PAGE 1060 

0.01 
101832. 

0.01 
173252. 

0.01 
276392. 

0.02 
203663. 

0.02 
316503. 

0.02 
552781. 

0 . 0 1 
107327. 

0.01 
6 9 3 0 0 7 . 

0.04 
1105568. 

0 . 2 0 
2036632. 

0.20 
3165033. 

0 . 2 0 
5527812. 

0 . 2 0 
2036632, 
1706065. 

0 . 2 0 
3165033. 
8142827. 

0.20 
5527812. 

12990428. 

22576061. 
30 .38 
8870. 

0 . 30 
6772018. 

763.61 

38109872. 
9 1 . 1 3 

26609. 
0 . 30 

11522959. 
133 .06 

61276096. 
182.25 
53217. 

0 .30 
183B2B16. 

315.1? 



* » • COSP PROCESS FOR 002 NICBOSPBEBE PREPARATION (23 RECYCLE)! B9» * » 

DESCRIPTION 

PROCESS TBROOGHPOT (KILOGUABS) 

PROCESSING EQOIPnENT COST ($1000) 

PUNT DIRECT CONSTROCTION COST (J 1000) 

PLANT INDIRECT CONSTROCTION COST ($1000) 

PLANT OWBBR'S COST ($1000) 

PLANT TOTAL COST ($1000) 

BNIT COST (DOLLARS/fCILOGRAB) 

PONCTION COEFFICIENTS ARE AS FOLLOWS = 

A1 = 1.01399E 03 A2 = 5.02906E 02 A3 

FONCTION EXPONENTS ARE AS FOLLOWS = 

B1 = - 9 . 3 3 6 0 2 E - 0 3 B2 = -2 .43090B-03 B3 

SONNART OF RBSDLTS 

PLANT CAPACITY 
0 . 5 TONNE 1 . 5 TONNE 

PBR DAY 

30.11 

2155.0 

10183.2 

7606 .8 

0786 .1 

22576.1 

763 .61 

PBR DAY 

91 .1 

3850 .0 

17325.2 

12901.9 

8102.8 

38009.9 

033 .06 

3 .0 TONNE 
PER DAY 

1 8 2 . 3 

6307 .0 

27639.2 

20606 .5 

12990.0 

61276 .1 

305 .03 

0 . 0 

0.0 

AO = 0 .0 

BO 0 . 0 



* * * TRISO MICROSPHERE COATIHG PROCESS (25 BECTCLE PARTICLES) 235002 ( L - 2 . C . ( 1 ) ) J B10* * * DATE IS 07-18-70 PAGE 

CASE ESTIMATES 
CASE 1 CASE 2 CASE 3 

* * C 0 S T E S T I M A T E P R E P A R A T I O N * * 

DIRECT CONSTRUCTION COST 

PROCESSING EQUIPHENT COST 

1 ESTIMATED EQUIPMENT COST ($) 000000. 1100000. 2000000. 

ACTUAL IH-CELL EQUIPMENT SPACE REQUIRED (CD PT) 

TTPB (1) = MEDIUM SHIELDED HOT CELL - REMOTE HAINTEHANCE (ITEM 3 , TABLES 5 AND 6) 
TPPS (2) a SHIELDED LIQUID HASTE STG - CONTACT HAINTENANCE (ITEH 10, TABLES 5 AND 6) 
TYPE (3) = GLOVE BOXES AND HOODS - DIRECT MAINTENANCE (ITEM 8, TABLES 5 AND 6) 

2 TTPE (1) 2500. 3000. 0500. 
3 TTPE (2) 200. 250. 300. 
0 TTPE (3) 200. 250. 300. 
5 ACTUAL OUT-OF-CELL EQUIPHEHT SPACE REQUIRED (CU PT) 1100. 1250. 1000. 

PROCESSING SPACE COST (ROT CELLS) («) 
GROSS IN-CELL SPACE REQUIRED 

6 TTPE (1) STD. CELL WIDTH (FT) 26 .0 26.0 26.0 
7 

(1) 
STD. CELL HEIGHT (FT) 30.0 30.0 30 .0 

8 SUP (FROH ORNL TH-0613, TABLE 5) 0 . 0 0 0 . 0 0 O.OO 
9 GROSS CELL VOLOHE (CU FT) 10000. 12000. 18000. 

10 LIHEAR PT. OF CELL (PT) 12.82 15.38 23.08 

11 TTPE (2) STD. CELL WIDTH (FT) 10.0 10.0 10.0 
12 STD. CELL HEIGHT (FT) 12.0 12.0 12.0 
13 SUF (PROH ORNL TB-0613, TABLE 5) 2 .50 2.50 2 .50 
10 GROSS CELL VOLUHE (CU PT) •500. 625'. 750. 
15 LINEAR FT. OP CELI (PT) 0 .17 5 .21 6 .25 

16 TTPE (3) STD. CELL WIDTH (FT) 2 . 5 2 . 5 2 . 5 
17 STD. CELL HEIGHT (FT) 0.0 0 .0 0 . 0 
18 SUP (PROH ORNL TH-0613, TABLE 5) 2 .20 2.20 2 .20 
19 GROSS CELL VOLUME (CU PT) 000. 550. 660. 
20 LINEAR PT. OP CELL (FT) 00.00 55.00 66.00 

IN-CELL SPACE UNIT COST ($/CU PT) 

21 TTPB (1 ) (UCCP PRON ORNL TH-0613, TABLE 6) 39.00 39.00 39.00 
22 TTPE (2) (UCCF PROH ORHL T B - 0 6 1 3 , TABLE 6) 2 .30 2.30 2.30 
23 TIPE (3) (UCCP PROH ORHL TH-0613, TABLE 6) 106.00 106.00 106.00 

IH-CELL SPACE TOTAL COST w 
2tt TTPE (1) 390000. 060000. 702000. 
25 TTPE (2) 1150. 1037. 1725. 
26 TTPB (3) 6U2U0. 80300. 96360. 
27 TOTAL 055390. 509737. 800085. 



GHOSS OOT-OP-CBLL SPACE RBQUIRED (CO PT) 

H i r e DP AND PROCESS SERVICE SPACE 

26 STD. AREA WIDTH (PT) 
29 STD. AREA HEIGHT (PT) 
30 SOP (PROH ORHL TH-0613, TABLE 5) 
31 GROSS VOLOHE (CO PT) 

CELL OPERATING SPACE (CO PT) 

32 TTPE ( 1 ) STD. AREA WIDTH (PT) 
33 STD. AREA HEIGHT (PT) 
30 HO. OP C8L2 SIDES WITH OP. AREA 
35 GROSS VOLOHE (CO PT) 

36 TTPB (2) STD. AREA WIDTH (PT) 
37 STD. AREA HEIGHT (PT) 
38 HO. OP CELL SIDES WITH OP. AREA 
39 GROSS VOLUHE (CO PT) 

00 TTPE (3) STD. AREA WIDTH (PT) 
01 STD. AREA HEIGHT (PT) 
02 HO. o r CELL SIDES WITH OP. AREA 
03 GROSS VOLOHE (CO PT) 

CRANE BAT SPACE 

00 TTPE (1) CELL AREA (SQ PT) 
05 SOP (PROH ORNL TR-1613, TABLE 5) 
06 STD. BAT HEIGHT (PT) 
07 GHOSS VOLOHB (CD PT) 
08 TTPE (2) CELL AREA (SQ FT) 09 SOP (FROH ORHL TH-0613, TABLE 5) 
50 STD. BAT HEIGHT (PT) 
51 GROSS VOLOHE (CO FT) 

52 TTPB (3) CELL AREA (SQ FT) 
53 SOP (FROH ORHL TH-0613, TABLE 5) 
50 STD. BAT HEIGHT (PT) 
55 GROSS VOLOHE (CO PT) 

OOT-OF-CELL SPACE OHIT COST (S/CO PT) 

56 HAKE-OP AHD PROCESS SERVICE SPACE 

CELL OPERATING SPACE OCCF (FHOH TB-0613, TABLE 6) 

57 TTPB (1) 
58 TTPB (2) 
59 TTPB (3) 

CRANE BAT SPARE OCCP (PROH TB=0613, TABLE 6) 

60 TTPB (1) 
01 TTPE (2) 
62 TTPE (3) 

PAGE 2 

16.0 
10.0 2.70 

2970. 

16.0 
i o . o 
2 . 7 0 

3375. 

16.0 
10.0 
2 .70 

3780. 

16.0 
10.0 
2.0 

5700. 

10.0 
10.0 
1.0 

583 . 

10.0 
10.0 
1.0 

6160. 

1 6 . 0 
1 0 . 0 
2.0 

6892. 

10 .0 
10.0 
1.0 

729. 

10.0 
10.0 
1.0 

7700 . 

16.0 
10.0 2.0 

10338. 

10.0 
10.0 

1.0 
875. 

10.0 
10.0 
1.0 

9200. 

333 . 000. 600. 
3 . 50 3 . 5 0 3 .50 -
0 0 . 0 00 .0 00 .0 to 

51333. 61600. 92000. 

02 . 5 2 . 63 . 
3 . 5 0 3 . 5 0 3 .50 0.0 0.0 0.0 0. 0. 0. 
110. 137. 165. 
3 . 50 3 .50 3 .50 
0.0 0.0 0.0 0. 0. 0. 

7 . 0 0 7 . 0 0 7 .00 

7 . 0 0 7 . 0 0 7 .00 
7 . 0 0 7 . 0 0 7 .00 
7 . 0 0 7 . 0 0 7 . 0 0 

2 . 3 0 
0 .0 
0.0 

2 .30 
0 . 0 
0.0 

2 .30 
0 . 0 
0.0 



OUT-OP-CELL SPACE TOTAL COST (*) 

63 HAKE-OP AHD PROCESS SERVICE SPACE 

CELL OPERATIRG SPACE 

61 TTPE (1) 
65 TTPE (2) 
66 TTPF (3) 
67 TOTAL 

CPAHE BAT SPACE 

68 TTPE (1) 
69 TTF'E (2) 
70 TTPE (3) 
71 TOTAL 
72 TOTAL OOT-OP-CELL SPACE COST 
73 PROCESSING SPACE TOTAL COST (t» 

PROCESSING SOPPORT SPACE COST (BLDG. EXCLUDING ROT CELLS) 

IHOIRECT PROCESS SOPPORT SPACE 

7It STD. AREA HEIGHT (PT) 
75 SOP {PROH ORHL TH-0613, TABLE 5) 

76 TOTAL SPACE REQUIRED (CO PT) 

IHDIRECT PROCESS SOPPORT SPACE OHIT COST (*/C0 PT) 

77 OCCP (PROH ORHL TH-0613, TABLE 6) (S/CO PT) 78 PROCESSIHG SUPPORT SPACE TOTAL COST ( t ) 

OOTSIDE UTILITIES COST (t) 

79 OCP (PROH ORHL Ttl-0613, TABLE 7) (PRACT.) 
80 EQOIPHEHT AHD FACILITY COST 
81 OUTSIDE UTILITIES COST 

SITE IHPEOVEHENT COST ($) 

82 UCP (PROH ORHL TH-0613, TABLE 8) (PRACT.) 
83 SOBTOTAL DIRECT COHSTRUCTIOH COST ($) 
80 SITE IHPROVEHEHT COST (t) 
85 TOTAL DIRECT COHSTRUCTIOH COST ($) 
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20790. '43625. 26060. 

00205. 
0083. 

03120. 
87008. 

08206. 
510U. 

53900. 
107250. 

72369. 
6125. 

60680. 
1031711. 

118067. 0. 0. 
118067. 
22<T65. 681555. 

101680. 0. 0. 
101680. 
272555. 
822292. 

212520. 0. 0. 
212520. 
382150. 

1182238. 

10.0 
5 . 6 0 

3 8 0 2 0 . 

10.0 
5 . 6 0 

0 6 2 2 3 . 

10.0 
5 . 6 0 

6 0 8 7 6 . 

7 . 0 0 
266168. 

7 .00 
323563. 

7 . 0 0 
050132. 

0.10 
1107821. 

130782. 

0.10 
2205850. 

220585. 

0.10 
3536369. 

363637. 

0 . 005 
1082603. 

7013. 
1090016. 

0.00* 
2070039. 

12352. 
2082791. 

0 . 0 0 5 
0000005. 

20000. 
0020005. 



INDIRECT CONSTRUCTION COST 

GEBERIL MID ADHXNISTRATIVE COST 

86 OCP (PROH ORNL TH-0613, TABLE 7) (PRACT.) 
87 SOBTOTAL GBN. • ADH. COST (I) 

ENGINEERING COST 

88 OCP (PROH ORNL T H - 0 6 1 3 , TABLE 7) (FRACT.) 
89 SOBTOTAL ENGR. COST (f) 

HISC. CONSTROCTION COST 

90 OCP (FROH ORHL TH-0613, TABLE 7) (FRACT.) 
91 SOBTOTAL HISC. CORSTROCTIOB COST ($) 

CONTINGENCY ALLOWANCE 

92 OCP (PROH ORNL TH-0613, TABLB 7) (FRACT.) 
93 SOBTOTAL CONTINGENCY ALLOWANCE <$) 

SPARE PARTS COST 

90 OCP (PROH ORHL TH-0613, TABLE 7) (PRACT.) 
95 SOBTOTAL SPARB PARTS COST (S) 

NONINSTALLED SPARB BQOIPI1ENT COST 

96 OCP (PBOB ORNL TH-0613, TABLE 7) (PRACT.) 
97 SOBTOTAL NO NIBS TIED SPARE BQOIPHBBT COST (J) 

QUALITY ASSONANCE COST 

98 OCP (PROH ORNL TB-0613, TABLB 7) (FRACT.) 
99 SOBTOTAL QOALITY ASSOBANCB COST (J) 
100 TOTAL IHDIRECT CONSTROCTION COST ($) 
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0.10 
109002. 

0 . 1 0 
208279. 

0 . 1 0 
002000. 

0 . 3 0 
007005. 

0 . 30 
700837. 

0 . 3 0 
1206001. 

0 . 0 5 
70501. 

0 . 0 5 
120100. 

0 . 0 5 
201000. 

0.20 
298003. 

0.20 
096558. 

0.20 
800001. 

0 . 0 0 7 
10030. 

0 . 0 0 7 
17380. 

0 .007 
28100. 

0 . 0 3 
00700. 

0 . 0 3 
70080. 

0 . 0 3 
120600. 

0 . 0 6 
89001. 

1113001. 

0 .06 
10B967. 

1850602. 

0.06 
201200. 

3002901. 



ORNBR'S COST 

LAHD COST 

101 OCP (PROS ORHL TH-0613, TABLE 8) (PHACT.) 
102 SOBTOTAL LARD COST ($} 

PROJECT BANAGEHENT COST 
103 OCP (PROH ORHL TH-0613, TABLE B) (PRACT.) 
100 SOBTOTAL PSOJ. BAHGT. COST ($) 

LICBHSIHG COST 

105 (TCP (PROH ORHL TH-0613, TABLE 8) (PRACT.) 
106 SOBTOTAL LICENSING COST ($) 

TAXES, IHSORAHCE AHD IHTEREST 

107 OCP (PROH ORHL TB-0613, TABLE 8) (PRACT.) 
108 SOBTOTAl TAXES, INSORANCE AHD INT. ($) 

PREOPERATIONAL TESTING AND STARTDP 

109 OCP (PROH ORNL TH-1613, TABLE B) (PRACT.) 
110 SOBTOTAL PREOP. TESTING AND STARTOP ($) 
111 TOTAL OWNER'S COSI ($) 

TOTAL CAPITAL CONSTROCTIOR COST 

112 INCREBENT OP TOTAL PLAHT COST ($) 
113 PROCESSIRG THROUGHPUT OP ACCEPTABLE PROD (KGHH/DAY) 
111 AHH0AL PRODUCTION RATE (KILOGRAMS OP HEAVY HETAL/YBAR) 
115 CAPITAL CHARGE RATE (FRACT.) 
116 ANNUAL CAPITAL CHARGE (DOLLARS/YEAR) 
117 PRODUCT UNIT COST (COLLARS/KILOGRAR OP HEAVY NCTAL) 
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0.01 
111900. 

0.01 21B2B. 0.01 
<40200. 

0.02 
29800. 

0.02 
<19656. 

0.02 
80000. 

0.00 
59601. 

o .oa 
99312. 

0.00 
160800. 

0 . 2 0 
29R003. 

0 .20 
096550. 

0.20 
800001. 

0 . 2 0 
298003. 
700307. 

0.20 
096550. 

1160911. 

0 . 2 0 
800001. 

1889001. 

3303360. 
5 . 60 

5635. 
C. 30 

991009. 
606 .05 

5500311. 
10.80 
0 906. 

0 .30 
1651302. 

136.62 

8912307. 
33 .60 
9811. 

0 . 30 
2673703. 

272.52 



» • • TRISO MICROSPHERE COATING PROCESS (25 BECTCLB PARTICLBS) 235002 ( L - 2 . C . ( 1 ) ) S B10» • * 

SOHHABY OP RESOLTS 

PLANT CAPACITY 
DESCRIPTION 0 5 TONNE 1.5 TONNE 3.0 TONNE 

PER DAT PER DAT PER OAT 

PROCESS THROUGHPUT (KILOGRABS) 5.6 16.8 33 .6 

PROCESSING EQOIPHENT COST (11000) 000.0 1100.0 2000.0 

PLANT DIRECT COHSTBOCTION COST (S1000) 1090.0 2082.8 0020.0 

PLANT INDIRECT CONSTRUCTION COST (SI 000) 1113.0 1850.6 3002.9 

PLANT OWNER'S COST (SI 000) 700.3 1166.9 1889.0 

PLANT TOTAL COST ($1000) 3303.0 5500.3 8912.3 

ON IT COST (DOLLA BS/RILQGRAH) 606.05 336.62 272.52 

PONCTION COEPPICIENTS ARE AS POLLOVS s 

11 « 8. 13191E 02 12 = 0.15790E 02 A3 = 0 . 0 AQ a 0 . 0 

FUNCTION EXPONENTS ABB AS FOLLOWS -

Bl = - 5 . 25010B-02 B2 = -1 .25703B-02 B3 = 0 . 0 B» = 0 . 0 



• * » FRP SLUG INJECTION OCT OP BLOCK CARB PROCESS FOR 25 RECYCLE H-1 .B(2 )$ B11* * * DATE I S 07-18-70 PAGE 1 

* * C 0 S T E S T I H A T E P R E P A R A T I O N * * 
CASE 1 

CASE ESTIHATES 
CASE 2 CASE 3 

DIRECT CONSTRUCTION COST 

PROCESSING EQUIPHBHT COST 

1 ESTIMATED EQDIPHEBT COST 

ACTOAL IN-CELL EQOIPHBNT SPACE REQUIRED (CO PT) 

700000. 1000000 . 

TYPE (1) = MEDIUM SHIELDED HOT CELL - REMOTE MAINTENANCE (ITEH 3 , TABLES 5 AND fi> 
TYPE (2) = SHIELDED LIQUID HASTE STG - CONTACT MAINTENANCE (ITEH 10, TABLES 5 ANP 6) 
TYPE (3) = GLOVE BOXES AND HOODS - DIRECT MAINTENANCE (ITEH 8 , TABLES 5 BHD fi) 

TYPE (1) 
TYPE (2) 
TYPE (3) 

ACTOAL OUT-OP-CELL EQUIPMENT SPACE REQOIRED (CO PT) 

7000. 
200. 
100. 

1000. 

10000. 
250. 
150. 

1500. 

1350000. 

11000. 
300. 
200. 

2000. 

PROCESSING SPACE COST (BOT CELLS) ($) 

GROSS IN-CELL SPACE REQOIRED 

6 TYPE (1) STD. CELL WIDTH (FT) 26 .0 26 .0 26 .0 
7 STD. CBLL HEIGHT (FT) 30 .0 30 .0 30 .0 
8 SOP (PROM ORNL TH-1613, TABLE 5) 4 .00 0 .00 0 .00 
9 GBOSS CELL VOLUHE (CU FT) 28000, 00000. 56000. 

10 LINEAR PT. OF CELL (FT) 35 .90 51 .28 71 .79 

11 TYPE (2) STD. CELL WIDTH (FT) 10 .0 10.0 10.0 
12 STD. CBLL HEIGHT (FT) 12 .0 12.0 12 .0 
13 SUP (PROH ORHL TH-1613, TABLE 5) 2 . 50 2 .50 2 .50 
11 GROSS CELL VOLOHE (CU FT) 500 . f.25. 750. IS LINEAR FT. OF CELL (FT) 0 . 1 7 5 .21 6 . 2 5 

16 TYPE (3) STD. CELL WIDTH (FT) 2 . 5 2 . 5 2 . 5 
17 STD. CELL HEIGHT (FT) 0 . 0 0 . 0 0 . 0 
18 SOP (FROM ORHL TH-1613, TABLE 5) 2 . 20 2 .20 2 .20 
19 GROSS CELL VOLOHB (CO FT) 220. 330. 410. 
20 LINEAR FT. OF CELL (FT) 22 .00 33 .00 00.00 

IN-CELL SPACB UNIT COST (J/CO FT) 

21 TYPE H ) (OCCP FROH ORNL TM-1613, TABLB 6) 39 .00 39 .00 39 .00 
22 TYPE (2) (OCCP PROH ORNL TH-0613, TABLE 6) 2 . 3 0 2.30 2 .30 
23 TYPE (3) (UCCF FROH OBNL TH-0613, TABLB 6) 106.00 106.00 116.00 

IN-CELL SPACE TOTAL COST (*) 

21 TYPE (1) 1092000. 1560000. 2180000. 
25 TYPE (2) 1150. 1037. 1725. 
26 TYPE (3) 32120. 081B0. 60210. 
27 TOTAL 1125268. 1609616. 2209963. 



GBOSS OOT-OP-CELL SPACE BECOIBEB (CO PT) 

BIKE OP AHD PROCESS SERVICE SPACE 

28 STB. MBA WIDTH (PT) 
29 STD. AREA HEIGHT (PT| 
30 SOP (PROR OREL TH-0613, TABLE 5) 
31 GROSS VOLOHE (CO PT) 

CELL OPERATING SPACE (CO PT) 

32 TTPE (1) STD. AREA WIDTH (PT) 
33 STD. AREA HEIGHT (?T) 
3« SO. OP CELL SIDES WITH OP. AREA 
35 GROSS VOLOHE (CO PT) 

36 TTPE (2) STD. AREA WIDTH (PT) 
37 STD. AREA HEIGHT (PT) 
38 HO. OP CELL SIDES WITH OP. AREA 
39 GROSS VOLOBE (CO PT) 

<10 TTPE (1) STD. AREA WIDTH (PT) 
01 SZD. ABEA HEIGHT (PT) 
02 «0. OP CELL SIDES WITH OP. ABBA 

03 GROSS VOLOBE (CO FT) 

CRAKE BAT SPACE 

00 TTPE (1) CELL AREA (SO FT) 
05 SOF (FROH ORHL TH-0613, TABLE 5) 
06 STD. BAT HEIGHT (PT) 
07 GROSS VOLOHE (CO ?T) 
OB TTPE (2) CBLL AREA (SQ PT) 
09 SOP (FROB ORHL TB-0613, TABLE 5) 
50 STD. BAT HEIGHT (PT) 
51 GROSS VOLOflB (CO FT) 

52 TTPE (3) CBLL ARBA (SQ FT) 
53 SOP (PROH ORHL TH-0613, TABLE 5) 
50 STD. BAT HEIGBT (PT) 
55 GBOSS VOLDHB (CD PT) 

OOT-OF-CELL SPACE OHIT COST ($/C0 PT) 

56 BAKE-UP AHD PROCESS SERVICE SPACE 

CELL OPERATING SPACE OCCF (FROH TH-0613, TABLE 6) 

57 TTPE (1) 
58 TTPE (2) 

59 TYPE (3) 

CRAHE BAT SPACE OCCP (FHOH TH=4613, TABLE 6) 

60 TTPE (1) 61 TTPE (2) 
62 TTPE (3) 

PAGE 2 

16.0 
10.0 
2.70 

2700. 

16.0 1<i.O 
2.70 

0050. 

16.0 10.o 
2.70 

5000. 

16.0 
10.0 
2.0 

16082. 

10.0 
10.0 
1.0 

583. 

10.0 
10.0 
1.0 

3080. 

16.0 
10.0 2.0 

22970. 

10.0 
10.0 1.0 
729. 

10.0 
10.0 
1.0 

0620. 

16.0 
10.0 2.0 

32160. 

10.0 
10.0 
1.0 

875. 

10.0 
10.0 
1.0 

6160. 

933. 
3.50 00.0 

103733. 

02. 
3.50 
0.0 0. 
55. 

3.50 
0.0 0. 

1333. 
3.50 00.0 

205333. 

52. 
3.50 
0.0 0. 
82. 

3.50 
0.0 0. 

1867. 

HM.U 
287066. 

63. 
3.50 
0.0 0. 

110. 
3.50 

0.0 0. 

7.00 7.00 7.00 

7 .00 
7 .00 
7 .00 

7.00 
7.00 
7.00 

7.00 
7.00 
7 .00 

2.30 
0.0 
0.0 

2.30 
0.0 
0.0 

2.30 
0.0 
0.0 



ODT-OP-CELL SPACE TOTAL COST (.*) 

63 HAKE-OP AND PROCESS SERVICE SPACE 

CELL OPERATING SPACE 

60 TTPE (1) 
65 TYPE (2) 
66 TTPE (3) 
67 TOTAL 

CRARE BAT SPACE 

68 TTPE (1) 
69 TTPE (2) 
70 TTPE (3) 
71 TOTAL 
72 TOTAL OOT-OP-CELL SPACE COST 
73 PROCESSING SPACE TOTAL COST {£> 

PROCESSING SOPPORT SPACE COST (BLDG. EXCLODING HOT CELLS) 

INDIRECT PROCESS SOPPORT SPACE 

70 STD. AREA HEIGHT (PT) 
75 SOP (PP.OH ORHL T(1-1613, TABLE 5) 

76 TOTAL SPACE REQUIRED (CO FT) 

INDIRECT PROCESS SOPPORT SPACE OHIT COST ($/C0 PT) 

77 OCCF (FROH ORHL TH-0613, TABLE 6) (S/CO FT) 78 PROCESSING SOPPORT SPACE TOTAL COST (J) 

OUTSIDE 0TILITIE5 COST ($) 

79 OCF (FROH ORHL TH-0613, TABLE 7) (FRACT.) 
80 EQUIPHENT AND PACILITT COST 
81 OOTSIDE UTILITIES COST 

SITE IHPROVEHEHT COST ( t ) 

82 tfCF (FROH ORNL TM-0613, TABLE 8) (FRACT.) 
83 SDBTOTAL DIRECT COHSTROCTION COST ($) 
80 SITE IHPROVEHEHT COST ($) 
85 TOTAL DIRECT CONSTRUCTION COST (S) 
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18900. 28350. 37800. 

112570. 
<1083. 

21560. 
138218. 

160820. 
5100. 

32300. 
198265. 

225119. 
6125. 

03120. 
270390. 

330586. 0. 0. 
330586. 
087700. 

1612971. 

0 7 2 2 6 6 . 0. 0. 
072266. 
698881. 

2308096. 

661173. 0. 0. 
661173. 
973366. 

3223329. 

10.0 
5 .60 

80752. 

10.0 
5.60 

115085. 

1 0 . 0 
5 .60 

159B71. 

7 . 0 0 
565263. 

7 .00 
805592. 

7 . 0 0 
1119093. 

0.10 
28782J0. 

287823. 

0.10 
0110087. 

011009. 

0 . 1 0 
5C92022. 

569202. 

0 . 005 
3166057. 

15830. 
318 18 8 7 . 

0 . 0 0 5 
0525095. 

22627. 
0 5 0 8 1 2 2 . 

0 .005 
6261663. 

31308. 
6292971. 



INDIRECT CONSTRUCTION COST 

GENERAL AND ADRIHISTRATIVE COST 

86 UCP (PBOH ORNL TH-0613, TABLE 7) (PBACT.) 
87 SUBTOTAL GEN. • ADH. COST (t) 

ENGINEERING COST 

88 UCr (PHOH ORNL TH-0613, TABLB 7) (PRACT.) 
89 SUBTOTAL SNGB. COST (S) 

HISC. CONSTRUCTION COST 

90 UCF (FBOH OBri TH-0613, TABLE 7) (FBACT.) 
91 SUBTOTAL HrSC. CONSTRUCTION COST (t) 

CORTINGBNCT ALLOWANCE 

92 UCF (FHOH ORHL TH-0613, TABLE 7) (PHACT.) 
93 SUBTOTAL CONTINGENCY ALLOWANCE (S) 

SPABE PARTS COST 

90 UCF (FBOH ORNL TB-0613, TABLB 7) (FBACT.) 
95 SUBTOTAL SPARE PARTS COST (S) 

BONINSTALLED SPABE EQUIPMENT COST 

96 UCF (FBOH OBNL TH-0613, TABLB 7) (FBACT.) 
97 SUBTOTAL NONINSTLED SPARE EQUIPBENT COST (S) 

QUALITY ASSURANCE COST 

98 UCP (PBOH OBNL TH-0613, TABLE 7) 
99 SUBTOTAL QUALITY ASSUBANCE COST 
100 TOTAL INDIRECT CONSTRUCTION COST 

(PBACT.) 
<*) 
(«) 

PAGE 

0.10 
318189. 

0.10 
050312. 

0.10 
629297. 

0 .30 
950566, 

0.30 
1360036. 

0 .30 
1887890. 

0 .05 
159090. 

0.0S 
227006. 

0 .05 
310609. 

0.20 
636377. 

0.20 
909620. 

0.20 
1258590. 

0 .007 
22273. 

0 .007 
31837. 

0 .007 
00051. 

0 .03 
95057. 

0 .03 
136000. 

0 .03 
188789. 

0.06 
190913. 

2376867. 

0.06 
272887. 

3397000. 

0.06 
377578. 

070080 5 . 



OWHER'S COST 

LAND COST 

nc? (?HOB OML TH-061 3, TABLE B) (FRACT.) 
102 SOBTOTAL LAND COST ($) 

PROJECT HANAGEHENT COST 

103 UCP [FROB ORHL Tfl-0613, TABLE 8) (FRACT.) 
10B SOBTOTAL PROJ. HANGT. COST ( t ) 

LICENSING COST 

105 UCP (PROH ORHL TH-0613, TABLE 8) (FRACT.) 
106 SUBTOTAL LICEHSIHG COST (J) 

TAXES, IHSURARCE AHD IHTEREST 

107 UCF (FROH ORHL TH-0613, TABLE 8) (FRACT.) 
108 SOBTOTAL TAXES, INSURANCE AHD INT. ($) 

PREOPERATIONAL TESTING AND STARTUP 

109 OCF (PROH ORHL TH-0613, TABLE 8) (PHACT.) 
110 SUBTOTAL PREOP. TESTING AHD STARTUP ($) 
111 TOTAL OWNER'S COST {$) 

TOTAL CAPITAL CONSTRUCTION COST 

112 INCREHERT OF TOTAL PLANT COST (J) 
113 PROCESSING THROUGHPUT OF ACCEPTABLE PROD (KGHH/DAY) 
110 AHNUAL PRODUCTION RATE (KILOGRAHS OF HEAVY HETAL/YEAR) 
115 CAPITAL CHARGE RATE (FRACT.) 
116 AHNUAL CAPITAL CHARGE (DOLLARS/YEAR) 
117 PRODUCT UHIT COST (DOLLARS/KILOGRAH OF HEAVY HBTAL) 
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0.01 
31819. 

0.01 
05081. 

0.01 
62930. 

0.02 
63638. 

0.02 
90962. 

0 . 0 2 
125859. 

0.00 
127275. 

O.OO 
181925. 

0.00 
251719. 

0 . 2 0 
636377. 

0.20 
9C9624. 

0.20 
12 58590. 

0 . 2 0 
636377. 

1095086. 

0 .20 
909620. 

2137616. 

0 .20 
1258590. 
2957695. 

705021,0. 
23.10 
6705. 

0 .30 
2116271. 

313.70 

10083182. 
71 .80 

20966. 
0 . 30 

3020950. 
100.28 

13951511. 
103.60 
01931. 

0 . 3 0 
0105052. 

99 .82 



* * * FBP SLOG INJECTION OOT OP BLOCK CARB PROCBSS FOB 25 RECYCLE H-0.B(2)J B11* » * 

SUMMARY OP BBSOLTS 

PLANT CAPACITY 
DESCRIPTION 0 . 5 TONNE 1.5 TONNE 3 .0 TONNE 

PER DAY PER DAY PBR DAY 

PROCBSS TBBOOGBPOT (KILOGRAMS) 23.1 71.8 103.6 

PROCESSING BQOIPHBNT COST (SI 000) 100.0 1000.0 1350.0 

PLANT DIRECT CONSTROCTION COST (S1000) 3181.9 0508.1 6293.0 

PLANT INDIRECT CONSTRUCTION COST (J 1000) 2316.9 3397.0 0700.8 

PLANT OWNBR'S COST (SI 000) 1095.5 2137.6 2957.7 

PLANT TOTAL COST (t 1000) 7050.2 10083.2 13951.5 

ONIT COST (DOHA RS/KILOG R A B) 313.70 100.28 99.82 

PONCTION COEFFICIENTS ABE AS FOLLOWS = 

Al «= 0.53523E 02 A2 = 2.08550E 02 A3 •» 0 . 0 AO = 0 .0 

FUNCTION EXPOBE3TS ABB AS FOLLOWS = 

B1 - -1 .59510B-02 B2 = -5 .13132B-03 B3 = 0 . 0 BO = 0 .0 



* • * ?OSL ELEMENT ASSEMBLY OUT OP BLOCK CARB PROCESS 25 RECYCLE N-1,C$ H12* * * DATE I S 07-18-71 PAGE 

CASE ESTIMATES 
CASE 1 CASE 2 CASE 3 

* * C 0 S T E S T I M A T E P R E P A R A T I O N * * 

DIRECT CONSTRUCTION COST 

PROCESSING EQUIPMENT COST 

1 ESTIMATED EQUIPMENT COST ($) 70000. 135000. 215000. 

ACTUAL IN-CELL EQUIPMENT SPACE REQOIRED (CU PT) 

TYPE (1) = MEDIUM SHIELDED HOT CELL - PEMOTE MAINTENANCE (ITEM 3, TABLES 5 AND 6) 

2 TYPE (1) 5700. 6500. 7800. 
3 TYPE (2) 
0 TYPE (3) 
5 ACTUAL OUT-OP-CELL EQUIPMENT SPACE REQOIRED (CU PT) 3500. 3700. 1200. 

PROCESSING SPACE COST (HOT CELLS) ($) 

GROSS IH-CELL SPACE FEQUIRED 

6 TYPE (1) STD. CELL WIDTH (PT) 26 .0 26.0 26.0 
7 STD. CELL HEIGHT (PT) 30 .0 30.0 30.0 
8 SUP (PROS OBNL TH-1613, TABLE 5) 1 .00 1.00 1.00 
9 GROSS CELL VOLUHE (CU PT) 22800. 26000. 31200. 

10 LINEAR PT. OF CELL (PT) 29.23 33.33 HO.00 

11 TIPE (2) STD. CELL WIDTH (PT) 
12 STD. CELL HEIGHT (FT) 
13 SUP (PROH ORNL TH-1613, TABLE S) 
11 GROSS CELL VOLOHE (CU FT) 
15 LIHEAR FT„ OP CELL (PT) 

16 TYPE (3] STD. CELL WIDTH (FT) 
17 STD. CELL HEIGHT (FT) 
18 SUP (FRO!) ORNL TH-1613, TABLE 5) 
19 GROSS CELL VOLUHE (CU FT) 
20 LINEAR FT. OF CELL (FT) 

IN-CELL SPACE UNIT COST (f/CO FT) 

21 TYPE (1) (OCCF FROH ORNL TH-1613, TABLE 6) 39.00 39.00 39.00 
22 TYPE (2) (UCCF PRCS ORNL TH-1613, TABLE 6) 
23 TYPE (.1) (UCCF PROH ORNL TH-1613, TABLE 6) 

IN-CELL SPACE TOTAL COST (J) 

21 TTPE (1) 889200. 1011000. 1216800. 
25 TYPE (2) 
26 TTPB (3) 
27 TOTAL 922170. 1063617. 1282763. 



GROSS OUT-OP-CELL SPACE REODIRED (CO PT) 

HAKE OP AND PROCESS SERVICE SPACE 

28 STD. AREA WIDTH (PT) 
29 STD. AREA HEIGHT (PT) 
30 SOP (PROH ORHL TH-1613, TABLE 5) 
31 GROSS VOL ORB (CO PT) 

CBLL OPEBATIRG SPACE (CO IT) 

32 TTPE (1) STD. AREA WIDTH (PT) 
33 STD. AREA HEIGHT (PT) 
30 HO. OF CELL SIDES WITH OP. AREA 
35 GROSS TOLOHE (CO FT) 

36 TTPE (2) STD. AREA WIDTH (FT) 
37 STD. AREA HEIGHT (FT) 
33 HO. OP CELL SIDES WITB OP. AREA 
39 GROSS VOLOHE (CO PT) 

00 TYPE (3) STD. AREA WIDTH (PT) 
01 STD. AREA HEIGBT (FT) 
02 HO. OP CBLL SIDES WITH OP. AREA 
03 GROSS VOLOHE (CO PT) 

CRAKE BAT SPACE 

00 TTPE (1) CELL ABBA (SO FT) 
05 SOP (FROH ORHL TH-0613, TABLE 5) 
06 STD. BAT HEIGHT (FT) 
07 GROSS V0L05E (CO FT) 

08 TTPB (2) CELL AREA (SQ FT) 
09 SOP (PROH ORHL TH-D613, TABLE 5) 
50 STD. BAT HEIGBT (FT) 
51 GROSS VOLOHE (CO FT) 

52 TIPS (3) CBLL AREA (SO FT) 
53 SOF (FROH ORNL TH-0613, '7ABLE 5) 
50 STD. BAT HEIGHT (FT) 
55 GROSS VOLOHB (CO PT) 

OOT-OF-CBLL SPUCE OBIT COST (J/CO FT) 

56 HAKE-OP AMD PROCBSS SERVICE SPACB 

CELL OPERITIBG SPACE OCCF (FROH TH-0613, TABLB 6) 

57 TTPE (1) 
58 TTPE (2) 
59 TTPE (3) 

CRANE BAT SPACB OCCP (FROB TH=0613, TABLB 6) 

60 TTPE (1) 
61 TTPE (2) 
62 TTPE (3) 
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16 .0 16 .0 16.0 10.0 10.0 10.0 
2 . 7 0 2 .70 2 .70 

9050. 9990. 113'I0. 

' 6 . 0 16.0 I6.& 
10.0 10.0 10.0 2.0 2.0 2.0 

13095. 10933. 17920. 

760 . 867. 1000. 
3 . 50 3.50 3 .50 00.0 00.0 00,0 

117000. 133067. 160V60. 

7 . 0 0 7 .00 7 . 0 0 

7 . 0 0 7 .00 7 . 0 0 

2 . 3 0 2 .30 2. 30 



OOT-OF-CELL SPACE TOTAL COST 

63 HAKE-DP AHD PROCESS SERVICE SPACE 

CELL OPERATIHC. SPACE 

60 TTPE (1) 
65 TTPE (2) 
66 TTPE (3) 
67 TOTAL 

CRANE BAT SPACE 

68 TTPE (1) 
69 TTPE (2) 
70 TTPE (3) 
71 TOTAL 
72 TOTAL OOT-OP-CELL SPAC2 COST 
73 PROCESSIHG SPACE TOTAL COST ($) 

PROCESSING SOPPORT SPACE COST (BLDG. EXCLUDING HOT CELLS) 

IHDIPrCT PROCESS SOPPORT SPACE 

70 STD. AREA HEIGHT (PT) 
75 SOP (PROH 0891 TH-0613, TABLE 5) 

76 TOTAL SPACE REQUIRED (CD FT) 

INDIRECT PROCESS SUPPORT SPACE 01IIT COST ($/CU PT) 

77 UCCP (FROH ORHL TH-0613, TABLE 6) (*/CU PT) 78 PROCESSING SOPPORT SPACE TOTAL COST (I) 

OUTSIDE UTILITIES COST (S) 

79 UCP (FROH ORHL TH-0613, TABLE 7) (FRACT.) 
80 BQOIPHEHT AHD FACILITT COS? 
81 OUTSIDE UTILITIES COST 

SITE IHPROVEHEFT COST (t) 

82 OCF (FROH ORHL Tfl-0613, TABLE 8) (FRACT.) 
83 SUBTOTAL DIRECT COHSTRUCTIOH COS?! (!) 
80 SITE IHPROVEHENT COST (t) 
85 TOTAL DIRECT COH5TRUCTIOS COST ( t ) 
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66150. 6 9930. 7')380. 

91668. 

91668. 

100533. 

100531. 

125000. 

125000. 

269192. 30A973. 36H 368. 

269192. 
027009. 

130 9079. 

306973. 
081036. 

1505053. 

368368. 
573(88 . 1855950. 

10.0 
5 .60 

67163. 

10.0 
5.60 

78098. 

10.0 
5 .60 

950GO. 

7 . 0 0 
070138. 

•7.00 5(19086. 7.00 6650 20. 
8? 

0 . 1 0 
188 9616. 

108962. 

0,10 
2229538. 

222950. 

0. 10 
27 36169. 

273b37. 

0 .005 
2078577. 

10393. 
2088969. 

0 .005 
2U52091. 

12262. 
2060 753. 

0 .005 
30101)05. 

15050. 
3025055. 



IHDIRECT CONSTRUCTION COST 

GENERAL AND ADHI8ISTRATIVB COST 

86 OCP (FROH ORNL TH-1613, TABLE 7> (PRACT.) 
87 SOBTOTAL GEN. + ADR. COST (J) 

ENGINEERING COST 

88 OCP (FROH ORNL TH-1613, TABLE 7) (PRACT.) 
89 SOBTOTAL 8HGR. COST (J) 

HISC. CONSTROCTION COST 

90 OCF (FROH ORNL TH-1613, TABLE 7) (FRACT.) 
91 SOBTOTAL HISC. COHSTHOCTIOH COST (J) 

COHTINGEHCT ALLOWANCE 

92 OCP (PROH ORHL Tfl-1613, TABLE 7) (PRACT.) 
93 SOBTOTAL CONTINGENCY ALLOWANCE (J) 

SPARE PARTS COST 

91 OCP (PROH ORHL TH-1613, TABLE 7) (PRACT.) 
95 SOBTOTAL SPARE PARTS COST ($) 

HOHI3STALLED SPARB EQOIPHEHT COST 

96 OCP (FROfi ORHL TH-4613, TABLE 7) (PRACT.) 
97 SOBTOTAL HOHIHSTLED SPARE EQOIPHEHT COST (») 

QOALITT ASSORAHCE COST 

98 OCP (PROH ORHL Tfl-16 13, TABLE 7) (PPACT. > 
99 SOBTOTAL QOALITY ASSORA3CE COST («) 
100 TOTAL IHDIRECT COHSTROCTIOH COST (») 
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0. 10 
208897. 

0 .10 
216175. 

0.10 
302505. 

0 . 30 
626691. 

0 .30 
739126. 

0 . 30 
907516. 

0 . 0 5 
101118. 

0 . 0 5 
123238. 

0 . 0 5 
151253. 

0 . 2 0 
117791. 

0 . 2 0 
192951. 

0 .20 
605011. 

0 .007 
11623. 

0 .007 
17253. 

0 .007 
21175. 

0 . 0 3 
62669. 

0 . 0 3 
73913. 

0 . 0 3 
90752. 

0.06 
12533B. 

1560158. 

0 .06 
117885. 

1811168. 

0 .06 
181503. 

2259712. 



OWNER'S COST 

LAND COST 

101 UCP (PRO!! ORNL T H - 1 6 1 3 , TABLE B) (FRUCT.) 
102 SOBTOTAL LAND COST ($) 

PROJECT BANAGEHENT COST 

»03 OCP (PROH ORNL T 1 - 1 6 1 3 , TABLE B) (PRACT.) 
101 SUBTOTAL PROJ. HANCT. COST ( I ) 

LICENSING COST 

105 UCP (PROH (JRHL TH-1613 , TABLE 8) (PRACT.) 
106 SUBTOTAL LYCEHSING COST (1) 

TAXES, INSURANCE AND IBTEITEST 

107 UCP (PPOS ORHL T H - 1 6 1 3 , TABLB «) (PRACT.) 
108 SUBTOTAL TAXES, INSURANCE AND I N T . (S) 

PREOPERATIONAL TE5TING AND STARTUP 

109 OCP (PROH ORHL T H - 1 6 1 3 , TABLE 8) (*RACT.) 
110 SOBTOTAL PREOP. TESTING AND STJPTUP (J) 
111 TOTAL OWNER'S COST ( * ) 

TOTAL CAPITAL CONSTRUCTION COST 

112 INCRENBNT OP TOTAL PLANT COST (T) 
113 PROCESSING THBOOGHPUT OP ACCEPTABLE PBOP (KCHH/PIT; 
111 ANNUAL PRODUCTION RATE (KILOGRAMS OP HEAVT HETAI./TF 18) 
115 CAPITAL CHARGE RATE (PRACT.) 
116 ANNUAL CAPITAL CHARGE (DOLLARS/TEAP) 
117 PRODUCT UNIT COST (DOLLARS/KILOGRAM OF HEAVY (1STAL) 

PACE 5 

0.01 
2 0 8 9 0 . 

0.01 
21618. 

0 . 0 1 
30251 . 

0.02 
1 1779. 

0.02 19295. 0.02 
6 0 5 N I . 

0 . 0 1 
8 3 5 5 9 . 

0 . 0 1 
9 8 ' 9 0 . 

0.01 
121002 . 

0 . 2 0 
(117791. 

0.20 
112951. 

0 . 2 0 
6 0 5 0 1 1 • 

0 . 2 0 
1 1 7 7 9 0 . 
91)1815. 

0.20 
1 9 2 9 5 1 . 

1150133 . 

0 . 2 0 
6 0 5 0 1 1 . 

1121775 . a si 

«<\}1212. 
2 2 . 7 0 
66 20. 

0 . 3 0 
•> J8 !>372. 

7 0 9 , 6 1 

50613511. r.fl.10 noRS. 
0 . 3 0 

1 6 1 9 3 0 5 . 02.10 

6 7 0 6 5 1 2 . 
136. 10 
39711 . 

0. 30 
?011962 . 

5 0 . 6 3 



• * • FOBL ELEHENT ASSEHBir OOT O' BLOCK CARB PROCBSS 25 RECYCLE N-1.C$ B12* 

DESCRIPTION 

PROCESS THROOGHPOT (KILOGRAMS) 

PROCESSING EQOIPHBNT COST («1 000) 

PLANT DIRECT CONSTRUCTION COST ($1000) 

PLANT INDIRECT CONSTROCTION COST (*1000) 

PLANT ONNER'S COST ($1000) 

PLANT TOTAL COST ($1000) 

ONIT COST (DOHA RS/KILOG RAH) 

FUNCTION COEFFICIENTS ARE AS FOLLOBS = 

Al « 3.3B233B 02 A2 * 1.30336E 02 A3 

FUNCTION EXPONENTS ARB AS FOLLONS = 

B1 = -2 .05509E-02 B2 = -7 .17021E-03 B3 

SOBHABT OF RBSOLTS 

H.ANT CAPACir» 
) . 5 TONNE 
PEB DAI 

1 .5 TONNE 
PER DAT 

3.0 TONNE 
PER DAT 

22.7 68.1 136.1 

70.0 135.0 215.0 

20B9.0 2060.8 3025.1 

1560.5 1841.2 2259.7 

9B1.8 1158.0 1021.8 

4631.2 5060.0 6706.5 

209.61 82.00 50.63 

AO = 0 . 0 



» • » mfff ""vhfit'I1 ':!'' rr 

CASE 1 
* « C O S T ! " t ! ' . ' ? 3 ! ' I R 1 I ! 0 » » « 

DIRECT CNH5TNNC:~F M T 
PROCESSIHG EQUIPIEIRR 

1 ESTIH7TTED EQE3XE5HRR R^JHT (1) 2 0 0 0 0 0 . 

ACTUAL. IH-CZEL_23III3!RRRRR R̂-acs I :R;NIRED (co FT) 
T I P E CI) = TRASHIR^RSD SOT ALPHA CELL - COHTACT HAINTENAHCE ( ITEH 7 

2 TTPE R E 5 0 0 0 . 
3 TTPE r~! 
0 TYP"» (31 
5 ACTOAL OTTT-^-CZa. HCTE?HE?IT SPACE REQOIRED (CO PT) 500 . 

PROCESSIHG SPACE T3ST (HOT CELLS'1. f t ) 

GPOSS IN-CETL 2HJCE REQUIRED 

6 TTPE (1) ^ E L L WIDTH (PT) 2 0 . 0 
7 STD. CELL HEIGHT (FT) 2 0 . 0 
6 (BB05 ORNL TH-0613, TABLE 5) 2 . 5 0 
9 SJCES CELL VOLOHE (CO FT) 12500. 

10 m E S B FT. OF CELL (FT) 31 .25 

11 TTPE (2) STD. CELL WIDTH (FT) 
12 Sir:. CELL HEIGHT (FT) 
13 SZr (FROH ORHL TH-0613, TABLE 5) 
10 G3ES3 CBLL VOLOHE (CD F7) 
15 RNNRSR F T . OP CELL (FT) 

16 TYPE (3) SID- CELL WIDTH (FT) 
17 STD- CBLL HEIGHT (PT) 
18 SOP (FBOH ORHL T H - 0 6 1 3 , TABLE 5) 
19 GROSS CELL VOLUHE (CO FT) 
20 LIHEAB F T . OF CELL (FT) 

IR-CELL SPACE TOIT COST (S/CO PT) 

21 TTPE (1) (UCCF FROH ORHL Ttl-0613, TABLE 6) 9 . 0 0 
22 TTPE (2) (UCCF FROH ORNL TH-0613, TABLE 6) 
23 TYPE (3) (OCCF FROH ORNL TH-0613, TABLE 6) 

IH-CELL SPACE TOTAL COST (S) 

20 TYPE (1) 112500. 
25 TYPE (2) 
26 TTPE (3) 
27 TOTAL 105770. 

' 3* « * DATE I S 07-18-70 PAGE 

JTIHATES 
CASE 2 CASE 3 

3 5 0 0 0 0 . 510000. 

TABLES 5 AND 6) 

7000. 

900. 

10000. 

1200. 

20 .0 
20 .0 
2.SO 

17500. 
03 .75 

20.0 
20 .0 
2 .50 

25000. 
62 .50 

9 . 0 0 

1 5 7 5 0 0 . 

2 0 7 1 1 7 . 

9 . 0 0 

225000. 

290965. 



GROSS OOT-OF-CELL SPACE REQUIRED (CU PT) 

HAKli UP ARC PROCESS SERVICE SPACE 

28 STD. AREA WIDTH (PT) 
29 STD. AREA HEIGHT (PT) 
30 SUP (PROH ORHL TH-0613, TABLE 5) 
31 GROSS VOLUHE (CO PT) 

CELL OPERATIHG SPACE (CU FT) 

32 TIPE (1) STD. AREA WIDTH (FT) 
33 STD. AREA HEIGHT (PT) 
3U NO. OF CELL SIDES WITH OP. AREA 
35 GROSS VOLUHE (CU FT) 

36 TTPE (2) STD. AREA WIDTH (PT) 
37 STD. AREA HEIGHT (PT) 
38 HO. OF CELL SIDES WITH OP. AREA 
39 GROSS VOLUHB (CO PT) 

«0 TTPE (3) STD. AREA WIDTH (PT) 
41 STD. AREA BBIGHT (PT) 
42 HO. OP CELL SIDES WITH OP. AREA 
43 GROSS VOLOHE (CO PT) 

CRANB BAT SPACE 

04 TTPB (1) CELL AREA (SQ FT) 
45 SOP (PROH ORHL TH-0613, TABLE 5) 
06 STD. BAT HEIGHT (PT) 
47 GS0S5 VOLUHE (CU FT) 

08 TTPE (2) CELL AREA (SQ fT) 
09 SUP (PROH OBHL TH-0613, TABLE 5) 
50 STD. BAT HEIGHT (FT) 
51 GROSS VOLUHE (CU PT) 

52 TTPE (3) CELL AREA (SQ PT) 
53 SOP (FROH ORHL TH-0613, TABLE 5) 
50 STD. BAT HEIGHT (PT) 
55 GROSS VOLUHB (CU PT) 

03T-0F-CBLL SPACE UHIT COST {S/CV PT) 

56 HAKE-OP AHD PROCESS SERVICE SPACE 

CELL OPER&TI0G SPACE OCCP (PROH TH-4613, TABLE 6) 

57 TTPE (1) 
58 TTPE (2) 
59 TTPE (3) 

CRANE BST SPACE UCCP (FROH TH=0613, TABLE 6) 

60 TTPB (If 
61 TTPE (2) 
<32 TTPE (3) 

PAGE 

16.0 
14.0 
2 . 7 0 

1350. 

16.0 
10 .0 
2 .70 

2030. 

16.0 
10.0 
2 . 7 0 

3200. 

10.0 10.0 10.0 
20.0 20.0 20.0 

1.0 1.0 1.0 
6250. 8750. 12500. 

625 . 
3 .50 
0 4 . 0 

96250. 

875. 
3 .50 
04. 0 

130750. 

1250. 
3 .50 
4 0 , 0 

192500. 

7 . 0 0 

7 . 0 0 

2 . 3 0 

7 . 0 0 

7 . 0 0 

2 .30 

7 . 0 0 

7 . 0 0 

2 . 3 0 



OUT-OP-CELL SPACE TOTAL COST (I) 

63 HAKE-OP AND PROCESS 3ERVICE SPACE 

CELL OPERATING SPACE 

611 TTPE (1) 
65 TTPB (2) 
66 TTPE (3) 
67 TOT H L 

CRAKE EAT SPACB 

68 TTPE (1) 
69 TTPE (2) 
70 TTPE (3) 
71 TOTAL 
72 TOTAL OOT-OP-CELL SPACE COST 
73 PROCESSING SPACE TOTAL COST (J1 

PROCESSING SOPPORT SPACE COST (BLDG. EXCLODIBG 3C.T CELLS) 

INDIRECT PROCESS SOPPORT SPACE 

70 STD. AREA BBIGBT (PT) 
75 SOP (PROH ORNL T3-1613, TABIE 5) 

76 TOTAL SPACE RBQOIRED (CO FT) 

INDIRECT PROCESS SOPPORT SPACE ONIT COST (*/CU FT) 

77 OCCP (FHOH ORNL TB-0613, TABLE 6) ($/CU PT) 78 PROCESSING SOPPORT SPACE TOTAL COST (J) 

OOTSIDB UTILITIES COST (*) 

79 OCP (PROH ORNL TH-0613, TABLE 7) (FRACT.) 
80 EQUIPHEHT AND PACILITT COST 
81 OOTSIDE UTILITIES COST 

SITE INPROVF.HPNT COST («) 

82 OCP (PROH ORHL TH-0613, TABLE 8) (PRACT.) 
83 SOBTOTAL DIRECT CONSTRUCTION COST (J) 
8« SITE IPPROVEHENT COST (*) 
85 TOTAL DIRECT CONSTRUCTION COST (S) 
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9U50. 17010. 22680. 

03750. 

03750. 

61250. 

61250. 

87500. 

87500. 

221375. 30992" . 002750. 

221375. 
270575. 
020305. 

309925. 
388185. 
595302. 

002750. 
552930. 
B03895. 

1S.0 
5 . 6 0 

56579. 

10.0 
5 .60 

79151. 

10.0 
5 .60 

111520. 

7 . 0 0 
396050. 

7 ,00 
550059. 

7 .00 
780668. 

0 . 1 0 
1016395. 

101639. 

0.10 
1099360. 

109936. 

0. 10 
2130561. 

213056. 

0 . 005 
111B030. 

5590. 
1123620. 

0 . 005 
160 9295. 

8206. 
1657501. 

0 .005 
2300017. 

11700. 
2359757. 



INDIRSCT CONSTRUCTTOW COST 

GEMEBAL AND *DHIHISTRATIVB COST 

86 UCP (PROH ORNL TH-0613, TABLE 7) (PRICT.) 
87 SUBTOTAL GEN. • ADH. COST (J) 

ENGIPBBRING COST 

88 UCP (PROH ORNL TH-0613, TABLB 7J {PRACT.) 
89 SUBTOTAL BRGR. COST ($) 

HISC. CONSTRUCTION COST 

90 UCP (PBOH ORNL TH-0613, TABLE 7) (PPACT.) 
91 SUBTOTAL HISC. CONSTRUCTION COST (J) 

CONTINGENCY ALLOHANCE 

92 UCP (PROH ORNL TH-0613, TABLB 7) {PRACT.) 
93 SUBTOTAL CONTINGENCY ALLONANCE (S) 

SPABE PABTS COST 

90 UCF (PBOH OBNL TH-0613, TABLB 7) (PBACT.J 
95 SUBTOTAL SPARB PARTS COST (t) 

HONIHSTALLED SPAR2 EQUIPMENT COST 

96 UCP (P30H ORNL TH-0613, TABLB 7) (PRACT.J 
97 SUBTOTAL NONINSTLED SPARE EQUIPHENT COST ($) 

QUALITY SSSUBANCB COST 

98 UCP (PBOH ORHL TH-0613, TABLB 7) (PRACT.) 
99 SUBTOTAL QUALIFY ASSUBANCB COST (J) 
•>00 TOTAL INDIBECT CONSTRUCTION COST (») 

PIGB 0 

0.10 
112362. 

0 . 10 
165750. 

0 .10 
235976. 

0 . 3 0 
337087. 

0 . 3 0 
097262. 

1 . 30 
707927. 

0 . 0 5 
56181. 

0 . 0 5 
82877. 

0 . 0 5 
117908. 

0.20 
220725. 

0 .20 
331506. 

0.20 
071951. 

0 .007 
7865. 

0 .007 
11603• 

0 .007 
16518. 

•o ro 

0 . 0 3 
33709. 

0 . 0 3 
09726. 

0 . 0 3 
70793. 

0.06 
67017. 

839307. 

0.06 
99052. 

1238181. 

0.06 
101585. 

1762736. 



OHNER'S COST 
LAUD COST 

lOt OCP (PROH ORHL TH-4613, TABLB 8) (PRACT.) 
102 SOBTOTAL LARD COST ( t ) 

PROJECT HABAGEHBRT COST 

103 OCP (PROH ORNL TB-4613, TABLB 8) (PRACT.) 
104 SOBTOTAL PROJ. HARGT. COST (J) 

LICENSING COST 

105 Ocr (PROH ORHL TH-4613, TABLE 8) (FRACT.) 
106 SOBTOTAL LICENSING COST ($) 

TAXES, IHSORANCB AND INTEREST 

107 OCF (FROH ORHL TH-4613, TABLE 8) (PRACT.) 
108 SOBTOTAL TAXES, INSORANCB AND INT. ( t ) 

PREOPERATIONAL TESTING AND STARTUP 

109 OCF (FROH ORNL TH-4613, TABLE 8) (PRACT.) 
110 SOBTOTAL PRBOP. TESTING AND STARTOP (J) 
111 TOTAL OWNER'S COST <t) 

TOTAL CAPITAL CONSTRUCTION COST 

112 INCREHKNT OF TOTAL PLAHT COST <$) 
113 PROCESS!HG THROOGHPOT OP ACCEPTABLE PROD (KGBH/DAY) 
114 ANHOAL PBODOCTION RATE (KILOGRAMS OP HEAVY HBTAL/YBAR) 
115 CAPITAL CHARGE RATE (PRACT.) 
116 ANNOAL CAPITAL CHARGE (DOLLARS/YEAR) 
117 PRODOCT 0HIT COST (DOLLARS/RIl-OSf AH OF HEAVY HBTAL) 
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0.01 
11236. 

0.01 
16575. 

0.01 
23598. 

0.02 
22U72. 

0 . 0 2 
33151. 

0.02 
47195. 

0 . 04 
44945. 

0 .04 
66302. 

0.0U 
94390 . 

0 . 2 0 
224725. 

0 .20 
331508. 

0 . 2 0 
471951. 

0 . 2 0 
224725. 
528103. 

0 .20 
331508. 
779044. 

0 . 2 0 
471951. 

1109085. •O GJ 

2491073. 
20.70 
6044. 
0 . 3 0 

747322. 
123.64 

3674766. 
62.20 

18162. 
0.30 

1102429. 
60 .70 

5231578. 
124.50 
36354. 

0 . 3 0 
1569473. 

43 .17 



• » * OHH PREPARATION POR IR ELEHENTSi B13* * * 

DESCRIPTIOR 

PROCESS TRROOGBPOT (KILOGRAHS) 

PROCESSIRG EQOIPHEHT COST (£1000) 

PLANT DIRECT CONSTROCTION COST (J1000) 

PLANT INDIRECT CONSTROCTION COST (*1000» 

PLANT OWNER'S COST ($1000) 

PLANT TOTAL COST ($1000) 

UNIT COST (DOLLARS/KILOGRAR) 

FUNCTION COEPPICIENTS ARE AS POLLOWS = 

A1 = 1.76307B 02 A2 = 8.52930E O'i A3 

POHCTION EXPONENTS ARE AS FOLLOBS a 

B1 = - 1.71O33E-02 B2 = -5 .06912E-03 B3 

i-.OIINAHT OF RESULTS 

PLANT CAPACITT 
0 .5 TONNE 

PER OAT 
1 .5 TONNE 

PER DAT 
3.0 TONNE 

PER DAT 

20.7 62.2 120.5 

200.0 350.0 510 .0 

1123.6 1657.5 2359.8 

039 .3 1238.2 1762.7 

5 28.1 779.0 1109.1 

2091.1 3670.8 5231.6 

123.60 60.70 03.17 

0.0 AO = 0 .0 

0.0 DO = 0 . 0 £ 



» * * C0SP PROCESS POR 002 MICROSPHERE PREPARATION (IB RECTCLE) t 

HS23 1 
• • C O S T E S T I M A T E P R E P A R A T I O N * * 

DIRECT CONSTROCTIOH COST 

PROCESSING EQUIPBENT COST 

1 ESTIMATED EQ0IPK2HT COST (J) 2155000. 

ACTOAL IN-CELL EQUIPMENT SPACE REQUIRED (CD PT) 

TTPE (1) = BEDIOB SHIELDED HOT CELL - CONTACT BAIN1BNANCE (ITEB <t 
TTPP (2) = BEDIOB SHIELDED HOT CELL - REMOTE BAINTENANCB (ITEM 3 

2 TTPE (1) 7200. 
3 TTPE (2) 22200. 
0 TTPE (3) 
5 ACTOAL OOT-OP-CELL EQUIPHEHT SPACE REQUIRED (CO PT) 16800. 

PROCESSING SPACE COST (HOT CELLS) («) 
GROSS IN-CELL SPACE REQUIRED 

6 TTPE (1) STD. CELL WIDTH (PT) 30 .0 
7 STD. CBLL HEIGHT (PT) 00 .0 
8 SUP (PROH ORNL TH-0613, TABLE 5) 2 . 3 3 
9 GROSS CELL VOLOHE (CO PT) 16776. 

10 LIHEAR PT. OP CELL (PT) 13.98 

11 TYPE (2) STD. CELL WIDTH (PT) 26 .0 
12 STD. CELL HEIGHT (PT) 36 .0 
13 SUP (PROM ORHL TH-0613, TABLE 5) 0.00 
10 GROSS CELL VOLUHE (CO PT) 88B00. 
15 LIHEAR PT. OP CELL (PT) 90 .87 

16 TTPE (3) STD. CELL WIDTH (PT) 
17 STD. CELL HEIGHT (PT) 
18 SUP (PROH ORHL TH-0613, TABLE 5) 
19 GROSS CBLL VOLUME (CO PT) 
20 LIHEAR PT. OF CELL (PT) 

IB-CELL SPACE UNIT COST ($/C U FT) 

21 TTPE (1) (OCCP FROH ORHL Tfl-1613, TABLE 6) 16.00 
22 TTPE (2) (OCCP PROH ORHL TH-0613, TABLE 6) 39.00 
23 TTPE (3) (UCCP FROH ORHL TH-0613, TABLE 6) 

IH-CELL SPACE TOTAL COST («) 
20 TTPE (1) 268016. 
25 TTPE (2) 30632C0. 
26 TTPE (3) 
27 TOTAL 3763730. 

B i t * * « DATE I S 07-18-70 PAGE 

CASE ESTIMATES 
HS23 2 MS23 3 

3B50000. 

TABLES 5 AND 6) 
TABLES 5 AND 6) 

8600. 
30100. 

28000. 

6307000. 

11700. 
61800. 

38500. 

30.0 00.0 
2 . 3 3 

20131. 
16.78 

2 6 . 0 
36.0 0.00 

153600. 
160.10 

3 0 . 0 00.0 
2 . 3 3 

27261. 
22 .72 

2 6 . 0 
3 6 . 0 0.00 

247200. 
260. 10 

16.00 
39 .00 

322099. 
5990000. 

6360670. 

16.00 
39 .00 

036176. 
9600800. 

10101210. 



GROSS OOT-OP-CELL SPACE REQUIRED (CO PT) 

HAKE OP AMD PROCESS SERVICE SPACE 

28 STD. AREA WIDTH (PT) 
29 STD. AREA HEIGHT (PT) 
30 SOP (PROH ORHL Tlt-0613, TABLE 5) 
31 GROSS VOLOHE (CO PT) 

CELL OPERATING SPACE (CO PT) 

32 TTPE (1) STD. AREA WIDTH (PT) 
33 SID. AREA HEIGHT (PT) 
30 HO. OP CELL SIDES KITH OP. AREA 
35 GROSS VOLOHB (CO PT) 

36 TTPE (2) STD. AREA WIDTH (PT) 
37 STD. AREA HEIGHT (PT) 
38 HO. OP CELL SIDES WITH OP. AREA 
39 GSOSS VOLOHB (CO PT) 

«0 TTPE (3) STD. AREA WIDTH (PT) 
01 STD. AREA HEIGHT (PT) 
(12 HO. OP CELL SIDES WITH OP. AREA 
63 GROSS VOLOHE (CD PT) 

CRAKE BAT SPACE 

00 TTPE (1) CELL AREA (SQ PT) 
05 SOP (PROH ORHL TH-0613, TABLE 5) 
06 STD. BAT HEIGHT (PT) 
07 GROSS VOLOHB (CO FT) 

08 TIPE (2) CELL AREA (SQ PT) 
09 SOP (PROH ORHL TH-0613, TABLE 5) 
50 STD. BAT HEIGHT (PT) 
51 GBOSS VOLOHB (CO PT) 

52 TTPB (3) CELL ABEA (SQ PT) 
53 SOP (PROH OBNL TH-0613, TABLE 5) 
50 STD. BAT HEIGHT (PT) 
55 GROSS VOLOHE (CO PT) 

OOT-OP-CELL SPACE ONIT COST (t/CU PT) 

56 HAKE-OP AND PBOCESS SERVICE SPACE 

CELL OVERHMG SPACE UCCP (MIL TH-0613, TABLE 6) 
57 TTPE (1) 
58 TTPE (2) 

59 TTPE (3) 

CBAHB BAT SPACE OCCF (PBOH TH=0613, TABLB 6) 

60 TTPE (1) 61 TTPE (2) 
62 TTPE (3) 
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16.0 16.0 16.0 
28.0 28.0 28.0 
2 . 7 0 2 . 7 0 2 . 7 0 

05360. 75600. 103950. 

0.0 0.0 0.0 
10.0 10.0 10.0 
1.0 1.0 1.0 

559. 671. 909 . 

16.0 16.0 16.0 
10.0 10.0 10.0 
2.0 2.0 2.0 

02503. 73518. 110318. 

019 . 
3 . 50 00.0 

60588. 

2067. 
3 . 5 0 00.0 

379866. 

503. 
3 .50 00.0 

77505. 

0267. 
3 . 50 00.0 

657066. 

682. 
3 .50 00.0 

100955. 

6867. 
3 . 50 00.0 

1057066. 

7 . 0 0 7 . 0 0 7 . 0 0 

7 . 0 0 7 . 0 0 7 . 0 0 
7 . 0 0 7 . 0 0 7 ,00 

2 . 3 0 
2 . 3 0 

2 . 3 0 
2 .30 

2 . 3 0 
2 .30 



OUT-OF-CELL SPACE TOTAL COST 

63 H/.KE-UP AND PHOCESS SERVICE SPACE 

CELL OPERATING SPACE 

611 TTPE (11 
65 TTPE ?2) 
66 TTPE (3) 
67 TOTAL 

CRANE BAT SPACE 

68 rri B (1) 
69 TT VE (2) 
70 TTPE (3) 
71 TOTAL 
72 TOTAL OUT-OP-CELL SPACE COST 
73 PROCESSING SPACE TOTAL COST (*) 

PROCESSING SOPPORT SPACE COST (BLDG. EXCLUDING HOT CELLS) 

INDIRECT PROCESS SOPPORT SPACE 

70 STD. AREA HEIGHT (PT) 
75 SOP (PROH ORHL TH-0613, TABLE 5) 

76 TOTAL SPACE REQUIRED (CU PT) 

IRDIRECT PROCESS SOPPORT SPACE UNIT COST (S/CO PT) 

77 OCCP (PROH ORNL TH-1613, TABLP. 6) (J/CU FT) 78 PROCESSING SUPPORT SPACE TOTAL COST (J) 

OUTSIDE UTILITIES COST (*) 

79 UCF (FROH ORHL TH-0613, TABLE 7) (FPACT.) 
80 EQOIPHENT ARD FACILITT COST 
81 OUTSIDE UTILITIES COS? 

SITE IHPROVEHENT COST ($) 

82 UCF (PROH ORNL TB-0613, TABLE 8) (PRACT.) 
83 SUBTOTAL DIRECT CONSTRUCTION COST ($) 
80 SITE IHPROVEHEHT COST ($) 
85 TOTAL DIRECT CONSTROCTION COST (f) 
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317520. 

3910. 
297518. 

301032. 

529200. 

0 6 9 7 . 

51U626. 

519323. 

727650. 

6361. 
828226. 

830586. 

108551. 
87 3693. 

1022200. 
1601195. 
5000929. 

178261. 
151'l251. 

1689512. 
2738030. 
9098712. 

201396. 
2032170. 

2673565. 
0235801. 

10377015. 

10.0 
5 . 6 0 

230579. 

10.0 
5 .60 

380031. 

10 .0 
5 .60 

600001. 

7 . 0 0 
-.610056. 

7 . 0 0 
2663016. 

7 . 0 0 
0202809. 

0.10 
9173985. 

917398. 

0.10 
15615728. 

15 fi1572. 

0.10 
£0926800. 
2092679. 

0 .005 
10091383. 

50057. 
10101839. 

0 .005 
17177296. 

85886. 
17263168. 

0 . 0 0 5 
27019072. 

137097. 
275 "56 560. 



INDIRECT CONSTRUCTION COST 

GENERAL AND ADMINISTRATIVE COST 

86 OCP (FROH ORHL TH-0613, TABLE 7) (FRACT.) 
87 SUBTOTAL GBR. • iDH. COST ft) 

ENGINEERING COST 

88 OCF (FROH ORHL TH-U613, TABLE 7) ',?FACT.) 
fl? SOBTOTAL BBGR. COST ( t ) 

HISC. CORSTRBCTIOM COST 

90 DCF (FBOH OHHL TH-0613, TABLB 7J (FRACT.) 
91 SOBTOTAL HISC. COHSTROCTIOH COST (t) 

COHTIHGEHCT ALLOWANCE 
92 OCF (FROH ORHL TH-0613. TABLE 7) (FRACT.) 
93 SOBTOTAL COHTIRGBBCT ALLOWAHCR ( t ) 

SPARE PARTS COST 

9U OCP (PROH ORHL TH-0613, TABLE 7) (PRACT.) 
95 SOBTOTAL SPARB PARTS COST (J) 

N0NIN3TALLED SPARB EQOIPHEHT COST 

96 OCF (FROH OBHL TH-0613, TABLE 7) (FRACT.) 
97 SOBTOTAL HOHIHSTLED SPARE EQOIPHEHT COST (t) 

QDALITY ASSURANCE COST 

98 OCF (FROH ORHL «H-0613, TABLE 7) (PBACT.) 
99 SUBTOTAL QUALITY ASSURANCE COST ( t ) 
100 TOTAL IHDIRECT COHSTROCTION COST (J) 
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0.10 
1010180. 

0.10 
1726316. 

0 . 1 0 
2 7 5 5 6 5 5 . 

0 . 30 
3002551. 

0 .30 
5178909. 

0 .30 
8266966. 

0 . 0 5 
507092. 

0 . 0 5 
863158. 

0 . 05 
1377827. 

0.20 
202B367. 

0.20 
3052633. 

0.20 
5511311. 

0 . 0 0 7 
70993. 

0 . 0 0 7 
120002. 

0.007 
132896, 

0 . 0 3 
300255. 

0 . 0 3 
517895. 

0 .03 
826697. 

0.06 
6CB510. 

1575909. 

C.06 
1035790. 

12895582. 

0 .06 
1653393. 

20580700. 



OWNER'S COST 

U l D COST 

101 UCF (FROH ORHL TH-0613, TABLE (FRACT.) 
102 SOBTOTAL LAND COST (I) 

PROJECT HAHAGEHBNT COST 

103 UCP {FROH OPNL TH-0613, TABLE 8) [PRACT.) 
100 SOBTOTAL PROJ. HANGT. Cnr,T ( t ) 

LICENSING COST 

105 UCF (FROH ORNL TH-0613, TABLE 8) (FRACT.) 
106 SOBTOTAL LICENSING COST ($) 

TAXES, ISs'UPANCE AND INTEREST 

107 UCF (FROH ORHL TH-0613, TABLE 8) (PRACT.) 
108 SUBTOTAL TAXES, INSURANCE AND INT. (1) 

PREOPERATIONAL TESTIHG AND STARTUP 

109 UCF (FROH ORNL TH-9613, TABLE 8) (FRACT.) 
110 SUBTOTAL PRBOP. TESTIHG AND STARTUP (J) 
111 TOTAL OWNER'S COST ($) 

TOTAL CAPITAL COHSTRUCTIOH COST 

112 INCREMENT OP TOTAL PLANT COST ($) 
113 PROCESSING THROUGHPUT OF ACCEPTABLE PROD (KGBH/DAY) 
111 ANNUAL PRODUCTION RATE (KILOGRAMS OF HEAVY METAL/TEAR) 
115 CAPITAL CHARGE RATE {PRACT.) 
116 AHHOAL CAPITAL CHARGE (DOLLARS/TEAR) 
117 PRODUCT UNIT COST (DOLLARS/KILOGRAM OP HEAVY HETAL) 

0.01 
101018. 

0.01 
172632. 

0 . 0 1 
275566. 

0.02 
202837. 

0 .0? 
3»5263. 

0.02 
5 5 1 1 3 1 . 

0.00 
005670. 

0.00 
690527. 

0.00 
1102262. 

0.20 
2028367. 

0 .20 
3052633. 

0.20 
5511111. 

0 . 2 0 
2028367. 
0766662. 

0 . 2 0 
3052633. 
8113687. 

0 . 2 0 
5511311. 

12951580. 

22UPOU32. 
10.38 
8870. 

0 . 3 0 
f> 705329. 

760 .51 

38 27 2016. 
91 .13 

26609. 
0 . 30 

1108(722. 
031.51 

•=-1092832. 
182.25 
53217. 

0 . 3 0 
'7800 . '•>11.00 IT-



* » • CUSP PHOCESS FOR U02 MICROSPHERE PREPARATION ( I H RECYCLE)S BV* • • 

DESCRIPTION 

PROCESS THROUGHPUT (KILOGRAHS) 

PROCESSING KQUIPHENT COST 000) 

PLANT DIRECT CONSTRUCTION COST (S1000) 

PLANT INDIRECT CONSTRUCTION COST (11000) 

PLANT OWNER'S COST (J1000) 

PLANT TOTAL COST (S1000) 

UHIT COST (DOLLARS/KILOGEAH) 

FUNCTION COEFFICIENTS ARE AS FOLLOWS = 

A1 = 1 .00963E 03 A2 = 5 .10611E 02 A3 

PUHCTION EXPONENTS ARE AS FOLLOWS = 

B1 = - 9 . 3 2 8 5 0 F - 0 3 B2 = - 2 . 17012B-03 B3 

SOHHARY OF RESULTS 

PLANT CAPACITY 
0 . 5 TONNE 1 . 5 TONNE 

PER DAY 

30.1 

2155.0 

1 0 1 1 1 . 8 

7575.9 

1766.7 

22181.1 
760.51 

PER DAY 

91.1 

3851.0 

17263.2 

12895.6 

8113.7 

38272.1 

131.51 

3.0 TONNE 
PER DAY 

182.3 

6 3 1 7 . 0 

27556.6 

20581.7 

12951.6 

6 1 0 9 2 . 8 

3 1 1 . 1 0 

0 . 0 AL = 0 . 0 

0.0 B ! = 0 . 0 8 o 



4 * * T F I 5 0 COATING PPOCBSS IK P I S I L B PARTICLES 002 , ' I - 2 . J . (II )t 

CASE 1 
V * C 0 S T E S T I M A T E P R E P A R A T I O N * * 

DIRECT CONSTRUCTION COST 

PROCESSING EQUIPMENT COST 

1 ESTIMATED EQUIPMENT COST ($) 1:113000. 

ACTUAL I S - C E L L EQUIPMENT SPACE REQOIRED (CU PT) 

TTPE (1 ) = UNSHIELDED HOT J.LPHA CELL - CONTACT MAINTENANCE (ITEM 7 
TTPE (2) = GLOVE BOXES AND HOODS - DIRECT MAINTENANCE ( ITEH 8 

2 TTPF (1 ) 2579 . 
3 TTPE (2 ) 3 0 7 . 
4 TTPE (3) 
* ACTOAL OOT-OP-CELL EQUIPMENT SPACE PEQOISED (CU FT) 16 38. 

PROCESSING SPACE COST (HOT CELLS) ($) 

GROSS IN -CELL SPACE SEQOIRED 

6 TTPE (1 ) STD. CELL WIDTH (FT) 2 0 . 0 
7 STD. CELL HEIGHT (FT) 2 0 . 0 
8 SOP (PROM ORHL TM-•4613, TABLE 5) 

(FT) 
2 . 5 0 

9 GROSS CELL VOLOHE (CO FT) 6 4 4 8 . 
10 LINEAR FT. OF CELL (FT) 16 .12 

11 TYPE (2) STD. CELL WIDTH (FT) 2 . 5 
12 STD. CBLL HEIGHT (FT) 4 . 0 
13 SOF (FROH ORNL TH-4613 , TABLE 51 2 . 2 0 
11 GROSS CELL VOLUME (CO FT) 6 7 5 . 
15 LINEAR PT . OF CBLL (FT) 6 7 . 5 4 

16 TYPE (3) STD. CELL WIDTH (FT) 
17 STD. CELL HEIGHT (FT) 
18 SUF (FROH ORNL T H - 4 6 1 3 , TABLE 5) 
19 GBOSS CELL VOLUHE (CO FT) 
20 LINEAR FT . OF CELL (FT) 

I N - C E L L SPACE UNIT COST (J /CU FT) 

21 TTPE H) (UCCF FROH ORNL TH-•4613, TABLE 6) 9 . 0 0 
22 TTPE (2 ) (OCCP PROM ORHL TM- 36 13, TABLE 6) 1 4 6 . 0 0 
23 TYPE (3 ) (OCCF FROM ORHL TH- 4 6 1 3 , TABLE 6) 

I H - C E L L SPACE TOTAL COST ($) 

21 T IPE (1) 5 8 0 2 8 . 
25 TYPE (2) 9 8 6 0 8 . 
26 TYPE (3 ) 
27 TOTAL 188756 . 

H I S * * « DATE I S 07- TB-7U PAGE 

CASE ESTIMATES 
CASE 2 CASE 3 

3 0 9 0 2 0 0 . 

TABLES 5 AND 6) 
TABLES 5 AID 6 | 

4 8 1 3 . 
3 0 7 . 

3 2 6 0 . 

5366100 . 

7938. 4S1. 
4902. 

2 0 . 0 
2 0 . 0 
2 . 5 0 

1 2 0 3 3 . 
3 0 . 0 8 

2 . 5 
4 . 0 

2.20 
F.75. 

6 7 . 5 4 

2 0 . 0 
2 0 . 0 
2 . 50 

19015. 
1 9 . 6 1 

2 . 5 1.0 
2.20 

1011. 
101.12 

9.00 9.00 
116.00 116.00 

1 0 8 2 9 3 . 178605 . 
9 8 6 0 8 . 1 1 8 0 7 3 . 

2 5 5 0 8 1 . 3 9 0 9 1 8 . 



GROSS OOT-OF-CELL SPACE REQUIRED (CO FT) 

HAKE OP AHD PROCESS SERVICE SPACE 

28 STD. AREA WIDTH (FT) 
29 STD. AREA HEIGHT (PT) 
30 SOF (FROH ORHL TH-1613, TABLE 5) 
31 GROSS VOLOHE (CO PT) 

CELL OPERATIHG SPACE (CO PT) 

32 TTPE (1) STD. AREA WIDTH (FT) 
33 STD. AREA HEIGHT (PT) 
31 HO. OP CELL SIDES WITH OP. AREA 
35 GROSS VOLOHE (CO PT) 

36 TTPE (2) STD. AREA WIDTH (FT) 
37 STD. AREA HEIGHT (FT) 
38 HO. OP CELL SIDES WITH OP. AREA 
39 GROSS VOLOHE (CO FT) 

10 TTPE (3) STD. AREA WIDTH (FT) 
11 STD. AREA HEIGBT (PT) 
12 HO. OF CELL SIDES WITH OP. AREA 
13 GROSS VOLOHE (CO PT) 

CRAHE BAT SPACE 

11 TTPE (1) CEIL AREA (SO PT) 
15 SOF (PBOH ORHL TH-1613, TABLB 5) 
16 STD. BAT HEIGHT (PT) 
17 GROSS VOLOHE (CD PT) 

18 TTPE (2) CELL AREA (SQ FT) 
19 SOP (PROH OBHl TH-1613, TABLB 5) 
50 STD. BAT HEIGHT (PT) 
51 GROSS VOLOHE (CO FT) 

52 TTPE (3) CELL AREA (SQ PT) 
53 SOF (FROH OBHL TH-1613, TABLB 5) 
51 STD. BAT HEIGHT (PT) 
55 GROSS VOLOHE (CO FT) 

OUV-OF-CELL SPACE OHIT COST (*/CO FT) 

56 HAKE-OP AHD PBOCESS SERVICE SPACB 

CELL OPERATIHG SPACE OCCP (PROH TH-1613, TABLE 6) 

57 TTPB (?) 
58 TTPE (2) 

59 TTPE (3) 

CRAWS BAT SPACE OCCP (PROH TH=1613, TABLE 6) 

60 TTPF (1) 61 TTI'E (2) 
62 TfPE (3) 
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16.0 
11.0 
2.70 

1123. 

16.0 
11.0 
2.70 

8602. 

16.0 
11. D 
2.70 

13235. 

10.0 
20.0 

1.0 
3221. 

10.0 
2 0 . 0 

1.0 
6016. 

10.0 
20.0 
1.0 

9922. 

10.0 
1 1 . 0 

1.0 
9156. 

10.0 
11.0 
1.0 

9156. 

10.0 
11.0 
1.0 

11199. 

322. 
3 .50 11.0 

19616. 

602. 
3.50 
11.0 

92650. 

992. 
3.50 11.0 

152805. 

169. 
3.50 
0.0 0. 

169. 
3.50 
0.0 0. 

251. 
3.50 
0 .0 0. 

7.00 7.00 7.00 

7 .00 
7.00 

7.00 
7.00 

7.00 
7.00 

2.30 
0 .0 

2.30 
0.0 

2.30 
0.0 



O0T-OF-CELL SPACE TOTAL COST 

63 HAKE-OP AND PROCESS SERVICE SPACE 

CELL OPERATING SPACE 

61 TTPE (1 ) 
65 TTPE (2) 
66 TTPE (3) 
67 TOTAL 

CRANE BAT SPACE 

68 TTPE (1) 
69 TTPE (2) 
70 TTPE (3) 
71 TOTAL 
72 TOTAL OOT-OF-CELL SPACE COST 
73 PROCESSING SPACE TOTAL COST ( t ) 

PROCESSIHG SUPPORT SPACE COST (BLDG. EXCLUDIHG HOT CPLLS) 

INDIRECT PROCESS SOPPORT SPACB 

7U STD. AREA HEIGHT (FT) 
75 SOF (FROH ORHL TH-0613, TABLE 5) 

76 TOTAL SPACE REQUIRED (CU PT) 

INDIRECT PROCESS SUPPORT SPACE UHIT COST (i/CU FT) 

77 UCCF (PROS ORKL TH-1613, TABLE 6) (S/CU PT) 78 PROCESSING SUPPORT SPACE TOTAL COST (S) 

OUTSIDE UTILITIES COST ($) 

79 UCF (FROH ORNL TH-1613, TABLE 7) (PRACT.) 
80 EQOIPHEHT AHD FACILITY COST 
81 OUTSIDE OTILITIES COST 

SITE IMPROVEMENT COST ($) 

82 UCP ;PRON ORNL TH-1613, TABLE 8) (PRACT.) 
83 SUBTOTAL DIRECT CONSTRUCTION COST (J) 
81 SITE IMPROVEREHT COST (S) 
85 TOTAL DIRECT CONSTRUCTION COST (I) 
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3 0 9 5 8 . 61611. 92618. 

22566. 
66189. 

12111. 
66189. 

69157. 
99392. 

8 8 7 5 5 . 100303 . 168819. 

111185 . 0. 2 1 3 0 9 5 . 0. 3 5 1 1 5 5 . 0. 
111185. 
233899. 
122651. 

2 1 3 0 9 5 . 
3 8 3 0 1 2 . 
6 3 6 0 9 3 . 

3 5 1 1 5 5 . 
6 1 2 0 5 1 . 

1003869 . 

11 .0 
5 . 6 0 

12821. 

11.0 
5 . 6 0 

6 6 8 7 3 . 

11.0 
5 .60 

106295. 

7 . 0 0 
299768. 

7 . 0 0 
168112. 

7.00 
714062. 

to c/ u 

0 . 1 0 
2635021. 

263502. 

0.10 
5200003. 

520000. 

0.10 
8 1 1 1 0 3 1 . 

8 1 1 0 0 3 . 

0 .005 
2898963. 

10095. 
2913057. 

0 .005 
5720113. 

28602. 
5719045. 

0 .005 
8925133. 

11627. 
8970060. 



INDIRECT CONSTRUCTION COST 

GBWERAL AKD ADHIRISTRATIVE COST 

86 DCF {PROH ORHL TH-0613, TABLE 1) (?RACT.) 
87 SUBTOTAL GBH. • ADH. COST (I) 

ENGINEERING COST 

88 UCP {PROH ORNL TH-0613, TABLE 7) {FRACT.) 
89 SOBTOTAL ENGR. COST (I) 

HISC. CONSTROCTION COST 

90 tTCF (PROH ORNL TH-0613, TABLE 7} (FRACT.) 
91 SOBTOTAL HISC. CONSTROCTION COST (J) 

COHTIHGENCY ALLOWANCE 

92 OCF (PROH ORRL TH-0613, TABLE 7) (PRACT.) 
93 SOBTOTAL COHTIHGBHCY ALLOWANCE (J) 

SPARE PARTS COST 

90 OCF (FROH ORHL TH-0613, TABLE 7) (FRACT.) 
95 SOBTOTAL SPARE PARTS COST (J) 

NONINSTALLED SPARE EQUIPHEHT COST 

96 DCP (FROB ORHL TH-0613, TABLE 7) (FRACT.) 
97 SUBTOTAL HOHIHSTLED SPABE EQUIPHBHT COST ($) 

QUALITY ASSURAHCE COST 

98 DCF (FROH ORHL TH-0613, TABLE 7) (FRACT.) 
99 SUBTOTAL QUALITY ASSURANCE COST (8) 
100 TOTAL IHDIRBCT CONSTRUCTION COST ( t) 

PAGE 

0.10 
2 9 1 3 0 6 . 

0.10 
5 7 0 9 0 0 . 

0 .10 
897006. 

0 .30 
870037. 

0.30 
1720713. 

0 .30 
2691017. 

0 . 0 5 
105673. 

0.05 
287052. 

0 .05 
008503. 

0.20 
582691. 

0.20 
1 1 0 9 8 0 8 . 

0. 20 
1790011. 

0 .007 
20390. 

0.007 
00203. 

0.007 
62790. 

0 . 0 3 
87004. 

0 .03 
172071. 

0 .03 
269102. 

0.06 
174807. 

2176309. 

0.06 
300903. 

0294533. 

0 .06 
538204. 

6700629. 



09NER" S COST 

LAND COST 

UC? (fltOII OBHL TK-U613, TAB IK 8) (MACT.t 102 SUBTOTAL LASTl C«ST t»> 

PROJECT RUNAGEBENT COST 

103 ijCP (PPO» o m TB-0613, TABLE M (PPA<*T.) 
1(11 SUBTOTAL PHOJ. HAJKT. COST ft) 

L I C E N S E R COST 

ID*1 UCP (PRO.* 0»SL T B - 0 6 1 3 , TABLE S) /PSACT.J 
106 SOBTOTAL LICENSING COST ( I ) 

TAXES, INSURANCE AND IKTEBP.ST 

107 UCP (PROS OB»L TB-U6U, TABLE «) (PRACT.) 
108 SUBTOTAL TAXES. INSURANCE AND » T . (J) 

PREOPERATIONAL TESTING ANP STARTUP 

10" UCP (PRor ORNL TH-0613. TABLE OI (?RACT.) 
110 SUBTOTAL FREOP. TESTING AND STARTUP (T | 
111 TOTAL OWNER'S COST (J) 

TOTAL CAPITAL CONSTRUCTTOI COST 

112 INCREMENT OP TOTAL PLANT COST ( I ) 
113 PROCESSING THROUGHPUT OP ACCEPT* BLE T'ROD (KCHN/DAT) 
111 ANNUAL PRODUCTION RATE (KTLOGRAHS 0? HEAVY HF TAT/YP.AB) 
115 CAPITAL CHARGE RATE (PRACT.) 
116 ANNUAL CAPITAL CHARGE (DQLLAHS/YFAR) 
117 PRODUCT UNIT COST (DOLL A R V K T 1 0 3 PAH OP (L»AVT METAL) 
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0.01 29135. n.ni 51090, 0.01 
8 9 7 0 1 . 

0.02 0.02 t ta«0l. 0.02 170001. 

0.00 1165̂ 8. n.oa 
2 7 0 9 6 2 . 

0.00 
3 5 8 8 0 2 . 

0 . 2 0 
R.FL269 1. 

0 . 2 0 
1 1 J9«0FL. 

0.20 
1710011. 

0.2I-' 
I 369320. 

0.20 
' 1 L 1 P 0 9 . 
2 7 0 2 0 1 9 . 

0.20 
17100 I I . 
0 2 1 5 9 / 6 . 

N> O UI 

23. r.noi. 0. 30 m m o . 281. <11 

I2 
fii.no 
n. io 

in?.r,o 

19H«6(:0fl. 139.60 U076 3. 0. 30 59659111. 116.36 



• • • TRISO COATING PROCESS Id FISILE PARTICLES 002 ( L - 2 . J . ( 1 ) ) $ B 1 5 * » « 

SOUNAFT OF RESULTS 

DESCRIPTION 

PROCESS THROOGRPOT (KILOCRAHS) 

PROCESSING EQUIPHENT COST ($1000) 

PLANT DIRECT CONSTRUCTION COST ($1000) 

PLART INDIRECT CONSTRUCTION COST ($1000) 

PLAHT OWNER'S COST ($1000) 

PLANT TOTAL COST ($1000) 

ONIT COST (DOLLARS/KILOGRAH) 

FONCTION COEFFICIENTS ARE AS FOLLOWS * 

Al = 3.5108IE 02 A2 = 2.00077E 02 A3 = 0 . 0 

FUNCTION EXPONENTS ARE AS FOLLOWS * 

B1 « -8 .97820E-03 B2 = -3 .55710E-03 B3 = 0 . 0 

PLANT CAPACITT 
0 . 5 TOBNE 1.5 TONNE 

PER DAI 

2 3 . 3 

1913.0 

2913.5 

2176.3 

1369.3 

6 0 5 9 . 1 

2&0.81 

AO a 0 .0 

PER DAT 

69.8 

0090.2 

5705.0 

0290.5 

2702.0 

12705.6 

187.60 

3.0 TONNE 
PER DAT 

139.6 

6366.1 

8970.1 

6700.6 

0215.9 

19886.6 

106.36 

BO 0.0 
to 



* « * PPP SLUG INJECTION ODT OF BLOCK CARB PROCESS FOR If! FUEL BTfi« * * DATE IS 07-18-71 PAGE 1 

* « C O S T E S T I M A T E P R E P A R A T I O N 
CASE I 

CASE ESTIMATES 
CASE 2 CASE 3 

DIRECT CONSTROCTION COST 

PROCESSING EQUIPMENT COST 

1 ESTIMATED EQUIPMENT COST 

ACTUAL IN-CELL EQUIPMENT SPACE REQUIRED 

ft) 

(CU PT) 

525200. ' 123500 . 

TTPE (1) = UNSHIELDED HOT ALPHA CELL - CONTACT MAINTENANCE (ITEM 7 , TABLES 5 AND 6) 
TTPE (2) = GLOVE BOXES AND HOODS - DIRECT MAINTENANCE (ITEM 9, TABLES 5 AND 6) 

TTPF (1) 
TTPE (2) 
TTPE (3) 

ACTUAL OUT-OP-CELL EQUIPHEHT SPACE REQUIRED (CO i'T) 

2700. 
195. 

1836. 

7610. 
300. 

3672. 

1800100. 

11502. 
600. 

57811. 

PROCESSING SPACE COST (HOT CELLS) (S) 

GROSS IN-CELL SPACE REQUIRED 

6 TTPF (1) STD. CELL WIDTH t PT) 20 .0 20 .0 20.0 
7 STD. CELL HEIGHT (PT) 20 .0 20.0 20 .0 
8 SUP (FROM ORHL TH-0613, TABLE 5) 2 .50 2 .50 2 .50 
9 GROSS CELL VOLUHB (CU FT) 6750. 19035. 26755. 

10 LIHEAR PT. OP CELL (FT) 16.88 07.59 71.89 

11 TTPE (2) STD. CELL WIDTH (PT) 2 . 5 2. 5 2 . 5 
12 STD. CELL HEIGHT (FT) 0 . 0 0 .0 0 . 0 
13 SUP (FROM ORNt TH-0613, TABLE 5) 2 .20 2 .20 2 .20 
10 GROSS CELL VOLUnE (CD FT) 029. 660. 1320. 
15 LINEAR FT. OP CELL (FT) 02.90 66.00 132.00 

16 TTPE (3) STD. CELL WIDTH (FT) 
17 STD. CELL HEIGHT (FT) 
18 SUP (PROH ORNL TH-0613. TABLE 5) 
19 GROSS CELL VOLUHE (CU PT) 
20 LIHEAR FT. OF CELL (PT) 

IK-CELL SPACE UNIT COST ($/CU PT) 

21 TTPE (1) (UCCF PROH ORHL TH-0613, TABLE 6) 9 . 0 0 9 .00 9 .00 
22 TTPE (2) (UCCF FROH ORHL TH-0613, TABLE 6) 106.00 106.00 106.00 
23 TTPE (3) (UCCP PROH ORHL TH-0613, TABLE 6) 

IN-CELL SPACE TOTAL COST {») 
20 TTPE (1) 60750. 171315. 258795. 
25 TTPE (2.) 62630. 96360. 192720. 
26 TTPE (3) 
27 TOTAL 155500. 315855. 515755. 



3R0SS OOT-OF-CSLL SPACE REQOIRED (CO Ft) 

RAKE OP AND PROCESS SERVICE SPACE 

28 STD. AREA WIDTH (Ft) 
29 STD. AREA HEIGHT (PT) 
•0 SOP (PROH ORHL TH-0613, TABLE 5) 
J1 GROSS FOLOHE (CO PT) 

CELL OPERATING SPACE (CO PT| 

32 TTPE (1) STD. AHEA WIDTH (PT) 
33 STD. AREA HEIGHT (PT) 
38 NO. OP CELL SIDES WITH OP. AREA 
35 GROSS VOLOHE (CO PT) 

36 TTPE (2) STD. AREA SIDTH (PT) 
37 OTD. AREA BEIGHf (PT) 
38 HO. OP CELL SIDES WITH OP. AREA 
39 GROSS VOLOHE (CO FT) 

00 TTPE (3) STD. AREA WIDTH (FT) 
01 STD. AREA HEIGHT (PT) 
02 RO. OP CELL SIDES WITH OP. AREA 
03 GROSS VOLOHE (CO FT) 

CRAHB BAT SPACE 

00 TTPE (1) CELL AREA (SC FT) 
05 SOP (PROH ORIL TH-0613, TABLE 5) 
06 STD. BAT HEIGHT (PT) 
07 CROSS VOLOHE (CO PT) 

08 TTPE (2) CBLL AREA (SQ FT) 
09 SOP (PROH ORNL TH-0613, TABLE 5) 
50 STD. BAT HEIGHT (FT) 
51 GROSS VOLOHE (CO FT) 

52 TTPB (3) CELL AREA (SQ PT) 
53 SOP (FROH ORHL TH-0613, TABLB 5) 
50 STD. BAT HEIGHT (FT) 
55 GROSS VOLOHB (CO FT) 

OOT-OF-CEIL SPACE OHIT COST (I/CO FT) 

56 HAKE-OP AHD PROCBSS SERVICE SPACE 

CBLL OPERATING SPACE OCCP (PROB TH-0613, TABLE 6) 

57 TTPE (1) 
58 TTPB (2) 

59 TTPP (3) 

CRAHE BAT SPACE OCCP (FROH TH'0613, TABLE 6) 

60 TTPE (1) 61 TTPE (2) 
62 TTPE (3) 
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16.0 
10.0 
2 . 7 0 

0957. 

16.0 
10.0 
2 .70 

9910. 

16.0 
10 .0 
2 .70 

15617. 

10.0 
20.0 

1.0 
3375. 

10.0 
20.0 
1.0 

9517. 

10.0 
20 .0 

1.0 
10377. 

10.0 
10.0 
1.0 

6006. 

10.0 10.0 
1.0 

9200. 

10.0 
10.0 
1.0 lê eo. 

338. 
3 . 50 00.0 

51975. 

952 . j.'-O 00.0 
106569. 

1030. 
3 .50 00.0 

221013. 

I\> o oo 

107. 
3 . 50 
0.0 
0. 

165» 
3 .50 

0 . 0 0. 

330. 
3 .50 

0 . 0 0. 

7 . 0 0 7 . 0 0 7 .00 

7 . 0 0 
7 . 0 0 

7 .00 
7 . 0 0 

7 .00 
7 . 0 0 

2 .30 
0.0 

2 .30 
0.0 

2 . 3 0 
0.0 



OOT-OP-CELL SPACE TOTAL COST 

63 HAKE-OP AMD PROCESS SERVICE SPACE 

CBLL OPERATING SPACB 

60 TTPE (1) 
65 TTPE (2) 
66 TTPE (3) 

67 TOTAL 

CHARE BAT SPACE 

68 TYPE (1) 
69 TYPE (2) 
70 TYP? (3) 
71 TOTAL 
72 TOTAL OOT-OF-CELL SPACE r.OST 
73 PROCESSING SPACE TOTAL COST f t ) 

PROCESSING SOPPORT SPACE COST (BLDG. EXCLUDING HOT CELLS) 

INDIRECT PROCESS SOPPORT SPACE 

70 STD. AREA HEIGHT (FT) 
75 SOF (FROH ORHL TH-0613, TABLE 5) 

76 TOTAL SPACE REQOIRED (CO FT) 

INDIRECT PROCESS SOPPORT SPACE ONIT COST ($/C0 FT) 

77 OCCF (FROB ORHL TH-0613, TABLE 6) ($/C0 FT) 78 PROCESSING SOPPORT SPACE TOTAL COST ($> 

OOTSIDB OTILITIBS COST (t) 

79 OC? (PROH ORNL TH-0613, TABLB 7) {PRACT.) 
80 EQOIPHENT AND FACILITY COST 
81 OOTSIDE 0TILITIES COST 

SITE INPROVBHENT COST (*) 

82 OCF (FROH ORHL TH-0613, TABLE 8) (FRACT.) 
83 SOBTOTAL DIRECT CONSTRUCTION COST ({) 
80 SITE IHPROVEHEh'T COST ($) 
85 TOTAL DIRECT COHSTROCTIOII COST («) 

PAGE 1100 

3 0 7 0 0 . 69001. 109318. 

23625. 
02002. 

66622. 
60680. 

100602. 
129360. 

65667. ' 3 1 3 0 2 . 230002. 

119502. 0. 337110. 0. 509250. 0. 
119502. 
219910. 
3750 10. 

' 3 7 1 1 0 . 
537813. 
853668. 

509250. 
8011570. 

13603?=. 

1«.0 
5 .60 

39180. 

10.0 
5,60 

90021. 

10.0 
3 .60 

107216. 

7 . 0 0 
270262. 

7 .00 7 . 0 0 
7030509. 

0 . 1 0 
117087$. 

117088. 

0.10 
2635310. 

263531. 

0.10 
0195233. 

019523, 

0 .005 
1292363. 

6 0 6 2 . 
1298820. 

0 .005 
2898805. 

10U90. 
2913339. 

0 . 0 0 5 
0610756. 

23070. 
0637829. 



Ill DIRECT COHSTBOCTTON COST 

GENERAL AND ADMINISTRATIVE COST 

8F OCP (PROK ORHL TH-0613, TABLE 7) (PRACT,) 
87 SOBTOTAL GEN. • ADM. COST (J) 

ENGINEERING COST 

88 OCP (PROM ORHL TH-0613, TABLE 7) (FPiCT.) 
89 SOBTOTAL ENGR. COST (J) 

MISC. CONSTROCTION COST 

90 OCP (PROH ORNL TH-0613, TABLE 7) (PRACT.) 
91 SOBTOTAL HISC. CONSTRUCTION COST ($) 

CONTINGENCY ALLOWANCE 

92 OCP (PROH ORNL TH-0613, TABLE 7) fFBACT.) 
93 SOBTOTAL CONTINGENCY ALLOWANCE (!) 

SPARE PARTS COST 

90 OCP (PROH ORHL TH-U613, TABLE 7) (PRACT.) 
95 SOBTOTAL SPARB PARTS COST ($j 

NONINSTALLED SPARE EQOIPHEHT COST 

96 OCF (FROH ORHL TH-0613, TABLE 7) (FRACT.) 
97 SOBTOTAL NONINSTLED SPARE EQOIPMENT COST($) 

QOALITY ASSURANCE COST 

98 OCF (FROH ORNL TH-0613, TABLE 7) (FRACT.) 
99 SOBTOTAL QOALITY ASSURANCE COST (J) 
100 TOTAL INDIRECT CONSTRUCTION C03T ( f ) 
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0.10 
1298B2. 

0.10 
J91330 . 

0.10 
063783. 

0 . 30 
399607. 

0 . 3 0 
8 7 0 0 0 2 . 

0 . 3 0 
1391308. 

0 . 0 5 
60901. 

0 .05 
105667. 

0 . 0 5 
231891. 

0 . 2 0 
259765. 

0.20 
582668. 

0-20 
927566. 

0 .007 
9092. 

0 .007 
20393. 

0 .007 
32065. 

0 . 0 3 
38965. 

0 . 0 3 
87000. 

0. 03 
139135. 

0 .06 
77929. 

970221. 

0 .06 
170800. 

2176261. 

0 .06 
278270. 

30 60-J53. 



OWNER1 S COST 

1.AHD COST 

101 OCF (PROM ORNL TH-1613, TABLP fl) (FRACT.) 
102 SUBTOTAL LAND COST ($) 

PROJECT MANAGEMENT COST 

103 UCP (FROM ORNL TH-1613, TABLE 0) (FPACT.J 101 SUBTOTAL PROJ. MANGT. COST (f) 

1ICERSIXG COS: 

105 UCP (PROM o m TH-1611, TABLE P| (FRACT.) 
106 SOBTOTAL LICPHSING COST (») 

TAXES, INSUPANC3 AND INTEREST 

107 OCF (PRO* ORNI. TM-1613, TABLB P) (P?ACr.) 
108 SUBTOTAL TAXES, lNSU?.f.V:CE AND TNT. ($) 

PREOPERATIONAL TESTING AND STARTUP 

109 UCF (FROM ORNL TN-1613, TABLE fi) (?RACT.) 
110 SUBTOTAL tPEOP. TESTING AHD STARTUP (J) 
111 TOTAL OWNER'S COST (SI 

TOTAL CAPITAL CONSTRUCTION COST 

112 IHCREHENT OP TOTAL PLANT COST (J) 
113 PROCESSING THROUGHPUT OF ACCEPTABLE PROD (KGHH/DAT) 
I K ANNUAL PRODUCTION RATE (KILOGRAMS OF HEA»T METAL/TEAR) 
115 CAPITAL CHARGE RATE (FRACT.) 
Ho CAPITAL CHARGE (DOLLARS/TRAP) 
117 PRODUCT UNIT COST (DOLLARS/KTLOGRSH OF REA7T METAL) 
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0 . 0 1 
129HB. 

0.01 29113. O.0T 16370. 

0 . 0 2 fl.02 •n2«>7. 0.02 
927^7. 

O.OC 5 19*i 3. n.oa 1165J1. o.ou 10551J. 

0.20 ^9765. 0.20 r)f>2f'6R. 0.20 9 27566. 

0 . 2 0 7.SM765. £10117. 
0 . 2 0 5f)26«9. 13f 9269. 

0 , 2 0 927566. 2179778. 

"1/1192. 121.90 ')399l. O. 3IJ 96 1(117. 9. 19 
0.30 017660. 7.11 

10282060. 
IH65.10 
r>11697. 

0 .30 
39B1617. 

5.66 



» * » PRP SLOG INJECTION OOT OF BLOCK CARB PROCESS FOR IB FUEL H-O.A(1)$ B16* * » 

DESCRIPTION 

PROCESS THROOGHPOT (KILOGRABS) 

PROCESSIHG SQOIPHEHT COST (SI 000) 

PLAHT DIRECT COHSTROCTIOH COST (J1000) 

PLAHT INDIRECT CONSTRUCTION COST (f 1 000) 

PLAHT OWNER'S COST (TI 000) 

PLAHT TOTAL COST (tlOOO) 

ONIT COST (DOLLARS/KILOGRAH) 

FDRCTIOH COEFFICIENTS ARE AS FOLLOWS = 

Al = 1.05178E 01 A2 = 8.93838E 00 A3 

POHCTION EXPONENTS ARE AS POLLOWS = 

B1 = -0.19126E-00 B2 = -2.0H666E-OB B3 

SOBHART OF RESULTS 

PLAHT CAPACITY 
0 .5 TONNE 

PER DAY 
1.5 TONNE 
PER DAY 

1.0 TONNE 
PER DAY 

321.9 932.7 1865.« 

525.2 1123.5 1B00.U 

1298.8 2913.3 4637.8 

970.2 2176.3 3U6U.5 

610.« 1369.3 2179.8 

2879.5 6H58.9 10282.1 

9.19 7 .11 5.66 

A« = 0.0 

ho 
0.0 BU - 0.0 S 



* * * FUEL ELEMENT ASSEMBLY OCT OF BLOCK CABB PROCESS I B FUEL N - 1 . A J B17* « * DATE IS 07-18-71 PAGE 

CASE ESTIMATES 
CASE 1 CASE 2 CASE 3 

* * C O S T E S T I H A T E P R E P A R A T I O N * * 

DIRECT CONSTROCTION COST 

PROCESSING EQUIPMENT COST 

1 ESTIMATED EQUIPMENT COST ($) 108900. 631100. 0991.00. 

ACTOAL IN-CELL EQUIPMENT SPACE REQOIRED (CU FT) 

TIPE (1) = UNSHIELDED HOT ALPHA CELL - CONTACT MAINTENANCE (ITEM 7 , TABLES 5 AND M 

2 TIPS (1) 8568. 11585. 23216. 
3 TIPE (2) 
1 TYPE (3) 
5 ACTUAL OOT-OF-CELL EQUIPMENT SPACE REQUIRED (CD FT) 1110. 5772. 6660. 

PROCESSING SPACE COST (HOT CELLS) (S) 

GROSS IN-CELL SPACE REQOIRED 

6 TYPE (1) STD. CELL WIDTH (FT) 20.0 20.0 20.0 
7 STD. CELL HEIGHT (FT) 20 .0 20.0 20.0 
8 SUF (FROH ORHL TH-1613, TABLE 5) 2 .50 2.50 2.50 
9 GROSS CELL VOLUME (CO PT) 21120. 36163. 58010. 

10 LINEAR FT. OF CELL (FT) 53.55 91.16 145.10 

11 TIPE (2) STD. CELL WIDTH (FT) 
12 STD. CELL HEIGHT (FT) 
13 SOP (FHOH ORNL TM-4613, TABLE 5) 
10 GROSS CELL VOLOHE (CD FT) 
15 LINZAR FT. OF CELL (FT) 

16 TYPE (3) STD. CELL WIDTH (FT) 
17 STD. CELL HEIGHT (FT) 
18 SUF (FROM ORNL TH-4613, TABLE 5) 
19 GROSS CELL VOLUHE (CU FT) 
20 LINEAR PT. OF CELL (PT) 

IN-CELL SPACB UNIT COST (J/CU FT) 

21 TYPE (1) (UCCF FROH ORHL TH-0613, TABLF 6) 9 .00 9.00 9.00 
22 TYPE (2) (UCCF FROM ORHL TH-0613, TABLE 6) 
23 TYPE (3) (UCCF PROH ORHL TH-0613, TABLE 6) 

IN-CELL SPACB TOTAL COS'i" (S) 

20 TYPE (1) 192780. 328163. 522360. 
25 TYPE (2) 
26 TYPE (3) 
27 TOTAL 287530. 472702. 779320. 



GROSS OOT-OP-CELL SPACE REQUIRED (CO PT) 

HAKE DP AND PROCESS SERVICE SPACE 

28 STD. AREA WIDTH (FT) 
29 STD. AREA HEIGHT (PT) 
30 SOP (PROS 0RNL TH-"613, TABLE 5) 
31 GROSS VOLOHE (CO PT) 

CELL OPERATING SPACE (CO PT) 

32 TTPF (1) STD. AREA WIDTH (FT) 
33 STD. AREA HEIGHT (FT) 
31 NO. OP CELL SIDES WITH OP. AREA 
35 GROSS VOLOHE (CO PT) 

36 TTPE (2) STD. AREA WIDTH (FT) 
37 STD. AREA HEIGHT (FT) 
38 HO. OP CELL SIDES WITH OP. AREA 
39 GROSS VOLOHE (CO FT) 

00 TTPF (3) STD. AREA WIDTH (PT) 
01 STD. AREA HEIGHT (PT) 
02 HO. OP CELL SIDES WITH OP. AREA 
03 GROSS VOLOHE (CO PT) 

CRAHE BAT SPACE 

UU TTPE (1) CELL AREA (SQ PT) 
05 SOF (FROH ORNL TH-0613, TABLE 5) 
06 STD. BAT HEIGHT (FT) 
07 GROSS VOLOHE (CO PT) 

08 TTPE (2) CELL AREA (SQ PT) 
09 SDF (FROH ORNL TH-0613, TABLE 5) 
50 STD. BAY HEIGHT (PT) 
51 GROSS VOLOHE (CO PT) 

52 TTPE (3) CELL AREA (SQ PT) 
53 SOF (PROH ORHL TH-0613, TABLE 5) 
50 STD. BAT HEIGHT (PT) 
55 GROSS VOLOHE (CO PT) 

OOT-OF-CELL SPACE OHIT COST ($/C0 PT) 

56 HAKE-OP AHD PROCESS SERVICE SPACE 

CELL OPERATING SPACE OCCP (FROH TH-0613, TABLE 6) 

57 TTPE (1) 
58 TTPE (2) 

59 TYPE (3) 

CRAHE BAT SPACE DCCF (PROH TH=0513, TABLE 6) 

60 TYPE {1) 61 TYPE (2) 
62 TYPE (3) 
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16.0 16.0 16.0 
10.0 10.0 10.0 
2 . 7 0 2 .70 2 . 7 0 

11988. 15580. 17982. 

10.0 10.0 10.0 
20.0 2 0 . 0 2 0 . 0 

1.0 1.0 1.0 
10710. 18231. 29020. 

1071. 1823. 2902. 
3 . 50 3 . 5 0 3 .50 M 00.0 00.0 00.0 £ 

160930. 280761. 006908. 

7 . 0 0 7 . 0 0 7 . 0 0 

7 . 0 0 7 . 0 0 7 . 0 0 

2 .30 2 .30 2 . 3 0 



OOT-OP-CELL SPACE TOTAL COST <t) 

63 WAKE-OP AHD PROCESS SERVICE SPACE 

CELL OPERATING SPACE 

60 TYPE 
65 TYPE ( ? ) 
66 TYPE (3) 
67 TOTAL 

CRARE BAY SPACE 

68 TYPE (1) 
69 TYPE (2) 
70 TYPE (3) 
71 TOTAL 
72 TOTAL OOT-OP-CELT. SPACE COST 
73 PROCESSIHG SPACE TOTAL COST ($1 

PROCESSIHG SOPPORT SPACE COST (BLDG. EXCLUDING HOT CELLS) 

IHDIRECT PROCESS SOPPORT SPACE 

70 STD. AREA HEIGHT (PT) 
75 SOF (FBOH ORNL T H - 0 6 1 3 , TABLE 5) 

76 TOTAL SPACE REQOIRED (CO FT) 

INDIRECT PROCESS SUPPORT SPACE OHIT COST (S/CO *T) 

77 CCCF (PROH ORNL T H - 0 6 1 3 , TABLE 6) (S/CO FT) 78 PROCESSIHG SOPPORT SPACE TOTAL COST (S) 

OOTSIDB U T I L I T I E S COST («( 

79 OCP (FROH ORNL T H - 0 6 1 3 , TABLE 7) (FRACT.) 
80 EQOIPHENT AND FACIL ITY COST 
81 OUTSIDE U T I L I T I E S COST 

SITE IHPROVEHENT COST (S) 

82 UCF (PROS ORNL T H - 0 6 1 3 , TABLE 8) (FRACT.) 
83 SOBTOTAL DIRECT COHSTBUCTIOB COST ($) 
80 S ITE IHPROVEHEHT COST (T) 
85 TOTAL DIRECT CONSTRUCTION COST (S) 
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8 3 9 1 6 . 1 0 9 0 9 1 . 125870 . 

7 0 9 7 0 . 

7 0 9 7 0 . 

1 2 7 6 1 9 . 

1 2 7 6 1 9 . 

2 0 3 1 0 0 . 

2 0 3 1 0 0 . 

379308. 605751. 1027888 . 

3 7 9 3 0 8 . 
5 3 8 2 3 0 . 
8 2 5 7 6 8 . 

6 0 5 7 5 1 . 
B82060. 

1355162 . 

1027888 . 
1356901. 
2136220 . 

10.0 
5 . 6 0 

9 6 6 8 7 . 

10.0 
5 . 6 0 

1 6 2 3 3 7 . 

10.0 
5 . 6 0 

2 6 2 0 1 3 . 

7 . 0 0 
576807. 

7 .00 
1136358. 

7 . 0 0 
1830088. 

0.10 
1 9 1 1 0 7 3 . 

191107. 

0.10 
3 1 2 2 9 2 0 . 

. ' 1 2 2 9 2 , 

0.10 
0869708 . 

0 8 6 9 7 1 . 

0 . 0 0 5 
2102620. 

10513 . 
2 1 1 3 1 3 3 . 

0 . 0 0 5 
3 0 3 5 2 1 1 . 

1 7 1 7 6 . 
3 0 5 2 3 8 7 . 

0 . 0 0 5 
535667C. 

26783 . 
5383061 . 



INDIRECT CONSTRUCTION COST 

GENERAL AND *DBINISTRATIPE COST 

fl< J CP (»RO» OENt, T«-fl6J3, TABLE 7) (PR ACT.) 
(O SUBTOTAL GEN. • ADR. COST <$) 

ENGINEBRING COST 

88 UCP (PROB 0*HL TR-0613, TABLE 7) (PRACT.) 
89 SP?TOTAL ENGR. COST ($) 

BISC. CONSTRUCTIOH COST 

90 OCP (PROB ORHL TN-US13, TABLE 7) (PRACT.) 
91 SOBTOTAL HISC. CONSTRUCTION COST (I) 

CONTINGENCY ALI01AKCB 

92 OCP (PROB ORNL TH-0613, T&3LE 7) (PRACT.) 
93 SUBTOTAL CONTINGENCY ALL0BANC2 (J) 

SPAPE PASTS COST 

90 acr (PROB ORNL TN-0613, TABLB 7) (PRACT.) 
95 SUBTOTAL SPABE PARTS COST (S) 

KOmSTALLED SPARS EQUYPHENT COST 

98 OCP (PROH ORNL TB-0613. TABLE 7) (PRACT.) 
97 SOBTOTAL KONINSTLED SPARE BQDIPBENT COST (J) 

QUALITY ASSURANCE COST 

9H OCP (PJtOH ORNL TB-0613, TABLE 7) (PBACT.) 
99 SUBTOTAL QUALITY ASSURANCE COST (») 
160 TOTAL INDINECT CONSTRUCTION COST (S) 
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0. 10 
211313. 

0.10 
305239. 

0.10 
538306. 

0 .30 
6339U0. 

0.30 
1035716. 

0.30 
1615038. 

0 .05 
105657. 

0 .05 
172619. 

0.05 
269173. 

0 . 2 0 
022627. 

0.20 
690077. 

0.20 
1076692. 

0.007 
10792. 

0.007 
20167. 

0.007 
37680. to 

£ 

0.03 
63390. 

0.03 
103572. 

0 .03 
161500. 

0.06 
126788. 

1576507. 

0.06 
207103. 

2578930. 

0.06 
323008. 

0021002. 



OASTR* 5 COST 

U*p CPS? 
tot n c r (»P0». OBSL ?!"- l . t l3 , TABLE ?) (PRACT.) sae'.WA». LASH cost JD 

fsojjKT MOSSBBNT COST 
ucr (FPON ORKL T « - A 6 N . TAPLE M (» IACT. ) 

toa S03Tf»rn TSOJ. RAHCT. COST (*) 

ttcs*3£<« cost 
t35- ocr (P!?fi» o»«L T?-<|613, TABLE ") (FPACT.) 
10« SHBTrtTAt LTCEB5IXC COST (I) 

1C-' Bcr (P*OS 08»L TB-8M1, TABLE 6) (PBACT.) 
509?tJT*t TAXSS. T*S0BA*CP ASD l i f t . ( J | 

TTT^NTATROTVU TTSTMC STARTST 

I D ' OCP (PANS TK-a»'.I3, TAPLE F>) (PRACT.) 
» t c * SOBTOTAI t'BEOP. TESTING A SID STARTUP (J) 
» i t T(»»AJ. tw*£« '5 COST fSt 

TOTAt CAP'TAU CONSTHOCTIO* COST 
It* t*C*!!<!5*? O* TOTAt PLANT COST (J) m p»ocsrsst»o THStoasnrir o» ACCWTABI.? PROD <scHit/nAT) t»» AJW4J. PPOMCTTfl* BAIT (Kt MIGRANS rtP HEAVY KETAL/tFAR) t15 CAPITAL CHASGS SATX (rRACT.) 
11* AKHCIL CAPITAL CBApiv- (t'OLLA KS/TEAS) 117 PSOO"K? '1»t? COST (PF*LLAP5/Kt lOlfrAR OF tIEAVT BET AH 
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0.01 
21131. 

0.01 
30520 . 

0.01 
53835 . 

0 . 0 2 
02263 . 

0.02 
69008. 

0.02 
107669. 

0.00 B0525. 0.00 
138095. 

0.00 
215338. 

0.20 
022627. 

0.20 
C9G077. 

0 . 20 
1076692. 

0 . 7 0 
1 . 2 2 6 2 7 . 
99 317 2. 

0 .20 
690077. 

1 6 2 2 6 2 1 . 

0 . 2 0 
1076692. 
2530226. 

'i',808 12. 
2 9 5 . 5 0 
•J62C6. 

0 . 3C 
1 0050(1?. 16.?<; 

7 6 5 J 9 3 8 . 
BB6.50 

25B858. 
0 . 3 0 22°6181. 
8 . 8 7 

11935129. 
1773 .00 
5 1 7 7 1 6 . 

0 . 3 0 
3S80538. 

6 . 9 2 



• • • TO?'. ELIREHT KSSERBLT OUT OT BLOCK CABB PROCESS IH POEL H-1.ll® 

SOHHART OP RBSOLTS 

B17« * * 

DESCRIPTION 

PROCESS TRROOGHPOT (KILOGRAMS) 

PROCESSIHG BQOIPREHT COST (JIOOO) 

PLANT DIRECT CONSTRncTIOH COST (JIOOO) 

PLANT INDIRECT COHSTROCTIOH COST (SI000) 
PLAHT OWNER'S COST (JIOOO) 

PLAHT TOTAL COST (flOOO) 

OHIT COST (DOLLARS/KILOGRAH) 

PONCTIOH COEFFICIENTS ARE AS FOLLOHS = 

A1 =» 2.20717E 01 A2 = 1. 13771E 01 A3 

FDNCTIOH EIPOREHTS ARE AS FOLLOWS = 

B1 = -1 .02829E-03 B2 = -2 .80715B-01 B3 

PLAHT CAPACITT 
0 . 5 TONNE 

PER DAT 
1 .5 TONNE 

PER DAT 
3.0 TONNE 

PER DAT 

295.5 886 .5 1773.0 

108.9 631 .1 899 .1 

2113.1 3152.1 5383.5 

1570.5 2578.9 1021.1 

993.2 1622.6 2530.2 

4681.8 7653.9 1 1935.1 

16.29 8.87 6.92 

Al = 0 .0 

ro 
0 . 0 BO = 0 . 0 co 



* * * THOPIUH RECOVERY PROCESS (T-2)f B16« * » DATE IS 07-18-71 PAGE 

CASE ESTIMATES 
CASE 1 CASE 2 CASE 3 

• • C O S T E S T I M A T E P R E P A R A T I O N * * 

DIRECT CONSTRUCTION COST 

PROCESSING EQUIPMENT COST 

1 ESTIMATED EQUIPMENT COST («) 1637000. 5120000. 9875000. 

ACTUAL IN-CELL EQUIPMENT SPACE REQUIRED (CU PT) 

TYPE (1) = LIGHTLY SHIELDED HOT CELL - CONTACT MAINTENANCE (ITEM 6, TABLES 5 AND 6) 

2 TYPE (1) 1200. 1800. 2000. 
3 TYPE (2) 
0 TTPE (3) 
5 ACTUAL 00T-0Y-C5U. EQUIPMENT SPACE REQUIRED (CD PT) 800. 1200. 1000. 

PROCESSING SPACE COST (HOT CELLS) (t) 

GROSS IN-CELl SPACE REQUIRED 

6 TTPE (1) STD. CELL WIDTH (PT) 30.0 30.0 30.0 
7 STD. CELL HEIGHT (PT) 10.0 00.0 00.0 
8 SUP (PRO!) ORNL 7'H-0613, TABLE 5) 2 .33 2.33 2. 33 
9 GROSS CELL VOLUHt (CU PT) 2796. U1y0. t '660. 

10 LINEAR PT. OP CELL (FT) 2 .33 3.119 3 .88 

11 TTPE (2) STD. CELL WIDTH (PT) 
1? STD. CELL HPIGHT (FT) 
13 SOF (PROM ORNL TH-0613, TABLE 3) 
10 GROSS CELL VOLUME (CO FT) 
15 LIHFAR PT. OF CELL (PT) 

16 TYPE (3) STD. CELL WIDTH (PT) 
17 STD. CELL HEIGHT (PT) 
18 SOP ('ROM OPNL 7H-0613, TABLE 5) 
1« GROSS CELL VOLUHE (CU PT) 
20 LIHEAR FT. OF CELL (PT) 

IH-CELL SPACE UNIT COST ($/C0 PT) 

21 TYPE (I) (UCCF FROH ORNL TH-0613, TABLE 6) 13.00 13.00 13.00 
22 TTPE (?) (UCCP PROS ORHL TH-0613, TABLE 6) 
23 TTPF (3) (UCCP FROH ORNL TH-0613, TABLE 6) 

I N-CELL SPACE TOTAL COST (!) 

20 TTPE (1) 36300. 50522. 60500. 
25 TTPE (2) 
26 TYPE (3) 
27 TOTAL 131102. 199062. 317500. 



5*055 OOT-OP-CBLL SPACE REQUIRED (CO PT) 

MAKE OP AID PROCESS SERVICE SPACE 

28 STD. AREA BIDTR (PT) 
29 STD. AREA REIGHT (PT) 
30 SOP (PROS OHM, TH-1613. TABtE 5) 
31 GROSS VOLQHE (CO PT) 

CELL OPERATIHG SPACE (CO PT) 

J2 TVPE (1) STD. AREA ITIDTH (PT) 
33 STD. AREA HEIGHT (PT) 
J8 *0. OP CELL SIDES KITH OP. AREA 
15 GHOSS VOLOHE (CO FT) 

36 TTPE (21 STD. AREA SIDTB (PT) 
37 STD. AREA HEIGHT (FT) 
3B »0 . OP CELL SIDIC BITH J P . AREA 
39 GROSS VOLUME (CO PT) 

80 TTPE (3) STD. AREA BTDTH (PT) 
81 STD. AREA HEIGHT (PT) 
82 HO. OP CELL SIDES HITH OP. AREA 
83 GROSS VOLOHB (CO PT) 

CPAKE BAT SPACE 

an TTPE ( t ) CELL AREA (SQ PT) 
«S SOP (PROH CRM, TH-0613. TABLE 5) 
66 STP. BAT HEIGHT (PT) 
87 GROSS VOLOHE (CO IT) 

80 TTPE (2) CELL IBEA (SQ PT) 
89 SOP (PBOH ORHL TH-0613, TABLP 5) 
50 STO. BAT HEIGHT (FT) 
51 GROSS VOLOHE (CO PT) 

52 TTPB ,3) CELL AREA (SQ PT) 
53 SOP (PROH ORHL TH-0613, TABLB 5) 
58 STD. BAT HEIGHT (FT) 
55 GBOSS VOLOHB (CD FT) 

OOT-OP-CBLl SPACB DIIT COST (J/CU PT) 

56 HAKE-OP AHD PROCESS SEBTPCE SPACB 

CELL OPERATIHG SPACB OCCP (PBOH TH-0613, TABLE 6) 

57 TTPB (1) 
58 TTPB (2) 

59 TTPB (3) 

CRAHE BAT SPACE OCCP (PROH TH=0613, TABLE 6) 

60 TTPE (1) 61 TTPE (2) 
62 TTPB (3) 
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16.0 
10.0 
2 . 7 0 

2268. 

16.0 
10.0 
2.70 

3200. 

16.0 
10.0 
2 .70 

3780. 

0 . 0 
10.0 
1.0 
93 . 

0.0 
10.0 
1.0 

100. 

0 . 0 
10.0 
1.0 

155. 

70 . 
3 . 50 
8 4 . 0 

1076" . 

105. 
3 .50 
8 0 . 0 

16107. 

116. 
3 .50 00.0 

17901. 

M SO O 

7 . 0 0 7 .00 7. 00 

7 . 0 0 7 . 0 0 7 . 0 0 

2 , 3 0 2 .30 2 .30 



OUT-OP-CELL SPACE TOTAL COST (4) 

63 BAKE-Dp JiHD PROCESS SERVICE SPACE 

CELL OPERATING SPACE 

60 TTPE ( t ) 
65 TTPE (2) 
66 TTPE (3) 
67 TOTAL 

CPAS E BAT SPACE 

68 TTPE (1) 
69 TTPE (2) 
70 TTPE (3) 
71 TOTAL 
72 TOTAL OUT-OP-CELL SPACE COST 
73 PROCESSING SPACE TOTAL COST ($) 

PROCESSING SUPPORT SPACE COST (BLDG. EXCLUDING HOT CELLS) 

INDIRECT PROCESS SOPPORT SPACE 

70 STD. AREA HEIGHT (PT) 
75 SOP (PROH ORHL TH-0613, TABLE 5) 

76 TOTAL SPACE REQUIRED (CD PT) 

IHDTRECT PROCESS SOPPORT SPACE OHIT COST ($/CU FT) 

77 UCCF (FROH ORHl TH-0613, TABLE 6) (t/CU FT) 78 PROCESSIHG SOPPORT SPACE TOTAL COST (S) 

OUTSIDE UTILITIES COST ($) 

79 OCF (PROH ORHL TH-0613, TABLE 7) {PRACT.) 
80 EQUIPHEHT AHD F ACILITT COST 
81 OUTSIDE UTILITIES COST 

SITE IHPROVEHEHT COST (J) 

82 OCP (FROH ORHL TH-0613, TABLE 8) (FRACT.) 
83 SUBTOTAL DIRECT CONSTRUCTION COST (Si 
80 SITE IHPROVEHEHT COST ($) 
65 TOTAL DIRECT CONSTRUCTIOH COST ($) 
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15876. 22680. 26060. 

652. 

652 . 

9 7 g . 

979. 

1087. 

1087. 

20759. 37138. 01260. 

20759. 
01287. 

172389. 

37138. 
60796. 

259858. 

01260. 68812. 
386351. 

10.0 
5 .60 

18201. 

10.0 
5.60 

27620. 

10 .0 
5 .60 

03630. 

7 . 0 0 
127000. 

7 .00 
193369. 

7 . 00 
305007. 

0.10 
1936791. 

193679. 

0.10 
5873227. 

587322. 

0.10 
10566757. 

1056675. 

0 . 005 
2130070. 

10652. 
2101122. 

0 .005 
6060509. 

32303. 
6092851. 

0 .005 
11623032. 

58117. 
11681509. 



INDIRECT CONSTROCTION COST 

GENERAL AND ADMINISTRATIVE COST 

86 OCP (PROH ORHL TH-0613, TABLE 7) (PRACT.) 
87 SOBTOTAL GEN. • ADH. COST (J) 

ENGINEERING COST 

86 OCP (FROH ORNL TH-0613, TABLE 7) (PRACT.) 
89 SOBTOTAL EHGR. COST (S) 

HISC. CONSTROCTION COST 

90 OCP (FROH ORNL TH-0613, TABLE 7) (PRACT.) 
91 SOBTOTAL HISC. CONSTROCTION COST ($) 

CONTINGENCY ALLOBAHCE 

92 OCP (PROH 0B8L TH-4613, TABLB 7) (PRACT.) 
93 SDBTOTAL CONTINGENCY ALLOBANCE (2) 

SPARE PARTS COST 

94 OCP (PROH ORNL TH-4613, TABLE 7) (FRACT.) 
95 SUBTOTAL SPARE PARTS COST ($) 

ROHIHSTALLED SPARE EQOIPHENT COST 

96 UCP (PROH ORHL TH-4613, TABLB 7) (PRACT.) 
97 SOBTOTAL NOSIHSTLED SPARE EQOIPHEHT COST(t) 

QUALITY ASSURANCE COST 

98 UCP (PBOH ORNL TH-4613, TABLE 7) (PRACT.) 
99 SOBTOTAL QUALITY AS50RANCB COST (S) 
100 TOTAL INDIRECT CONSTRUCTION COST (S) 

PAGE 

0.10 
214112. 

0.10 
649285. 

0 .10 
1168154. 

0 . 30 
642336. 

0.30 
1907850. 

0. 30 
35 0006 0 . 

0 . 0 5 
107056. 

0 . 0 5 
324643. 

0 . 05 
580077. 

0 . 2 0 
028224. 

0 . 2 0 
1298570. 

0 .20 
2336309. 

0 .007 
10988. 

0 .007 
05050, 

0 .007 
81771. 

0 . 0 3 
60234. 

0 .03 
194786. 

0 . 0 3 
350006. 

0.06 
128067. 

1599015. 

0.06 
389571. 

0850155. 

0 .06 
700893. 

8726112. 



OfNKF'S COST 

IAHD COST 

101 OCP (FROB ORNL TH-0613, TABLE fl) (PRACT-) 
102 SOBTOTAL LAND COST (J) 

PROJECT BANAGEHEHT COST 

103 OCP (PRON ORNL TH-S613, TABLE 3) (FRACT.) 
100 SUBTOTAL PROJ. RANGT. COST ( t ) 

LICENSING COST 

105 OCP (PROH 03HL TH-0613, TABLE 8) (PRACT.) 
106 SOBTOTAL LICEHSIHG COST ($) 

TAXES, INSORANCE AHD INTEREST 

107 OCP (PROH ORHL TH-0613, TABLE 8) (PRACT.) 
108 SUBTOTAL TAXES, IHSURANCE AND INT. («) 

PREOPERATIONAL TESTING AHD STARTOP 

109 OCP {PROH OENL TH-0613, TASLB 8) (FRACT.) 
110 SOBTOTAL PREOP. TESTING AHD STARTUP (J) 
111 TOTAL OSHEB" S COST (J) 

TOTAL CAPITAL CONSTRUCTION COST 

112 INCREHENT OF TOTAL PLAHT COST (J) 
I i i PROCESSING TBROUSBPUT OF ACCEPTABLE PROD (KGBH/DAY) 
110 ANNUAL PRODUCTION RATE (KILOGRAMS OP HEAVY HETAL/TEAR) 
115 CAPITAL CHARGE RATE (PFACT.) 
116 ARHUAL CAPITAL CHARGE (DOLLARS/YEAR) 
117 PRODUCT OHIT COST (DOLLARS/KILOGRAH OF HEAVY BETAL) 
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0.01 
21011. 

0.01 
60928. 

0.01 
116015. 

0.02 
02822. 

0.02 
129857. 

0.02 
233631. 

0.00 
85605. 

0.00 
259710. 

0.00 
067262. 

0.20 
028220. 

0 . 2 0 
1298570. 

0 .20 
2336309. 

0.20 
028220. 

1006327. 

0.20 
129 8570. 
3051639. 

0.20 
2336309. 
5090326. 

0 7H6860. 
037.20 

127662. 
0 . 30 

1020050. 
11 .15 

10390605. 
1311.60 
38 2987. 

0 .30 
0318392. 

11.28 

25897968. 
2623.20 
765970. 

0 .30 
7769389. 

10.10 



• * • THORIUfl RECOVERY PROCESS (T-2) S 

SUBBiRT OF RESULTS 

PLANT CAPACITY 
DESCRIPTION 0 .5 TONNE 1.5 TONNE 

PER DAY PER DAY 

PROCESS TBROUGBPUT (KILOGRAHS) 037.2 1311.6 

PROCESSING EQUIPMENT COST ($1000) 1631.0 5020.0 

PLANT DIRECT CONSTRUCTION COST ($1000) 2101.1 6092.8 

PLANT INDIRECT CONSTRUCTION COST ($1000) 1599.0 0850.2 

PLANT OWNER'S COST ($1000) 1006.3 3051.6 

PLANT TOTAL COST ($1000) 0706.9 10390.6 

OBIT COST (DOLLARS/KILOGRAB) 11.15 11.28 

FUNCTION COEFFICIENTS ARE AS FOLLOWS = 

Al = 1.10950E 01 A2 = 1.25300E 01 A3 = 0 . 0 AO =» 0 .0 

FUNCTION EXPONENTS ARE AS FOLLOWS = 

B1 = 1.23060E-05 B2 = -8 .06938E-05 B3 = 0 . 0 80 = 0 .0 

B18* 

3.0 TONNE 
PER DAY 

2623.2 

9875.0 

11681.5 

8726.1 

5090.3 

25898.0 

10.10 



* * * TH(H03)<t PREPARATION PROCESS K-8S 

CASE 1 
* * C 0 S T E S T I M A T E P R E P A R A T I O N * * 

DIRECT CONSTRUCTION COST 

PROCESSIHG EQOIPHEHT COST 

1 ESTIMATED EQUIPMENT COST ($) 252000 . 

ACTOAL I H - C E L L EQUIPMENT SPACE REQOIRBP (CO FT) 

TTPE (1) = UNSHIELDED HOT ALPHA CELL - CONTACT MAINTENANCE (ITB1 7 , 

2 TTPE (1) 6 6 0 0 . 
3 TTPE (2) 
0 TTPE (3) 
5 ACTOAL OOT-OP-CELL EQOIPMENT SPACE REQUIRED (CO PT) 7 0 0 . 

PROCESSING SPACE COST (HOT CELLS) («) 

GROSS IN -CELL SPACE REQUIRED 

6 TTPE (1) STD. CELL WIDTB (PT) 2 0 . 0 
7 STD. CELL HEIGHT (PT) 2 0 . 0 
8 SOF (FROFL ORHL T H - 0 6 1 3 , TABLE 5) 2 . 5 0 
9 GROSS CELL VOLUHE (CU FT) 16500. 

10 LINEAR F T . OF CELL (FT) 0 1 . 2 5 

11 TTPE (2) STD. CELL WIDTH (PT) 
12 STD. CELL HEIGHT (PT) 
13 SUP (PROH ORNL TH-0613 , TABLE 5) 
10 GROSS CELL VOLUHE (CO FT) 
15 LINEAR PT. OP CELL (PT; 

16 TTPE (3) STD. CBLL WIDTH (PT) 
17 STD. CBLL HEIGHT (FT) 
18 SOF (PROH ORHL T H - 0 6 1 3 , TABLE 5) 
19 GROSS CELL VOLUHE (CO FT) 
20 LINEAR PT. O." CELL (FT) 

IN -CELL SPACE UNIT COST (F/CU FT) 

21 TTPE (1) (UCCF PROM ORNL T H - 0 6 1 3 , TABLE 6) 9 . 0 0 
22 TTPE (2) (UCCF FROM ORHL T H - 0 6 1 3 , TABLE 6) 
23 TTPE (3) (UCCP PROH ORHL T H - 0 6 1 3 , TABLE 6) 

I H - C E L L SPACE TOTAL COST ( * ) 

20 TTPE (1) 108500 . 
25 TTPE (2) 
26 TTPE (3) 
27 TOTAL 203250 . 

B19* » * DATE I S 0 7 - 1 3 - 7 0 PAGE 

CASE ESTIMATES 
CASE 2 CASK 3 

3 6 0 0 0 0 . 5 7 0 0 0 0 . 

5 AND 6) 

9 0 0 0 . 18000 . 

1260. 1680. 

20 .0 
20.0 
2 . 5 0 

2 0 5 0 0 . 
6 1 . 2 5 

2 0 . 0 
20.0 
2 . 5 0 

0 5 0 0 0 . 
1 1 2 . 5 0 

9 . 0 0 

2 2 0 5 0 0 . 

3 6 5 0 0 0 . 

9 . 0 0 

0 0 5 0 0 0 . 

6 6 1 9 6 0 . 



GROSS OOT-OF-CELL SOACE REQUIRED (CO FT) 

MAKE OP USD PROCESS SERVICE SPACE 

28 STD. AREA WIDTH (*T> 
29 STD. AREA HEIGHT (FT) 
30 SOF (FROM ORBL T M - 0 6 1 3 , TABLE 5) 
31 GROSS VOLUME (CU PT) 

CBLL OPERATING SPACE (CU FT) 

32 TTPE (1 ) STD. AREA WIDTH (PT) 
33 STD. AREA HEIGBT (PT) 
30 SO. OF CELL SIDES WITH OP. AREA 
35 GROSS VOLUHE (CO FT) 

36 TTPE (2 ) STD. AREA WIDTH (FT) 
37 STD. AREA HEIGHT (PT) 
38 HO. OF CELL SIDES WITH OP. AREA 
39 GBOSS VOLOHE (CO PT) 

110 TTPF ( 3 ) STD. AREA WIDTH (PT) 
0 1 STD. AREA HEIGHT (FT) 
02 HO. OP CBLL SIDES WITH OP . AREA 
03 GROSS VOLUHE (CO PT) 

CRAHE BAT SPACE 

00 TTPE (1) CBLL ARBA (SQ FT) 
05 SUP (FROH ORHL T H - 0 6 1 3 , TABLE 5) 
OS STD. BAT BEIGBT (FT) 
07 GROSS VOLUHB (CO FT) 

08 TTPE ( 2 ) CELL AREA (SQ FT) 
09 SUF (FROH OHHL T H - 0 6 1 3 , TABLE 5) 
50 STD. BAT HEIGHT (FT) 
51 GROSS VOLUHE (CD FT) 

52 TYPE ( 3 ) CELL ABBA (SQ PT) 
53 SOP (PROH OBHL T H - 0 6 1 3 , TABLB 5) 
50 STD. BAT HEIGBT (FT) 
5 5 GROSS VOLOHE (CO PT) 

OUT-OF-CELL SPACE U B I T COST ($ /CU FT) 

56 HAKE-UP ABD PROCESS SERVICE SPACE 

CELL OPBRATIBG SPACE OCCF (FROH T H - 0 6 1 3 , TABLB 6) 

57 TTPB ( 1 ) 
58 TTPE (2 ) 

59 TTPE ( 3 ) 

CBABE BAT SPACE OCCP (PBOH T H = 0 6 1 3 , TABLE 6) 

60 TTPB ( 1 ) 61 TTPE ( 2 ) 
62 TTPE (3 ) 
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16.0 1U.0 
2 . 7 0 

1 8 9 0 . 

16.0 10. 0 
2 . 7 0 

3 0 0 2 . 

I'.O 1U.0 
2 . 7 0 

0 5 3 6 . 

10.0 10.0 10.0 
2 0 . 0 2 0 . 0 2 0 . 0 

1.0 1.0 1.0 
8 2 5 0 . 1 2 2 5 0 . 2 2 5 0 0 . 

8 2 5 . 1 2 2 5 . 2 2 5 0 . 
3 . 5 0 3 . 5 0 3 . 5 0 00.0 00.0 00.0 & 

1 2 7 0 5 0 . 1 8 8 6 5 0 . 3 0 6 5 0 0 . 

7 . 0 0 

7 . 0 0 

2 . 3 0 

7 . 0 0 

7 . 0 0 

2 . 3 0 

7 . 0 0 

7 . 0 0 

2 . 30 



OOT-OP-CELL SPACE TOTAL COST ($) 

63 HAKE-OP AHD PROCESS SERVICE SPACE 

CELI. OPERATING SPACE 

69 T I P S (1) 
65 T IPE (2) 
66 TYPE (3 ) 
67 TOTAL 

CRAHE BAT SPACE 

68 T I P E (1) 
69 TYPE (2) 
70 TYPE (3) 
71 TOTAL 
72 TOTAL OUT-OF-CELL SPACE COST 
73 PROCESSING SPACE TOTAL COST ($) 

PROCESSING SOPPOET SPACE COST (BLDG. EXCLUDING HOT CELLS) 

INDIRECT PROCESS SOPPORT SPACE 

74 STD. AREA HEIGHT (PT) 
75 SOP (FROH ORNL T H - 4 6 1 3 , TABLE 5) 

76 TOTAL SPACE REQUIRED (CO FT) 

INDIRECT PROCESS SUPPORT SPACE UHIT COST (T/CU FT) 

77 UCCP (FROH ORHL T H - 9 6 1 3 , TABLE 6) ( $ / C U PT) 78 PROCESSIHG SUPPORT SPACE TOTAL COST (J) 

OUTSIDE U T I L I T I E S COST ($) 

79 UCP (FROH ORNL T H - 9 6 1 3 . TABLE 7) (FRACT.) 
80 EQUIPHENT AND F A C I L I T Y COST 
81 OUTSIDE U T I L I T I E S COST 

SITE IHPROVEHEHT COST ($) 

82 UCF (FROH ORNL T H - 9 6 1 3 , TABLE 8) (FRACT.) 
83 SUBTOTAL DIRECT CONSTRUCTION COST (J ) 
89 S I T E IHPROVEHEHT COST ( I ) 
85 TOTAL DIRECT CONSTRUCTION COST (s) 
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13230 . 2 3 8 1 0 . 37 752-

5 7 7 5 0 . 

5 7 7 5 0 . 

0 6 7 5 0 . 

8 5 7 5 0 . 

1 5 7 5 0 0 . 

1 5 7 5 0 0 . 

2 9 2 2 1 5 . 9 3 3 8 9 5 . 7 9 6 9 5 0 . 

2 9 2 2 1 5 . 
3 6 3 1 9 5 . 
6 0 6 9 9 9 . 

4 3 3 8 9 5 , 
5 9 3 9 5 9 . 
9 0 8 4 9 9 . 

7 9 6 9 5 0 . 
9 8 6 2 0 2 . 

1698161 . 

1 9 . 0 
5 , 6 0 

7 7 9 0 0 . 

10.0 
5 . 6 0 

1 1 5 9 9 4 . 

1 4 . 0 
5 . 6 0 

2 1 0 8 9 6 . 

7 . 0 0 
5 9 1 8 0 2 . 

7 . 0 0 
8 0 8 1 0 7 . 

7 . 0 0 
1476271 . 

0. 10 
1 9 0 0 2 5 0 . 

1 9 0 0 2 5 . 

0.10 
2 0 7 6 6 0 5 . 

2 0 7 6 6 0 . 

0.10 
3699432 . 
3 6 9 9 4 3 . 

0 . 0 0 5 
1 5 4 0 2 7 9 . 

7 7 0 1 . 
1 5 9 7 9 7 5 . 

0 . 0 0 5 
2 2 8 9 2 6 5 . 

1 1 9 2 1 . 
2 2 9 5 6 8 6 . 

0 . 0 0 5 
9 0 6 3 8 7 5 . 

2 0 3 1 9 . 
9 0 8 9 1 9 4 . 



INDIRECT CONSTRUCTION COST 

GENERAL AND ADHINISTRATITE COST 

86 UCP (PROH ORHL T H - 0 6 1 3 , TABLE 7) (PRACT.) 
67 SUBTOTAL GEN. • ADH. COST {$) 

ENGINEERING COST 

88 UCP (PROH ORNL T H - 0 6 1 3 , TABLE 7) (PRACT.) 
89 SUBTOTAL ENGR. COST ($) 

B I S C . CONSTRUCTION COST 

90 UCF (PFIOH ORNL T H - 0 6 1 3 , TABLE 7) (PRACT.) 
91 SUBTOTAL HISC. CONSTRUCTION COST (S) 

CONTINGENCY ALLOWANCE 

12 UCP (FROH OBNL T H - 0 6 1 3 , TABLE 7) (FRACT.) 
93 SUBTOTAL CONTINGENCY ALLOWANCE (S) 

SPARE PARTS COST 

90 UCF (FROH ORNL T H - 0 6 1 3 , TABLE 7) (FRACT.) 
95 SUBTOTAL SPARE PABTS COST ($) 

NONIPSTALLED SPARE EQUIPHEHT COST 

96 UCF (FROM ORNL T H - 0 6 1 3 , TABLB 7) (PRACT.) 
97 SUBTOTAL NONINSTLED SPARE EQUIPHEHT COST (S) 

QUALITY ASSURANCE COST 

98 UCP (PBOH ORNL T H - 0 6 1 3 , TABLE 7) (FRACT.) 
99 SUBTOTAL QUALITY ASSURANCE COST ($) 
100 TOTAL INDIRECT CONSTRUCTION COST («) 
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0 . 10 
15U797. 

0 , 1 0 
2 2 9 5 6 9 . 

0.10 
0 0 8 0 1 9 . 

0 . 3 0 
0 6 0 3 9 2 . 

0 . 3 0 
6 8 8 7 0 6 . 

0 . 3 0 
1 2 2 5 2 5 8 . 

0 . 0 5 
7 7 3 9 9 . 

0 . 9 5 
1 1 0 7 8 0 . 

0 . 0 5 
200210. 

0.20 
3 0 9 5 9 5 . 

0.20 
0 5 9 1 3 7 . 

0.20 
8 1 6 8 3 9 . 

0 . 0 0 7 
1 0 8 3 6 . 

0 . 0 0 7 
1 6 0 7 0 . 

0 . 0 0 7 
2 8 5 8 9 . 

0 . 0 3 
0 6 0 3 9 , 

0 . 0 3 
6 8 8 7 1 . 

0 . 0 3 
1 2 2 5 2 6 . 

0.06 
9 2 8 7 8 . 

1 1 5 6 3 3 6 . 

0.06 
1 3 7 7 0 1 . 

1 7 1 0 8 7 5 . 

0.06 
2 0 5 0 5 2 . 

3 0 5 0 8 8 9 . 



OWNER1 S COST 

LARD COST 

101 (TCP (PROH ORHL T B - 9 6 1 3 , TABLE 8) (PRAFT. ) 
102 SOBTOTAL LAND COST (J ) 

PROJECT HANAGEHENT COST 

103 OCP {PROH ORNL T H - 0 6 1 3 , TABLB 8) FPRACT.) 
100 SOBTOTAL PROJ. HANGT. COST ($) 

L ICENSING COST 

105 DCF (PROH ORNL T H - 0 6 1 3 , TABLE 8) (FRACT.) 
106 SOBTOTAL L ICENSING COST ($) 

TAXES, INSORANCB ANO INTEREST 

107 OCF (FROH ORNL T H - 0 6 13 , TABLE 8 ) {PRACT. f 
108 SOBTOTAL TAXES, INSORANCE AND I N T . ($) 

PREOPERATIONAL TESTING AND STARTOP 

109 OCF (PILOH ORNL T H - 0 6 1 3 , TABLB ' » (FRACT.) 
110 SOBTOTAL PREOP. TESTING AND ST.FTOP (S) 
111 TOTAL OWNER'S COST (S) 

TOTAL CAPITAL COHSTROCTION COST 

112 INCREMENT OP TOTAL PLANT COST ($) 
113 PROCESSING THROOGHPOT OP ACCEPTABLE PROD (KGHB/DAY) 
110 ANNOAL PRODOCTION RATE (KILOGRAHS OP HEAVY HBTAL/YEAR) 
115 CAPITAL CHARGE RATE (FRACT.) 
116 ANNOAL CAPITAL CHARGE (DOLLARS/TEAR) 
117 PRODUCT VHIT COST (DGLLARS/KTLOGRAtt OP RPAVT H ETA It 
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0.01 
1 5 0 8 0 . 

0.01 
2 2 9 5 7 . 

0.01 
00802. 

0.02 
3 0 9 5 9 . 

0.02 
0 5 9 1 0 . 

0 . 0 2 
81680. 

0.00 
6 1 9 1 9 . 

0.01 
9 1 8 2 7 . 

0.00 
1 6 3 3 6 8 . 

0. 20 
3 0 9 5 9 5 . 

0.20 
0 5 9 1 3 7 . 

0. 20 
8 1 6 8 3 9 . 

0.20 
3 0 9 5 9 5 . 
7 2 7 5 0 8 . 

0.20 
0 5 9 1 3 7 . 

1 0 7 8 9 7 2 . 

0.20 
8 1 6 8 3 9 . 

1 9 1 9 5 7 0 . 
N> N> •O 

3 0 3 1 8 5 9 . 
5 0 2 . 9 0 

1 5 8 5 2 7 . 
0 . 3 0 

1 0 2 9 5 5 8 . 
6 . 09 

5 0 8 9 5 3 3 . 
1 6 2 8 . 7 0 
0 7 5 5 8 0 . 

0 . 3 0 
1 5 2 6 8 5 9 . 

3 . 2 1 

9 0 5 0 6 5 3 . 
3 2 5 7 . 0 0 
9 5 1 1 6 1 . 

0 . 3 0 
2 7 1 6 3 9 5 . 

2. 86 



» * * TH(N03) 1 PRBPARATI00 PROCESS IC-8J B 1 9 » • » 

SOUHART O F FP .SDLTS 

PI ART CAPACITY 
DESCRIPTION 0.5 TONNE 1.5 TONNE 3.0 TONNE 

PER DAT PER DAT PER DAT 
PROCESS THROOGHPUT (KIUJGRAMS) 512.9 1628.7 1257.0 
PROCESSING EQOIPHERT COST (T100'/> 252.0 360.0 570.0 
PLANT DIRECT CONSTRUCTION COST (J1000) 1508.0 2295.7 0060.2 
PLANT INDIRECT CONSTROCTION COST («1000) 1156.3 1710.9 1050. 9 
PLANT OBNBR'S COST (STOOO) 7 2 7 . 5 1079.0 1919.6 
PLANT TOTAL COST (11000) 3031.9 5089.5 9050.7 
ONIT COST (DOLLARS/KILOCRAB) 6.09 3.21 2.86 

PBRCTION COEFFICIENTS ARE AS FOLIOBS * 

A1 « 9.23707F 00 A2 = 3.60920E 00 A3 = 0.0 AS » 0.0 
P0NCTION EXPONENTS ARB AS FOLLORS » 
B1 = -6.08857E-00 B2 = -7.18690E-05 B1 0.0 BO « 0.0 



• « • THOPI0H DIO*IDP. HCIcOSPP.Efl?- P S F P A P A ^ O W ! 

CIS* 1 
• • C O S T E S T I M A T E P R E P A R A T I O N * * 

DIRECT CONSTROCTION COST 

PROCESSING EQUIPMENT COST 

1 ESTIMATED EQOIPHBNT COST ( * ) 7 1 « 0 3 » . 

ACTUAL I N - C E L L EQUIPH8NT SPACE RP-WtPBD ( " 0 PT) 

T I P E ( 1 ) • OMSniELDED HOT ALPHA CSLL - CONTACT H A . d T M A W S ( i r S S 7 

2 TTPP (1) UJ73. 3 TTPE (2) a TTPE (3) 
<; ACTOAL OOT-I 3P-CELL SgOIPn?.*T SPACE R •QOIHP.D W PT) 

PROCESSING SPACE COST (HOT CELLS) (*) 

GROSS M-Cett SPACE KCQ0I8BB 
6 TTPE (H STD. CELL WIDTH ( *TI J4.0 7 STD. CELL HEIGHT (PT) 10.0 B SOP (PBOH ONNt TH-S613, TA8LS 5) J.W GROSS CEI.L VOLOne (ce m tosao. 10 UNBAN PT. OP C»LL (PT) 11. IJ 
11 TTPB (2) STD. CELL WIDTH (PT) 12 STD. CELL HEIGHT (PT) 13 SOP (P80H ORNL TH-«613, TABLE 5) 10 GROSS CELL TOLOHl! (CO PT) 15 LINEAR PT. OP CELL mi 
16 TTPB (3) ST3. CELL WIDTH im 17 STD. CELL HEIGHT (IT) 18 SOP (FROH ORNL TH-H613, TABLE 5) 19 GROSS CELL TOLDHE (CO PT) 20 LINEAR PT. OP CELL (PTI 

IN-CEIL SPACB ONIT COST ff/CO PT) 
21 TTPE (1) (OCCP PROH ORNL TH-4613, TABLE 6) <5.00 
22 TTPE (2) (OCCP PROH ORNL TH-«613, TASLP f) 21 TTPE (3) (OCCP PHOH ORNL TH-«613, TABLE 61 

IN-CBLl SPACB TOTAL COST 
2«. TTPB (11 216120. 25 TTPB (2) 
26 TTPP, (3) 
27 VOTAL 170974. 

» ? 3 » » * OA TP !.< < 5 ? - 1 » - 7 » flrt 1 

CASS *s*m**s 
CAS* ? CAST » 

»• AND M 

?*JH. »#«»Q. 

miO. 

i*. 0 no. a J.10 
Jt.o lfl.0 J.50 

9.05 

711900. 

f.00 

10*5075. 

i l5Joi». 



GBOSS OOT-OP-CELL SPACE REQOT RED (CO PT) 

RAKE OP AHD PROCESS SERVICE SPACE 

28 STD. AREA WIDTH (PT) 
2 9 STD. AREA HEIGRT ( P T ) 
3 0 SOP (PPOH ORHL T H - 0 6 1 3 , TABLE 
31 GBOSS VOLOHE (CO PT) 

CELL OPERATING SPACE (CO PT) 

32 TYPE ( 1 ) STD. AREA WIDTR I FT) 
3 3 S T D . AREA HEIGHT ( P T ) 
30 NO. OP CELL S I D E S WITH O P . AREA 
3 5 GROSS VOLOflE (CO FT) 

3 6 TYPE ( 2 ) S T D . AREA WIDTH (FT) 
3 7 S T D . AREA HEIGHT ( F T ) 
3 8 NO. OP CELL S I D E S WITH O P . AREA 
39 GROSS VOLOHE (CO PT) 

« 0 TYPE ( 3 ) S T D . AREA WIDTB ( F T ) 
0 1 S T D . AREA HEIGHT ( P T ) 
4 2 NO. OP CELL S I D E S WITH O P . AREA 
0 3 GROSS VOLOHE (CO FT) 

CRAHE BAT SPACE 

OH TYPE ( 1 ) CELL AREA (SQ FT) 
US SOP (FROH ORHL T H - 0 6 1 3 , TABLE 5) 
0 6 S T D . BAY HEIGHT ( P T ) 
0 7 GROSS VOLOHB (CO FT) 

0 8 TYPE ( 2 ) CELL AREA (SQ FT) 
0 9 SOP (FROH ORHL T S - 0 G 1 3 , TABLE G) 
5 0 STD. BAT HEIGBT (PT) 
5 1 GHOSS VOLOHE (CO FT) 

5 2 TYPE ( 3 ) CELL AREA (SQ PT) 
5 3 SOF (FROH ORHL T H - 0 6 1 3 , TABLE 5) 
50 S T D . BAY HEIGHT (FT) 
5 5 GBOSS VOLOHB (CO FT) 

O O T - O P - C E L L SPACE O S I T COST (t/CD PT) 

5 6 HAKE-OP AHD PROCESS SERVICE SPACE 

CELL OPERATIHG SPACE DCCP (FROH T H - 0 6 1 3 , TABLE 6 ) 

5 7 TYPE ( 1 ) 
5 8 TYPE ( 2 ) 

5 9 TYPE ( 3 ) 

CRARE BAY SPACE BCCF (PROH T H = 0 6 1 3 , TABLE 6) 

6 0 TYPE ( 1 ) 61 TYPE (2) 
6 2 TYPE ( 3 ) 

PACE 2 

16.0 
10 .0 
2 . 7 0 

1 2 3 1 2 . 

1 6 . 0 
10.0 2."*0 

16.0 10.0 
2 . 7 0 

08357. 

16.0 10.0 
2.0 

1 7 6 2 1 . 

16.0 
1 0 , 0 2.0 3620(1. 

16.0 
10 .0 
2.0 69805. 

1 0 2 3 . 
3 . 5 0 00.0 

1 5 7 0 9 1 . 

2101. 
3 . 5 0 00.0 

3 2 3 6 0 5 . 

0 0 5 6 . 
3 . 5 0 00.0 

6 2 0 5 9 8 . 

to w to 

7.00 7 . 0 0 7 . 0 0 

7 . 0 0 7 . 0 0 7 . 0 0 

2 . 3 0 2 . 3 0 2 . 3 0 



O U T - O F - C E L L SPACE TOTAL COST ( t ) 

6 3 HAKE-OP AHD PROCESS SERVICE SPACE 

CELL OPERATING SPACE 

6« T I P S ( 1 ) 
6 5 TTPR ( 2 ) 
6 6 TTPE ( 3 ) 

6 7 TOTAL 

CRANE BAT SPACE 

6 8 TTPE ( 1 ) 
6 9 TTPE ( 2 ) 
7 0 TTPE ( 3 ) 
7 1 TOTAL 
7 2 TOTAL O U T - O F - C E L L SPACE COST 
7 3 PROCESSING SPACE TOTAL COST ( $ ) 

PROCESSING SOPPORT SPACB COST (BLOG. EXCLUDING HOT CELLS) 

I N D I R E C T PROCESS SOPPORT SPACB 

711 S T D . AREA HEIGHT ( P T ) 
7 5 SOP (PROH ORHL T H - 0 6 1 3 , TABLE 5) 

7 6 TOTAL SPACB REQUIRED (CO PT) 

I R D I R E C T PROCESS SOPPORT SPACE OHIT COST ( J / C O PT) 

7 7 UCCF (FROH ORHL T H - 4 6 1 3 , TABLE 6) ( t / C U PT) 7 8 PROCESSING SOPPORT SPACE TOTAL COST ( $ ) 

OOTSIDE U T I L I T I E S COST ($) 

7 9 OCP (FROH ORNL T H - 4 6 1 3 , TABLE 7 ) ( F R A C T . ) 
8 0 EQOIPHEIIT AND P A C I L I T T COST 
8 1 OOTSIDE U T I L I T I E S COST 

S I T E IHPPOVEHEHT COST ( J ) 

8 2 UCP (PROH ORNL T H - 0 6 1 3 , TABLE 8 ) (FRACT. ) 
8 3 SUBTOTAL DIRECT COHSTROCTION COST ( $ ) 
8® S I T E IHPROVEHENT COST ( $ ) 
8 5 TOTAL DIRECT CONSTRUCTION COST ( $ ) 
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86181. 1 7 8 6 0 5 . 3 3 8 1 9 9 . 

1 2 3 3 1 9 . 

1 2 3 3 1 9 . 

2 5 3 1 5 3 . 

2 5 3 0 5 3 , 

4 8 9 1 9 5 . 

4 8 9 1 9 5 . 

36 2 2 2 8 . 7 4 4 2 9 2 . 1 0 3 6 5 7 5 . 

3 6 2 2 2 8 . 
5 7 1 7 6 2 . 
9 4 2 6 3 5 . 

7 0 0 2 9 2 . 
1 1 7 6 3 0 9 . 
1888208. 

1 0 3 6 5 7 5 . 
2 2 6 4 2 6 9 . 
3 6 1 6 3 0 2 . 

1 4 . 0 
5 . 6 0 

9 2 8 9 7 . 

1 4 . 0 
5 . 6 0 180108. 

1 0 . 0 
5 . 6 0 

3 5 2 0 7 J . 

7 . 0 0 
6 5 0 2 6 3 . 

7 . 0 0 
1 2 8 9 0 3 9 . 

7 . 0 0 
20 6 7 3 0 9 . 

0.10 
2 3 0 8 9 1 6 . 

2 3 0 8 9 2 . 

0.10 
0 9 6 5 7 8 7 . 

4 9 6 5 1 9 . 

0 .10 
9 0 6 9 0 1 1 . 

9 0 6 9 0 1 . 

0 . 0 0 5 
2 5 3 9 8 0 7 . 

1 2 6 9 9 . 
2 5 5 2 5 0 6 . 

O.OO' i 
5 0 6 2 3 6 5 . 

2 7 3 1 2 . 
5 0 8 9 6 7 6 . 

0 . 0 0 5 
9 9 7 6 3 5 1 . 

0 9 R 8 2 . 
1 0 0 2 6 2 3 2 . 



INDIRECT CONSTRUCTION COST 

GENERAL MID A D H I H I S T P A T I V E COST 

86 OCP {PROH ORHL T H - 0 6 1 3 , TABLE 7 ) ( P B A C T . ) 
8 7 SUBTOTAL GEH. • ADH. COST ( t ) 

ENGINEERING COST 

8 8 DCP {PROH ORHL T H - 0 6 1 3 , TABLE 7 ) (PRACT. | 
P9 SUBTOTAL BHGR. COST {£> 

HI S C . CONSTRUCTION COST 

9 0 OCP ( P R 0 1 ORHL 
9 1 S U B T O - ' L ( 1 I S C . 

T H - 0 6 1 3 , TABLE 7 ) ( P R A C T . ) 
COHSTROCTIOH COST ( J ) 

CONTIHGENCT ALLOWANCE 

9 2 UCP (PROH ORHL T H - 0 6 1 3 , TABLE 7 ) ( P R A C T . ) 
9 3 SOBTOTAL COHTIHGBNCY ALLOWANCE ( J ) 

SPARE PARTS COST 

90 OCP (PROH ORHL T H - 0 6 1 3 , TABLE 7 ) ( P R I C T . ) 
9 5 SUBTOTAL SPARE PARTS COST ( S ) 

NOHIHSTALLED SPARE EQUIPHEHT COST 

9 6 UCP (PBOH ORHL T H - 0 6 1 3 , TABLE 7 ) {PRACT.) 
9 7 SUBTOTAL NORTHSTLED SPARE EQUIPSEHT C O S T ( J ) 

QUALITY ASSURAHCE COST 

9 8 OCP (PRO/! ORNL T f l - 0 6 1 3 , TABLE 7 ) ( P R A C T . ) 
9 9 SUBTOTAL QUALI'i'Y ASSURAHCE COST ( $ ) 
1 0 0 TOTAL IHDIRECT CONSTRUCTION COST ( * ) 
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0.10 
2 5 5 2 5 1 . 

O.IO 
5 0 8 9 6 7 . 

0- 10 10v-(2«2J. 

0 . 3 0 
7 f 5 7 5 2 . 

0 . 3 0 
1 6 0 6 9 0 2 . 

1 , JO 
3 0 0 7 9 6 9 . 

0 . 0 5 
1 2 7 6 2 5 . 

0 . 0 5 
2 7 0 0 8 0 . 

0 . 0 5 
5 0 1 3 1 2 . 

0.20 
5 1 0 5 0 1 . 

0.20 
1 0 9 7 9 3 5 . 

0.20 
2 0 0 5 2 « 6 . 

0 . 0 0 7 
1 7 8 6 8 . 

0 , 0 0 7 
3 9 0 ? e . 

0 . 0 0 7 
7 0 1 0 0 . 

0 . 0 3 
7 6 5 7 5 . 

0 . 0 3 160*90. 0.0.1 
3 0 0 7 8 7 . 

0.06 
1 5 3 1 5 0 . 

1 9 0 6 7 2 0 . 

0 . 0 6 325381, 010078B. 
0.5A 

6 0 1 5 7 0 . 
7 S 8 9 M 9 0 . 



OHHER'S COST 

LAND COST 

1 0 1 OCP (PROM ORHL T H - 0 6 1 3 , TABLE 8) ( P R A C T . ) 
1 0 2 SOBTOTAL LAHD COST ( t ) 

PROJECT HANAGEHENT COST 

1 0 3 OCF (PROH ORHL T H - 0 6 1 3 , TABLE 8 ) ( F R A C T . ) 
10U SOBTOTAL P R O J . HAHGT. COST ( t ) 

L ICEBSIHG COST 

1 0 5 OCF (PROH ORNL T H - 0 6 1 3 , TABLE 8 ) ( P R A C T . ) 
1 0 6 SOBTOTAL L I C E N S I N G COST ( t ) 

TAXES, INSORANCE AHO INTEREST 

1 0 7 OCP (PROH ORNL T H - 0 6 1 3 , TABLE 8 ) ( F R A C T . ) 
1 0 8 SOBTOTAL TAXES, INSORANCE AND I N T . ( » ) 

PREOPERATIONAL TESTING AND STARTOP 

1 0 9 OCF (PROH ORHL T H - 0 6 1 3 , TABLE 8 ) ( F R A C T . ) 
1 1 0 SOBTOTAL PREOP. TESTING AND STARTOP (J) 
1 1 1 TOTAL OWNER'S COST ( t ) 

TOTAL CAPITAL CONSTBOCTION COST 

1 1 2 INCRBHEHT OF TOTAL PLANT COST ( t f 
1 1 3 PROCESSING THRQOGHPOT OP ACCEPTABLE PBOD (KGHN/DAT) 
1 1 0 ANNOAL PRODOf i n RATE (KILOGHAHS OP HBAVT HBTAL/YBAR) 
1 1 5 CAPITAL CBAR . ' .VB ( F R A C T . ) 
1 1 6 AWNOAL CAPITA: ./.RGB (DOLLABS/TEAB) 
1 1 7 PRODOCT ONIT COjl - (DOLLARS/KILOGRAH OF HEAVY HETAL) 

PACE 

0.01 
25525. 

0.01 50897. 0.01 
100262. 

0.02 
5 1 0 5 0 . 

0.02 
109790. 

0 . 0 2 
200525. 

0.00 
102100. 

0.00 
2 1 9 5 8 7 . 

0.00 
0 0 1 0 U 9 . 

0 . 2 0 
5 1 0 5 0 1 . 

0.20 
1 0 9 7 Q 3 5 . 

0.20 
2 0 0 5 2 O 6 . 

0 . 2 0 
5 1 0 5 0 1 . 

1 1 9 9 6 7 7 . 

0.20 
1 0 9 7 9 3 S . 
2 5 8 0 1 0 7 . 

0.20 
2 0 0 5 2 0 6 . 
0 7 1 2 1 2 8 . 

• 5 6 5 8 9 0 3 . 
0 0 3 . 2 0 

1 2 9 8 1 0 . 
0 . 30 

1 6 9 7 6 7 0 . 
1 3 . 1 2 

1 2 1 7 0 1 5 0 7 . 
1 3 2 9 . 6 0 
3 0 8 2 0 3 . 

0 . 3 0 
3 6 5 ) 1 8 1 . 

9 . 0 0 

7 2 2 2 0 1 2 8 . 
2 6 5 9 . 2 0 
7 7 6 0 0 6 . 

0 . 3 0 
6 6 6 ( 1 0 3 7 . 

8 . 5 9 



• » • THORION DIOXIDE RICROSPKERE PREPARATIONS 

SUMMARY OF RESULTS 

PLANT CAPACITY 
DESCRIPTION 0 . 5 TOKNE 1 . 5 TONNE 

PER DAY PER DAT 

PROCESS TBROOGHPOT (KILOGRAMS) 0 0 3 . 2 1 3 2 9 . 6 

PROCESSING EQUIPMENT COST ( 1 1 0 0 0 ) 7 1 6 . 0 1 7 8 8 . 5 

PLANT DIRECT CONSTRUCTION COST ( 1 1 0 0 0 ) 2 5 5 2 . 5 50 8 9 . 7 

PLANT I N D I R E C T CONSTRUCTION COST ( J 1 0 0 0 ) 1 9 0 6 . 7 0 1 0 0 . 8 

PLANT OWNER'S COST ( J 1 0 0 0 ) 1 1 9 9 . 7 2 5 8 0 . 1 

PLANT TOTAL COST ( J 1 0 0 0 ) 5 6 5 B . 9 1 2 1 7 0 . 6 

UNIT COST (DOLLARS/KILOGRA H) 1 3 . 1 2 9 . 0 0 

FUNCTION C O E F F I C I E N T S ARE AS FOLLOWS = 

A1 = 1 . 5 0 9 3 2 B 0 1 A2 » 1 . 0 2 9 8 0 E 0 1 A3 = 0 . 0 AO = 0 . 0 

FUNCTION EXPONENTS ARE AS FOLLOWS » 

B1 = - 3 . 7 5 0 7 2 E - 0 9 B2 = - 6 . 8 3 0 0 3 E - 0 5 B3 = 0 . 0 BO * 0 . 0 

3 . 0 TONNE 

PER DAY 

2 6 5 9 . 2 

2 9 0 5 . 8 

1 0 0 7 6 . 2 

7 0 8 9 . 6 

0 7 1 2 . 3 

22228.1 

8 . 5 9 



* * * BISO MICROSPHERE COATING PROCESS - PERTILE PARTICLES-TH02 ( L - I . A . ( I ) S B21* « » DATE I S 0 7 - 1 8 - 7 0 PARE 

CASE ESTIMATES 
CASE 1 CASE 2 CASE 3 

* * C 0 S T E S T I M A T E P R E P A R A T I O N * * 

DIRECT CONSTROCTION COST 

PROCESSING EQOIPHBNT COST 

1 ESTIMATED EQOIPHEHT COST ($) 2 0 5 7 1 0 0 . 5 2 0 3 5 0 0 . 8 5 6 F ? 0 0 . 

ACTOAL IN -CELL EQOIPMEHT SPACE REQOIRED (CO PT) 

TTPF ( 1 ) = ONSHIELDED HOT ALPHA CELL - COHTACT HAINTEHANCB ( ITEH 7 , TABLES 5 AND 6) 
T I P E (2) = GLOVE BOXES AND HOODS - DIBECT MAINTENANCE ( ITEH 8 , TABLES 5 AND M 

2 TTPE (1 ) 3 6 0 6 . 7800 . 1 6 3 3 8 . 
3 TTPE (2 ) 3 8 0 . 7 6 8 . 1152 . 
0 TTPE ( 3 ) 
5 ACTOAL OOT-OP-CELL EQOIPHENT SPACE REQOIRED (CO FT) 1 7 0 0 . 3 0 0 8 . 5 1 1 2 . 

PROCESSING SPACB COST (HOT CELLS) (St 
GROSS IN -CBLL SPACE REQOIRED 

6 TTPE (1) STD. CELL WIDTH (FT) 2 0 . 0 2 0 . 0 2 0 . 0 
7 STD. CELL BEIGBT (FT) 2 0 . 0 2 0 . 0 2 0 . 0 
8 SOP (PROH ORNL T IL-0613, TABLE 5) 2 . 5 0 2 . 5 0 2 . 5 0 
9 GROSS CELL VOLOHE (CO FT) 9 1 1 5 . 1 9 5 1 0 . 0 0 8 0 5 . 

10 LINEAR PT . OP CELL (FT) 2 2 . 7 9 0 8 . 7 7 1 0 2 . 1 1 

11 TTPE (2 ) STD. CELL WIDTB {*T> 2 . 5 2 . 5 2 . 5 
12 STD. CELL BEIGHT (FT) 0 . 0 0 . 0 0 . 0 
13 SOP (PROH ORNL T H - 0 6 1 3 , TABLE 5) 2 . 2 0 2 . 2 0 2 . 2 0 
10 GROSS CELL VOLOHB (CO FT) 8 0 5 . 1 6 9 0 . 2 5 3 0 . 
15 LINEAR F T . OF CELL (FT) 8 0 . 0 8 1 6 8 . 9 6 2 5 3 . 0 0 

16 TYPE (3 ) STD. CELL WIDTH (FT) 
17 STD. CELL HEIGHT (FT) 
IB SOP (FROH ORHL T H - 0 6 1 3 , TABLE 5) 
19 GTOSS CELL VOLOHE (CO FT) 
20 LINEAR F T . OF CELL (FT) 

I N - C E L L SPA: : E ONIT COST ($/CO PT) 

21 TTPE (1 ) (OCCP PROH ORNL T H - 0 6 1 3 , TABLE 6) 9 . 0 0 9 . 0 0 9 . 0 0 
22 TTPE ( 2 ) (OCCF FROH ORHL T H - 0 6 1 3 , TABLE 6) 1 0 6 . 0 0 1 0 6 . 0 0 1 0 6 . 0 0 
23 TTPB (3 ) (OCCF PROH ORHL T H - 0 6 1 3 , TABLE 6) 

I N - C E L L SPACE TOTAL COST ($) 

20 TTPE (1 ) 8 2 0 3 5 . 1 7 5 5 9 0 . 3 6 7 6 0 5 . 
25 TTPE ( 2 ) 123301 . 2 0 6 6 8 2 . 3 7 0 0 2 2 . 
26 TTPB ( 3 ) 
27 TOTAL 2 3 7 0 9 6 . 0 7 0 0 5 2 . 8 0 1 8 6 7 . 



GROSS OOT-OP-CELL SPACE REQUIRED (CO PT) 

RARE UP AHD PROCESS SERVICE SPACE 

2 8 STD- AREA WIDTH (FT) 
29 S T D . AREA HEIGHT (FT) 
30 S U F (PROH ORHL T H - 0 6 1 3 , TABLE 5) 
31 GROSS VOLUHE (CU FT) 

CBLL OPERATIHG SPACE (CU FT) 

3 2 TTPE ( 1 ) S T D . AREA HIDTH (PT) 
3 3 S T D . AREA HEIGHT (FT) 
3 1 HO. OF CELL S I D E S WITH Q P . AREA 
3 5 GROSS VOLOHE (CU FT) 

36 TT' ( 2 ) STD. AREA WIDTH ( F T ) 
37 S T D . AREA HEIGHT ( P T ) 
3 8 HO. OP CELL S I D E S WITH O P . AREA 
39 GBOSS VOLUHE (CO FT) 

1 0 TTPE ( 3 ) S T D . AREA WIDTH ( F T ) 
111 S T D . AREA HEIGHT ( F T ) 
0 2 HO. OP CELL SIDE. - WITH O P . AREA 
0 3 GROSS VOLOHE (CO FT) 

CRAHE BAT SPACE 

0 0 TTPE ( 1 ) CELL AREA (SQ FT) 
1 5 SOP (FROH ORHL T H - 0 6 1 3 , TABLE 5) 
0 6 S T D . BAT HEIGHT ( F T ) 
0 7 GBOSS VOLOHE (CU FT) 

0 8 TTPB ( 2 ) CELL AfiEA (SQ FT) 
0 9 SUF (FROH ORHI. T H - 0 6 1 3 , TABLE 5) 
5 0 S T D . BAT HEIGHT ( P T ) 
5 1 GROSS VOLOHE (CO PT) 

5 2 TTPE ( 3 ) CBLL AREA (SQ FT) 
5 3 SOF (PROH ORHL T H - 0 6 1 3 , TABLE 5) 
5 0 S T D . BAT HEIGHT ( F T ) 
5 5 GROSS VOLOHB (CO PT) 

O U T - O F - C E L L SPACE O H I T COST ( S / C U PT) 

5 6 HAKE-UP ARD PROCESS SERVICE SPACE 

CELL OPERATIHG SPACE OCCP (PROH T H - 0 6 1 3 , TABLE 6 ) 

5 7 TTPE (1) 
5 8 TTPE ( 2 ) 
59 TTPE ( 3 ) 

CRAHE BAT SPACE UCCP (FROH T H = 0 6 1 3 , TABLE 6 ) 

6 0 TTPE ( 1 ) 
6 1 TTPE ( 2 ) 
6 2 TTPE ( 3 ) 

PAGE 2 

16.0 16.0 16.0 
10.0 10.0 10.0 
2 . 7 0 2 . 7 0 2 . 7 0 

0 6 0 1 . 9 2 0 2 . 1 3 8 0 2 . 

10.0 10.0 10.0 
20.0 20.0 20.0 

1.0 1.0 1.0 
0 5 5 7 . 9 7 5 5 . 2 0 0 2 2 . 

10.0 10.0 10.0 
10.0 10.0 10.0 
1.0 1.0 1.0 

1 1 8 2 7 . 2 3 6 5 0 . 3 5 0 8 2 . 

0 5 6 . 
3 . 5 0 00.0 

7 0 1 8 5 . 

211. 
3 . 5 0 

0.0 0. 

9 7 5 . 
3 . 5 0 00.0 

1 5 0 2 2 7 . 

0 2 2 . 
3 . 5 0 

0 . 0 0. 

2002. 

H1, . U 
3 1 0 5 0 6 . 

6 3 0 . 
3 . 5 0 

0.0 0. 

7 . 0 0 7 . 0 0 7 . 0 0 

7 . 0 0 
7 . 0 0 

7 . 0 0 
7 . 0 0 

7 . 0 0 
7 . 0 0 

2 . 3 0 
0.0 

2 . 3 0 
0.0 

2 . 3 0 
0.0 



O U T - O P - C E L L SPACE TOTAL COST (S) 

6 3 HAKE-OP AND PBOCESS SERVICE SPACE 

CELL OPERATIHG SPACE 

6 1 TTPE ( 1 ) 
6 5 T T P E ( 2 ) 
6 6 TYPE ( 3 ) 
6 7 TOTAL 

CHARE BAT SPACE 

6 8 TYPE ( 1 ) 
6 9 TTPE ( 2 ) 
7 0 TYPE { 3 ) 
7 1 TOTAL 
7 2 TOTAL O O T - O F - C E L L SPACF COST 
7 3 PROCESSING SPACE TOTAL COST ( $ ) 

PROCESSING SOPPORT SPACE COST (BLDG. EXCLUDING HOT CELLS) 

I N D I R E C T PROCESS SOPPORT SPACR 

7 0 S T D . AREA HEIGHT ( P T ) 
7 5 SOP (FROtf ORNL T H - 0 6 1 3 , TABLE 5) 

7 6 TOTAL SPACE REQUIRED (CU FT) 

I N D I R E C T PROCESS SUPPORT SPACE UNIT COST ( l / C O FT) 

7 7 UCCF (PROH ORHL T H - 0 6 * 3 , TABLE 6) ( $ / C U PT) 7 8 PROCESSING SUPPORT SPACE TOTAL COST ( $ ) 

OUTSIDE U T I L I T I E S COST ( t ) 

7 9 UCP (PROH 0 3 N L T H - 0 6 1 3 , TABLE 7 ) ( P R A C T . ) 
8 0 EQUIPMENT AND F A C I L I T T COST 
8 1 OOTSIDE U T I L I T I E S COST 

S I T E IHPROVEHENT COST ($) 

8 2 UCP (PROH ORNL T H - 0 6 1 3 , TABLE 8} (FRACT. ) 
8 3 SOBTOTAL DIRECT CONSTRUCTION COST ( $ ) 
80 S I T E IHPROVEHENT COST ( t ) 
8 5 TOTAL DIRECT CONSTRUCTION COST ( t j 

PAGE 0 

3 2 2 0 6 . 60011. 9 6 6 1 7 . 

3 1 9 0 2 . 
8 2 7 9 0 . 

6 8 2 8 5 . 
1 6 5 5 8 1 . 

1 1 2 9 5 7 . 
208371. 

1 1 1 6 9 3 . 2 3 3 8 6 6 . 3 9 1 3 2 9 . 

1 6 1 0 2 6 . 0. 3 0 5 5 2 2 . 0. 7 2 3 3 6 1 . 0. 
1 6 1 1 2 6 . 
3 0 8 3 2 5 . 
5 1 5 8 2 0 . 

3 9 5 5 2 2 . 
6 1 3 7 9 9 . 

1 1 1 1 2 5 0 . 

7 2 3 3 6 1 . 
1 2 1 1 3 0 9 . 
2 0 1 j 1 7 6 . 

10.0 
5 . 6 0 

5 6 6 0 1 . 

11.0 
5 . 6 0 

1 1 6 0 6 3 . 

10.0 
5 . 6 0 

218111. 

7 . 0 0 
3 9 6 2 0 6 . 

7 . 0 0 
8 1 2 0 1 3 . 

7 . 0 0 
1 5 2 8 8 7 3 . 

0.10 
3 3 9 9 1 2 5 . 

3 3 9 9 1 2 . 

0. 10 
7 1 3 0 1 9 2 . 

7 1 3 0 1 9 . 

0.10 
1 2 1 0 6 2 1 9 . 

1210621. 

0 . 0 0 5 
3 7 3 9 0 3 7 . 

1 9 6 9 5 . 
3 7 5 7 7 3 2 . 

0 . 0 0 5 
7 8 1 3 2 1 0 . 

3 9 2 1 6 . 
7 8 8 2 1 2 6 . 

0 . 0 0 5 
1 3 3 1 6 8 7 3 . 

6 6 5 B 1 . 
1 3 3 8 3 0 5 7 . 



INDIRECT CONSTRUCTION COST 

GENLRAL AND ADMINISTRATIVE COST 

136 OCF (PROD ORHL T M - 0 6 1 3 . Ti»DLS 7) ( P P \ C T . ( 
8 7 SOBTOTAL !3PN. • ADH. c W f ( I ) 

ENGIPBBR ING COST 

B8 OCP <PRO" OSfiL T H - O M 3 , TABLE (PRACT. ) 
9 9 SOBTOTAL ENGR. COST (51 

M I S C . CONSTRUCTION COST 

90 OCP (FPOX ORNL TH-061 3, TABLE 7) (PRACT. t 
9 1 SOBTOTAL MISC. CONSTFOCTrOK r o S T (? ) 

CONTINGENCY ALLOWANCE 

9 2 DCF (FROM ORHL T N - 0 6 1 3 , TABLE 7 ) (PBACT. ) 
0 3 SUBTOTAL COHTIHGENCT ALLOWANCE ( f ) 

SPARE PARTS COST 

90 UCF (FROH ORHL T ( . - 0 6 1 3 , TABLE "M (PRACT. ) 
9 5 SUBTOTAL SPARE PARTS COST ( ? ) 

HOHIHSTALLED SPARE EQUIFHEPT COST 

9 6 UCP (FROH CRRL T H - 4 6 1 3 , TABL? 71 (PRACT. ) 
97 SUBTOTAL NO HI HSTI.ED SPACE iQUIPriHlfT COST(S) 

QUALITT ASSURANCE COST 

9 8 UCP (PROH ORNL T P . - 0 6 1 3 . TABLE 7) (PRACT. ) 
9 9 SUBTOTAL QUALITY ASSURANCE COST ( $ ) 
100 TOTAL INDIRECT CONSTRUCTION COST ($) 

PAGE 0 

3.10 
1 7 5 7 7 3 . 

0.10 
7 B 3 2 1 2 . 

0.10 
1 3 3 8 3 U 5 . 

0 . 3 0 
1 1 3 7 3 1 9 . 

0 . 3 0 
2 3 6 U 7 2 7 . 

0. 10 
0 0 1 5 0 3 6 . 

0 . 0 5 
1 8 7 8 8 7 . 

0 . 0 5 
390 12 1. 

0 . 0 5 
6 6 9 1 7 3 . 

0 .20 
7 5 1 5 0 6 . 

0.20 1V6085.. 0.20 
2 6 7 6 6 9 1 . 

0 . 0 0 7 
2 6 3 0 0 . 

0,007 *<5177. 0 . 0 0 7 
9 3 6 8 0 . K> 

•U O 

0 . 0 3 
1 1 2 7 3 2 . 

0 . 0 3 
2 3 6 i i ! 3 . 

0 . 0 3 
0 0 1 5 0 0 . 

0 . 0 6 
2 / 5 0 6 0 . 

? B 0 7 0 2 2 . 

0.06 «729U6. 58Bai68. 
0.06 

8 0 3 0 0 7 . 
9 9 9 7 0 3 8 . 



OWNER" S COST 

LAND COST 

1 0 1 OCT (FFOH OHRL T B - 0 6 1 3 , TABLE 8 ) (PRACT. ) 
1 0 2 SUBTOTAL LAND COST ($> 

PROJECT HAHAGEBENT COST 

1 0 3 UCF (PPON ORNL T H - 0 6 1 3 , TABLE 8) (FRACT. ) 
1 0 0 SUBTOTAL P R O J . BANGT. COST ( J ) 

L ICENSING COST 

1 0 5 UCF (PROH ORNL T H - 0 6 1 3 , TABLE 8) (FRACT. ) 
1 0 6 SOBTOTAL LICENSING COST ($} 

TAXES, IHSORARCE AHD INTEREST 

1 0 7 UCF ( P R 0 1 ORNL T H - 0 6 1 3 , TABLE 8 ) ( F R A C T . ) 
1 0 8 SUBTOTAL TAXES, INSURANCE AHD I H T . ( J ) 

PREOPERATIONAL TESTING AND STARTOP 

1 0 9 UCF (PROH ORHL T H - 0 6 1 3 , TABLE 8 ) (PRACT. ) 
1 1 0 SOBTOTAL PRROP. TESTING AND STARTOP ( t ) 
1 1 1 TOTAL OWNER'S COST ( $ ) 

TOTAL CAPITAL CONSTRUCTION COST 

1 1 2 INCREMENT OP TOTAL PLANT COST (S> 
1 1 3 PROCESSIHG THROUGHPUT OF ACCEPTABLE PROD (KGHB/DAY) 
1 1 0 ANNUAL PRODUCTION PATE (KILOGRAMS OF HEAV? BETAL/YEAR) 
1 1 5 CAPITAL CHARGE RATE ( F R A C T . ) 
1 1 6 AHNOAL CAPITAL CHARGE (DOLLARS/TEAR) 
1 1 7 PRODUCT UNIT COST (DOLLARS/KILOGRAB OF HEAVY BETAL) 

PAGE 0 

0.01 
3 7 5 7 7 . 

0.01 
7 8 8 2 0 . 

0.01 
1 3 3 8 3 5 . 

0.02 
7 5 1 5 5 . 

0.02 
1 5 7 6 0 9 . 

0 . 0 2 
2 6 7 6 6 9 . 

0.00 
1 5 0 3 0 9 . 

0.00 
3 1 5 2 9 7 . 

0.00 
5 3 5 3 3 8 . 

0.20 
7 5 1 5 0 6 . 

0.20 
1 5 7 6 0 8 5 . 

0 . 2 0 
2 6 7 6 6 9 1 . 

0 . 2 0 
7 5 1 5 0 6 . 

1 7 6 6 1 3 3 . 

0.20 
1 5 7 6 0 8 5 . 
3 7 0 0 7 3 9 . 

0 . 2 0 
2 6 7 6 6 9 1 . 
6 2 9 0 2 2 3 . 

8 3 3 0 8 8 7 . 
0 1 9 . 9 0 

122611. 
0. 30 

2 0 9 9 7 6 5 . 20.3B 

1 7 0 7 5 3 2 8 . 
1 2 5 9 . 7 0 
3 C 7 8 3 2 . 

0 . 3 0 
5 2 0 2 5 9 7 . 

1 0 . 2 5 

2 9 6 7 1 0 8 8 . 
2 5 1 9 . 0 0 
7 3 5 6 6 5 . 

0 . 3 0 
8 9 0 1 3 2 0 . 

12.10 



* » « B I S O MICROSPHERE COATING PROCESS - P E R T I L E P A R T I C L E S - T H 0 2 ( L - 1 . A . ( 1 ) « B21 * 

SUMMARY OP RESOLTS 

PLANT CAPACITY 
D E S C R I P T I O N 

PROCESS THROUGHPUT (KILOGRAMS) 

P R O C E S S I N G EQUIPMENT COST ( S 1 0 Q 0 ) 

PLANT DIRECT CONSTRUCTION COST ( » 1 0 0 0 ) 

PLANT IN DIPECT CONSTRUCTION COST ( t 1 0 0 0 ) 

PLANT OWNER'S COST ( $ 1 0 0 0 ) 

PLANT TOTAL COST ( * 1 0 0 0 ) 

UNIT COST (DOLLARS/KILOGRAH) 

PUNCTION C O E F F I C I E N T S ARE AS FOLLOWS = 

A l = 2 . 0 3 7 6 8 E 0 1 A2 = 1 . 6 7 8 8 7 E 0 1 A3 = 0 . 0 

FUNCTION EXPONENTS ABE AS FOLLOWS = 

B1 = - 9 . 2 6 0 U 8 E - 0 9 B2 = - 1 . 3 0 0 0 2 E - 0 9 B3 = 0 . 0 

0 . 1 TOHNE 
PER DAY 

1 . 5 TONNE 
PER DAY 

3 . 0 TONNE 
PER DAY 

& 1 9 . 9 1 2 5 9 . 7 2 5 1 9 . U 

2 9 5 7 . 1 5 2 0 3 . 5 8 5 6 U * 2 

3 7 5 7 . 7 7 8 8 2 . 9 1 3 3 8 3 . 5 

2 8 0 7 . 0 5 8 8 8 . 2 9 9 9 7 . U 

1 7 6 6 . ' 3 7 0 9 . 7 6 2 < > 0 . 2 

8 3 3 0 . 9 1 7 9 7 5 . 3 2 9 6 7 1 . 1 

2 0 . 3 8 1 4 . 2 5 1 2 . 1 0 

AU = 0 . 0 

BU 0.0 



* * * RECLAMATION OF THORIOM FROM REJECT KERNALSt B 2 2 * * * DATE I S r,7-18-7U PAGE 

CASE ESTIMATES 
CASE 1 CASE 2 CASE 3 

• • C O S T E S T I H A T E P R E P A R A T I O N * * 

DIRECT CONSTRUCTION COST 

PROCESSING EQUIPMENT COST 

1 ESTIMATED EQUIPHEHT COST ( $ ) 5 2 0 0 0 . 5 9 0 0 0 . 7 0 0 0 0 . 

ACTUAL I N - C E L L EQUIPMENT SPACE REQUIRED (CD PT) 

TYPE ( 1 ) = UNSHIELDED HOT ALPHA CELL - CONTACT MAINTENANCE (ITEM 7 , TABLES 5 AND 6 ) 

2 TTPE ( 1 ) 8 2 0 . 1 1 0 0 . 1 5 0 0 . 
3 TTPE ( 2 ) 
0 TTPE ( 3 ) 
5 ACTUAL OOT-OP-CELL EQUIPHEHT SPACE REQUIRED (CU FT) 1 3 0 . 6 0 0 . 8 0 0 . 

PROCESSING SPACE COST (HOT C E L L S ) ( $ ) 

GROSS I N - C E L L S PACE REQUIRED 

6 TTPB f l ) S T D . CBLL WIDTH ( F T ) 2 0 . 0 2 0 . 0 2 0 . 0 
7 S T D . CELL HEIGHT (FT) 2 0 . 0 2 0 . 0 2 0 . 0 
8 SUP (FBOH ORNL T H - 0 6 1 3 , TABLE 5) 2 . 5 0 2 . 5 0 2 . 5 0 
9 GROSS CELL VOLOHE (CU FT) 2 0 5 0 . 2 7 5 0 . 3 7 5 0 . 

10 LINEAR F T . OP CELL (FT) 5 . 1 3 6 . 8 8 9 . 3 8 

11 TTPE ( 2 ) S T D . CBLL WIDTH ( F T ) 
12 S T D . CELL HEIGHT (FT) 
13 SUF (FROH ORNL T H - U 6 1 3 , TABLE 5) 
IK GROSS CELL VOLOHE (CO FT) 
15 LINEAR FT. OF CELL (FT) 

16 TTPE ( 3 ) S T D . CELL WIDTH ( F T ) 
17 S T D . CBLL BBIGHT ( F T ) 
18 SOF (PROH ORNL T H - 0 6 1 3 , TABLE 5) 
19 GROSS CBLL VOLOHE (CO FT) 
20 LINEAR F T . OF CELL (FT) 

I N - C E L L SPACE ONIT COST ( S / C O FT) 

2 1 TTPE ( 1 ) (OCCF FROH ORNL T H - 0 6 1 3 , TABLE 6) 9 . 0 0 9 . 0 0 9 . 0 0 
2 2 TTPE ( 2 ) (OCCF FROH ORNL T H - 1 6 1 3 , TABLE 6) 
2 3 TTPE ( 3 ) (BCCF FROH ORHL T H - 1 6 1 3 , TABLE 6) 

I N - C E L L SPACE TOTAL COST ( $ ) 

2 « TTPE ( 1 ) 1 8 1 5 0 . 2 0 7 5 0 . 3 3 7 5 0 . 
2 5 TTPB ( 2 ) 
26 TTPE ( 3 ) 
27 TOTAL 1 7 3 9 1 1 . 3 1 9 6 1 2 . 0 6 8 0 1 2 . 



GROSS O O T - O P - C E L L SPACE BEQOIRED (CO PT) 

HAKE OP AND PROCESS SERVICE SPACE 

2 8 STD. AREA WIDTH (PT) 
2 9 S T D . AREA HEIGHT (PT) 
3 0 SOP (FROB ORNL TH-U6 1 3 , TABLE 5) 
31 GROSS VOLOHE (CO PT) 

CELL OPERATING SPACE (CO FT) 

32 T I P E ( 1 ) STD. AREA WIDTH (FT) 
3 3 S T D . AREA HEIGHT (FT) 
3 0 NO. OF CELL S I D E S WITH O P . AREA 
3 5 GROSS VOLOHE (CO PT) 

36 TTPE ( 2 ) STD. AREA WIDTH (FT) 
37 STD. AREA HEIGHT ( F T ) 
3 8 NO. OF CELL S I D E S WITH O P . AREA 
39 GROSS VOLUHE (CO PT) 

HO TYPF ( 3 ) STD. AREA WIDTH (FT) 
0 1 STD. AREA HEIGHT ( F T ) 
0 2 NO. OP CELL S I D E S WITH O P . AREA 
0 3 GROSS VOLOHE (CU PT) 

CRANE BAT SPACE 

0 0 TTPE ( 1 ) CELL AREA (SQ PT) 
U5 SOP (FROM ORNL TH-U6 1 3 , TABLE 5) 
0 6 STD. BAT HEIGHT (PT) 
0 7 GROSS VOLUME (CU PT) 

8 8 TY D F ( 2 ) CELL AREA (SQ FT) 
U9 SUP (PHOH ORNL T H - 0 6 1 3 , TABLE 5) 
5 0 STD. BAT HEIGHT (FT) 
5 1 GROSS VOLOHE (CD " T ) 

5 2 TTPE ( 3 ) CELL AREA (SQ PT) 
5 3 SUP (FROH ORNL T H - 0 6 1 3 , TABLE 5) 
50 STD. BAT HEIGHT ( P T ) 
5 5 GROSS VOLOHE (CO PT) 

O U T - O F - C E L L SPACE U N I T COST (t/CV PT) 

5 6 HAKE-UP AND PROCESS SERVICE SPACE 

CELL OPERATING SPACE OCCP (FROH T H - 0 6 1 3 , TABLE 6 ) 

5 7 TTPE ( 1 ) 
5 8 TTPE ( 2 ) 

5 9 TTPE ( 3 ) 

CRANE BAT SPACE VCCP (FROH T H = 0 6 1 3 , TABLE 6 ) 

6 0 TTPE ( 1 ) 6 1 TTPE ( 2 ) 
6 2 TYPF ( 3 ) 

PAGE 0 

16.0 16-0 16.0 10.0 10.0 10.0 
2 . 7 0 2 . 7 0 2 . 7 0 

1161. 1620. 2160. 

10.0 10.0 10.0 
20.0 20.0 20.0 

1.0 1.0 1.0 
1 0 2 5 . 1 3 7 5 . 1 8 7 5 . 

1 0 3 . 1 3 8 . 1 8 8 . 
3 . 5 0 3 . 5 0 3 . 5 0 on.o . 0 au.o 

1 5 7 8 5 . 2 1 1 7 5 . 2 8 8 7 5 . 

7 . 0 0 7 . 0 0 7 . 0 0 

7 . 0 0 7 . 0 0 7 . 0 0 

2 . 3 0 2 . 3 0 2 . 3 0 



O O T - O F - C E L L SPACE TOTAL COST 

5 3 HAKE-OP AHD PROCESS SERVICE SPACE 

CELL OPERATIHG SPACE 

6 " TTPE ( 1 ) 
6 5 TTPE ( 2 ) 
66 TTPE ( 3 ) 
6 7 TOTAL 

CRAHE BAT SPACE 

6 8 TTPE ( 1 ) 
6 9 TYPE ( 2 ) 
7 0 TTPE ( 3 ) 
7 1 TOTAL 
7 2 TOTAL OOT-OP-CELL SPACE COST 
7 3 PROCESSIHG SPACE TOTAL COST ( J ) 

PROCESSING SOPPORT SPACE COST (BLDG. EXCLUDING HOT CELLS) 

I H D I R E C T PROCESS SOPPORT SPACE 

7 0 S T D . AREA HEIGHT (FT) 
7 5 SOF (FROH ORHL T H - 0 6 1 3 , TABLE 5) 
7 6 TOTAL SPACE REQUIRED (CO FT) 

I N D I R E C T PROCESS SOPPORT SPACE OHIT COST ( $ / C U FT) 

7 7 UCCF (FBOH ORHL T B - 0 6 1 3 , TABLE 6) ( $ / C O F T ) 
7 8 PROCESSING SOPPORT SPACE TOTAL COST ( t ) 

OUTSIDE U T I L I T I E S COST ( J ) 

7 9 UCP (FROH ORHL T B - 0 6 1 3 , TABLE 7 ) (PRACT. ) 
8 0 EQOIPHENT AHD F A C I L I T Y COST 
8 1 OUTSIDE U T I L I T I E S COST 

S I T E IHPROVBSPHT COST ( J ) 

8 2 UCP (PROB ORHL T H - 0 6 1 3 , TABLE 8 ) (FRACT. ) 
8 3 SUBTOTAL DIRECT CONSTRUCTION COST ( J ) 
8 0 S I T E IHPROVEHENT COST ( I ) 
8 5 TOTAL DIRECT CONSTRUCTION COST ( $ ) 

PAGE 0 

8 1 2 7 . 1 1 3 0 0 . 1 5 1 2 0 . 

7 1 7 5 . 

7 1 7 5 . 

9 6 2 5 . 

9 6 2 5 . 

1 3 1 2 5 . 

1 3 1 2 5 . 

3 6 3 0 5 . 0 8 7 0 2 . 66012. 

3 6 3 0 5 . 
5 1 6 0 7 . 

2 2 5 5 1 8 . 

0 8 7 0 2 . 
6 9 6 6 7 . 

3 8 9 2 7 9 . 

66012. 
9 0 6 5 7 . 

5 6 2 6 7 0 . 

1 0 . 0 
5 . 6 0 

2 8 9 0 6 . 

10.0 
5 . 6 0 

5 0 3 6 0 . 

10.0 
5 . 6 0 

7 2 9 9 8 . 

7 . 0 0 
2 0 2 3 0 2 . 

7 . 0 0 
3 5 2 5 0 9 . 

7 . 0 0 
5 1 0 9 8 7 . 

0.10 
0 7 9 8 6 0 . 

0 7 9 8 6 . 

0.10 
B00828. 

8 0 0 8 3 . 

0 . 1 0 
1 1 0 3 6 5 6 . 

1 1 0 3 6 6 . 

0 . 0 0 5 
5 2 7 8 0 6 . 

2 6 3 9 . 
5 3 0 0 8 6 . 

0 . 0 0 5 
8 8 0 9 1 0 . 

0 0 0 5 . 
8 8 5 3 1 5 . 

0 . 0 0 5 
1 2 5 8 0 2 1 . 

6 2 9 0 . 
1 2 6 0 3 1 1 . 



INDIRECT CONSTRUCTION COST 

GENERAL AND ADHINISTRATIVE COST 

86 OCF (FROH ORNl T H - 4 6 1 3 , TABLE 7 ) (FRACT. ) 
8 7 SOBTOTAL GEN. • ADH. COST (S) 

ENGINEERING COST 

8 8 OCF (FROH ORNL T H - 4 6 1 3 , TABLE 7 ) ( F R A C T . ) 
8 9 SUBTOTAL ENGR. COST ( t ) 

H l S f . CONSTROCTION COST 

9 0 OCF (PROH ORNL T H - 0 6 1 3 , TABLE 7) ( F R A C T . ) 
9 1 SOBTOTAL H I S C . CORSTROCTIOH COST ( t ) 

CONTINGENCY ALLOHAHCE 

9 7 OCF (FROH ORNL T H - 4 6 1 3 , TABLE 7 ) ( F R A C T . ) 
9 3 SOBTOTAL COHTIHGENCT ALLOWANCE (*) 

SPARE PARTS COST 

9 4 OCF (FROH ORNL T H - 4 6 1 3 , TABLE 7 ) ( F R A C T . ) 
9 5 SOBTOTAL SPARE PARTS COST ( $ | 

NONINSTALLED SPARE EQOIPHENT COST 

96 OCP (FROH ORNL T H - 4 6 1 3 , TABLE 7 ) (FRACT. ) 
97 SOBTOTAL NORIHSTLED SPARE EQUIPMENT COST <$) 

QUALITY ASSORAHCE COST 

9 8 UCP (PROH ORHL T H - 0 6 1 3 , TABLE 7 ) (FRACT. ) 
9 9 SUBTOTAL QUALITY ASSURANCE COST ( J ) 
1 0 0 TOTAL I H D I R E C T COHSTRUCTION COST ($) 

PAGE 0 

0.10 
5 3 0 0 9 . 

0.10 
8 8 5 3 1 . 

0.10 
1 2 6 0 3 1 . 

0 . 3 0 
1 5 9 1 4 6 . 

0 . 3 0 
2 6 5 5 9 4 . 

0 . 3 0 
3 7 9 2 9 3 . 

0 . 0 5 
2 6 5 2 0 . 

0 . 0 5 
00266. 

0 . 0 5 
6 3 2 1 6 . 

0.20 
1 0 6 0 9 7 . 

0.20 
1 7 7 0 6 3 . 

0.20 
2 5 2 8 6 2 . 

0 . 0 0 7 
3 7 1 3 . 

0 . 0 0 7 
6 1 9 7 . 

0 . 0 0 7 
8 8 5 0 . M 

o» 

0 . 0 3 
1 5 9 1 5 . 

0 . 0 3 
2 6 5 5 9 . 

0 . 0 3 
3 7 9 2 9 . 

0 . 0 6 
3 1 8 2 9 . 

3 9 6 2 7 3 . 

0.06 
5 3 1 1 9 . 

6 6 1 3 3 0 . 

0 .06 
7 5 8 5 9 . 

9 0 0 4 0 0 . 



OWNER'S COST 

LARD COST 

1 0 1 OCF (FROH ORHL T H - 0 6 1 3 , TABLE 8) ( F R A C T . ) 
1 0 2 SOBTOTAL LAND COST ( « ) 

PROJECT HAHAGEHENT COST 

1 0 3 DCF (FEOH ORNL T H - 0 6 1 3 , TABLE 8 ) ( F R A C T . ) 
1 0 a SOBTOTAL P R O J . HANGT. COST ( $ ) 

L I C E N S I N G COST 

1 0 5 OCF (FROH ORNL T H - 0 6 1 3 , TABLE 8) ( F R A C T . ) 
1 0 6 SUBTOTAL L I C E N S I N G COST ( $ ) 

T A I B S , INSURANCE AND INTEREST 

1 0 7 OCP (FROH ORHL T H - 0 6 1 3 , TABLE 8 ) ( F R A C T . ) 
1 0 8 SOBTOTAL TAXES, IHSORAHCE AHD I N T . ( I ) 

PREOPERATIONAL TESTING AND STARTOP 

1 0 9 OCP (PROH ORNL T H - 0 6 1 3 , TABLE 8 ) ( P R A C T . ) 
1 1 0 SOBTOTAL PRBOP. TESTING AND STARTOP ( « ) 
1 1 1 TOTAL OWNER'S COST (S ) 

TOTAL CAPITAL COHSTROCTION COST 

1 1 2 INCREHENT OF TOTAL PLAHT COST ( $ ) 
1 1 3 PROCESSTHG THROUGHPUT OF ACCEPTABLE PROD (KGHH/DAY) 
1 1 0 ANNUAL PRODUCTIOH RATE (KILOGRAHS OP HEAVY HETAL/TEAR) 
1 1 5 CAPITAL CHAHGE RATE ( P R A C T . ) 
1 1 6 ANNUAL CAPITAL CHARGE (DOLLARS/YEAR) 
1 1 7 PRODUCT UHIT COST (DOLLAR S / K I LOG RAH OF HEAVY HETAL) 

PAGE 0 

0.01 
5 3 0 5 . 

0.01 
8 8 5 3 . 

0.01 
1 2 6 4 3 . 

0 . 0 2 
10610. 

0.02 
1 7 7 0 6 . 

0.02 
2 5 2 8 6 . 

0 . 0 4 
2 1 2 1 9 . 

0.00 
3 5 0 1 3 . 

0.00 
5 0 5 7 2 . 

0.20 
1 0 6 0 9 7 . 

0.20 
1 7 7 0 6 3 . 

0.20 
2 5 2 8 6 2 . 

0 . 2 0 
1 0 6 0 9 7 . 
2 0 9 3 2 8 . 

0.20 
1 7 7 0 6 3 . 
0 1 6 0 9 8 . 

0.20 
2 5 2 8 6 2 . 
5 9 0 2 2 6 . 

ro •tv 
VI 

1 1 7 6 0 8 6 . 
0 0 . 3 0 

1 2 9 3 6 . 
0 . 3 0 

3 5 2 8 2 6 . 7̂.28 

1 9 6 2 7 0 1 . 
1 3 3 . 0 0 
3 8 8 3 6 . 

0 . 3 0 
5 8 8 8 2 2 . 

1 5 . 1 6 

2 8 0 2 9 7 6 . 
2 6 5 . 9 0 
7 7 6 0 3 . 

0 . 3 0 
8 4 0 8 9 3 . 

1 0 . 8 3 



« * • RECLAMATION Op THOFIOM FROM REJECT KERNALSt B22* * • 

DESCRIPTION 

PROCESS THROOGBPUT (KILOGRAMS) 

PROCESSING EQUIPMENT COST ( $ 1 0 0 0 ) 

PLANT DIRECT CONSTRUCTION COST ( $ 1 0 0 0 ) 

PLANT I N D I P E C T CONSTROCTION COST ( $ 1 0 0 0 ) 

PLANT OWNER'S COST ( S I 0 0 0 ) 

PLANT TOTAL COST ( $ 1 0 0 0 ) 

ONIT COST (DOLLARS/KILOGRAM) 

FONCTIOR C O E F F I C I E N T S ARE AS FOLLOWS = 

Al = 3 . 6 5 7 1 4 E 0 1 A2 = 2 . 1 2 3 0 9 E 0 1 A3 

FONCTION EXPONENTS ARE AS POLLOWS = 

B1 = - 6 . 6 2 0 2 3 E - 0 3 B2 = - 2 . 5 3 1 4 6 E - 0 3 B3 

SOMMART OF RESOLTS 

PLANT CAPACITY 
0 . 5 TONNE 

PER DAY 
1 . 5 TONNE 

PER DAY 
3 . 0 TONNE 

PER DAY 

1 1 . 3 1 3 3 . 0 2 6 5 . 9 

5 2 . 0 5 9 . 0 7 0 . 0 

5 3 0 . 5 8 8 5 . 3 1 2 6 1 . 3 

3 9 6 . 3 6 6 1 . 3 9 4 1 . 1 

2 1 9 . 3 1 1 6 . 1 5 9 4 . 2 

1 1 7 6 . 1 1 9 6 2 . 7 2 8 0 3 . 0 

2 7 . 2 8 1 5 . 1 6 1 0 . 8 3 

AU = 0 . 0 

M 
0 . 0 B» = 0 . 0 oa 



* * » TBORIOH DIOXIDE REJECT RECLAMATION COATIHG REMOVALS B 2 3 * * * DATE I S 0 7 - 1 8 - 7 0 PAGE 1 

CASE ESTIMATES 
CASE 1 CASE 2 CASE 3 

* * C 0 S T E S T I M A T E P R E P A R A T I O N * * 

DIRECT CORSTRUCTIOH COST 

PROCESSING EQDIPMENT COST 

1 ESTIMATED EQUIPMENT COST ( $ ) 7 9 0 0 0 . 9 3 0 0 0 . 1 7 6 0 0 0 . 

ACTOAL I N - C E L L EQOIPMENT SPACE REQUIRED (CO PT) 

T I P E ( 1 ) = UNSHIELDED HOT ALPHA CELL - CONTACT HAINTENAHCE (ITEM 7 , TABLES 5 AND 6 ) 

2 TTPE ( 1 ) 5 0 0 . 7 0 0 . 2 0 0 0 . 
3 TTPE ( 2 ) 
0 TTPE ( 3 ) 
5 ACTOAL OOT-OF-CELL EQOIPHEHT SPACE REQOIRED (CO FT) 5 0 0 . 7 0 0 . 9 0 0 . 

PBOCESSING SPACB COST (BOT CELLS) ( $ ) 

GROSS I N - C E L L SPACE REQUIRED 

6 TTPB ( 1 ) S T D . CELL HIDTB ( F T ) 2 0 . 0 2 0 . 0 2 0 . 0 
7 S T D . CELL HEIGHT ( F T ) 2 0 . 0 2 0 . 0 2 0 . 0 Isj 
8 SOF (FROH OBNL T H - 0 6 1 3 , TABLE 5) 2 . 5 0 2 . 5 0 2 . 5 0 § 
9 GROSS CBLL VOLOHE (CO PT) 1 2 5 0 . 1 7 5 0 . 5 0 0 0 . 

1 0 LINEAR P T . OF CELL ( F T ) 3 . 1 3 0 . 3 8 1 2 . 5 0 

11 TTPE ( 2 ) S T D . CELL WIDTH ( F T ) 
12 S T D . CELL HEIGHT ( F T ) 
1 3 SOP (FROH ORHL T H - 0 6 1 3 , TABLB 5) 
10 GROSS C E I L VOLOHE (CO FT) 
15 LINEAR P T . OP CELL ( F T ) 

16 TTPE ( 3 ) S T D . CELL WIDTH ( F T ) 
17 S T D . CBLL HEIGBT ( F T ) 
18 SOF (FROB OBNL T H - 0 6 1 3 , TABLE 5) 
19 GROSS CELL VOLOHE (CO FT) 
2 0 LINEAR F T . OF CELL ( F T ) 

I N - C E L L SPACE ONIT COST ( t / C O FT) 

2 1 TTPE ( 1 ) (OCCP FROH ORHL T H - 0 6 1 3 , TABLE 6) 9 . 0 0 9 . 0 0 9 . 0 0 
22 TYPE (2 ) (UCCF FROH ORHL T H - 0 6 1 3 , TABLE 6) 

2 3 TTPE ( 3 ) (OCCP PROH ORHL T H - 0 6 1 3 , TABLB 6) 

I N - C E L L SPACE TOTAL COST ( « ) 

2 0 TTPB ( 1 ) 1 1 2 5 0 . 1 5 7 5 0 . 0 5 0 0 0 . 
2 5 TTPE ( 2 ) 
26 TYPE (3) 
2 7 TOTAL 1 6 6 7 1 1 . 3 1 0 6 1 2 . 0 7 9 2 6 2 . 



GROSS O O T - O P - C E L L SPACE REQUIRED (CO PT) 

HAKE OP AND P R O C E S S S E R V I C E SPACE 

2 8 S T D . AREA WIDTH ( P T ) 
2 9 S T D . AREA HEIGHT I F T ) 
3 0 SOP (PBOH ORHL T H - 0 6 1 3 , TABLE 5) 
31 GROSS VOLOHE (CO PT) 

CELL OPERATIHG SPACE (CO PT) 

3 2 T T P P ( 1 ) S T D . ARBS WIDTH ( P T ) 
3 3 S T D . AREA HEIGHT ( P T ) 
3 0 HO. OP CELL S I D E S WITH O P . AREA 
3 5 GROSS VOLOHE (CO PT) 

3 6 T T P E ( 2 ) S T D . AREA WIDTH ( F T ) 
3 7 S T D . APEA HEIGHT ( P T ) 
3 8 NO. OF C E L L S I D E S WITH O P . AREA 
3 9 GROSS VOLOHE (CO PT) 

0 0 T T P E ( 3 ) S T D . ABBA WIDTH ( F T ) 
0 1 S T D . ABEA HEIGHT ( F T ) 
0 2 NO. OP C E L L S I D E S WITH O P . AREA 
0 3 CHOSS VOLOHE (CO F T ) 

CRANE BAT SPACE 

0 0 T T P B ( 1 ) CELL AREA ( S Q FT) 
0 5 SOP (PPOH ORHL T H - 0 6 1 3 , TABLB 5) 
0 6 S T D . BAT HEIGHT ( P T ) 
0 7 GROSS VOLOHE (CO PT) 

0 8 T T P E ( 2 ) CELL AREA (SQ PT) 
0 9 SOF (FROH ORHL T H - 0 6 1 3 , TABLB 5) 
5 0 S T D . BAT HEIGHT ( F T ) 
5 1 GROSS VOLOHE (CO F T ) 

5 2 T T P E ( 3 ) CELL AREA (SQ F T ) 
5 3 S O P (PBOH ORHL T H - 0 6 1 3 , TABLB 5) 
5 0 S T D . BAT HEIGHT ( F T ) 

5 5 GROSS VOLOHB (CO PT) 

O O T - O F - C E L L SPACB U H I T COST ( S / C U PT) 

5 6 HAKB-OP AND P R O C E S S S E R V I C B SPACB 

CELL OPEBATING SPACE OCCP (PBOH T H - 0 6 1 3 , TABLB 6 ) 

5 7 T T P E ( 1 ) 5 8 T T P E ( 2 ) 

5 9 T T P E ( 3 ) 

CRANE BAT SPACE UCCP (PBOH T B = 0 6 1 3 , TABLE 6 ) 

6 0 T T P E ( 1 ) 6 1 T T P E ( 2 ) 
6 2 T T P R ( 3 ) 

16.0 16.0 16.0 1U.0 10.0 m.o 
2 . 7 0 2 . 7 0 2 . 7 0 

1 3 5 0 . 1 8 9 0 . 2 0 3 0 . 

10.0 10.0 10.0 
20.0 20.0 20.0 1.0 1.0 1.0 
6 2 5 . 8 7 S . 2 5 0 0 . 

6 3 . 8 8 . 2 5 0 . 
3 . 5 0 3 . 5 0 3 . 5 0 «0.0 Qtt.O 00.0 

9 6 2 5 . 1 3 B 7 5 . 3 8 5 0 0 . 

7 . 0 0 7 . 0 0 7 . 0 0 

7 . 0 0 7 . 0 0 7 . 0 0 

2 . 3 0 2 . 3 0 2 . 3 0 



O U T - O P - C E L L SPACE TOTAL COST («) 

6 3 HAKE-OP AHD PROCESS SERVICE SPACE 

CELL OPERATING SPACE 

6 1 TTPE ( 1 ) 
6 5 TTPE ( 2 ) 
6 6 TTPE ( 3 ) 

67 TOTAL 

CRAHE BAT SPACE 

6 8 TTPE ( 1 ) 
6 9 TTPE ( 2 ) 
7 0 TTPE ( 3 ) 
7 1 TOTAL 
7 2 TOTAL O U T - O F - C E L L SPACE COST 
7 3 PROCESSING SPACB TOTAL COST ( $ ) 

PROCESSIHG SOPPORT SPACE COST (BLDG. EXCLODIHG HOT CELLS) 

I N D I R E C T PROCESS SOPPORT SPACE 

7 0 S T D . AREA HEIGHT <PT) 
7 5 SOF (FROH ORHL T H - 0 6 1 3 , TABLB 5) 

7 6 TOTAL SPACE REQUIRED (CO FT) 

IHDIRECT PROCESS SOPPORT SPACE OHIT COST ( S / C O FT) 

77 UCCF (FROH ORHL T H - 0 6 1 3 , TABLE 6) ( S / C O FT) 7 8 PROCESSING SOPPORT SPACB TOTAL COST ($) 

ODTSIDE U T I L I T I E S COST ( J ) 

7 9 OCF (PROH ORNL T H - 0 6 1 3 , TABLE 7 ) ( F R A C T . ) 
8 0 EQOIPHENT AND F A C I L I T T COST 
8 1 OOTSIDB U T I L I T I E S COST 

S I T E IHPROVEHEHT COST ( t ) 

8 2 UCP (PROH ORNL T H - 0 6 1 3 , TABLE 8 ) (PRACT. ) 
8 3 SUBTOTAL DIRECT COSSTROCTIOH COST ( $ ) 
8 0 S I T E IHPROVEHEHT COST ($) 
8 5 TOTAL DIRECT COHSTROCTIOH COST ( t ) 

PAGE 

9 0 5 0 . 1 3 2 3 0 . 1 7 0 1 0 . 

0 3 7 5 . 

0 3 7 5 . 

6 1 2 5 . 

6 1 2 5 . 

1 7 5 0 0 . 

1 7 5 0 0 . 

2 2 1 3 7 . 3 0 9 9 2 . o d 5 5 0 . 

2 2 1 3 7 . 
3 5 9 6 2 . 

2 0 2 6 7 3 . 

3 0 9 9 2 . 
5 0 3 0 7 . 

3 6 0 9 5 9 . 

8 8 5 5 0 . 
1 2 3 0 6 0 . 
6 0 2 3 2 2 . 

10.0 
5 . 6 0 

2 5 7 7 0 . 

10.0 
5 . 6 0 

06000. 

1 0 . 0 
5 . 6 0 

7 7 8 9 8 . 

7 . 0 0 
1 8 0 3 9 0 . 

7 . 0 0 
3 2 5 1 0 9 . SOS"1 

7 . 0 0 

0.10 
0 6 2 0 6 3 . 

06206. 

0.10 
7 7 9 0 6 8 . 

7 7 9 0 7 . 

0 . 1 0 
1 3 2 3 6 0 9 . 

1 3 2 3 6 1 . 

0 . 0 0 5 
5 0 8 2 7 0 . 

2 5 0 1 . 
5 1 0 8 1 1 . 

0 . 0 0 5 
8 5 6 9 7 0 . 

0 2 8 5 . 
8 6 1 2 5 9 . 

0 . 0 0 5 
1 0 5 5 9 6 9 . 

7 2 8 0 . 
1 0 6 3 2 0 8 . 



IHDIRECT COHSTROCTION COST 

GEHERAL AHD ADHIHISTRATIVE COST 

8fi OCP (PROH ORHL T H - 0 6 1 3 , TABLE 7) [ F R A C T . ) 
8 7 SOBTOTAL GEH. • ADH. COST ( * ) 

EHGXHEERIHG COST 

8 6 OCP (FROH ORHL T H - 1 6 1 3 , TABLE 7 ) ( F R A C T . ) 
89 SOBTOTAL BHGF. COST ( $ ) 

D I S C . CCNSTROCTION COST 

9 0 OCF {PROH ORNL T f l - 0 6 1 3 , TABLE 7 ) ( F R A C T . ) 
9 1 SOBTOTAL H I S C . CONSTROCTION COST ( $ ) 

CONTINGENCY ALLOWANCE 

9 2 OCP (PROH ORHL T H - * 6 1 3 , TABLE 7 ) ( P R A C T . ) 
9 3 SOBTOTAL COHTIHGBBCT ALLOWANCE (S) 

SPARS PARTS COST 

9 0 OCP (PROH OHKl T H - 0 6 1 3 , TABLE 7 ) ( P R A C T . ) 
9 5 SOBTOTAL 5PARB PARTS COST ( J ) 

NOHINSTALLED SPARE EQOIPHEHT COST 

9 6 OCF {FROH OBHL T H - 0 6 1 3 , TABLE 7 ) ( P R A C T . ) 
9 7 SOBTOTAL NOHIHSTLEI) SPARE EQOIPHENT COST ( J ) 

QOALITY ASSORAHCE COST 

9 8 OCP (FROH ORHL T H - 0 6 1 3 , TABLE 7) ( P R A C T . ) 
9 9 SOPTOTAL QOALITT ASSORAHCE COST ( I ) 
1 0 0 TOTAL I H D I B B C T CONSTRUCTION COST ( $ ) 

PAGE 

0.10 
5 1 0 8 1 . 

0.10 
86126. 

0.10 
1 0 6 3 2 5 . 

0 . 3 0 
1 5 3 2 0 3 . 

0 . 3 0 
2 5 8 3 7 3 . 

0 . 3 0 
0 3 8 9 7 H . 

0 . 0 5 
2 5 5 0 1 . 

0 . 0 5 
0 3 0 6 3 . 

0 . 0 5 
7 3 1 6 2 . 

0 . 2 0 
102162. 

0.20 
1 7 2 2 5 2 . 

0 . 2 0 
2 9 2 6 5 0 . 

0 . 0 0 7 
3 5 7 6 . 

0 . 0 0 7 
6 0 2 9 . 

0 . 0 0 7 
1 0 2 0 3 . 

0 . 0 3 
1 5 3 2 0 . 

0 . 0 3 
2 5 8 3 8 . 

0 . 0 3 
0 3 8 9 7 . 

0 . 0 6 
3 0 6 0 9 . 

3 8 1 5 7 6 . 

0.06 
5 1 6 7 6 . 

6 0 3 3 6 0 . 

0.06 
8 7 7 9 5 . 

1 0 9 3 0 0 5 . 



OBHER'S COST 

LAND COST 

' 0 1 BCF (PBOH ORNL T f l - 0 6 1 3 , TABLE 8) ( F R A C T . ) 
1 0 2 SOBTOTAL LAND COST ( t ) 

PROJECT HANAGBHBNT COST 

1 0 3 OCF (PRON ORHL T H - 0 6 1 3 , TABLE R| ( P R A C T . ) 
1 0 0 SUBTOTAL P H O J . BANGT. C O S ? ( j j 

L ICENSING COST 

1 0 5 OCF (FROH ORNL T H - 0 6 1 3 , TABLE 8) ( P R A C T . ) 
1 0 6 SOBTOTAL L I C E N S I N G COST ( I ) 

TAXES, INSURANCE AND INTEREST 

1 0 7 UCP (PROH ORHL T H - 0 6 1 3 , TABLE 8 ) ( F R A C T . ) 
1 0 8 SUBTOTAL TAXES, INSURANCE AND I N T . ( $ j 

PREOPERATIONAL TESTING AND STARTOP 

1 0 9 OCF (FROH ORNL T H - 0 6 1 3 , TABLB 8 ) ( P R A C T . ) 
1 1 0 SOBTOTAL PREOP. TESTING AND STARTOP ( t ) 
1 1 1 TOTAL OWNER'S COST ( $ ) 

TOTAL CAPITAL CONSTROCTION COST 

1 1 2 INCHEHENT OP TOTAL PLANT COST ( J ) 
1 1 3 PROCESSING THROOGHPOT OF ACCEPTABLE PROD (KGHH/DAT) 
1 1 0 ANNUAL PRODUCTION RATE (RILOGRAHS OF HEAT! HETAL/TBAR) 
1 1 5 CAPITAL CBARGE PATE ( P R A C T . ) 
1 1 6 ANNOAL CAPITAL CHARGE (DOLLARS/TEAR) 
1 1 7 PEODOCT ONIT COST (DOLLARS/KILOGRAH OF HEA7T HETAL) 

PAGE 

0.01 
5 1 0 8 . 

0.01 
0 6 1 3 . 

0.01 
1 1 6 3 2 . 

0 . 0 2 
10216. 

0.02 
1 7 2 2 5 . 

0.02 
2 9 2 5 5 . 

0.00 
2 0 0 3 2 . 

0.00 
1 0 0 5 0 . 

0.00 
5 8 5 3 0 . 

0 .20 
102162. 

0 . 2 0 
1 7 2 2 5 2 . 

0. 20 
2 9 2 6 5 0 . 

0.20 
102162. 
200081. 

0.20 
1 7 2 2 5 2 . 
0 0 0 7 9 2 . 

0.20 
2 9 2 6 5 0 . 
6 8 7 7 2 6 . 

1 1 3 2 0 6 7 . 
21.00 
6 1 3 2 . 

0 . 3 0 
3 3 9 7 0 0 . 

5 5 . 0 0 

1 9 0 9 0 1 0 . 
6 3 . 0 0 

1 8 3 9 6 . 
0 . 3 0 

5 7 2 8 2 3 . 
3 1 . 1 0 

3 2 0 0 0 1 9 . 
126.00 
3 6 7 9 2 . 

0 . 3 0 
9 7 3 2 0 6 . 

2 6 . 0 5 



* • * THORIUM D I O X I D E REJECT RECLAMATION COATING REMOVALS 6 2 3 * » * 

SUMMARY OF RESULTS 

PLANT CAPACITY 
D E S C R I P T I O N 0 . 5 TONNE 1 . 5 TONNE 3 . 0 TONNE 

PER DAY PER DAY PER DAY 

PROCESS THROUGHPUT (KILOGRAMS) 2 1 . 0 6 3 . 0 1 2 6 . 0 

PROCESSING EQUIPMENT COST ( S 1 0 0 0 ) 7 9 . 0 9 3 . 0 1 7 6 . 0 

PLANT DIRECT CONSTRUCTION COST ( t l O O O ) 5 1 9 . 8 8 6 1 . 3 1 1 6 3 . 2 

PLANT I N D I R E C T CONSTRUCTION COST ( $ 1 0 0 0 ) 3 8 1 . 6 6 9 3 . U 1 0 9 3 . 0 

PLANT OWNER1 S COST ( $ 1 0 0 0 ) 2 9 0 . 1 a o n . B 6 8 7 . 1 

PLANT TOTAL COST ( S 1 0 0 0 ) 1 1 3 2 . 5 1 9 0 9 . 1 3 2 H . 0 

UNIT COST (DDLLABS/KILOGRAH) « 0 3 1 . 1 1 2 6 . 1 5 

FUNCTION C O E F F I C I E N T S ARE AS FOLLOWS = 

Al = 7 . 3 9 0 U 0 E 0 1 A2 = 3 . 6 6 5 5 8 E 0 1 A3 = 0 . 0 A l = 0 . 0 

PUMCTION EIPONRNTS ARE AS POLLOWS = 

B1 = - 1 . 3 7 1 9 1 E - 0 2 B2 = - 2 . 5 8 9 3 0 E - 0 3 B3 = 0 . 0 B1 = 0 . 0 



* • • RECLAMATION PROCESSIHG OP REJECT 2 3 RECYCLE FUEL ( A - 1 5 ELEMENT) $ 

CASE 1 
• • C O S T E S T I H A T E P R E P A R A T I O N * * 

DIRECT CONSTRUCTION COST 

PROCESSING EQUIPMENT COST 

1 ESTINATED EQUIPHEHT COST ( I ) 1 6 . 

ACTUAL I N - C E L L EQUIPMENT SPACE REQUIRED (CO FT) 

TTPE ( 1 ) = HEDIOH SHIELDED HOT CELL - REMOTE MAINTENANCE (ITEM 3 
TTPE ( 2 ) = MEDIUM SHIELDED HOT CELL - CONTACT MAINTENANCE (ITEM « 

2 TTPE ( 1 ) 7 7 7 5 . 
3 TTPE ( 2 ) 1 3 2 0 0 . 
0 TTPE ( 3 ) 
5 ACTUAL OOT-OF-CELL EQUIPMENT SPACE REQUIRED (CD FT) 3 0 8 5 . 

PROCESSING SPACE COST (HOT C E L L S ) (S) 

GROSS I B - C E L L SPACE REQUIRED 

6 TTPE ( D S T D . CELL NIDTB ( F T ) 2 6 . 0 
7 S T D . CELL HEIGHT (FT) 3 0 . 0 
8 SUF (FROM ORNL T H - 0 6 1 3 , TABLE 5) 0.00 
9 GROSS CELL TOLDHE (CU FT) 3 1 1 0 0 . 

10 LINEAR F T . OF CELL (FT) 3 9 . 8 7 

11 TTPE ( 2 ) S T D . CELL WIDTH ( F T ) 3 0 . 0 
12 S T D . CELL HEIGHT ( F T ) 00.0 
13 SOF (PROH ORHL T H - 0 6 1 3 , TABLE 5) 

( F T ) 
2 . 3 3 

10 GROSS CELL TOLUHE 
5) 

(CU FT) 3 0 7 5 6 . 
15 LINEAR P T . OF CELL ( P T ) 2 5 . 6 3 

16 TTPE ( 3 ) S T D . CELL NIDTH (FT) 
17 S T D . CELL HEIGHT (FT) 
1 8 SDF (FROH ORHL T H - 0 6 1 3 , TABL2 5) 
19 GROSS CELL VOLOHE (CU FT) 
2 0 LINEAR F T . OF CELL (FT) 

I H - C E L L SPACE UNIT COST ( J / c u FT) 

21 TTPE ( 1 ) (UCCF FROH ORHL T H - 0 6 1 3 , TABLE 6) 3 9 . 0 0 
2 2 TTPE ( 2 ) (UCCP PROH ORHL T H - 0 6 1 3 , TABLE 6) 1 6 . 0 0 
2 3 TTPE ( 3 ) (UCCP PROR ORNL T H - 0 6 1 3 , TABLE «) 

I B - C E L L SPACE TOTAL COST («) 
2 0 TTPB ( 1 ) 1 2 1 2 9 0 0 . 
2 5 T T P B ( 2 ) 0 9 2 0 9 6 . 
26 TTPE ( 3 ) 
2 7 TOTAL 1 7 3 7 1 1 0 . 

B2U* * * DATE I S 0 7 - 1 8 - 7 1 1 PAGE 

CASE E S T I f i A T E S 
CASE 2 CASE 3 

16. 

TABLES 5 AND 6 ) 
TABLES 5 AND 6) 

8 1 5 5 . 
1 6 5 0 0 . 

0060. 

16. 

8 7 0 0 . 
2 1 5 0 0 . 

1 5 9 5 . 

26.0 
3 0 . 0 0.00 

3 2 6 2 0 . 
01.82 

3 0 . 0 00.0 
2 . 3 3 

3 8 0 0 5 . 
3 2 . 0 0 

26.0 
3 0 . 0 0.00 

3 0 8 0 0 . 
00.62 

3 0 . 0 00.0 
2 . 3 3 

5 0 0 9 5 . 
0 1 . 7 5 

A i 
3 9 . 0 0 
16.00 

3 9 . 0 0 
16.00 

1 2 7 2 1 & 0 . 
6 1 5 l | ) . 

tr* 
1 9 3 5 U 7 8 . 

1 3 5 7 2 0 0 . 
8 0 1 5 2 0 . 

2 2 2 2 9 5 8 . 



GROSS OOT-OP-CBLL SPACE REQOIRED (CO PT) 

HIKE OP AND PROCESS SERVICE SPACE 

2 8 S T D . AREA BIDTH (PT) 
29 S T D . AREA HEIGHT ( F T ) 
30 SOP (PROH ORHL T H - 0 6 1 3 , TABLE 5) 
31 GSOSS VOLOHB (CD FT) 

CELL OPERATIHG SPACB (CO FT) 

3 2 TTPE ( 1 ) S T D . AREA HIDTH (FT) 
3 3 S T D . AREA HEIGHT (PT) 
3 0 HO. OF CELL S I D E S BITH O P . AREA 
3 5 GROSS VOLOHE (CO PT) 

3 6 TTPE ( 2 ) S T D . AREA BIDTH ( F T ) 
3 7 S T D . AREA HEIGHT ( F T ) 
3 8 HO. OP CELL S I D E S BITH O P . APBA 
3 9 GROSS VOLOHE (CO PT) 

0 0 TTPE ( 3 ) S T D . AREA HIDTH (PT) 
0 1 S T D . AREA HEIGHT (PT) 
0 2 HO. OF CELL S I D E S BITH O P . AREA 
0 3 GROSS VOLOHE (CO FT) 

CRAHE BAT SPACE 

00 TTPE ( 1 ) CELL AREA (SQ PT) 
0 5 SOP (FROH ORHL T H - 0 6 1 3 , TABLE 5) 
0 6 S T D . BAT HEIGHT (PT) 
0 7 GROSS VOLOHE (CO PT) 

0 8 T I P K ( 2 ) CELL ABEA (SQ FT) 
0 9 SOF (FBOH ORHL T H - 0 6 1 3 , TABLE 5) 
5 0 S T D . BAT HEIGHT (FT) 
5 1 GROSS VOLOHE (CD FT) 

5 2 TTPE ( 3 ) CELL AREA (SQ FT) 
5 3 SOP (PBOH ORHL T H - 0 6 1 3 , TABLE 5) 
50 S T D . BAT HEIGHT (FT) 
5 5 GROSS VOLOHE (CO FT) 

O D T - O F - C E L L SPACE OHIT COST ( t / C O PT) 

5 6 HAKE-OP AHD PROCESS SERVICE SPACE 

CELL OPERATIHG SPACE OCCP (FROH T H - 0 6 1 3 , TABLE 6 ) 

5 7 TTPE ( 1 ) 
5 8 TTPE ( 2 ) 

5 9 TTPB ( 3 ) 

CBAHE BAT SPACE OCCF (FBOH T H = 0 6 1 3 , TABLE 6 ) 

6 0 TTPE ( 1 ) 6 1 TTPE (2) 
62 TTPE ( 3 ) 

PAGE 

1060000.0 
10.0 
2 . 7 0 

9 0 0 9 . 

1 6 2 2 7 0 0 . 0 
10.0 
2 . 7 0 

1 0 9 6 2 . 

1 8 7 2 0 0 0 . 0 
10.0 
2 . 7 0 

12006. 

16.0 %, 16.0 16.0 
10.0 10.0 10.0 
2.0 2.0 2.0 

1 7 8 6 3 . 1 8 7 3 6 . 1 9 9 8 8 . 

0.0 0.0 0.0 
10.0 10.0 10.0 
1.0 1.0 1.0 

1 0 2 5 . 1 2 8 1 . 1 6 7 0 . 

1 0 3 7 . 
3 . 5 0 00.0 

1 5 9 6 0 7 . 

7 6 9 . 
3 . 5 0 00.0 

118011 . 

1 0 B 7 . 
3 . 5 0 00.0 

1 6 7 0 0 9 . 

9 6 1 . 
3 . 5 0 00.0 

1 0 8 0 1 3 . 

1160. 
3 . 5 0 00.0 

1 7 8 6 0 0 . 

1 2 5 2 . 
3 . 5 0 00.0 

1 9 2 8 6 6 . 

7 . 0 0 

7 . 0 0 
7 . 0 0 

7 . 0 0 

7 . 0 0 
7 . 0 0 

7 . 0 0 

7 . 0 0 
7 . 0 0 

2 . 3 0 
2 . 3 0 

2 . 3 0 
2 . 3 0 

2 . 3 0 
2 . 3 0 



OOT-OF-CELL SPACE TOTAL COST 

6 3 HAKE-DP AHD PROCESS SERVICE SPACE 

CELL OPBRATIHG SPACE 

6 0 TYPB ( 1 ) 
6 5 TYPE ( 2 ) 
6 6 TYPB ( 3 ) 
6 7 TOTAL 

CRAHE BAY SPACB 

6 8 TYPE ( 1 ) 
6 9 TYPE ( 2 ) 
7 0 TYPE ( 3 ) 
7 1 TOTAL 
7 2 TOTAL OOT-OP-CELL SPACE COST 
7 3 PROCESSIHG SPACB TOTAL COST ( t ) 

PROCESSIHG SOPPORT SPACE COST (BLDG. EXCLUDING HOT CELLS) 

IHDIRECT PROCESS SUPPORT SPACE 

79 STD. AREA HEIGHT (PT) 
7 5 SUP (FROH ORHL T H - 0 6 1 3 , TABLE 5) 

7 6 TOTAL SPACE REQUIRED (CU FT) 

I H D I R E C T PROCESS SUPPORT SPACE UHIT COST ( t / C U PT) 

7 7 UCCP (PROH ORHL T S - 0 6 1 3 , TABLE 6) ( S / C U FT) 7 8 PROCESSIHG SUPPORT SPACE TOTAL COST ($) 

OUTSIDE U T I L I T I E S COST ( I ) 

7 9 (TCP (PROH OPRL T H - 1 6 1 3 , TABLE 7 ) (PRACT. ) 
8 0 EQOIPHEHT AHD F A C I L I T Y COST 
8 1 OUTSIDE U T I L I T I E S COST 

S I T E IHPROVEHEHT COST ( t ) 

8 2 UCF (FROH ORHL T H - 0 6 1 3 , TABLE 8 ) ( P R A C T . ) 
8 3 SUBTOTAL DIRECT CORSTRUCTIOH COST ($) 
80 S I T E IHPROYEHEHT COST ( $ ) 
8 5 TOTAL DIRECT COHSTRUCTIOH COST ( J ) 

PAGE 3 

6 5 8 6 6 . 7 6 7 3 0 . 0 6 8 0 5 . 

1 2 5 0 3 8 . 
7 1 7 6 . 

1 3 1 1 « 9 . 
8 9 7 0 . 

1 3 9 9 1 0 . 
1 1 6 8 9 . 

1 3 2 2 1 0 . 100120. 1 5 1 6 0 3 . 

3 6 7 1 8 7 . 
2 7 2 3 0 0 . 

3 8 5 1 3 3 . 
3 0 0 0 3 0 . 

0 1 0 8 7 2 . 
0 0 3 5 9 1 . 

6 3 9 5 3 1 . 
8 3 7 6 1 2 . 

2 5 7 0 7 2 5 . 

7 2 5 5 6 3 . 
9 0 2 0 1 7 . 

2 8 7 7 8 9 0 . 

8 5 0 0 6 2 . 
1 0 9 2 9 1 0 . 
3 3 1 5 8 6 8 . 

10.0 
5 . 6 0 

1 0 5 8 6 8 . 

10.0 
5 . 6 0 

1 6 7 0 6 7 . 

10.0 
5 . 6 0 

1 9 7 7 5 0 . 

7 . 0 0 
1 0 2 1 0 7 8 . 

7 . 0 0 
1 1 6 9 0 6 9 . 

7 . 0 0 
1 3 8 0 2 7 8 . 

M in 
NJ 

0.10 
3 5 9 5 8 1 8 . 

3 5 9 5 8 2 . 

0.10 
0 0 0 7 3 7 9 . 

0 0 0 7 3 8 . 

0. 10 
0 7 0 0 1 6 2 . 

0 7 0 0 1 6 . 

0 . 0 0 5 
3 9 5 5 3 9 9 . 

1 9 7 7 7 . 
3 9 7 5 1 7 5 . 

0 . 0 0 5 
0 0 5 2 1 1 6 . 

22261. 
0 0 7 0 3 7 6 . 

0 . 0 0 5 
5 1 7 0 1 7 6 . 

2 5 8 5 1 . 
5 1 9 6 0 2 8 . 



INDIRECT CONSTBOCTION COST 

GENEHJL AND ADMINISTRATIVE COST 

8 6 OCP (PBOH ORNL T B - 0 6 1 3 , TABLE 7 ) (PRACT. ) 
87 SOBTOTAL GEN. • ADM. COST (S) 

ENGINEERING C O S ? 

8 8 OCP (PBOH OBNL T H - 0 6 1 3 , TABLE 7 ) ( P R A C T . ) 
8 9 SOBTOTAL ENGR. COST (S) 

H I S C . CONSTROCTION COST 

9 0 OCP (PROH ORHL T H - 0 6 1 3 , T A B I E 7 ) ( P R A C T . ) 
9 1 SOBTOTAL H I S C . COHSTROCT J OH COST ( $ ) 

CONTINGENCY ALLOWANCE 

9 2 OCP (PROB OBNL T H - 0 6 1 3 , TABLE 7 ) ( P H A C T . ) 
9 3 SDBTOTAL CONTINGENCY ALLOWANCE ($) 

SPARE PARTS COST 

90 OCP (PBOH OBHL T H - 0 6 1 3 , TABLE 7 ) ( F R A C T . ) 
9 5 SOBTOTAL SPARE PARTS COST ( $ ) 

NOWIHSTALLED SPABE EQUIPMENT COST 

9 6 OCP (PBOH OBNL T H - 0 6 1 3 , TABLB 7 ) ( P R A C T . ) 
9 7 SOBTOTAL BONINSTIBD SPARP EQUIPMENT COST ( 5 ) 

QOALITY ASSORAHCE COST 

9 8 OCF (PBOH ORRL T H - 0 6 1 3 , TABLE 7 ) ( F R A C T . ) 
9 9 SOBTOTAL QOALITY ASSURANCE COST ( * ) 
1 0 0 TOTAL I H D I B E C T COHSTBOCTION COST ( $ ) 

PAGE 

0.10 
3 9 7 5 1 7 . 

0.10 
0 0 7 0 3 7 . 

0.10 
5 1 9 6 0 3 . 

0 . 3 0 
1 1 9 2 5 5 2 . 

0 . 3 0 
1 3 0 2 3 1 2 . 

0 . 3 0 
1 5 5 8 8 0 8 . 

0 . 0 5 
1 9 8 7 5 9 . 

0 . 0 5 
2 2 3 7 1 9 . 

0 . 0 5 
2 5 9 8 0 1 . 

0.20 
7 9 5 0 3 5 . 

0.20 
8 9 0 8 7 5 . 

0.20 
1 0 3 9 2 0 6 . 

0 . 0 0 7 
2 7 8 2 6 . 

0 . 0 0 7 
3 1 3 2 1 . 

0 . 0 0 7 
3 6 3 7 2 . 

0 . 0 3 
1 1 9 2 5 5 . 

0 . 0 3 
1 3 0 2 3 1 . 

0 . 0 3 
1 5 5 8 8 1 . 

0.06 
2 3 8 5 1 0 . 

2 9 6 9 0 5 2 . 

0.06 
2 6 8 0 6 3 . 

3 3 0 2 3 5 5 . 

0.06 
3 1 1 7 6 2 . 

3 8 8 1 0 2 9 . 



OH HER* S COST 

LAND COST 

1 0 1 (7CP (PROH ORNL T H - 0 6 1 3 , TABLE 8 ) ( F R A C T - | 
1 0 2 SOBTOTAL LAND COST ( t l 

PROJECT MANAGEMENT COST 

1 0 3 OCP (FROH ORNL T H - 0 6 1 3 , TABLE 8 ) ( F R A C T . ) 
1 0 0 SOBTOTAL P R O J . HAHGT. COST ( $ ) 

L ICENS ING COST 

1 0 5 OCP (FROH ORHL T H - 0 6 1 3 , TABLE 8) (FRACT. ) 
1 0 6 SOBTOTAL L I C E N S I N G COST ($) 

TAXES, IHSBRAHCE AHD I H T E R E S T 

1 0 7 OCF (FROH ORHL T H - 4 6 1 3 , TABLE 8) ( F R A C T . ) 
1 0 8 SOBTOTAL TAXES, INSURANCE AHD I N T . ( J ) 

PREOPERATIOHAL TESTING AHD STARTOP 

1 0 9 OCP (FROH ORHL T H - 0 6 1 3 , TABLE 8 ) ( F R A C T . ) 
1 1 0 SOBTOTAL PREOP. TESTING AHD STARTOP ( $ ) 
1 1 1 TOTAL OWNER'S COST ( $ ) 

TOTAL CAPITAL COHSTROCTION COST 

1 1 2 IHCREHEHT OF TOTAL PLANT COST ( $ ) 
1 1 3 PROCESSING THROOGHPOT OF ACCEPTABLE PROD (KGBH/DAT) 
1 1 4 ANHOAL PRODOCTIOH RATE (KILOGRAHS OF BEAVT HETAL/TEAR) 
1 1 5 CAPITAL CHARGE RATE ( F R A C T . ) 
116 AHNOAL CAPITAL CHARGE (DOLLARS/TEAR) 
1 1 7 PRODOCT OHIT COST (DOLLARS/KILOGHAH OF HEAVT HBTAL) 

PAGE 

0 . 0 7 
3 9 7 5 2 . 

0.01 
4 4 7 0 4 . 

0.01 
5 1 9 6 0 . 

0.02 
7 9 5 0 3 . 

0.02 
8 9 4 8 8 . 

0.02 
1 0 3 9 2 1 . 

0 . 0 4 
1 5 9 0 0 7 . 

0 . 0 4 
1 7 8 9 7 5 . 

0.00 
2 0 7 8 4 1 . 

0 . 2 0 
7 9 5 0 3 5 . 

0.20 
8 9 4 8 7 5 . 

0 . 2 0 
1 0 3 9 2 0 6 . 

0.20 
7 9 5 0 3 5 . 

1 8 6 8 3 3 1 . 

O.LJ 
8 9 4 8 7 5 . 

2 1 0 2 9 5 6 . 

0 . 2 0 
1 0 3 9 2 0 6 . 
24 4 2 1 3 2 . 

8 8 1 2 9 5 8 . 
1 7 . 2 0 
5 0 2 2 . 

0 . 3 0 
2 6 4 3 8 8 6 . 

5 2 6 . 0 2 

9 9 1 9 6 8 7 . 
5 1 . 6 0 

1 5 0 6 7 . 
0 . 3 0 

2 9 7 5 9 0 5 . 
1 9 7 . 5 1 

1 1 5 1 9 5 8 9 . 
1 0 3 . 2 0 
3 0 1 3 0 . 

0 . 3 0 
3 0 5 5 8 7 6 . 

110.68 



* » * RECLAHATIOH PROCESSING OP REJECT 23 RECYCLE FUEL ( A - 1 5 BLEHBNT) t 8 2 4 * 

SOBHARY OP RESULTS 

DESCRIPTION 

PROCESS TBEOOGHPOT (KILOGRAHS) 

PROCESSING 3Q0IPHBNT COST (11000) 

PLANT DIRECT CONSTRUCTION COST ($1000) 

PLAHT INDIRECT CONSTRUCTION COST ($1000) 

PLAKT OWNER'S COST ($1000) 

PLAHT TOTAL COST ($1000) 

UNIT COST (DOL1ARS/KIIOGRABJ 

FUNCTION COEFFICIENTS ARE AS FOLLOWS = 

AL = 8 . 5 9 1 1 6 E 02 A2 = 3 . 1 0 1 5 5 E 02 A3 

PUHCTION EXPONENTS ABE AS POLLOWS = 

B1 « - 2 . 8 4 9 7 5 E - 0 2 B2 = - 1 . 0 5 3 5 3 E - 0 2 B3 

PLANT CAPACITY 
0 . 5 TONNE 1 . 5 TOHNE 

= 0 . 0 

= 0.0 

PBP DAI 

1 7 . 2 

0 . 0 

3 9 7 5 . 2 

2 9 6 9 . 5 

1 8 6 8 . 3 

8 8 1 3 . 0 

5 2 6 . 1 2 

AL = 0 , 0 

B1 = 0 . 0 

PER DAY 

5 1 . 6 

0 . 0 

1 1 7 1 . 1 

3312.0 
2 1 0 3 . 0 

9 9 1 9 . 7 

1 9 7 . 5 1 

3 . 0 TONRE 
PBR DAY 

1 0 3 . 2 

0 .0 

5 1 9 6 . 0 

3 8 8 1 . 4 

2112.1 

1 1 5 1 9 . 6 

1 1 4 . 6 8 



* * • RECLAMATION PROCESSING OF REJECT 2 5 RECTCLE FUEL ( A - 1 9 ELEMENTS)$ 

CASE 1 
• • C O S T E S T I M A T E P R E P A R A T I O N * * 

DIRECT CONSTRUCTION COST 

PROCESSING EQUIPMENT COST 

1 ESTIMATED EQUIPMENT COST (S) 1 1 3 6 0 0 0 . 

ACTUAL I N - C E L L EQUIPMENT SPACE REQUIRED (CD PT) 

TYPE ( 1 ) = MEDIUM SHIELDED HOT CELL - REMOTE MAINTENANCE (ITEM 3 
TTPE ( 2 ) = MEDIUM SHIELDED HOT CELL - CONTACT MAINTENANCE (ITEM 0 

2 TTPE ( 1 ) 7 2 2 0 . 
3 TTPE ( 2 ) 1 2 7 0 0 . 
0 TTPE ( 3 ) 
5 ACTOAL OUT-OF-CELL EQUIPMENT SPACE REQUIRED (CU FT) 3 0 6 0 . 

PROCESSING SPACE COST (HOT CELLS) ( $ ) 

GROSS I N - C E L L SPACE REQUIRED 

6 TTPB ( 1 ) S T D . CELL BIDTH ( F T ) 2 6 . 0 
7 S T D . CELL HEIGHT ( F T ) 3 0 . 0 
8 SUP (FROM ORNL T H - 1 6 1 3 , TABLE 5) 0.00 
9 GROSS C E L L VOLUHE 

TABLE 5) 
(CU FT) 2 8 8 8 0 . 

10 LINEAR F T . OF CELL ( F T ) 3 7 . 0 3 

11 TTPE ( 2 ) S T D . CELL B I D T n ( F T ) 3 0 . 0 
1 2 S T D . CELL HEIGHT ( F T ) 00.0 
1 3 SUF (FROH ORNL T H - 0 6 1 3 , TABLE 5) 

( F T ) 
2 . 3 3 

11 GROSS CELL VOLUHE (CU FT) 2 9 5 9 1 . 
15 LINEAR F T . OF CELL ( F T ) 2 0 . 6 6 

16 TTPE ( 3 ) S T D . CELL BIDTH ( F T ) 
17 S T D . CELL HEIGHT ( F T ) 
1 8 SUF (FROH ORNL T H - 0 6 1 3 , TABLE 5) 
19 GROSS CELL VOLUHB (CU FT) 
2 0 LIHEAR P T . OF CELL ( F T ) 

I N - C E L L SPACE UNIT COST ( $ / C U FT) 

2 1 TTPE ( 1 ) (UCCP FROH ORHL T H - 0 6 1 3 , TABLE 6) 3 9 . 0 0 
2 2 TTPE ( 2 ) (UCCF FROH ORNL T H - 0 6 1 3 , TABLE 6 ) 1 6 . 0 0 
2 3 TTPE ( 3 ) (UCCF FROH ORHL T H - 0 6 1 3 , TABLE 6) 

I N - C E L L SPACB TOTAL COST 

2 1 TTPE ( 1 ) 1 1 2 6 3 2 0 . 
2 5 TTPE ( 2 ) 0 7 3 0 5 6 . 
2 6 TTPE ( 3 ) 
2 7 TOTAL 1 6 3 1 8 9 0 . 

B 2 5 * * * DATE I S 0 7 - 1 8 - 7 1 PAGE 

CASE ESTIMATES 
CASE 2 CASE 3 

1 1 9 2 0 0 0 . 1 3 3 6 0 0 0 . 

TABLES 
TABLES 

5 AND 6 ) 
5 AND 6 ) 

7 2 9 0 . 
1 3 2 0 0 . 

7 9 5 0 . 
1 3 B 0 0 . 

3 7 6 5 . 1 1 3 0 . 

26.0 
3 0 . 0 1.00 

2 9 1 t 0 . 
3 7 . 3 8 

3 0 . 0 
10.0 
2 . 3 3 

3 0 7 5 6 . 
2 5 . 6 3 

26.0 
3 0 . 0 1.00 

2 9 8 0 0 . 
3 8 . 2 1 

3 0 . 0 1G.0 
2 . 3 3 

3 2 1 5 1 . 
2 6 . 7 9 

3 9 . 0 0 3 9 . 0 0 
16.00 16.00 

1 1 3 7 2 0 0 . 1 1 6 2 2 0 0 . 
1 9 2 0 9 6 . 5 1 1 1 6 1 . 

1 6 7 7 5 1 1 . 1 7 1 0 9 0 2 . 



GROSS O O T - O F - C E L L SPACE REQUIRED (CO PT) 

HAKE OP AID PROCESS SERVICE SPACE 

2 8 S T D . AREA WIDTH ( F T ) 
2 9 S T D . AREA HEIGHT (FT) 
3 0 SOP (FROH ORHL T H - 1 6 1 3 , TABLE 5) 
31 GROSS VOLOHE (CO FT) 

CELL OPERATIHG SPACB (CO FT) 

32 TTPE ( 1 ) S T D . AREA SIDTH (FT1 
3 3 S T D . AREA REIGHT ( F T ) 
38 HO. OF CELL S I D E S WITH O P . AREA 
3 5 GROSS VOLOHE (CO FT) 

3 6 TTPE ( 2 ) S T D . AREA WIDTH ( F T ) 
3 7 S T D . AREA HEIGHT ( F T ) 
3 8 HO. OF CBLL S I D E S WITH D P . AREA 
39 GROSS VOLOHS (CO FT) 

8 0 TTPE ( 3 ) S T D . AREA WIDTH (FT) 
0 1 S T D . AREA HEIGHT ( F T ) 
0 2 HO. OF CELL S I D E S WITH O P . AP.EA 
0 3 CROSS VOLOHB (CO FT) 

CRA3B BAT SPACB 

0 0 TTPE ( 1 ) CBLL AREA (SQ FT) 
0 5 SOP (PROH ORHL T H - 0 6 1 3 , TABLE 5) 
0 6 S T D . BAT HEIGBT ( F T ) 
0 7 GROSS VOLOHE (CD FT) 

0 8 TTPE ( 2 ) CELL AREA (SQ FT) 
0 9 SOF (FROH ORHL T H - 0 6 1 3 , TABLE 5) 
5 0 S T D . BAT HEIGHT ( F T ) 
51 GBOSS VOLOHE (CO FT) 

5 2 TTPE ( 3 ) CELL AREA (SQ FT) 
5 3 SOP (FROR ORHL T H - 0 6 1 3 , TABLE 5) 
50 S T D . BAT HEIGBT (PT) 
5 5 GROSS VOLOHE (CO FT) 

O O T - O P - C E L L SPACE OHIT COST ( $ / C 0 FT) 

5 6 HAKE-DP AHD PROCESS SERVICE SPACB 

CELL OPEBATIHG SPACE OCCF (FROH T H - 0 6 1 3 , TABLE 6 ) 

5 7 TTPE ( 1 ) 
5 8 TTPB ( 2 ) 
5 9 TTPE ( 3 ) 

CBAHE BAT SPACE OCCP ( P 8 0 H T H = 0 6 1 3 , TABLE C) 

6 0 TTPE ( 1 ) 
6 1 TYPE ( 2 ) 
6 2 TTPE ( 3 ) 

PAGE 

16.0 16.0 16.0 
10 .0 1 0 . 0 1 0 . 0 
2 . 7 0 2 . 7 0 2 . 7 0 

9 3 0 2 . 1 0 1 6 5 . 1 1 1 5 1 . 

16.0 16.0 16.0 10.0 10.0 1".0 
2.0 2.0 2.0 

1 6 5 8 7 . 1 6 7 0 8 . 1 7 1 1 6 . 

0.0 0.0 0.0 
10.0 10.0 10.0 
1.0 1.0 1.0 

9 8 6 . 1 0 2 5 . 1 0 7 2 . 

9 6 3 . 
3 . 5 0 
0 4 . 0 

1 0 6 2 5 1 . 

7 0 0 . 
3 . 5 0 
0 4 . 0 

1 1 3 9 2 5 . 

9 7 2 . 
3 . 5 0 00.0 

1 1 9 G 8 8 . 

7 6 9 . 
3 . 5 0 00.0 

1 1 3 0 1 1 . 

9 9 3 . 
3 . 5 0 00.0 

1 5 2 9 7 3 . 

8 0 0 . 
3 . 5 0 00.0 

1 2 3 7 9 3 . 

7 . 0 0 7 . 0 0 7 . 0 0 

7 . 0 0 7 . 0 0 7 . 0 0 
7 . 0 0 7 . 0 0 7 . 0 0 

2 . 3 0 
2 . 3 0 

2 . 3 0 
2 . 3 0 

2 . 3 0 
2 . 3 0 



O U T - O P - C E L L SPACE TOTAL COST ( J ) 

6 3 BAKE-UP A»D PROCESS SERVICE SPACE 

CELL OPERATING SPACE 

6 1 TTPB ( 1 ) 
6 5 TTPE ( 2 ) 
6 6 TTPB ( 3 ) 
6 7 TOTAL 

CRANE BAT SPACE 

6 8 TTPB ( 1 ) 
6 9 TTPE ( 2 ) 
7 0 TTPE ( 3 ) 
7 1 TOTAL 
7 2 TOTAL O B T - O P - C E L L SPACE COST 
7 3 PROCESSING SPACE TOTAL COST (S ) 

PROCESSING SUPPOBT SPACE COST (BLDG. EXCLUDING BOT CELLS) 

I N D I R E C T PROCBSS SUPPORT SPACB 

7U S T D . AREA BEIGBT ( P T ) 
7 5 SUP (PROB ORHL TH-«>613, TABLE 5) 

7 6 TOTAL SPACE REQUIRED (CU PT) 

I N D I R E C T PROCESS SUPPOBT SPACE OHIT COST ( $ / C U FT) 

7 7 UCCF (FROH ORNL T H - 1 6 1 3 , TABLE 6) ( J / C U FT) 7 8 PROCESSING SUPPORT SPACE TOTAL COST (<) 

OUTSIDE U T I L I T I E S COST (F) 

7 9 OCF (PROB ORHL T H - 1 6 1 3 , TABLE 7 ) ( F R A C T . ) 
8 0 EQUIPMENT AND F A C I L I T T COST 
8 1 OUTSIDE U T I L I T I E S COST 

S I T E IHPBOVEHBNT COST ( $ ) 

8 2 OCF (PROH ORNL T H - 1 6 1 3 , TABLE 8 ) ( F R A C T . ) 
8 3 SOBTOTAL DIRECT CONSTROCTION COST ( J ) 
8 1 S I T E IHPROTEHENT COST ( t ) 
8 5 TOTAL DIRBCT CONSTROCTIOH COST (S ) 

PAGE 

6 5 3 9 1 . 7 1 1 5 8 . 7 8 0 5 7 . 

116112. 
6 9 0 5 . 

1 1 7 2 3 8 
7 1 7 6 

1 1 9 8 1 1 . 
7 5 0 3 . 

1 2 3 0 1 7 . 1 2 1 1 1 5 . 1 2 7 3 1 1 . 

3 1 0 9 7 6 . 
262028. 

3 H 2 8 2 . 
2 7 2 3 H . 

3 5 1 8 3 8 . 
2 8 1 7 2 3 . 

6 0 3 0 0 1 . 
7 9 1 1 1 5 . 

2 1 2 3 3 0 9 . 

616626. 
8 1 2 1 9 9 . 

2 1 8 9 7 1 3 . 

6 3 6 5 6 2 . 
8 1 1 9 3 2 . 

2 5 8 2 8 3 1 . 

11.0 
5 . 6 0 

1 3 7 7 8 3 . 

11.0 
5 . 6 0 

1 1 2 9 5 1 . 

11.0 
5 . 6 0 

1 1 9 5 2 3 . 

7 . 0 0 
9 6 1 1 8 3 . 

7 . 0 0 
1000681. 

7 . 0 0 
1016661. 

0.10 
1 5 2 3 7 9 1 . 

1 5 2 3 7 9 . 

0.10 
1 6 8 2 3 9 1 . 

1 6 8 2 3 9 . 

0.10 
1 9 6 5 1 9 5 . 

1 9 6 5 1 9 . 

0 . 0 0 5 
1 9 7 6 1 6 9 . 

21881. 
5 0 0 1 0 1 9 . 

0 . 0 0 5 
5 1 5 0 6 3 3 . 

2 5 7 5 3 . 
5 1 7 6 3 8 6 . 

0 . 0 0 5 
5 1 6 2 0 1 1 . 

2 7 3 1 0 . 
5 1 8 9 3 5 1 . 



I N D I R E C T CONSTRUCTION COST 

GENERAL AMD ADBINISTRATIVE COST 

8 6 OCP (PBOH ORHL T H - 0 6 1 3 , TABLE 7 ) ( P R A C T . ) 
8 7 SOBTOTAL GEH. • ADH. COST (S ) 

ENGINEERING COST 

8 8 OCP {PROH ORNL T H - 0 6 1 3 , TABLE 7 ) ( P R A C T . ) 
8 9 SOBTOTAL EHGR. COST ( $ ) 

H I S C . CONSTROCTIOH COST 

9 0 OCP (PROH ORHL T H - 0 6 1 3 , TABLE 7 ) ( P R A C T . ) 
9 1 SOBTOTAL H I S C . CONSTRUCTION COST ( $ ) 

CONTINGENCY ALLOWANCE 

9 2 OCF {FROH ORNL T H - 0 6 1 3 , TABLE 7 ) ( P R A C T . ) 
9 3 SOBTOTAL COHTISGBBCT AllOSiSCE (S) 

SPARE PARTS COST 

9 0 UCF (PROH 0 3 N L T H - 0 6 1 3 , TABLE 7) ( P R A C T . ) 
9 5 SOBTOTAL SPARE PARTS COST ( $ ) 

HOHIHSTALLED SPARE EQOIPHEHT COST 

9 6 OCF (FROH ORNL T H - 0 6 1 3 , TABLE 7 ) ( F R A C T . ) 
9 7 SOBTOTAL HOHIHSTLED SPARE EQOIPHEHT C O S T ( J ) 

QOALI7T ASSORAHCE COST 

9 8 OCF (PROS ORHL T H - 0 6 1 3 , TABLE 7 ) ( P R A C T . ) 
9 9 SUBTOTAL QOALITT ASSORANCE COST ( $ ) 
1 0 0 TOTAL I N D I R E C T COHSTBOCTION COST ( J ) 

PAGE 

0.10 
5 0 0 1 0 5 . 

0.10 517638. 0.10 
5 0 8 9 3 5 . 

0 . 3 0 
1 5 0 0 3 1 0 . 

0 . 3 0 
1 5 5 2 9 1 5 . 

0 . 3 0 
1 6 0 6 8 0 5 . 

0 . 0 5 
2 5 0 0 5 2 . 

0 . 0 5 
2 5 8 8 1 9 . 

0 . 0 5 
2 7 0 0 6 8 . 

0 . 2 0 
1000210. 

0.20 1035277. 0.20 
1097870. 

0 . 0 0 7 
3 5 0 0 7 . 

0 . 0 0 7 
3 6 2 3 5 . 

0 . 0 0 7 
3 8 0 2 5 . 

0 . 0 3 
1 5 0 0 3 1 . 

0 . 0 3 
1 5 5 2 9 2 . 

0.03 
160681. 

0.06 
3 0 0 0 6 3 . 

3 7 3 5 7 7 9 . 

0.06 
3 1 0 5 8 3 . 

3 8 6 C 7 5 7 , 

0 . 0 6 
3 2 9 3 6 1 . 

0 1 0 0 5 0 3 . 



OWNER1 S COST 

LAND COST 

101 OCF (PROS ORNL T H - 0 6 1 3 , TABLE 8) (PRACT.) 
1 0 2 SUBTOTAL LAUD COST ( $ ) 

PROJECT MANAGEMENT COST 

1 0 3 UCP (PROM ORHL T H - 0 6 1 3 , TABLE 8) (PRACT. ) 
1 0 0 SUBTOTAL P R O J . HANGT. COST (J) 

LICENSING COST 

1 0 5 UCP (PROM ORNL T H - 0 6 1 3 , TABLE 8 ) ( F R A C T . ) 
1 0 6 SUBTOTAL L I C E N S I N G COST ( J ) 

TAXES. INSURANCE AND I N T E R E S T 

1 0 7 UCF (FROH ORNL T H - 0 6 1 3 , TABLB 8 ) ( P R A C T . ) 
1 0 8 SUBTOTAL TAXES, INSURANCE AND I N T . ( J ) 

PREOPERATIONAL TESTING AND STARTUP 

1 0 9 OCF (FROH ORNL T H - 0 6 1 3 , TABLE 8 ) ( F R A C T . ) 
1 1 0 SUBTOTAL PREOP. TESTING AND STARTUP ( J ) 
1 1 1 TOTAL OWNER'S COST ( t ) 

TOTAL CAPITAL CONSTBUCTION COST 

1 1 2 INCREMENT OP TOTAL PLANT COST ( J ) 
1 1 3 PROCESSING THROUGHPUT OF ACCEPTABLE PROD (KGBH/DAT) 
1 1 0 ANNUAL PRODUCTION RATE (KILOGRAHS OF HBAVI HETAL/ rEAH) 
1 1 5 CAPITAL CHARGE RATE (FRACT.J 
1 1 6 ANNUAL CAPITAL CHARGE (DOLLARS/TEAB) 
1 1 7 PRODUCT UNIT COST (DOLLARS/XILOGRAH OF BEAVI HETAL) 

PAGE 

0.01 
5 0 0 1 0 . 

0.01 
5 1 7 6 0 . 

0.01 
50B90• 

0.02 
100021. 

0.02 
1 0 3 5 2 8 . 

0 .02 
1 0 9 7 8 7 . 

0.00 
200002. 

0.00 
2 0 7 0 5 5 . 

0.00 
2 1 9 5 7 0 . 

0 . 2 0 
1000210. 

0.20 
1 0 3 5 2 7 7 . 

0 .20 
1 0 9 7 8 7 0 . 

0.2'/ 
1 0 0 0 2 1 b . 
2 3 5 0 0 9 2 . 

0 .20 
1 0 3 5 2 7 7 . 
2 0 3 2 9 0 1 . 

0.20 
1 0 9 7 8 7 0 . 
2 5 7 9 9 9 0 . 

1 1 0 8 7 3 2 0 . 
1 . 7 0 
0 9 6 . 
0 . 3 0 

3 3 2 C 1 9 5 . 
6 7 0 0 . 6 3 

1 1 0 7 6 0 0 0 . 
5 . 1 0 

1 0 8 9 . 
0 . 3 0 

3 0 0 2 8 1 2 . 
2 3 1 1 . 8 5 

1 2 1 6 9 8 9 1 . 
10.20 
2 9 7 8 . 

0 . 3 0 
36 5 0 9 6 6 . 

1 2 2 5 . 6 1 



» * * PECLAHATIOH PROCESSING OP REJECT 2 5 RECTCLE PUBL ( A - 1 9 ELEMENTS) $ B 2 5 » * » 

SOHHART OP RESULTS 

DESCRIPTION 
PLANT CAPACITY 

0 . 5 TONNE 1 . 5 TONNE 3 . 0 TONNE 
PER DAT PER DAT PER DAT 

PROCESS THROUGHPUT (KILOGRAMS) 1 . 7 5 . 1 1 0 . 2 

PROCESSING EQUIPMENT COST ( $ 1 0 0 0 ) 1 1 3 6 . 0 1 1 9 2 . 0 1 3 3 6 . 0 

PLANT DIRECT CONSTRUCTION COST ( 1 1 0 0 0 ) 5 0 0 1 . 0 5 1 7 6 . 1 5 4 8 9 . 9 

PLANT I N D I R E C T CONSTRUCTION COST ( $ 1 0 0 0 ) 3 7 3 5 . 8 3 8 6 6 . 8 9 1 0 0 . 5 

PLANT OWNER'S COST ( J 1 0 0 0 ) 2 3 5 0 . 5 2 1 3 2 . 9 2 5 8 0 . 0 

PLART TOTAL COST ( $ 1 0 0 0 ) 1 1 0 8 7 . 3 1 1 9 7 6 . 0 1 2 1 6 9 . 9 

OHIT COST (DOLLAHS/KILOGRAH) 6 7 0 0 . 6 3 2 3 1 1 . 8 5 1 2 2 5 . 8 1 

FUHCTIOB C O E F F I C I E N T S ARE AS POLLOBS = 

A1 1 . 1 9 0 7 6 E OB 62 = 9 . 3 6 0 0 9 E 0 3 A3 = 0 . 0 A9 = 0 . 0 

"UNCTICa EXPONENTS ARE AS FOLLOWS = 

B1 = - 3 . 1 2 9 8 6 E - 0 1 B2 = - 1 . 2 9 4 0 1 E - 0 1 B3 = 0 . 0 B9 = 0 . 0 
SJ O <J> 



* * » RECLAMATION PROCESSING OF REJECT I B FUEL ( A - 1 P.LEflEHTS) t 

CASE 1 
* * C 0 S T E S T I M A T E P R E P A R A T I O N * 

DIRECT CONSTRUCTION COST 

PROCESSING EQUIPMENT COST 

1 ESTIMATED EQUIPMENT COST ( $ ) 9 6 0 1 0 0 . 

ACTUAL I N - C E L L EQUIPMENT SPACE REQUIRED (CU FT) 

TTPE ( 1 ) = UNSHIELDED HOT ALPHA CELL - CONTACT MAINTENANCE (ITEM 7 , 

2 TTPB ( 1 ) 1 9 7 8 5 . 
3 TTPE ( 2 ) 
1 TTPE ( 3 ) 
5 ACTUAL O U T - O P - C J L L EQUIPMENT SPACE REQUIRED (CU FT) 3 9 5 0 . 

PROCESSING SPACE COST (HOT CELLS) ( t ) 

GROSS I N - C E L L SPACB REQUIRED 

6 TTPE ( 1 ) S T D . CELL WIDTH ( P T ) 2 0 . 0 
7 S T D . CELL HEIGHT ( P T ) 2 0 . 0 
8 SUF {FROH ORNL T H - 0 6 1 3 , TABLE 5) 2 . 5 0 
9 GROSS CELL VOLUHE (CU PT) 3 6 9 6 3 . 

10 LINEAR F T . OP C E I L ( F T ) 9 2 . 1 1 

11 TTPE ( 2 ) S T D . CELL WIDTH ( P T ) 
12 S T D . CBLL HEIGHT ( F T ) 
13 SUP (PROH ORHL T H - 1 6 1 3 , TABLE 5) 
11 GROSS CBLL VOLUBE (CU PT) 
1 5 LINEAR P T . OF CELL (FT) 

16 TTPE ( 3 ) S T D . CELL WIDTH ( F T ) 
17 S T D . CELL HEIGHT ( F T ) 
18 SUF {FROH ORHL T H - 1 6 1 3 , TABLB 5) 
19 GROSS C E L L VOLUHE (CU FT) 
2 0 LINEAR P T . OF CELL ( P T ) 

I N - C E L L SPACE UNIT COST ( J / C U PT) 

2 1 T I P E ( 1 ) {UCCF FROH ORNL T H - 1 6 1 3 , TABLE 6) 9 . 0 0 
2 2 TTPB ( 2 ) (UCCF FROH ORNL T H - 1 6 1 3 , TABLB 6) 
2 3 TTPB ( 3 ) (UCCP PROM ORNL T H - 1 6 1 3 , TABLE 6) 

I H - C E L L SPACE TOTAL COST (»> 
2 1 TTPE ( 1 ) 3 3 2 6 6 3 . 
2 5 TTPB ( 2 ) 
2 6 TTPB ( 3 ) 
2 7 TOTAL 8 3 8 2 3 8 . 

B 2 6 * * * DATE I S 0 7 - 1 8 - 7 9 PAGE 1 

CASE ESTIMATES 
CASE 2 CASE 3 

1 0 9 9 3 0 0 . 1 3 9 1 6 0 0 . 

ES 5 AND 6 ) 

1 7 7 8 1 . 2 1 9 7 7 . 

5 0 1 0 . 6 0 3 0 . 

20.0 20.0 
20.0 20.0 ro 
2 . 5 0 2 . 5 0 $ 

(19953 • 5 3 6 9 3 . 
1 1 1 . 1 3 1 3 9 . 2 3 

9 . 0 0 

9 0 0 0 7 3 . 

9 1 0 3 1 8 . 

9 . 0 0 

U B 3 2 3 3 . 

1 0 6 1 9 3 6 . 



GROSS O O T - O F - C E L L SPACB REQBIRED (CO PT) 

HAKE OP AHO PROCESS SERVICE SPACB 

2 8 STD. AREA WIDTH (FT) 
29 STD. AREA HEIGHT (FT) 
30 SOP (PROH ORNL TH-4S13 , TABLE 5) 
31 GROSS VOLOHP. (CO FT) 

CELL OPERATIHG SPACE (CO FT) 

32 TTPE ( 1 ) STD. AREA WIDTH (FT) 
3 3 STD. AREA HEIGHT ( F T ) 
30 HO. OP CELL S I D E S WITH O P . AREA 
35 GROSS VOLOHE (CO FT) 

36 TTPE ( 2 ) STD. AREA WIDTH ( F T ) 
37 S T D . AREA HEIGBT (FT) 
3 8 MO. OP CELL S I D E S WITH O P . AREA 
39 GROSS VOLOHE (CO PT) 

4 0 TTPB ( 3 ) S T D . AREA WIDTH (FT) 
0 1 S T D . AREA HEIGHT ( F T ) 
0 2 HO. OF CELL S I D E S WITB O P . AREA 
0 3 GROSS VOLOMB (CO FT) 

CRAHB BAT SPACE 

00 TTPE ( 1 ) CELL AREA (SO FT) 
0 5 SOF (FROH ORHL T H - 0 6 1 3 , TABLE 5) 
0 6 S T D . BAT HEIGBT ( F T ) 
0 7 GROSS VOLOHE (CO FT) 

0 8 TTPB ( 2 1 CELL AREA (SQ FT) 
0 9 SOP (FROH ORHL T H - 0 6 1 3 , TABLE 5) 
5 0 STD. BAT BEIGBT (FT) 
51 GROSS VOLOHB (CO FT) 

5 2 TTPE ( 3 ) CELL AREA (SQ FT) 
5 3 SOP (FROM ORHL T H - 1 6 1 3 , TABLE 5) 
50 S T D . BAT HEIGBT ( F T ) 
5 5 GROSS VOLOHB (CO FT) 

O O T - O F - C E L L SPACE OHIT CCST ( $ / C O FT) 

5 6 MAKE-OP AHD PROCESS SERVICE SPACE 

CELL OPERATIHG SPACE OCCF \TROH T H - 1 6 1 3 , TABLE 6 ) 

5 7 TTPB ( 1 ) 
5 3 TTPB ( 2 ) 
5 9 TTPE ( 3 ) 

CRANE BAT SPACE OCCF (FROH T H = 4 6 1 3 , TABLB 6 ) 

6 0 TTPE ( 1 ) 
6 1 TTPB ( 2 ) 
6 2 TTPB ( 3 ) 

PAGE 2 

16.0 10.0 
2 . 7 0 

1 0 6 6 5 . 

16.0 
10.0 
2 . 7 0 

1 3 5 2 7 . 

16.0 
10.0 
2 . 7 0 

1 6 2 3 1 . 

10,0 
20.0 

1.0 
18081. 

10.0 
2 0 . 0 
1.0 

22226. 

10.0 
20.0 

1.0 
26806. 

1808. 
3 . 5 0 00.0 

2 8 0 6 1 1 . 

2 2 2 3 . 
3 . 5 0 00.0 

34 2 2 B 1 . 

2 6 8 5 . 
3 . 5 0 
4 0 . 0 

> 1 3 0 3 2 . 

KJ 
O. 
00 

7 . 0 0 7 . 0 0 7 . 0 0 

7 . 0 0 7 . 0 0 7 . 0 0 

2 . 3 0 2 . 3 0 2 . 3 0 



O O T - O P - C E L L SPACE TOTAL COST 

6 3 HAKE-UP AHD PBOCESS SERVICE SPACE 

CELL OPERATING SPACE 

6 1 TTPE ( 1 ) 
6 5 TTPE ( 2 ) 
6 6 TTPE ( 3 ) 
6 7 TOTAL 

CRAHE BAT SPACE 

6 8 TTPE ( 1 ) 
6 9 TTPE ( 2 ) 
7 0 TTPE ( 3 ) 
7 1 TOTAL 
7 2 TOTAL O D T - O P - C E L l SPACE COST 
7 3 PROCESSING SPACE TOTAL COST ( $ ) 

PROCESSING SOPPORT SPACB COST (BLDG. EXCL0DI8G ROT CELLS) 

I N D I R E C T PROCESS SOPPORT SPACE 

7 4 S T D . AREA HEIGHT ( P T ) 
7 5 S D P (PROH ORHL T H - 4 6 1 3 , TABLB 5) 

7 6 TOTAL SPACE RBQOIRBD (CO FT) 

I H D I R E C T PBOCESS SOPPORT SPACB ONIT COST ( $ / C O FT) 

7 7 OCCP (FROH ORHL T H - 4 6 1 3 , TABLE 6) ( t / C O P T ) 7 8 PROCESSING SCPPORT SPACB TOTAL COST ( $ ) 

OOTSIDE U T I L I T I E S COST ( I ) 

7 9 OCP (FROH ORNL T H - 4 6 1 3 , TABLE 7 ) ( F R A C T . ) 
8 0 EQOIPHEHT AND P A C I L I T T COST 
8 1 OOTSIDE U T I L I T I E S COST 

S I T E IHPHOVEHENT COST (T) 

8 2 OCP (PROH ORHL T H - 4 6 1 3 , TABLE 8 ) ( F R A C T . ) 
8 3 SUBTOTAL DIRECT COHSTRDCTION COST ( $ ) 
8 4 S I T E IHPROVEHEHT COST ( J ) 
8 5 TOTAL DIRECT CONSTRUCTION COST (S) 

PAGE 

7 4 6 5 5 . 9 4 6 8 9 . 113967. 

1 2 9 3 6 9 . 

1 2 9 3 6 9 . 

1 5 5 5 8 4 . 

1 5 5 5 8 4 . 

1 8 7 9 2 4 . 

1 8 7 9 2 4 . 

6 5 4 6 0 6 . 7 8 7 2 5 3 . 9 5 0 8 9 3 . 

6 5 4 6 0 6 . 
8 5 8 6 2 9 . 

1 6 9 6 8 6 7 . 

7 R 7 2 5 3 . 
1 0 3 7 5 2 6 . 
1 9 7 7 8 7 4 . 

9 5 0 8 9 3 . 
1 2 5 2 7 8 4 . 
2 3 1 4 7 2 0 . 

1 4 . 0 
5 . 6 0 

2 0 7 2 0 3 . 

1U.0 
5 . 6 0 

2 4 1 0 0 3 . 

1 4 . 0 
5 . 6 0 

282120. 

7 . 0 0 
1 4 5 0 4 2 2 . 

7 . 0 0 
1 6 8 7 0 2 3 . 

7 . 0 0 
1 9 7 4 8 4 1 . 

0.10 
4 1 0 7 3 8 9 . 

4 1 0 7 3 9 . 

0.10 
4 7 5 9 1 9 7 . 

4 7 5 9 2 0 . 

0.10 
5 6 3 1 1 6 1 . 

5 6 3 1 1 6 . 

0 . 0 0 5 
4 5 1 8 1 2 7 . 

2 2 5 9 1 . 
4 5 4 0 7 1 7 . 

0 . 0 0 5 
5 2 3 5 1 1 6 . 

2 6 1 7 6 . 
5 2 6 1 2 9 1 . 

0 . 0 0 5 
6 1 9 4 2 7 6 . 

3 0 9 7 1 . 
6 2 2 5 2 4 7 . 



IHDIRBCT COHSTROCTIOH COST 

GENERAL AHD ADHIHISTRATIYE COST 

86 
8 7 

OCP (PROH ORHL T H - 0 6 1 3 , TABLE 7 ) 
SOBTOTAL GEH. + ADH. COST 

(PRACT. ) 
( * ) 

0.10 
0 5 0 0 7 2 . 

EHGIHEERXHG COST 

88 
89 

OCP (PROH ORHL T H - 0 6 1 3 , TABLE 7 ) 
SOBTOTAL ENGR. COST 

(PRACT. ) 
(J) 

0 . 3 0 
1 3 6 2 2 1 0 . 

H I S C . CONSTRUCTION COST 

9 0 
9 1 

OCP (PROH ORNL T H - 0 6 1 3 , TABLE 7 ) 
SUBTOTAL H I S C . CONSTRUCTION COST 

(PRACT. ) m 0 . 0 5 
2 2 7 0 3 6 . 

CONTINGENCY ALLOWANCE 

9 2 
9 3 

UCF (FROH OBHL T H - 0 6 1 3 , TABLE 7 ) 
SUBTOTAL CONTINGENCY ALLOBAHCE 

( P R A C T . ) 
( J ) 

0.20 
9 0 8 1 0 3 . 

SPARE PARTS COST 

90 
9 5 

OCF (FROH ORHL T H - 0 6 1 3 , TABLE 7 ) 
SUBTOTAL SPARE PARTS COST 

( P B A C T . ) 0 . 0 0 7 
3 1 7 8 5 . 

EONIHSTALLED SPARE EQUIPHENT COST 

9 6 
97 

UCF (FROH OHHL T H - 0 6 1 3 , TABLE 7 ) ( F R A C T . ) 
SUBTOTAL HONIHSTLED SPARE EQUIPHEHT COST ( $ ) 

0 . 0 3 
1 3 6 2 2 1 . 

QUALITY ASSORAHCE COST 

9 8 UCF (PROH OBHL T H - 0 6 1 3 , TABLE 7 ) (FRACT. ) 0 . 0 6 
99 SOBTOTAL QUALITY ASSURANCE COST ( $ ) 2 7 2 0 0 3 . 
1 0 0 TOTAL I N D I R E C T CONSTRUCTION COST ( $ ) 3 3 9 1 9 1 2 . 

PAGE 0 

0.10 
5 2 6 1 2 9 . 

0 . 3 0 
1 5 7 8 3 8 7 . 

0 . 0 5 
2 6 3 0 6 5 . 

0.20 
1 0 5 2 2 5 8 . 

0 . 0 0 7 
3 6 8 2 9 . 

0 . 0 3 
1 5 7 8 3 9 . 

0.10 
6 2 2 5 2 0 . 

0 . 3 0 
1 8 6 7 5 7 3 . 

0 . 0 5 
3 1 1 2 6 2 . 

0 . 2 0 
1 2 0 5 0 0 9 . 

0 . 0 0 7 
0 3 5 7 7 . k> sj o 

0 . 0 3 
1 B 6 7 5 7 . 

0.06 
3 1 5 6 7 7 . 

3 9 3 0 1 8 1 . 

0.06 
3 7 3 5 1 5 . 

0 6 5 0 2 5 5 . 



OSNEB*S COST 

M U D COST 

' 0 1 OCP (PROB ORSL T H - 0 6 1 3 , TABLE 8 ) ( P R A C T . ) 
1 0 2 SUBTOTAL LAND COST ( $ ) 

PROJECT BANAGEHBHT COST 

1 0 3 OCP (PROH ORNL T N - 0 6 1 3 , TABLE 8 ) ( F R A C T . ) 
1 0 0 SOBTOTAL P R O J . HANGT. COST ( J ) 

L ICENS ING COST 

1 0 5 OCF (PHON ORNL T H - 0 6 1 3 , TABLE 8 ) ( F B A C T . ) 
1 0 6 SOBTOTAL L I C E N S I N G COST ( $ ) 

TAXES, INSORANCB AND I N T E R E S T 

1 0 7 OCF (PROB ORNL T H - 0 6 1 3 , TABLE 8 ) ( P R A C T . ) 
1 0 8 SOBTOTAL TAXES, IH30BANCE AND I N T . ( S ) 

PREOPERATIONAL TESTING AND STARTOP 

1 0 9 OCF (PROH ORNL T H - 0 6 1 3 , TABLE 8 ) (PRACT. ) 
1 1 0 SOBTOTAL PBEOP. TESTING AND STARTOP ( J ) 
1 1 1 TOTAL O B N E R ' S COST (S ) 

TOTAL CAPITAL CONSTROCTION COST 

1 1 2 INCREMENT OP TOTAL PLANT COST ( J ) 
1 1 3 PROCESSING TBBOOGHPOT OP ACCEPTABLE PBOD (KGHH/DAY) 
110 ANNOAL PRODOCTION RATE (KILOGRAHS OP H E A P ! HBTAL/ IEAR) 
1 1 5 CAPITAL CHAP.GB BATE ( F B A C T . ) 
1 1 6 ANNOAL CAPITAL CHARGE (DOLLARS/TEAR) 
1 1 7 PHODOCT ONIT COST (COLLARS/ICIHJGRAH O P HEAVY HETAL) 

PAGE 0 

0.01 
0 5 0 0 7 . 

0 . 0 1 
5 2 6 1 3 . 

0.01 
6 2 2 5 2 . 

0.02 
9 0 8 1 0 . 

0.02 
1 0 5 2 2 6 . 

0.02 
1 2 0 5 0 5 . 

0.00 
191629. 

0.00 
2 1 0 0 5 2 . 

0.00 
2 0 9 0 1 0 . 

0.20 
9 0 8 1 0 3 . 

0.20 
1 0 5 2 2 5 8 . 

0.20 
1 2 0 5 0 0 9 . 

0.20 
9 1 8 1 0 3 . 

2 1 3 0 1 3 6 . 

0.20 
1 0 5 2 2 5 B . 
2 0 7 2 8 0 6 . 

0.20 
1 2 0 5 0 0 9 . 
2 9 2 5 8 6 5 . 

K) 
-VI 

1 0 0 6 6 7 6 5 . 
22.20 
0082. 

0 . 3 0 
3 0 2 0 0 2 9 . 

< 6 5 . 8 8 

1 1 6 6 0 2 7 8 . 
66.60 

1 9 0 0 7 . 
0 . 3 0 

3 0 9 9 2 8 2 . 
T 7 9 . 9 0 

1 3 8 0 1 3 6 7 . 
1 3 3 . 2 0 
3 8 8 9 0 . 

0 . 3 0 
0 1 0 0 0 0 9 . 

1 0 6 . 0 5 



• • « RECLAMATION PROCESSING OP REJECT I N FUEL ( A - 1 ELEMENTS)$ 826 • « » 

DESCRIPTION 

PROCESS THROOGRPDT (KILOGRAMS) 

PROCESSING EQUIPMENT COST ( $ 1 0 0 0 ) 

PLANT DIRECT CONSTRUCTION COST ( M 0 0 0 ) 

PLANT I N D I R E C T CONSTRUCTION COST ( $ 1 0 0 0 ) 

PLANT OWNER'S COST ( $ 1 0 0 0 ) 

PLANT TOTAL COST ( $ 1 0 0 0 ) 

UNIT COST (DOLLARS/KILOGRAM) 

FUNCTION C O E F F I C I E N T S ARE AS FOLLOWS = 

A1 = 7 . 0 9 6 3 8 E 0 2 A2 = 3 . 0 0 109E 0 2 A3 

FUNCTION EXPONENTS ARB AS FOLLOWS = 

B1 = - 2 . 1 0 2 6 1 E - 0 2 B2 = - 7 . 8 8 1 5 0 E - 0 3 B3 

SUMMARY OF RESULTS 

PLANT C A P A C I T I 
0 . 1 TONNE 

PER DAT 
1 . 5 TONNE 

PER DAT 
3 . 0 TONNE 

PER DAT 

2 2 . 7 6 6 . 6 1 3 3 . 2 

9 6 0 . 1 1 0 9 0 . 3 1 3 0 1 . 6 

0 5 0 0 . 7 5 2 6 1 . 3 6 2 2 5 . 2 

3 3 9 1 . 9 3 9 3 0 . 2 0 6 5 0 . 3 

2 1 3 0 . 1 2 0 7 2 . 8 2 " > 2 5 . 9 

1 0 0 6 6 . 8 1 1 6 6 0 . 3 1 3 8 0 1 . 0 

0 6 5 . 8 8 1 7 9 . 9 0 1 0 6 . 0 5 

AO = 0 . 0 

to 0.0 BO = 0.0 J3 



APPendix B - 7 
p r o c e s s g r a p h s f o r BASE - c a s e 
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ORNL-DWC 74-bK.l 
HERD END REPROCESSING OF 23 RECYCLE SPENT FUEL ELEMENTS (A-15) 
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OflNL-DWG 74-4460 
RCIO THOREX REPROCESSING (23 RECYCLE FUEL) 
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OHNL-DWC 74-6459 
SOLEX PROCESS FOR MICROSPHERE PREPARATION (23 RECTCLE) 
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ORNL-DWG 74-6458 
BISO MICROSPH COAT PROCESS 2 3 RECYCLE PRRTICLES CTH233U)02 I L - l . F U ) ) 
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ORNL-DWG 74-1170 
FRF SLUG INJECTION OUT OF BLOCK CRRB PROCESS FOR 23 RECYCLE M - 4 . f i (2) 
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ORNL-DWG 74-6456 

FUEL ELEMENT ASSEMBLY OUT OF BLOCK CflRB PROCESS 2 3 RECYCLE N - l . B 
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ORNL-OWG 74-6155 
HERD END REPROCESSING CF IM AND 25 RECYCLE SPENT FUEL ELEMENTS (HI &, A19) 
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ORHL-DWG 74-6454 

ACID THOREX REPROCESSING ( IM SPENT 4 25 RECYCLE FUEL) 
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ORM.-OWG 74-6453 
CUSP PROCESS FOR U02 MICROSPHERE PREPARATION (23 RECYCLE) 
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ORNl-DWG 74-6452 
TRISO MICROSPHERE COATING PROCESS (25 RECYCLE PARTICLES) 235U02 ( L - 2 . C . ( 1 ) ) 
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ORM.-DWG 74-bHSl 
FRF SLUG INJECTION OUT OF BLOCK CARB PROCESS FOR 25 RECYCLE M-H.B12) 
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1 26 
HMD END REPROCESSING OP 2 3 RECYCLE SPENT FUEL ELE(1ESTS (A—IS) S B1 

3 1 . 6 7 4 0 0 E 0 2 5 . 0 2 2 0 0 E 02 1 . 0 0 4 B 0 E 0 3 
1 6 . 1 8 0 9 0 R 0 1 3 . 9 9 5 7 0 E 01 3 . 3 3 2 5 7 E 0 1 

ACID THOREX REPROCESSING ( 2 3 RECYCLE FOBL) t 32 
1 U . 3 0 0 0 0 E 0 2 1 . 2 9 0 0 0 E 0 3 2 . 5 8 0 0 0 B 0 3 
2 2 . 6 4 7 U 5 E 0 1 2 . 0 4 1 S 4 E 01 1 . 8 6 6 8 4 E 0 1 

SOLEX PROCESS POB HTCROSPHERE PREPARATION ( 2 3 RECYCLE)$ B3 
3 1 . 1 7 1 4 0 E 0 2 3 . 5 1 4 0 0 B 02 7 . 0 2 8 0 0 E 0 2 
3 2 . 7 4 3 9 6 E 0 2 1 . 9 3 0 4 8 E 02 1 . 6 7 2 7 B E 0 ? 

BTSO (IICROSPH COAT PROCESS 2 3 RECYCLE PARTICLES (TH2330) 0 2 ( L - 1 . P ( 1 ) ) S 04 
3 1 . 1 0 9 0 0 E 0 2 3 . 3 2 7 0 0 E 02 6 . 6 5 4 0 0 B 0 2 
U 1 . 1 2 5 9 8 E 0 2 8 . 1 6 7 9 3 E 01 7 . 0 9 9 2 6 E 0 1 

PRP SLOG INJECTION OUT OF BLOCK CARB PROCESS FOR 2 3 RECYCLE H - 4 . f c ( 2 ) $ B5 
I 1 . 9 6 7 0 0 E 0 2 5 . 9 0 1 0 0 E 02 1 . 1 8 0 2 0 E 0 3 
5 8 . H O I ' S 0 1 5 . 3 4 0 0 6 B 01 3 . 9 6 9 8 6 E 01 

FUEL ELEMENT ASSEHBLY OUT OF BLOCK CARB PROCESS 23 RECYCLE N - 1 . B $ B6 
3 1 . 8 6 9 0 0 E 0 2 5 . 6 0 7 0 0 E 02 1 . 1 2 1 4 0 E 0 3 
6 4 . 3 3 0 2 4 8 0 1 2 . 3 9 0 9 9 E 01 1 . 5 3 7 2 6 E 0 1 

HEAD END REPROCESSING OP IN AND 2 5 RECYCLE SPBNT FOEL ELEMENTS (Al S A 1 9 ) * B7 
3 2 . 6 B 1 0 0 E 0 2 8 . 0 4 3 0 0 E 02 1 . 6 0 B 6 0 S 0 3 
7 U . 6 ^ 4 2 6 B 0 1 2 . 6 9 9 7 6 E 01 2 . 2 8 2 4 4 E 0 1 

ACID THOREX REPROCESSING (IH SPENT S 2 5 RECYCLE FOEL)$ B8 
3 5 . 0 0 0 0 0 E 0 0 1 . 5 0 0 0 0 E 01 3 . 0 0 0 0 0 E 0 1 
fl 1 . 0 0 3 5 0 E 0 3 3 . 9 1 6 0 0 E 02 2 . 4 7 8 6 2 E 0 2 

r l i s p PROCESS FOR ur. 2 NICBOSPHERE PREPARATION ( 2 3 RECYCLE) $ B9 
3 3 . 0 3 7 S 0 E 0 1 9 . 1 1 2 5 0 E 01 1 . 8 2 2 5 0 F 0 2 
9 7 . 6 3 6 07R 0 2 4 . 3 3 0 5 5 E 02 3 . 4 5 4 3 1 B 0 2 

TRISO MICROSPHERE COATING PROCESS ( 2 5 RECYCLE PARTICLES) 2 3 5 0 0 2 ( L - 2 . C . ( 1 ) ) « BIO 
3 5 . 6 0 0 0 0 E 0 0 1 . 6 8 0 0 0 E 01 3 . 3 6 0 0 0 E 0 1 

10 6 . 0 6 0 4 B E 0 2 3 . 3 6 6 1 6 E 0 2 2 . 7 2 5 1 5 E 0 2 
FPF SLUG INJECTION OOT OF BLOCK CARB PROCESS FOR 2 5 RECYCLE K - 4 . B ( 2 ) * B11 

3 2 . 3 1 0 0 0 E 0 1 7 . 1 8 0 0 0 E 01 1 . 4 3 6 0 0 E 0 2 
I I 3 . 1 3 7 4 5 E 0 2 1 . » 4 2 8 2 E 02 9 . 9 8 1 7 1 E 0 1 
PUEL ELEMENT ASSEMBLY OOT OF BLOCK CARB PROCESS 25 RECYCLE N - 1 . C * B12 

3 2 . 2 7 0 0 0 E 0'- 6 . 8 1 0 0 0 E 01 I . 3 6 1 0 0 E 0 2 
12 2 . 0 9 6 0 9 E 0 2 R . 2 4 3 8 5 E 01 5 . 0 6 2 6 6 E 0 1 
IJNH PREPARATION FOR IN ELEMENTS* B 1 3 

3 2 . 0 7 0 0 0 E 0 1 6 . 2 2 0 0 0 E 01 1 . 2 4 5 0 0 E 0 2 
13 1 . 2 3 6 3 9 E 0 2 6 . 0 6 9 8 4 E 01 4 . 3 1 7 1 9 E 0 1 
CUSP PROCESS POR 0 0 2 MICROSPHERE PREPARATION ( I n RECYCLE) % B14 

3 3 , 0 3 7 5 0 E 0 1 9 . 1 1 2 5 0 E 01 1 . 8 2 2 5 0 E 0 2 
14 7 . 6 ^ 0 P E 0 2 4 . 3 1 5 0 6 E 02 3 . 4 4 3 9 8 E 0 2 
TRTSO COAI'TNG PROCESS IN F I S I L E PARTICLES 0 0 2 ( L - 2 . J . ( 1 ) ) < B15 

3 2 . 3 3 J 0 0 E 0 * 6 . 9 8 0 0 0 E 01 1 . 3 9 6 0 0 E 0 2 
1r. 2 . 8 4 S 1 1 E 0 2 1 . 8 7 6 0 5 E 02 1 . 4 6 3 5 7 E 0 2 
PRF SLUG INJECTION OOT OF BLOCK CARB PROCESS FOR I B FUEL H - 4 . A ( 1 ) t B16 

1 3 . 2 1900E 0 2 9 . 3 2 7 0 0 E 02 1 . 8 6 5 4 0 E 0 3 
16 9 . 1 9 0 3 B E 0 0 7 . 1 1 4 6 4 E 0 0 5 . 6 6 3 0 0 ? 0 0 
Pit EL ELEMENT ASSEMBLY OOT OF BLOCK C».BB PROCESS IH FOEL N - I . A f B17 

3 2 . 9 5 5 0 0 E 0 2 8 . 8 6 5 0 0 E 02 1 . 7 7 3 0 0 E 0 3 
17 1 . 6 2 8 8 2 B 0 1 8 . 8 7 0 4 3 E 00 6 . 9 1 6 0 3 E 0 0 
THORIUM RECOVERY PROCESS ( T - 2 ) « B18 

) 4 . 3 7 2 0 0 E 0 2 1 . 3 1 1 6 0 E 03 2 . 6 2 3 2 0 E 0 3 
1d 1 . 1 1 5 4 9 E 0 1 1 . 1 2 7 5 6 E 01 1 . 0 1 4 3 1 E 0 1 
T H ( 1 0 3 ) U PREPARATION PROCESS K - 8 $ B19 

3 5 . 4 2 9 0 0 E 0 2 1 . 6 2 8 7 0 E 03 3 . 2 5 7 4 0 E 0 3 
10 6 . 4 9 4 5 3 B 0 0 3 . 2 1 0 5 2 B 00 2 . 8 5 5 8 7 B 0 0 
TRORItJH DTOXIDE HICROSPHERE PREPARATION! B20 

1 4 . U 3 2 0 0 8 0 2 1 . 3 2 9 6 0 E 0 3 2 . 6 5 9 2 0 E 0 3 
20 1 . 3 1 1 9 1 R 0 1 9 . 4 0 4 3 7 B 0 0 8 . 5 8 7 9 6 E 0 0 
III SO MICROSPHERE COATTHG PROCESS - FERTILE PARTTCLES-TH02 ( l - I . A . ( l ) f 3 2 1 

i a . 1 9 9 0 0 B 0 2 1 . 25S TOP. 0 3 2 . 5 1 9 U 0 E 0 3 
21 2 . 0 3 8 3 7 E 0 1 1 . 4 2 5 2 7 E 0 1 1 . 2 0 9 9 7 E 0 1 
"BCLAHATION OF THORIUM FROH REJECT KERNALSS B22 

3 4 . 4 3 0 0 0 B 0 1 1 . 3 3 0 0 0 E 0 2 2 . 6 5 9 0 0 E 0 2 
22 2 . 7 2 7 5 6 E 0 1 1 . 5 1 6 1 8 B 01 1 . 0 8 3 0 3 E 0 1 
THORIUH OTOXIOE REJECT RECLAHATIOR COATING REHOYALJ 6 2 3 

3 2 . 1 0 0 0 0 E 0 1 6 . 3 0 0 0 0 E 01 1 . 2 6 0 0 0 E 0 2 
23 5 . 5 U 0 4 a e 0 1 3 . t 1 3 8 4 E 01 2 . 6 4 5 1 5 E 0 1 
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RECLAHAT ION PBOCESSTWG OF REJECT 2 3 RBCTCLB FOEL ( A - 1 5 ELEHENT)$ 
3 2U 1 . 7 2 0 0 0 E 0 1 

5 . 2 6 0 1 9 8 0 2 
. ISOOOE 01 
.97509E 02 

1 . 0 3 2 0 0 8 0 2 1.U682B 02 
RECLAHATIOR PROCESSING OF REJECT 2 5 BECTCLE FOBL ( A - 1 9 ELENEKTS)S 

3 1 . 7 0 0 0 G 3 0 0 5 . 1 0 0 0 0 B 00 1 . 0 2 0 0 0 B 0 1 
25 6 . 7 0 0 ( 5 38 0 3 2 . 3 1 1 8 5 B 03 1 . 2 2 5 8 1 B 0 3 
RECLAMATION P R O C E S S U S OF REJECT I R FUEL ( A - 1 2 t B ! E * T S ) S 

3 2 . 2 2 0 0 0 E 0 1 6 . 6 6 - 3 0 0 E 01 1 . 3 3 2 00B 0 2 
26 4 . 6 5 3 8 1 B 0 2 1 . 7 9 « t 3 8 E 0 2 1 . 0 6 4 5 3 B 0 2 

B24 

B25 

B26 
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• THE CAPITAL COST FOR EACH OF THE INOIVlCUAL PROCESS ILOCKS IS AS FOLLOIS THOUSANDS DF DOLLARS 
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• COST OF EACH INDIVIDUAL PMCESS 
• TOTAL CAPITAL CDST FOR PLANT 
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c PROGRAM TCP TCP 10 
c TCP (TOTAL CAPITAL COST PROGRAMJ TCP 20 
c TCP 30 
c THIS PROGRAM SIMPLY INTERFACES fHfc OUTPUT FROM THE MATER1ALTCP 40 
r. BALANCE PROGRAM (BALI AND FUNCTIONS GENERATED BY THE i CAPITAL COSTTCP 50 
c PROGRAM (CEP) AND DETERMINES THE CAPITAL COST FOR ANY OR ALL CFTCP 60 
c THE 29 PROCESS BLOCKS IN THfc HIGR J-UEL REPROCESSING PLANT. THETCP 70 
c COST FUNCTIONS CAN BE BASED ON THE MASS THROUGHPUT OR THE PRODUCT TCP 80 
c OUTPUT (IF HEAVY METAL IN THE PROCESSED. THE INPUT DATA TO TCPTCP 90 
c CAN BE SFW IN FROM CARDS OR TAPE. I HE REQUIRED INPUT DATA IS : TCP 100 
c TCP 110 
r. CI) 2V MASS FLOW RATES FROM dAL . AND TCP 120 
c (2) 29 SETS OF POINTS FROM CEP. TCP 130 
c TCP 140 
c THE POINT SFT IS FROM 2 TO 5 PRUDUCI THROUGHPUTS (VALUE 113) AND TCP 150 
c FROM 2 TO 5 PRODUCT UNIT COSTS (VALUE 117) • TCP 160 

KEAL*4 TITLE TCP 170 
RFAL*8 AT.BT,WORD TCP 180 
liATA AT/ ' THRUPUT • / . BT/»PRODUCT »/ TCP 190 
DIMENSION WX(25. 30) • CSTI25.29). CX0(2b.29) .CT(25» 23) , WZ(25,4) . TCP 200 

1CXI25.73). VA! ST[ 30 , S . 2 J . T IT 20. 29). WBI25.it) . C 10(25). TCP 201 
2CTX(25.29).WP(25.30>. WT<25.30J TCP 202 
(If) 1 K?=l.?5 TCP 210 
Ofl I K3-= 1. 29 TCP 220 
CSIIK2.K3) = 0.0 TCP 230 

i CON!IMUE TCP 240 
REAO(50. 1002 9 NX.NC.NT TCP 250 
on ? ICN=I.NC TCP 260 
HEAD(50. 1001) 1 TITLE(J,ICN).J=1.20) TCP 270 
READ(50.1003) NPT.(VALSTCICN.I.l).I=l,NPT» TCP 280 
><E AO < 00 » 1003 > ICZ. ( VALSTI (CN.I.21.1 = 1. NPT) TCP 290 

2 CONTINUE TCP 300 
READJ50.1011> IBC TCP 310 

3 READ) SO. 1004 ) 16X.(WS(IBX.J),J=l,4) TCP 320 
WZdfiX.ll = hBl IBX. ll»0.00l TCP 330 
00 4 K= I.NC. 5 TCP 340 
KrADt 50. 1012 1 WTtiaX.KI. MT(IBX,t;*M. MT( 1 BX »K+2) . WH1BX.K*3) TCP 350 

1. WT(IBX.K*4) TCP 351 
4 CONT :MUF TCP 360 

on 5 K=1.26.5 TCP 370 
REA0{50.10121 WP( IBX.K)* WP<IBX.K*11 . MP1IBX.K+2). WP(IBX,K*3) ICP 380 

1. WP(IBX,K*4) TCP 38i 
•> r.ONT INUF TCP 390 

WXI IRX-, 301 = 0.0 TCP 400 
K-(inX.LT.'iflC) GO TO 3 TCP 410 
IFINT.EO.l) WORD = BT TCP 420 
IFINT.FG.0I WORD = AT TCP 430 
on B IRX=1, IBC. TCP 440 
DO 7 1CN=1.NC TCP 45 0 
IF(NT.EO.O) WX(IBX.ICNJ - WT(IQX.ICN) TCP 460 
IF(NT.EO.l) WX(IBX.ICN) = WPCIBX.ICN) TCP 470 
IFIWXI IRX,ICN).EO.0.0) CST(I OX.ICN) = 0.0 TCP 480 
1 FtWX(lBX.ICNI.EQ.O.O) GO TO 6 TCP 490 
R = WX( I tlx. ICN) TCP 500 
S2- VALSTIICN,?,I) TCP 510 
Si = VAI ST [ ICN.3. 1) TCP 52 0 
S4 = VAIST(ICN.4.H TCP 530 
Ir(NPT.FQ.?1 1CV = I TCP 540 
IF((NPT.F0.3).AND.CR.LE.S2J) ICV= I TCP 550 
IFi(NPT.FQ.3».AND.<R.GT.S2)) ICV = 2 TCP 560 
IF< (NPT.I:0.4) . AND . ( R . LE . S2 )) ICV= 1 TCP 570 
IF! <NPT.F0.4I.AND.( R.GT.S21- AND.1R.L£.S3J 1 ICV •= 2 TCP 580 
IF( (NPT.f-0.4) .AND.(ft.GT.S3)) ICV = 3 TCP 590 
I F( (NPT.E0.5 ).ANO.( R.LE.S2H ICV= I TCP 600 
IP<(NPT.F0.5 >.AND.(R.GT.S2J.ANO.(K.LE.S3l) tcv = 2 TCP 610 
IF((NPT.F0.5 >.AN0.(H.GT.S3).fiND.(R.LE.S4){ ICV = 3 TCP 620 
IM(NPT.E0.5).AND.tR.GT.S4)) ICV = 4 TCP 630 ICO = ICV + 1 TCP 640 
CI = VALST(ICN,ICV,21 TCP 65 0 
C2 = VAL ST( 1CN.ICO,2) TCP 66 0 
W1 = VALS T( ICN.ICV,I) TCP 670 
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W2 = V A L S T I I C N . I C O . 1 ) TCP 6 8 0 
RAT = A i n G I C l / C 2 1 TCP 6 9 0 
R = RAT/IW1-W21 TCP 7 0 0 
A 1 = C l / E X P ( B * W 1 1 TCP 7 1 0 
A2 = C 2 / F X P ( B * U 2 1 TCP 7 2 0 
A = (A1 • A 2 1 * 0 . 5 TCP 7 3 0 
C S T U BX . [ C N ) = . 9 7 3 3 3 3 * A * C X P ( B * W X l I B X . I C N ) 1*WX(IBX , ICN1 TCP 7 4 0 
C T X I I B X . I C N ) = C S T I I B X . I C N 1 * 0 . O O 1 TCP 7 5 0 
c r n ( i B x ) = C T c i t i a x i • CTXIIBX.ICNJ TCP 7 6 0 
CXD(IBX. ICN) = C S T I I B X . I C N ) TCP 7 7 0 
CONTINUE TCP 7 8 0 
CONTINUf TCP 7 9 0 
on 10 IBX = l . I B C TCP 8 0 0 
C n i B X . 1) = CSTI I B X . 2 7 ) TCP 8 1 0 
CT( IBX. 2 ) = C S T I I B X . 41 • C S T U B X , 5 ) + C S T U B X , 61 TCP 8 2 0 
C T I I B X . 3 ) = C T I I B X . 21 • C S T d B X . 3 1 TCP 8 3 0 
C T I I B X . = C T I I B X , 31 * C S T U B X . 2 4 1 TCP 8 4 0 
C T I I B X . 51 ® C S T I I B X . 11 + C S T I ( A X . 2 1 TCP 8 5 0 
CTIIBX, 61 = CTIIBX. 43 * C T I I B X , 51 TCP 8 6 0 
C T I I R X . 71 = C S T U B X . 1 0 1 • C S T U B X . l l l + C S T U B X . 1 2 1 TCP 8 7 0 
C T I I B X . 81 = C T I I B X . 71 • C S T U B X . 9 ) TCP 8 8 0 
C T I I B X . 91 = C T I I B X , 81 + C S T U B X . 2 5 1 TCP 8 9 0 
C T I I B X . 101 = C S T U B X . 71 + C S T U B X . 8 i r.STIIBX, 2 9 1 TCP 9 0 0 
C T I I 6 X . U I = C T I I B X . 9 1 + C T I I B X . I D ) TCP 9 1 0 
CTIIBX,121 = C S T IIBX,1 5 1 + C S T I I B X . 1 6 1 + C S T d B X , 171 TCP 9 2 0 
C n i B X r l 3 > = C T I I B X . 1 2 1 * C S T U B X . 141 TCP 9 3 0 
C T U B X . 1 4 ) = C T U B X . 1 3 1 * C S T U B X , 2 6 1 TCP 9 4 0 
CTi IBX» 15) » CTI I B X . 1 4 ) * C S T U B X . 1 3 ) TCP 9 5 0 
CT U BX. 1 6 ) = C S T U B X . 2 0 1 • C S T M 8 X . 2 1 i TCP 9 6 0 
C T U B X . 1 T ) = C T U R X . 1 6 ) • C S T U B X . 2 2 1 + C S T U B X . 2 3 1 TCP 9 7 0 
CTI IBX. 18) = CTI I B X . 1 7 1 4 - C S T I I B X . 1 9 ) TCP 9 8 0 
CT 11 BX, 191 = CSTI I B X , 11 • C S T U B X . 21 C S T U B X . 71 + C S T I I B X . 8 1 TCP 9 9 0 

1 + CSTI I BX. 2 7 1 + C S T U B X , 2 8 ) » C S T U B X . 2 9 1 TCP 9 9 1 
CT I I BX. 2 0 ) = CTI I B X . 41 + C T U B X , 9 ) TCP 1 0 0 0 
r . T U B X „ 2 l l = C T U B X . 1 9 1 • CTI IBX. 201 • C S T U B X . 181 TCP 1 0 1 0 
C T U B X . 2 2 1 C T U B X . 1 5 1 * C T U B x . l a ) TCP 1 0 2 0 
C T U B X , 2 3 ) = C T U B X , 2 1 ) + C T U B X . 221 TCP 1 0 3 0 
0 = 1 . 0 2 7 3 9 7 3 TCP 1 0 4 0 
I F I W X U B X . 2 7 1 . F O . O . . O ) GO TO 9 TCP 1 0 5 0 
0 ? 7 = 0 / H X I I B X . 2 7 1 TCP 1 0 6 0 
06= 0 / W X I I B X , 6 1 TCP 1 0 7 0 
02= 0/WXI I B X . 2 1 TCP 1 0 8 0 
012= Q / W X I I B X . 1 2 1 TCP 1 0 9 0 
08= 0/WXIIBX.81 TCP 1 1 0 0 
0 1 5 = 0 / 1 WX ( I B X . 1 5 1 + H X U B X . 2 L 1 1 TCP 1 1 1 0 
0 1 7 = 0 / W X I I B X . 1 7 1 TCP 1 1 2 0 
021 = O/WXIIBX » 211 TCP 1 1 3 0 
0 » Q / ( H X U b X . 8 1 * W X I I B X . 2 1 ) TCP 1 1 4 0 
01 = 0/ IMXU8X.61 • MX! IBX, 121 1 TCP 1150 
KG = WRIIBX.21 + W B U B X . 3 I • W 8 U & X . 4 1 TCP 1 1 6 0 
I F ( N T . E O . O ) QT= O / W B l I B X . 1 1 TCP 1 1 7 0 
I F I N T . E O . 1 1 OT = O/WG TCP 1 1 8 0 
I F L W X U B X , 2 7 1 . G T . 0 . 0 1 C X l I B X . l l = C I U B X . 1 1 * 0 2 7 TCP 1 1 9 0 
I F I W X ( I B X , 2 7 ) . E U . 0 . 0 1 C X ( I 8 X , 1 ) = 0 . 0 TCP 1 2 0 0 
CXI (BX. 2.1 ' C T U B X , 21*06 TCP 1210 
C X I I B X , 3 1 = CTI I B X , 3 1 * 0 6 TCP 1 2 2 0 
CXI I BX.41 = C T U B X , 4 1 * 0 6 TCP 1 2 3 0 
C X I I B X . 5 1 = C T U B X , 5 1 * 0 2 TCP 1 2 4 0 
CXI I B X . 6 1 » C T U B X . 6 1 * 0 2 TCP 1 2 5 0 
CXIIBX.71 » CTIIBX.71*012 TCP 1260 
C X I I B X . 8 1 = CTI I B X , 8 1 * 0 1 2 TCP 1 2 7 0 
C X I I B X . 9 1 = C T I I B X , 9 ) * 0 1 2 TCP 1 2 8 0 
C X | I BX, 1G) = C T U B X . 1 0 1 * 0 8 TCP 1 2 9 0 
C X I I 8 X . 1 1 ) = C T U B X . 1 1 1 * 0 1 2 TCP 1 3 0 0 
CXI IBX, 121 = C T U B X , 1 2 1 * 0 1 7 TCP 1 3 1 0 
CX( I BX, 131 = C T U B X . 1 3 * * 0 1 7 TCP 1 3 2 0 
C X 3 I B X . 1 4 ) = C T I I B X , 1 4 1 * 0 1 7 TCP 1 3 3 0 
CXI IBX, 1 5 ) = C T U B X . 1 5 1 * 0 1 7 TCP 1 3 4 0 
CXI IBX, 16 ) = C T U B X , 1 6 1 * 0 2 1 TCP 1 3 5 0 
CXI IBX, 17) = C T U B X , 1 7 1 * 0 2 1 TCP 1 3 6 0 
C X I I B X . 1 8 1 * C T U B X , 1 8 1 * 0 2 1 TCP 1 3 7 0 
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C X U B X . 1 9 ) = CT(IBX,19)*QX TCP 1380 
C X U B X . 2 0 ) = CT(IBX,20)*QX TCP 1390 
CXIIBX.21) = CT(IBX,211*01 TCP 1400 
CXI 1 BX.22) = CTIIBX, 22) *Q 15 TCP 1410 
CX(IRX.231 = CT(IBX.23)*0T TCP 1420 
CONTINUE TCP 1430 
00 12 I BX = IfIBC TCP 1440 
WRITE(51.1039J NX.IBX.NC .WORD TCP 1450 
WRI'« E ( 5 I. 1005) TCP 1460 
WRITEI51.10071 wzirex. it TCP 1470 
WRITE(51.1005) TCP 1480 
WRITEI51.1040) TCP 1490 
WRITE I'il.1005) TCP 1500 
WRITF151.1016) CT(IB X 1) TCP 1510 
WRITF(5 1,1017) C U IBX 2) TCP 1520 
WRITE(51.1018) CT(IBX 3) TCP 1530 
WRITF(5l.1019) CT(IBX 4 ) TCP 1540 
WRITF(5l.1020) CTIIBX 5) TCP 1550 
WRITE(51.1021) CTIIBX 61 TCP 1560 
WKITE (51.1022) CT(IBX 7) TCP 1570 
Irlftl TE (51» 1023 ) CT(IBX 8) TCP 1580 
WRITF(51•1024) CT(IBX 9) TCP 1590 
WRITE(51•102 5) CT(IBX 10) TCP 1600 
WRITF(51.1026) C:TI IBX 11) TCP 1610 
WRIT F(51.10271 CT(IBX 12) TCP 1620 
WK1TEI51.10281 CT(IBX 13) TCP 1630 
WRITE(5l.1029) CT(IBX 14) TCP 1640 
WRITF(51.1030) CT(IBX 15) TCP 1650 
WRITFI51.1031) CT(IBX 16) TCP 166 0 
WRITFI51.1032) CTIIBX 17) TCP 1670 
WK1TF(51,1033) T 1 IBX 18) TCP 1680 
WRITF ( 51.1034) cri IBX 19) TCP 1690 
W«lTEf51,l()35J f.T( IBX 20) TCP 1700 
WRi TF151.1036) criiBx 21) TCP 1710 
WKITF(51,103 7) CT(IBX 22) TCP 1720 
WRITF(51.103 8) CT(IBX 23) TCP 1730 
WRIT F(5 1,1041) TCP 1740 
WRITF(51.1005) TCP 1750 
WRIT F(51, 1005) TCP 1760 
WRITEI51.1016) CXIIBX 1) TCP 1770 
WRITFI 51,1017) f.X( IBX 2) TCP 1780 
WRITF(51,1018) cx<iax 3) TCP 1790 
WRITE(51,1019) CX(I8X 4 ) TCP 1800 
WKITEI51,10201 CXIIBX 5) TCP laio 
WRITE(51,10?1) CXIIBX 6 ) TCP 1820 
WRITE(51,1022) CXIIBX 7) TCP 1830 
WRITE(51.1 0 ?3) CX (IBX 8) TCP 1840 
WRITF(51.1024) C X U B X 0 ) TCP 1850 
WKITFC51.1025) CX(IBX 10) TCP 1860 
WRITEI51.1026) CX(IDX 11) TCP 1870 
WKITE(51.10271 CX(IBX 12) TCP 1880 
WRITEI51,1028) CX(IBX 13) TCP 1890 
WRITF(51.1029) CXIIBX 14) TCP 1900 
MKITF(51.10301 CX(IBX 15) TCP 1910 
WRITE(51•1031) CX(I8X 16) TCP 1920 
WRITF(51.1032) CXIIBX 17) TCP 1930 
MRI TFI51. 10"43) CX(IBX 18) TCP 1940 
WRITF(51.1034) CX( IBX 19) TCP 1950 
WRITF(51.1035) CX(IBX 20) TCP 1960 
WRITE(51.1036) CX( IBX 21) TCP 1970 
WKLTE(51.1037) CX(IBX 22) TCP 1980 
WRITE(51.1038) CXI IBX 23) TCP 1990 
WRITEI51.1014) TCP 2000 
WR1TFI51.1005) TCP 2010 
WRITEI51.1005) TCP 2020 
no 11 ICN=l.NC TCP 2030 
7 = CXO(IBX. ICN) TCP 2040 
WRI TE(51,1015) K T I T L E t K A , (CN ) .KA-1.20),Z) TCP 2050 
R.NNT I NUF TCP 2060 
WRITE(51,100 8) TCP 2070 
WRITEI51»1009) CTOIIBX) TCP 2080 
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1 2 C O N T I N U E 
l O n i F O R M A T I 2 0 A 4 ) 
1 0 0 ? F O R M A T 1 3 1 5 1 
1 0 0 3 F 0 R M A T ( I 2 . 5 1 2 X , 1 P E 1 2 . 5 ) » 
1 0 0 4 F O R M A T ! I 5 » 4 ( 2 X » l P E 1 2 . 5 l ) 
1 0 0 5 F O R M A T ! 1 H ) 
1 0 0 6 F O R M A T ( 1 5 . 3 X . I 5 . 3 1 3 X . E 1 2 . 5 1 ) •»F5.2.' METRIC TONS OF HEAVY METAL PE 

TCP TCP TCP TCP TCP TCP TCP 1007 FORMAT(• PLANT CAPACITY = IK DAY"1 1008 FORMAT(' 1 **************•) 1009 FORMAT(1H0»'SUM OF ABOVE PROCESSES (MILLIONS OF DOLLARS) 
1 0 1 0 F O R M A T ! 1 H I ) 
1 0 1 1 F O R M A T ( 2 1 5 ) 
1 0 1 2 F O R M A T ( 5 ! 4 X . E 1 2 . 5 ) ) 
1 0 1 3 F 0 R M A T ! 4 I 4 X , E 1 2 - 5 ) ) 
1 0 1 4 F O R M A T ! l H l * T H E C A P ! 

1 C K S I S AS F O L L O W S -
1 0 1 5 F O R M A T ( 1 H 0 2 0 A 4 . * 
1 0 1 6 F O R M A T I 1 H 0 * CUS 

I************ = 
1 0 1 7 F O R M A T ( 1 H 0 * COS l************ -
1 0 1 3 F O R M A T t l H O ' COS 

' , * • * • * * * * * • • * = 
1 0 1 9 F O R M A T ( 1 H 0 * COS 

1 M A T I O N = 

1 0 2 0 FORMAT 1 1 H 0 « COS 1************ = 
1 0 2 1 F U R M A T I 1 H 0 * COS 1 ************ = 
1 0 2 2 F O R M A T ! I H 0 « COS I************ = 
1 0 2 3 F O R M A T ! 1 H 0 ' COS 1************ s 
1 0 2 4 F O R M A T ! 1 H 0 » C U S 

1 M A T I C I N * + + 
1 0 2 5 F O R M A T ! 1 H 0 ' C U S 1 ************ -
1 0 2 6 F O R M A T ! 1 H 0 " COS 1************ x 
1 0 2 7 F O R M A T ! 1 H 0 " COS 1**«******»«• = 
I 0 ? f l F O R M A T ! 1 H 0 ' COS 1************ = 
1 0 2 9 F O K M A I ( I H O * COS 

1 R E C L A M A T I O N = 
1 0 3 0 F O R M A T ( 1 H 0 » COS I************ » 
1 0 3 1 F O R M A T ! 1 M 0 ' COS 

I ************ s 
1 0 3 2 F O R M A T ! 1 H 0 ' COS 

I C T R F C L A H A T I O N -
1 0 3 3 F O R M A T ! 1 H 0 " COS t************ X 
1 0 3 4 F O R M A T ! I H O ' 

! * ; > * * * » * * * * « * 
1 0 3 5 F O R M A T ! I H O ' 1 ************ 
1 0 3 6 FORMAT I 1 H 0 > I-•«•»*»«»*»•* 
1 0 3 7 F O R M A T ! 1 H 0 « 1 ************ 
103B FORMATI1H0* I*»***«*»»»•* X 
1039 FORMAT!lHl'CAPITAl 

COS 

COS 
COS 
CUS 

CUS 

2A IN EACH PROCESS'I 1040 FORMAT!1H0»INCREMEN 1ARS') 
1 0 4 1 F O R M A T ( 1 H I » • I N C R E H E 

I / K I L O G R A M ' » STOP FNP 

TCP TCP TCP TCP TCP •.Ft).4) TCP TCP TCP TCP TCP 
AL COST FOR EACH OF THE INDIVIDUAL PROCESS BLOTCP HOUSANOS OF 00LLARS»*«"I TCP = «.F9.0,»00,J TCP OF SPENT FUEL STORAGE ********************»TCP ,F9.0.«00'» TCP OF 23 RECYCLE FABRICATION •»*»•********»***rCP ,F9.0,*00*I TCP 
OF 23 RECYCLE REFKABRICATION ••*»**********rCP .F9.0.«00'» TCP OF 23 RECYCLE REFABRICATION WITH REJECT RECLATCP ,F«J.O. '00') TCP OF 23 RECYCLE KEPRUCESSING *»«»»*»»****»»«»TCP .F9.0,•00') OF 23 RECYCLE PROCESSING < .F9.0.'OO'l OF 25 RECYCLE FABRICATION ,F9.0,•00') OF 25 RECYCLE REFABDICATION 

TCP I***************TCP TCP »*********«**»«*TCP TCP ***************TCP .F9.0.'00') TCP OF 25 RECYCLE REFABKICATION WITH REJECT RECLAT-> .F9.0.•00*1 TCP OF IM RECYCLE REPROCESSING ••.••••••••••••••TCP .F9.0.'OO'I TCP OF 25 RECYCLE PRUCESSING ••••••••••••••••••TCP »F9.0»•00*I TCP OF IM FABMICATION •••••••••••••••••••••••••TCP .F9.0.»00'» TCP OF IM PREPARATION ANO FABRICATION •********rCP . F9.0.•00*) TCP OF IM PREPAKATIUK ANO FABRICATION WITH REJECTTCP .F9.0.«00'J TCP OF IH FUEL PROCESSING •••••••••••••••••••••?€? .F9.0,•00'» TCP OF THORIA FABRICATION ••••••••••(•••••••••••TCP • F9« 0.'00*I TCP 
OF 22 ANO 23 ANO THURIA FABRICATION WITH REJETCP TCP 

TCP 
•••••••••••••••••••••TCP 

TCP ••••••••••••••••••••TCP TCP •••••••••••••••TCP TCP OF TOTAL IM .••r/JCtSSING ••••••••••••••••••••T ,P ,F9.0.*00'l TCP OF TOTAL FUEL PROCESSING •••••TCP ,F9.0.eOO'l TCP OST BKEAKOJJttN FUR PLANT «,I2.» USING MATERIAL TCP IBA1ANC.F NO. '.IZ.' FOR A TOTAL OF *.I2.« PROCESSES USING '.AS.'DATTCP 

.F9.0.«00») OF TH0R1A PKUCESJ-ING •F9.0.'OO'l OF TOTAL KEPrOCESSING .F9.0.'00') OF TOTAL KEFABRICATIUN • F0. 0«*00'I OF TOTAL MECYCLE PROCESSING .F9.0.•00*1 

TCP 
AL PLANT CAt-ii TAL LUST DATA - THOUSANDS OF OfllLTCP TCP TAL UNIT CAPITAL. LUiT DATA - DOLLARS TCP TCP 

TCP 

2090 
2 1 0 0 
2 1 1 0 
2120 2130 2140 2150 
2160 
2 1 6 1 
2170 2171 
2 1 8 0 
2 1 8 1 2190 
2200 
2210 
2220 
2230 2231 2240 22 50 2251 
2260 
2 2 6 1 2270 227L 
2260 
2281 2290 2291 2300 2301 2310 2311 2320 2321 2330 2331 2340 2341 2350 2351 2360 2361 2370 2371 7360 23a L 2390 
2 3 9 1 2400 2401 2410 2411 2420 2421 2430 
2 4 3 1 2440 2441 2450 
2 4 5 1 2460 2461 2470 2471 2480 246 i 24152 2490 
2500 2501 2510 2520 
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Appendix C-3 
INPUT TO SAMPLE PROBLEM FOR TCP 

i 
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The input to T C P is made by combining the punched decks from CEP and BAL in that order. 
There is no punched output f rom TCP, and the printed output from T C P 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 BHD REPBOCESSlNG OF 2 3 RECYCLE SPENT PtJBL ELEBEHTS(A-15)l B1 

3 1 . 6 7 4 0 0 E 02 5 . O 2 2 0 0 S 02 1 .00440E 0 3 
1 6 . 1 8 0 9 0 E 01 3 - 8 9 5 7 0 3 01 3 . 3 3 2 5 7 S 01 

ACID THOREK REPROCESSING (23 RECYCLE FUEL) 5 B2 
3 4 . 3 0 0 0 0 E 02 1 . 2 9 0 0 0 E 0 3 2 . 5 8 0 0 0 E 0 3 
2 2 . 6 4 7 4 5 S 01 2 . 0 4 1 3 4 B 01 1 . 8 6 6 S 4 * 01 

SOLS* PHOC3SS FOR MICROSPHERE PHEPAHATION (23 SECYCLE)S B3 
3 1.17100®: 02 3 . 5 1 4 0 0 5 02 7.028UOE 02 
3 2 . 7 4 3 9 6 E 02 1 .93D48B 02 1.6727AE 0 2 

BISO BICROSPH COAT PROCESS 23 RECYCLE PARTICLES (TH2330)02 | L - 1 . F { 1 ) ) $ B4 
3 1 . 1 0 9 0 0 E 02 3 . 3 2 7 0 0 3 02 6 . 6 5 4 0 0 E 0 2 
4 1 . 1 2 5 9 8 E 02 8 . 1 6 7 9 3 E 01 7 . 0 9 9 2 6 E 0 1 

PRF SLOG INJECTION OOP OF BLOCK CAPB PBOCESS FOP 23 BBCYCLB B - 4 . A ( 2 ) « B5 
3 1 . 9 6 7 0 0 P 02 5 . 9 0 1 0 0 B 02 1 .18020B 03 
5 8 . 1 4 0 1 9 E 01 5 . 3 4 0 0 6 E 01 3 . 9 6 9 86E 0 1 

FUEL ELEMENT ASSEMBLY OUT OF BLOCK CARE PROCESS 23 RECYCLE K - 1 . E S B6 
3 1 . 8 6 9 0 0 E 0 2 5 . 6 0 7 0 0 E 02 1 .12140E 0 3 
6 4 .33020=: 01 2 . 3 9 0 9 9 E 01 1 . 5 3 7 2 6 ? 01 

HEAD BHD REPROCESSING OP IB AKD 2 5 RECYCLE SPENT FOUL ELEBEHTS (A1 A l l ) $ B7 
3 2 . 6 8 1 0 0 E 0 2 3 . 0 4 3 0 0 B 02 1 . 6 0 860F. 0 3 
7 4 . 6 5 4 2 6 S 01 2 . 6 9 9 7 6 E 01 2 . 2 3 2 4 4 E 0 1 

ACID THOHE* RBPBOCESSING ( IB SPBBT 25 BECYCLE FUEL}* B8 
3 5 . 0 0 0 0 0 E 00 1.500OOP. 01 3 . 0 0 0 0 0 B 01 
8 1 . 0 0 3 5 0 E 0 3 3 . 9 3 6 00 E 02 2 . 4 7 8 6 2 2 02 

COSP PROCESS FOB 002 MICROSPHERE PBEPARATION ( 2 3 RECYCLE)* B9 
3 3 . 0 3 7 5 0 E 01 9 . 1 1 2 5 0 B 01 1 . 8 2 2 5 0 5 02 
9 7 . 6 3 6 0 7 E 02 4 . 3 3 0 5 5 3 02 3 . 4 5 4 3 1 E 02 

TRISO MICROSPHERE COATING PBOCESS (25 RECYCLE PARTICLES) 235D02 ( L - 2 . C . ( 1 ) ) $ BIO 
3 5 . 6 0 0 0 0 F 00 1 . 6 8 0 0 0 B 01 3 .36000B 01 

10 6 . 0 6 0 4 8 E 02 3 . 36616B 02 2 . 7 2 5 1 5 S 02 
FRF SLOG INJECTION OUT OP BLOCK CARB PROCESS FOR 2 5 RECYCLE H - 4 . B ( 2 ) S B11 

3 2 .11000P! 01 7 . 18000B 01 1 . 4 3 6 0 0 E 02 
11 3 . 1 3 7 4 5 E 02 1 . 4 4 2 8 2 E 02 9 . 9 3 1 7 1 B 01 
FUEL ELEMENT ASSEMBLY OOT OF BLOCK CARB PBOCESS 25 RECYCLE H - 1 . C S 812 

3 2 . 2 7 0 0 0 E 01 6 .B1000E 01 1 . 3 6 1 0 0 E 02 
12 2 . 0 9 6 0 9 S 02 8 . 2 4 3 8 5 B 01 5 . 0 6 2 6 6 E 01 
UHH PREPARATION FOR IN ELEBENT<5$ B13 

3 2 . 0 7 0 0 0 E 01 6 . 2 2 0 0 0 B 01 1 .24500E 02 
13 1 . 2 3 6 3 9 E 02 6 . 0 6 9 8 0 B 01 4 . 3 1 7 1 9 B 01 
COSP PROCESS FOB H02 BICBOSPBERE PREPARATION ( IB BBCTCLE)$ 014 

3 3 . 0 3 7 5 0 E 01 9 . 1 1 2 5 0 E 01 1 . 8 2 2 5 0 E 02 
14 7 . 6 0 5 0 8 ? 02 4 . 3 1 5 0 6 E 02 3 . 4 4 3 9 8 E 02 
TBISO COATING PROCESS I B P I S I L E PARTICLES U02 < L - 2 . J . ( 1 ) ) * B15 

3 2 . 3 3 0 0 0 B 01 6 . 9 8 0 0 0 E 01 1 .39600B 02 
15 2 . 8 4 8 1 IE 02 1 . 8 7 6 05E 02 1.46357>> 02 
FRP SLUG INJECTION OOT OF BLOCK CABB PROCESS FOR IB POBL M - 4 . A ( 1 ) ? B16 

3 3 . 2 1 9 0 0 E 02 9 . 3 2 7 0 0 E 02 1 .86540E 03 
16 9 . 1 9 0 3 8 E 00 7 . 1 1 4 6 4 B 00 5 .663C0B 00 
FUEL ELEMENT ASSEMBLY OOT OF BLOCK CABB PBOCESS IB FHBL R-1 . AS B17 

3 2 . 9 5 5 0 0 B 02 8 . 8 6 5 0 0 B 02 1 . 7 7 3 0 0 P 0 3 
' 1 7 1 . 6 2 8 8 2 E 01 8 . 8 7 0 4 3 8 00 6 . 9 1 6 0 3 E 00 
THORIOB RECOVEBY PBOCSSS ( T - 2 ) $ BIS 

3 4 . 3 7 2 0 0 E 02 1 .311G0S 03 2 . 6 2 3 2 0 B 03 
18 1 . 1 1 5 4 9 g 0 1 1 .12756® 01 1 .01431E 0 1 
VH(H03)4 PREPARATION PROCESS K - 8 J B19 

3 5 . 4 2 9 0 0 B 0 2 1 . 6 2 8 7 0 E 03 3 . 2 5 7 4 0 B 0 3 
19 6 . 4 9 4 5 3 E 00 3 . 2 1 0 5 2 E 00 2 . 8 5 5 6 7 B 00 
THORIUM DIOXIDE MICROSPHERE PE BP ARAT10M$ B20 

3 4 . 4 3 2 0 0 8 02 1 . 3 2 9 6 0 E 03 2 .65920B 03 
20 1 . 3 1 1 8 1 E 0 1 9 . 4 0 4 3 7 B 00 8 . 5 8 7 9 6 E 00 
BISO MICROSPHERE COATING PROCESS - FERTILE PARTICLES-TR02 ( L - U A . O > $ B21 

3 4 . 1 9 9 0 0 E 02 1 . 2 5 9 7 0 R 03 2 . 5 1 9 4 0 B 03 
21 2 . 0 3 8 3 7 B 01 1 , 4 2 5 2 7 8 01 1 .20997B 01 
FECL AB ATIOH OF THOBIOB FBOB BBJECT KBRNALSfi B22 

3 4 . 4 3 0 0 0 B 0 1 1 . 3 3 0 0 0 E 02 2 . 6 5 9 0 0 E 02 
22 2 . 7 2 7 5 6 E 01 1 . 5 1 6 1 8 B 01 1 .08303E 01 
THOBIOB DIOXIDE REJECT RECLAMATION COATING BEB07AL* B23 

3 2 . 1 0 0 0 0 E 0 1 6 . 3 0 0 0 0 E 01 1 . 2 6 0 0 0 E 02 
23 S .540U4E 01 3 . 1 1 3 8 4 E 01 2 . 6 4 5 1 5 E 01 



3 i 8 

K2CL»!UTI0N PROCESSING OF REJECT 23 RECYCLE FOTL ( » - 1 5 BLBHENT)$ 
3 1 .72000E 0 1 5 . 1 6 0 0 0 8 01 1.03200E 02 

24 5 .Z6419E 02 1 .97509E 02 
BECLARATION PROCBSSI8G OF REJECT 

3 1 . 7 0 0 0 0 8 00 5 .10000E 00 
25 6 .70063E 03 2 . 3 1 1 8 5 8 03 
RECUSATION PROCESSING OF REJECT 

3 2 .22000E 01 6 .66000E 01 
26 4 . 6 5 8 8 IE 02 1 .79938E 02 

3 
1 0 .50000B+03 
1 .30013E+02 

>.146828 02 
25 RECYCLE FUEL ( f t -19 ELEBEHTS) S 
1 .02000E 01 
1.22581B 03 
I B CTJEL | I - 1 EL EH EH TS) $ 
1.33200E 02 
1 .06453E 02 

1 .86869E+02 
2 . 3 9 2 3 4 8 * 0 1 
3 . 1 1 0 0 5 E * 0 2 
4 . 1 8 8 2 6 E * 0 2 
2 . 2 2 4 5 5 E * 0 1 
4 .30013E* 02 
1 .85000E*02 
2.27273FC*01 
2.95455E+ 02 
3 .98882B+02 
2 .22455E+01 

2 0.150002*04 
1 ,29004E*03 
5 . 6 0 6 0 6 E * 0 2 
7 .17703E+01 
9 . 3 3 0 1 4 8 * 0 2 
1 . 2 5 6 4 8 8 * 0 3 
6 . 6 7 3 6 4 8 * 0 1 
1 . 2 9 0 0 4 8 * 0 3 S.̂ -SOOOÊ Oa 
6.8181flB+0 1 
8 .86364E+02 
1 . 1 9 6 6 4 8 * 0 3 
6 . 6 7 3 6 4 8 * 0 1 

3 0 . 3 0 0 0 0 E * 0 4 
2 . 5 8 0 0 8 8 * 0 3 1. 121218*03 
1. 435418* 02 
1 . 8 6 6 0 3 8 * 0 3 
2 . 5 1 2 9 5 8 * 0 3 
1. 334738*02 
2.5FLOOBC(*03 
1. 1100(>B*03 
1. 363648*02 
1 . 7 7 2 7 3 8 * 0 3 
2 .39329E*0A 
1 . 3 1 4 7 3 8 * 0 2 

0 . 2 0 7 « 5 E * 0 2 
4 . 3 0 0 1 3 8 * 0 2 
2 . 7 9 5 9 2 8 * 0 2 
2 . 2 7 2 7 3 8 * 0 1 
2 . 95455E*L)2 
4 . 4 3 2 0 2 8 * 0 1 0.00000E-01 
1 .88776E*01 
5 . 000008*00 
2 . 2 5 0 0 0 8 * 0 1 
2 .92500E*02 
4 . 4 3202E*01 
0 . 0 0 0 0 0 E-01 
0 . 6 2 2 3 4 E * 0 2 

1 .29004E*03 
R.3R775E*02 
6 .8181BE*01 
8 . 8 6 3 6 4 E * 0 2 
1 . 3 2 9 6 1 8 * 0 2 
0 . 0 0 0 0 0 E - 0 1 
5 . 6 6 3278*01 
1 . 5 0 0 0 0 8 * 0 1 
6 . 7 5 0 0 0 8 * 0 1 
8 .77500E+02 
1 . 3 2 9 6 1 8 * 0 2 
0.00000E-01 
0 . 12447P*03 

2 . 5 8 0 0 8 8 * 0 3 
1 .677558*03 
1 . 3 6 3 6 4 8 * 0 2 
1. 77273B*03 
2 . 6 5 9 2 1 8 * 0 2 
0.000005-01 
1 . 1 3 2 6 5 8 * 0 2 3.000008*01 
1. 350008*02 
1 , 7 5 5 0 0 8 * 0 3 
2 . 6 5 9 2 1 8 * 0 2 0.00000E-01 

0.44243E*02 
1 . 2 3 2 4 8 8 * 0 2 
5 .00000E+00 
2 .07447B+01 
4 . 3 7 2 1 9 E * 0 2 
1 . 9 9 4 4 1 E * 0 1 
O.OOOOOE-OI 
1 .10923E+02 
5 . 0 0 0 0 0 E * 0 0 
2 . 0 7 4 4 7 8 * 0 1 
4 .37219B* 02 
1«99441E*01 
O.OOOOOE-O J 

0 . 132738403 
3 . 6 9 7 4 4 E * 02 
1 . 5 0 0 0 0 E * 0 1 
6 . 2 2 3 4 0 E * 0 1 
1 .31166B*03 
5 . 9 8 3 2 2 8 * 0 1 
O.OOOOOE-OI 
3 .32770E+02 
1 . 5 0 0 0 0 8 * 0 1 

. 3 4 0 E * 0 1 
1 . „ I 1 6 6 E * 0 3 
5 . 9 8 3 2 2 8 * 0 1 
O.0O000E-01 

0 . 2 6 5 4 6 8 * 0 3 
7 . 3 9 4 8 8 8 * 0 2 
3 ,OOOOOE*O1 
1 . 2 4 4 6 8 8 * 0 2 
2 . 6 2 3 3 1 8 * 0 3 
1 . 1 9 6 6 4 8 * 0 2 
O.OOOOOB-OI 
6 . 6 5 5 3 9 8 * 0 2 
3 .000002*01 
1 . 2 4 4 6 8 8 * 0 2 
2 . 6 2 3 3 1 8 * 0 3 
1 . 1 9 6 6 4 8 * 0 2 
O.OOOOOE-OI 

0 . 4 3 6 4 5 E * 0 3 
1 • 10923E* 02 
6 .21792E*00 
2 . 5 7 9 7 8 8 * 0 1 
5 . 4 2 9 7 4 8 * 0 2 
2.95748E*Q1 
1 .441648*00 
1 .05377E*02 
5 .59613E*00 
2 . 3 2 1 8 0 E * 0 1 
5 . 4 2 9 7 4 E * 0 2 
2 .9574BE*01 
1•44164E+00 

0 . 13094E*04 
3 .32770E+02 
1 .86538E*01 
7 . 7 3 9 3 3 E * 0 1 
1 .62892E+03 
8 .87245E* 01 
4 .32492E+00 
3 . 1 6 1 3 1 8 * 0 2 
1 .67884E*Q1 
6 . 9 6 5 3 9 8 * 0 1 
1 . 6 2 8 9 2 8 * 0 3 
8 . 8 7 2 4 5 8 * 0 1 
4 . 3 2 4 9 2 8 * 0 0 

0 . 2 6 1 8 7 E * 0 4 
6 . 6 5 5 3 9 8 * 0 2 
3 . 7 3 0 7 5 8 * 0 1 
1 . 5 4 7 8 7 8 * 0 2 
3 . 2 5 7 8 4 8 * 0 3 
1 . 7 7 4 4 9 8 * 0 2 
8 . 6 4 9 8 3 8 * 0 0 
6 . 3 2 2 6 2 8 * 0 2 
3 . 3 5 7 6 8 8 * 0 1 
1.393088*02 
3 . 2 5 7 8 4 8 * 0 3 
1 . 7 7 4 4 9 1 * 0 2 
8 . 6 4 9 8 3 8 * 0 0 

B24 

825 

B26 

1 . 9 6 7 0 4 E * 0 2 
5 . 5 9 6 1 3 E * 0 0 
2 . 3 2 1 8 0 8 * 0 1 
4 . 4 3 2 0 2 8 * 0 2 
2 . 3 2 5 0 4 8 * 0 0 

1 .86869E+02 
5 . 3 1 6 3 2 E * 0 0 
2 . 2 0 5 7 1 8 * 0 1 
3 . 9 8 3 8 2 8 * 0 2 
2 . 3 2 5 0 4 8 * 0 0 

5 . 9 0 1 1 2 8 * 0 2 
1 . 6 7 8 8 4 8 * 0 1 
6 . 9 6 5 3 9 8 * 0 1 
1 .32961E*03 
6 . 9 7 5 1 3 E * 0 0 

5 . 6 0 6 0 6 8 * 0 2 
1 .59490E*01 fi .61712E*01 
1 . 1 9 6 6 4 8 * 0 3 
6 . 9 7 5 1 3 8 * 0 0 

1 . 1 8 0 2 2 8 * 0 3 
3 . 3 5 7 6 8 8 * 0 1 
1 . 3 9 3 0 8 E * 0 2 
2 . 6 5 9 2 1 E * 0 3 
1 . 3 9 5 0 3 5 * 0 1 

1 . 1 2 1 2 1 8 * 0 3 
3 . 1 8 9 7 9 8 * 0 1 
1 .32342B*02 
2 . 3 9 3 2 9 8 * 0 3 
1 . 3 9 5 0 3 8 * 0 1 



Appendix C-4 
OUTPUT FROM SAMPLE PROBLEM FOR TCP 



CAPITAL COST BREAKDOWN FOR PLANT 1 USING MATERIAL BALANCE NO. 1 FOR A TOTAL OF 26 PROCESSES USING THRUPUT DATA IN EACH PROCESS 

PLANT CAPACITY « O.SO METRIC TONS OF HEAVY METAL PE R OAY 

INCREMENTAL PLANT CAPITAL COST DATA - THOUSANDS OF DOLLARS 

COST OF SPENI' FUEL STORAGE «*»» •«»«»«•«» • • • • • •» • •» • * •»»* *» • * = O.OO 

COST Of = 3 5 6 1 6 . 0 0 

COST Of 23 RECYCLE REFRABRICATI". « * * * » » * * * • • • » • » • » * • « » • » * * * = 6 0 2 3 4 . 0 0 

COST OF 23 RECYCLE REFA8RICAT ION WITH REJECT RECLAMATION •# • S 7 8 0 0 4 . 0 0 

COST OF 23 RECYCLE REPROCESSING • » • « • » • • • • • • » • • » * « • # • * * • • • » » m 2 9 0 9 2 . 0 0 

COST OF m 1 0 7 9 7 7 . 0 0 

COST OF s 1 5 1 4 6 . 0 0 

COST OF 25 RECYCLE REFABRSCATION • * » • • • • • • • » • • • « * • » • • • • » * * * » 3 2 0 9 3 7 . 0 0 

COST OF 25 RECYCLE REFABRICAT ION HUH REJECT RECLAMATION 3 3 3 4 0 6 . 0 0 

COST OF IM RECYCLE REPROCESSING •»»»»» • • *» *» • •« * * •«« • * *» • *» • X 1 7 4 0 3 . 0 0 

COST OF = 5 0 8 0 9 . 0 0 

;OST OF s 1 3 9 2 0 . 0 0 

COST OF IM PREPARATION ANO FABRICATION • « * * * * • • « * • • • • * * * * * * * * 3 3 8 4 9 . 0 0 

COST OF IM PREPARATION ANO FABRICATION WITH REJECT RECLAMATION 4 3 9 2 7 . 0 0 

COST OF IM FUEL PROCESSING • « • » • » • • • » » * » * * • « • • • • • • • * • • • * • » * * a 4 6 4 2 2 . 0 0 

COST OF THORIA FABRICATION » » • » • » » » • # » * » » • • • • » • • • * » • • • • * * * * » = 1 3 9 7 2 . 0 0 

COST OF 22 AND 23 AND THORIA FABRICATION WITH REJECT RECLAMATION s 1 6 2 4 0 . 0 0 

COST OF = 1 9 6 7 2 ' 0 0 

COST OF = 4 6 4 9 5 . 0 0 

COST OF = 1 1 2 2 9 1 . 0 0 

COST OF s 1 6 3 5 3 3 . 0 0 

COST OF s 6 6 0 9 4 . 0 0 

COST OF 8 2 2 9 6 2 6 . 0 0 



BLANK PAGE 



INCREMENTAL UNIT CAPITAL COST DATA - DOLLARS /KILOGRAM 

COST OF SPENT FUEL STORAGE * « » • * » « * » * » * * • » • • • * • • • # » • • » • • * * * * 

COST OF 23 RECYCLE FABRICATION • • » » « » » » » • • » • • » • • » » » • • • » • • * • * 

COST OF 23 RECYCLE REFRABRtCATlON • • » * » » • • « » • » « * • » * • • * « • • * » * 

COST OF 23 RECYCLE REFA0RICAT ION WITH REJECT RECLAMATION *•"> 

COST OF 23 RECYCLE REPROCESSING * » • • » • • « « » * * • • * » « « « « « » • • « « » • 

COST OF 23 RECYCLE PROCESSING • « * » » » » • * » » * « • » • • • • » » $ » • » • « * » * 

COST OF 25 RECYCLE FABRICATION * * * » « * • * * » • * * * * » » • * « * « « « * * * » * 

COST OF 25 RECYCLE REFABfi ICAT ION • • * » » * « » » » • • « » • * » » * « • « » • « » » 

COST OF 25 RECYCLE REFABR ICAT ION WITH REJELT RECLAMATION * * * 

COST OF IH RECYCLE REPROCESSING * » • » * * * * * • * » * * * * • * * « » * « * * * * » 

COST OF 25 RECYCLE PROCESSING * * * • * * « * * * * * * * » • • * * * * » * « « « * * * » 

COST OF I H FABRICATION » * * * • » « » * » » « » » » « * * » * • » » » * * » » * . » * » * « . * * 

COST OF IM PREPARATION AND FABRICATION * * « * » * « * * * * « * • * * « * * * < . 

COST OF IM PREPARATION AND FABRICATION WITH REJECT RECLAMATION 

COST OF IH FUEL PROCESSING 

COST OF THORIA FABRICATION 

COST OF 22 AND 23 AND THORIA FABRICATION WITH REJECT RECLAHATIDN 

COST OF THORIA PROCESSING 

COST OF TOTAL REPROCESSING « • » * * * » « * « * * * * * « * * » * * * * * * « * * * * * » » 

COST OF TOTAL REFABRICATION 

COST OF TOTAL RECYCLE PROCESSING 

COST OF TOTAL IH PROCESSING * » * * * » « • » » « » » « * « * * * • * * « * * • « * « * * * » 

COST OF TOTAL FUEL PROCESSING « * » « * « « * * * « * « * * * • * * * * * * » * • * * * » 

0.00 
1 9 6 . 0 0 

3 7 5 . 0 0 

4 3 4 . 0 0 

7 0 . 0 0 

2 5 B . 0 0 

6 8 5 . 0 0 

9 4 6 . 0 0 

1 5 1 0 . 0 0 

3 5 7 6 . 0 0 

2 2 9 7 . 0 0 

4 8 . 0 0 

118.00 

1 5 3 . 0 0 

161.00 

3 4 . 0 0 

4 0 . 0 0 

4 8 . 0 0 

110.00 

2 6 5 . 0 0 

802.00 

1 5 4 . 0 0 

4 7 2 . 0 0 



THE CAPITAL COST FOR EACH OF THE INDIV IDUAL PROCESS BLOCKS I S AS FOLLOWS 

HEAD END REPROCESSING OF 23 RECYCLE SPENT FUEL E L E M E N T S ! A - l 5 ) * 

ACID THOREX REPROCESSING ( 2 3 RECYCLE F U E L ) * 

SOLEX PROCESS FOR MICROSPHERE PREPARATION ( 2 3 RECYCLE I t 

BISO H1CROSPH COAT PROCESS 23 RECYCLE PARTICLES (TH232 'J )02 ( L - l . F ( l l ) * 

FRF SLUG INJECTION OUT OF BLOCK CARB PROCESS FOR 23 RECYCLE M - 4 . M 2 I * 

FUEL ELEMENT ASSEMBLY OUT OF BLOCK CARB PROCESS 2 3 RECYCLE N - l . B * 

HEAD ENO REPROCESSING OF IH ANO 25 RECYCLE SPENT Fli.'i ELEMENTS (Al S M9t 

ACID THOREX REPROCESSING ( I N SPENT S 25 RECYCLE F U E L ) * 

CUSP PROCESS FOR U02 MICROSPHERE PREPARATION ( 2 3 RECYCLE)* 

TRISO MICROSPHERE COATING PROCESS <25 RECYCLE PARTICLES) 235U02 ( L - 2 . C . I 1 

FRF SLUG INJECTION OUT OF BLOCK CARB PROCESS FOR 25 RECYCLE H - 4 . B I 2 ) * 

FUEL ELEMENT ASSEMBLY OUT OF BLOCK CARB PROCESS 25 RECYCLE N-l.C* 

UNH PREPARATION FOR IH ELEMENTSt 

CUSP PROCESS FOR U02 MICROSPHERE PREPARATION ( I M RECYCLE)* 

TRISO COATING PROCESS IH F I S I L E PARTICLES U02 t L - 2 . J . U ) ) S 

FRF SLUG INJECTION OUT OF 9LOCK CARB PROCESS FDR I H FUEL M - 4 . A ( 1 I I 

FUEL ELEMENT ASSEMBLY OUT OF BLOCK CABB PROCESS I H FUEL N - l . A * 

THORIUM RECOVERY PROCESS I T - 2 ) i 

T H I N 0 3 ) 4 PREPARATION PROCESS K - 8 * 

THORIUM OIOXIOE MICROSPHERE PREPARATION* 

BISO MICROSPHERE COATING PROCESS - FERTILE PARTICLES—TH02 < 1 - 1 . A . ( 1 ) * 

RECLAMATION OF THORIUM FROM REJECT KERNALSi 

THORIUM OIOXIOE REJECT RECLAMATION COATING REMOVAL* 

RECLAMATION PROCESSING OF REJECT 23 RECYCLE FUEL I A - 1 5 ELEMENT)* 

RECLAMATION PROCESSING UF REJECT 25 RECYCLE FUEL ( A - 1 9 ELEMENTS)* 

RECLAMATION PROCESSING OF REJECT I M FUEL < A - 1 ELEMENTS)* 

SUM OF ABOVE PROCESSES I M I L L I O N S OF DOLLARS) 

•THCUSANDS OF DOLLARS*** 

6 1 = 1 6 0 1 2 . 0 0 

B2 s 1 1 0 8 1 . 0 0 

B3 = 3 2 6 1 6 . 0 0 

6 4 r 1 2 1 5 6 . 0 0 

B5 = 1 5 5 8 5 . 0 0 

B6 as 78 7 6 . 0 0 

8 7 = 1 2 5 1 9 . 0 0 

B8 4 8 0 4 . 0 0 

B9 9 5 7 9 1 . 0 0 

I * BIO 3t 3 3 0 2 . 0 0 

B l l = 7 2 1 0 . 0 0 

6 1 2 = 4 6 3 4 . 0 0 

B13 X 2 4 9 5 . 0 0 

B14 % 1 9 9 2 9 . 0 0 

B15 = 6 4 4 1 . 0 0 

B16 s 2 7 9 5 . 0 0 

B17 3 4 6 8 4 . 0 0 

018 = 4 7 4 7 . 0 0 

B19 = 3 4 3 2 . 0 0 

6 2 0 = 5 6 5 9 . 0 0 

B21 = 8 3 1 3 . 0 0 

622 = 1 1 7 6 . 0 0 

B23 = 1 0 9 1 . 0 0 

B24 = 1 0 6 5 0 . 0 0 

6 2 5 = 1 2 4 6 9 . 0 0 

B26 = 1 0 0 7 8 . 0 0 

2i..6267 



CAPITAL COST BREAKDOWN FOR PLANT I USING HAlfcRlAL BALANCE NO. 2 FO.% 

PLANT CAPACITY = 1 . 5 0 METRIC IONS OF HEAVY METAL PE R DAY 

INCREMENTAL PLANT CAPITAL COST DATA - rr.ni'<iANOS OF DOLLARS 

COST OF SPENT FUEL STORAGE • * « » » • • « * « » » « • « • » « » • » » * » » » < « « « » » » 

COST OF 23 RECYCLE FABRICATION » » » » » » * » » « « » « » » » » » » » » • » » » « » » » 

COST OF 23 RECYCLE REFRABRlCATlUN * » • » » » » « » # » » • » » « : • * * » • « • * * • 

COST OF 23 RECYCLE RE FABRIC AT ION H U H REJECT RECLAMATION »«» 

COST OF 23 RECYCLE REPROCESSING » » • » * » » * # « * » « » » * « » » » « • * » • » * « 

COST OF 23 RECYCLE PROCESSING * » » * « » » » » * » » » » » » « » # » « » » ? 

COST OF 25 RECYCLE FABRICATION • » • • • « » « * » » • » » • » • » « # • » . > * » « * • • 

COST OF 25 RECYCLE REFABRICATION « « » * » « * « « * » » » » * » * » * » » * « • » * » 

COST OF 25 RECYCLE REFA8RICAT ION K I T H REJECT RECLAMATION » « • 

COST OF IM RECYCLE REPROCESSING * * » » « « « » « « » * « * » « • » » « « » » » » » » » 

COST OF 25 RECYCLE PROCESSING * » » » * » * » » * * » * « « » » « • » * • » » » » » * » • ; 

COST OF IM FABRICATION * » « * * * * : » * 6 * « » * # » * a « * * * » » « * * « * * * * * $ * * B 

COST OF IM PREPARATION AND FABRICATION * < - < . • « » » » • * » » » « » • » » * » • ! < 

COST OF IM PREPARATION ANO FABRICATION WITH REJECT RECLAMATION 

COST OF IM FUEL PROCESSING * # » * » * » » * * * » • * « * » « » » » • * « * * « » ! » * * » : • . 

COST OF THORIA FABRICATION » « » » t « r ) » M » , 

COST OF 22 AND 2 3 AND THCRIA FABRICATION WITH REJECT RECLAMATiO 

COST OF THORIA PROCESSING « » « * * * » » V ' i i * * » * f « « » « * « « « » « 4 i * * » # * * * « > 

COST OF TOTAL REP.TOC ESS ING 

COST OF TOTAL REFABRIuATlON e s w « s » 3 « » « e o « * o » » e » # » s » « » * » » * t : » 

COST OF TOTAL RECYCLE PROCESSING « * * * * * » « * * « * » » « * « * * * 

COST OF TOTAL IM PROCESSING 

COST OF TOTAL FUEL PROCESSING 

TOTAL OF 26 PROCESSES USING THRUPUT OATA IN EACH PROCESS 

0.00 
7 0 1 7 5 . 0 0 

1 3 9 1 3 2 . 0 0 

1 5 0 6 6 8 . 0 0 

& 3 Q 2 7 . 0 0 

2 i 4 i > 9 5 . 0 0 

2 1 0 5 5 . 0 0 

3 6 5 2 3 . 0 0 

4 8 5 5 3 . 0 0 

2 7 6 2 9 . 0 0 

7 6 5 B 2 . 0 0 

2 6 8 5 0 . 0 0 

63 7 9 7 . 0 0 

7 5 4 7 3 . 0 0 

7 9 1 4 9 . 0 0 

2 9 6 2 5 . 0 0 

334 .E2 .00 

385 7 2 . 0 0 

9 1 5 5 7 . 0 0 

1 9 9 6 2 0 . 0 0 

3 0 5 5 7 2 . 0 0 

1 1 7 7 2 1 . 0 0 

4 2 3 2 9 3 . 0 0 



INCREMENTAL UNIT CAPITAL COST DATA - DOLLARS /KILOGRAM 

COST OF SPENT FUEL STORAGE * « $ * * # « • • * • « * » » • » » » » « » < . * » * * » • • • * » 

COST OF 23 RECYCLE FABRICATION • » » « « » * « » * • * * * » « » * * • * » * » » « • « * 

COST OF 23 RECYCLE REFRABRI CATION » » » » • • « • • • • • • • • » » » « » * » • » » » 

COST OF 2 3 RECYCLE REFABRICATION H i TH REJECT RECLAMATION * • * 

COST OF 23 RECYCLE REPROCESSING « » » » » » # * « * » » » » » • » » » » * * • » » # * « 

COST OF 23 RECYCLE PROCESSING « * * * » « * * * » » * * * » • • * • * • • * * • « * • * * 

COST OF 25 RECYCLE FABRICATION * » » * * * » » « * « « « * « » * « * e * « » » » » * « « 

COST OF 25 RECYCLE REFABRICAT ION » * » » » » • « • » » » * • « * * • • * * * * * * * * 

COST OF 25 RECYCLE R EFABR ICAT ION H U H REJECT RECLAMATION * * « 

COST OF IH RECYCLE REPROCESSING • » » » « • • • « • * • • » • « » • » * • » • * » » * * 

COST OF 25 RECYCLE PROCESSING « * * « * * * « » « » * 9 * * * « * » * * » * * * * * * * r 

COST OF I H FABRICATION * « * * « * * * * * « « * » * » • • « • * « • * « • « » * * » • « » • * » 

COST OF IM PREPARATION ifJD FABRICATION * * « • » • « • • * * » » « » » « * » • • 

COST OF IM PREPARATION AND FABRICATION U I T H REJECT RECLAMATION 

COST OF IM FUEL PROCESSING * • * * # * » # * • » < ( * » » • * * # • » » » « * * » » « « # * * 

COST OF THORIA FABRICATION • » * * • » * * * * « * * * » » » • » • » • » » « * • * » « * » * 

COST OF 22 ANO 23 ANO THORIA FABRICATION K I T H REJECT RECLAMATION 

COST OF THORIA PROCESSING * o « a < i * » « » » » « i * » » » » » » » « » » » » » » » » « * * » 

COST OF TOTAL REPROCESSING « « * * * » » « « * » » * « • * » * • » * « » « * * » * * • > * » » 

COST OF TOTAL REFABR ICAT ION * * » s * » < > * * * « * a » » » « e « » « * * # « * » » » * * » 

COST OF TOTAL RECYCLE PROCESSING » » » « * » » » • • • » » » • » • • • « » • » « « • * 

COST OF TOTAL IM PROCESSING • # • • • • • » • » » • » • • » » • • » « • » • « » * » « • » • 

COST OF TOTAL FUEL PROCESSING • * * » » « • » » * # # • * * * • • * » • « * » * » » # * * 

0.00 
1 2 9 . 0 0 

2 5 5 . 0 0 

2 7 6 . 0 0 

5 1 . 0 0 

1 7 1 . 0 0 

3 1 7 . 0 0 

5 5 0 . 0 0 

7 3 B . 0 0 

1 8 9 2 . 0 0 

I 1 5 4 . 0 0 

3 1 . 0 0 

7 4 . 0 0 

8 7 . 0 0 

9 2 . 0 0 

2 4 . 0 0 

2 7 . 0 0 

3 2 . 0 0 

7 2 . 0 0 

1 5 7 . 0 0 

H 9 9 . 0 0 

9 1 . 0 0 

2 9 0 . 0 0 



THE CAPITAL COST FOR EACH OF THE INDIVIDUAL PROCESS BLOCKS IS AS FOLLOWS 

HEAD END REPROCESSING OF 23 RECYCLE SPENT FUEL ELEMENTS!A-15»$ 

ACID THOREX REPROCESSING ( 2 3 RECYCLE FUELH 

SOLEX PROCESS FOR MICROSPHERE PREPARATION l i j RECYCLE!! 

BISO MICROSPH COAT PROCESS 23 RECYCLE PARTICLES ( T H 2 3 3 U ) 0 2 ( L - l . F t l ) ) $ 

FRF SLUG INJECTION OUT OF BLOCK CAP3 PROCESS FOR 23 RECYCLE M - 4 . A ( 2 ) $ 

FUEL ELEMENT ASSEMBLY OUT OF BLOCK CARB PROCESS 2 3 RECYCLE N - l . B S 

HEAD END REPROCESSING OF tM AND 25 RECYCLE SPENT FUEL ELEMENTS ( A l f. A191 

ACIO THOREX REPROCESSING IIH SPENT £ 25 RECYCLE F U E D S 

CUSP PROCESS FOR U02 MICROSPHERE PREPARATION ( 2 3 RECYCLE IS 

TRISO MICROSPHERE CCATING PROCESS ( 2 5 RECYCLE PARTICLES) 235U02 ( L - 2 . C . ( 1 

FRF SLUG INJECTION OUT OF BLOCK CARB PROCESS FOR 25 RECYCLE M - 4 . B I 2 J S 

FUEL ELEHENT ASSEMBLY OUT OF BLOCK CARB PROCESS 25 RECYCLE N - l . C S 

UNH PREPARATION FOR IM ELEMENTS! 

CUSP PROCESS FOR U02 MICROSPHERE PREPARATIOU ( I M RECYCLE I t 

TRISO COATING PROCESS IM F I S I L E PARTICLES U02 ( L - 2 . J . ( 1 ) 1 S 

FRF SLUG INJECTION OUT OF BLOCK CARB PROCESS FOR IM FUEL H - 4 . M I I ) 

FUEL ELEMENT ASSEMBLY OUT OF BLOCK CABB PitOC£SS I H FUEL N - l . A t 

THORIUM RECOVERY PROCESS : T - 2 > $ 

T H I N 0 3 I 4 PREPARATION PROCESS K - B t 

THORIUM DIOXIDE MICROSPHERE PREPARATION* 

BISO MICROSPHERE COATING PROCESS - FERTiL= PARTtCLES-THOZ ( L - l . A . ( : • '• 

RECLAMATION OF THORIUM FROM REJECT KERNALSS 

THORIUM DIOXIDE REJECT RECLAMATION COATINb REMOVALS 

RECLAMATION PROCESSING OF REJECT 2 3 RECYCLE FUEL I A - 1 5 ELEMENT!* 

RECLAMATION PROCESSING OF REJECT 25 RECYCLE FUEL ( A - 1 9 ELEMENTS IS 

RECLAMATION PROCESSING OF REJECT IM FUEL < A - 1 ELEMENTS)* 

SUM OF A80VE PROCESSES (M ILL IONS OF DOLLARS! 

•THOUSANDS OF 00LLARS«*« 

B1 = 3 8 2 8 9 . 0 0 

02 3 2 5 6 3 8 . 0 0 

83 - 6 8 9 5 7 . 0 0 

B4 = 2 6 4 5 5 . 0 0 

B5 = 3 0 6 7 2 . 0 0 

B6 1 3 0 4 9 . 0 0 

B7 = 2 1 0 8 3 . 0 0 

B8 = 5 7 4 7 . 0 0 

8 9 = 1 5 4 6 8 . 0 0 

I S BIO = 5 5 0 4 . 0 0 

O i l 1 0 0 3 4 . 0 0 

B12 = 5 4 6 8 . 0 0 

B13 = 3 f . 7 t . 0 0 

B14 = 3 6 W . 0 Q 

B15 = 1 2 7 3 6 . 0 0 

B16 » fc'.fcl.OO 

6 1 7 7 f 5 4 . 0 0 

B i a » 14 . - 5 . 0 0 

B19 = 51)90.00 

820 = 1 2 1 7 1 . 0 0 

0 2 1 = 1 7 ' . " r i . 0 0 

B2 2 = l ' ) f ! 3 . 0 0 

B23 = 1*194.00 

824 = 1 1 5 3 5 . 0 0 

B25 "3 1 2 4 3 0 . 0 0 

626 = 1 1 6 7 6 . 0 0 

423.2940 



CAPITAL COST BREAKDOWN FOR PLANT 1 USING MATERIAL BALANCE NO. 3 FOR 
PLANT CAPACITY = 3.00 METRIC TO IIS OF HEAVY HkTM- PE R CAY 

INCREMENTAL PLANT CAPITAL COST DATA - THOUSANDS OF DOLLARS 

COST OF SPENT FUEL STORAGE ******«*******«**«»*»*••**•«*»»•» 
COST OF 23 RECYCLE FABRICATION *»*•»*•»•»•»»•••••••••#•»*»•» 
COST QF 23 RECYCLE REFRABRICATION »*»*•«»«»«*»»»»»«»«»•*»»»» 
COST QF 23 RECYCLE REFABRICATION WITH REJECT RECLAMATION ••» 
COST OF 23 RECYCLE REPROCESSING 
COST QF 23 RECYCLE PROCESSING •*»»»»»»*»»»«»»«»»••»•»*#»»•»• 
COST Or 25 RECYCLE FABRICATION «*»»»»»»»#»««*«»»•»»»»#»«*«»» 
COST OF 25 RECYCLE REFABR ICAT ION #***.««»«•**»*»»»**#*•*»•••* 
COST OF 25 RECYCLE REFABRICATION WITH REJECT RECLAMATICN »*» 
COST OF IH RECYCLE REPROCESSING *»«»»»»*»#•»••»•••»»••••*•»* 
COST QF 25 RECYCLE PROCESSING »•*«**««*>••»»»»••»•»•••»•»»*» 
COST OF IM FABRICATION ****•***«•«»*«******«•••*««••**••**** 
COST QF IM PREPARATION AND FABRICATION •»••••»•••»•»»•#•••»» 
COST QF IH PREPARATION AND FABRICATION WITH REJECT RECLAMATION 
COST QF IM FUEL PROCESSING ••••#•»••**•»••»»»««•••«»»••»#••• 
COST OF THORIA .-ABRICATIUN •«*«**•«****•**»**•**•***•*•****• 
COST OF 22 ANO 23 ANO THORIA FABRICATION WITH REJECT RECLAMATION 
COST QF THORIA PROCESSING ***»«»***«4***»««»»«»«»*»i»»»«*»*** 
COST OF TOTAL REPROCESSING •***»»»»»»•«*»*••••»»*»•**••»*•** 
COST QF TOTAL REFABRICATION 
COST QF TOTAL RECYCLE PROCESSING **•*»*»»*»•••••••*•»»•••*** 
COST OF TOTAL IM PROCESSING »**•»*««*«*»»••»»•»••*»«•»»»••»» 
COST OF TOTAL FUEL PROCESSING »*««•»«**»»••#»«•*•••»»••••»#• 

TOTAL OF 26 PROCESSES USING THRUPUT DATA IN EACH PROCESS 

0.00 
108368.00 
226963.00 
236043.00 
98159.00 
334202.00 
29566.00 
55556.00 
65995.00 
43973.00 
109968.00 
42084.00 
97619.00 
111419.00 
116650.00 
5164B.00 
57783.00 
66839.00 
142132.00 
302038.00 
470068.00 
163489.00 
653557.00 



INCREMENTAL UNIT CAPITAL COST DATA - DOLLARS /KILOGRAM 

COST OF SPENT FUEL STORAGE • « * # • » « « # # * * • » • » « . » • » * • » » » » » « « » » • » 

COST OF 23 RECYCLE FABRICATION • • « • • • « » • • • » • • » « • • • « • • • • • • • • * 

COST OF 23 RECYCLE REFRABRICATION • » • • • • • • » » • • • » » • « • • • « • • • • • 

COST OF 23 RECYCLE REFABRICAT ION «1TH REJECT RECLAMATION • • » 

COST OF 23 RECYCLE REPROCESSING • « « » • » » » » » • • » » • » » • • • • • » • • » • • 

COST OF 23 RECVCLL PROCESSING • « • » • • - • » ' » » • • • • » » • • » » • » • • » • • • « 

COST Of 25 RECYCLE FABRICATION • • » » * • • • • • • • » • « • • » • • • • • « • • • • • 

COST OF 25 RECYCLE REFABRICATION * » » • « • • * » • • » « • » » * . » • • » • • » • » 

COST OF 2 5 RECYCLE REFABRICATION n I l M K t J t C T RECLAMATION • • • 

COST OF IM RECYCLE REPROCESSING • • » • » • » • • • • • • « » • » » » • • • • • • » • • 

COST OF 25 RECYCLE PROCESSING • • * » • • » • » • • • • • • • » • • • • « . • * • • » • • • 

COST OF I H FABRICATION *»*«**«***«*»«****»*t*««t»««*«**«««*» 
COST OF IM PREPARATION AND FABRICATION • « • • • • • « • • • » • * • < * » • • 

COST OF IM PREPARATION AND FABRICATION XI Ut REJECT RECLAMATION 

COST OF IM FUEL PROCESSING • » « • • • » » • • * » * » • • • • « « • • • « • • • • » » • • * 

COST OF THDRIA FABR I CAT ICN • • « » » . » • * » . » , « • • • * * • • » • • » » • • • • • • , > 

COST OF 22 ANO 23 AND THQRIA f A S K t L A I i O N rf' TH REJECT RECLAHAT**' 

COST OF THORIA PROCESSING t u t o s i r u M J » » • • » * . • • • • • • • » ! » » . 

COST OF TOTAL REPROCESSING • » » » • » . » » • » • # » « # » • • • « • » « • • • » • # . » . 

COST Of TOTAL REfABRICATION » » 9 » « e » » » » » » * « t » » . » » » » » . * • • • » • » » 

COST OF TOTAL RfCYCLl PROCESSING 8M«H»m»I»»H»»HM«ih»I 
COST OF TOTAL IM PROCfSSING » » » • - « » «••»•» • • • 

COST OF TOTAL FUEL PROCESSING • » » • » » • • • • • • » # • • » • • • • • • • • • # • » • 

0.00 
9 9 . 0 0 

206.00 

21o.00 
3 1 . 0 0 

1 3 3 . 0 0 

2 2 3 . 0 0 

4 1 9 . 0 0 

4 9 7 . 0 0 

1 5 0 6 . 0 0 

6 2 9 . 0 0 

2 4 . 0 0 

5 / . 0 0 

6 5 . 0 0 

66.00 

21.00 

2 4 . 0 3 

2 7 . 0 0 

It,. 00 
H*!.00 

7 1 . JO 

2 2 4 . 0 0 



THE CAPITAL COST FOR EACH Of THt ISOtViUUAL PXOiUSS IKQCXS IS AS f O t l f i V S - I H C U U M H [)0l.L«*S»»* 

HEAD END REPROCESSING OF 2 i RtCYCLl S P t M f u l L ( » - i » t » 6 1 i urt.ms 

AC ID TMORfX REPROCESSING ( 2 3 RECYCLE f J t l ) * * 6 * £ t . 0 9 

SOLE* PROCESS FOR MICROSPHERE PMfPA«AI iax 12 J a (CYCLE 11 4 1 U f t ^ U . O O 

RISO HICROSPH COAT PROCESS 23 RfCYCtL P A h l l t L L S l t » ? J > U ) 0 ; U - t . M U l * est • • v - s & . o o 

FRF SLUG INJECTION OUT 0 * BLOCK CAWi PKOttSS f O * j } KCCYClf p i 

FUEL H E H f H T ASSEMBLY OUT OF BLOCK C A M P K U t l S i i i * C C T C M n - U R t f t , t t m . C O 

HEAD END REPROCESS ING OF IM ANO R t C r C i t i f t r t l f U f t , t t t » " t « T 5 ( A l 4 A l « > » at j t j . i s . g a 

ACID THOREX REPROCESSING 1 IM SPENT t J i KtCttkt f U t l l l ft* 

CUSP PROCESS FOR U02 MICROSPHERE PREPARATION 1 2 ) H i C Y C t t U t » 

TRISO MICROSPHERE COATING P80CCSS I 2 S R L C r U C PAHTICL lSJ 2>$UQ2 ( l - ? . t . i t l l f etc (WOT.30 

FRF SLUG INJECTION OUT OF 3L0C* CARS PtUlCLSS M ) » 25 RICfCLE M » * . B W > * 6 H t l 

FUEL ELEMENT ASSEMBLY OUT Of (UOCK CAktt VHQCtii 25 *ECYCLC » - ! . £ * t>u t :i;7.oo 

UNH PREPARATION FOR IM CLEMENTS! e u M J t . o o 

CUSP PROCESS FOR U02 MICROSPHERE t>« fP*kA 11 Oft IIH HfCrO.ttt St* 

TRISO CflAT I Nr. PROCESS IM 1-1 SILL P A S I I C L t S UU2 I i - 2 . J . t t > ! t S I S 

FRF SLUG INJECTION OUT OF OLOC* CAS& PXQUSS FuR » * F U U M - t . A t l H sis . I t l f t f c .OO 

FUEL ELEMENT ASSEMBLY OUT Of BLOC.*. CABS P M O U S l I M F U t t h - I . A l s r i t m . c o 

THORIUM RECOVERY PROCESS I T - 2 J I ftip 1 * 9 ^ . 0 0 

T H I N 0 3 I 4 PREPARATION PROCESS X - 8 1 m? o i m . o o 

THORIUM OIOXIOE MICROSPHERE PREPARATIONS 0 2 0 

HISO MICROSPHERE COATING PROCESS - f t k i u t JCLtS-T>tf>2 I L - i . A . m * » 2 J i ' l U J . C O 

RECLAMATION OF THORIUM FROM REJECT KERNALS* 622 j # 0 ) . 0 0 

THORIUM OIOXIOE S t JECT RECLAMATION COAUN& REMOVAL t » 2 J H J 2 . 0 0 

RECLAMATION PROCESSING Of REJECT 2 3 RECYCLE fUfcL ( A - 1 5 ELtMEMT Jt •SOAO.tfO 

RECLAMATION PROCESSING Of REJECT 25 RECYCLE FUEL t A - 1 9 ELtMEHTSI t 8 2 * t c ^ M . d o 

RECLAMATION PROCESSING OF REJECT |M FutL I A - 1 ELEMENTS!5 02ft n » o o . o o 

SUN 0 ? ABOVF PROCESSES (MILLIONS OF DOLLARS! 


