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DESCRIPTION OF NOMUF

S. R. McNeany
INTRODUCTION

. NOMJF is a computer code for making calculations of the uranium
and thorium flows through the HTGR Fuel Refabrication Pilot Plant.
A description of the code is given on the following pages. It is
hoped that the description is complete enough to allow a user to run
case studies of the FRPP or to modify the code itself. Included is
a short description of the theory behind NOMUF, program flowsheets
and listing, and a sample application of NOMUF to the FRPP.

The program is general enough that changes can be made in the
FRPP process flowsheets without making changes in the internals of
NOMJF. Process changes can be made by changing the input to NOMUF.



Theory of NOMUF

The calculations in NOMJF are based on a plant model having only
forward flow of material throughout the processing steps with some
fraction of the main flow being removed at various points along the
line. As it presently stands, feedback of material i1s not included in
the calculations. (See appendix.)

Consider a material processing system containing N arbitrary
processes in the following configuration.

Plant . . . Plant
Input Output
Process Process Process
_— > S — Ty P
Removed Removed . Removed

Material Material " Material

(waste, samples, rejects)

Let each process be composed of NS arbltrary process steps of
the following arrangement.

Process T
Process ‘ Process
Input . Output
Step Step . Step
— 1 — 2 —> —> NS(1) | >
Removed | Removed : Removed

Material Material . Material



Fach process step is the smallest individual component of this
plant model.. It might represent a transfer hopper, a sample removal
station, & carbonization furnace, or any other arbitrary processing
step. The only limitation on a process step is that it has a single
input, a single output, and either a single removal stream or no
removal stream. There is one exception to this rule. One process
step at any user specified location can have one auxiliary input.
These two kinds of process steps are illustrated below.

General Process Step Exception
Auxiliary
Input
Input Output Input Output
—_— - —>
Removal Removal

In each generalized process step, the output flow and removal
flow is calculated from a user supplied removal percentage. The
output flow is then redefined as the input flow to the next step.
To determine the actual flows through the plant for a required plant
output, preliminary calculations are made on an arbitrary plant input.
The resulting output is then compared to the required output and a
correction factor is computed which is applied to the preliminary plant
input. Using this corrected input, the calculations are made again
and the results are printed.

In the present application, two materials, uranium and thorium,
are followed through the refabrication plant. Uranium enters the
system in the first process step of the plant, and thorium enters in
the above mentioned "Exception" process step.

Program flow sheets and a FORTRAN program listing are given on the
following pages.



Program Fllows heets -
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DECLARATION
STATEMENTS

MAIN  PROGRAM

AO. oF PROCESSES
REQUIRED U & TH OUTRYUT

LOCAT/ON OF TH /NTRODUCT/ION
NO. OF STr&PS /N EACH PROCESS

CALC. U Flow

THRY EARH
STrEP IV

r—-—--—--—--’

-PROCESS

USING AN ARBITRARY
INPUT TO THE F/RST

PROCESS

CALL SETVP , CALL CALC

CALC (/L ATE

CORRECTION
FACTOR FOR

v INPUT TO
Gy DESIRED OUTP

—

b e - - = -

CORRECT 10N
PACTOR
= MULT

CALQULATE
TH/U RATIO




CALC. ToTAL
AMONT OF

U * T7H Removep
p R PPocEsse

NP=2
R 4
DEFINES INPYT
CALL | o e~y FLOW TO EACH
SETUPR PROCESS STEP
LABELS THE
CALL e e - o | 70P OF EACH
HEAD PROCESS PAGE
— . . CALLUVLATES ALl
CALL o — - | MAIN FLOWwS
CALC ' AND REMOVAL FLoWS
* PRINTS RESUTS
SAVES CALCULATED
CALL L o e = —p VALVES OF ScLECTED
SAVE ‘ PARAMETERS FOR (ATER
PRINT VT




CALL
OUTP2

PRINTS SUMMARY
aF AVERALL
PRoCESS FLOWS




SUBROUTINE

SETVP

‘ START >

DECLARAT!ON

STATEMENTS

READ
TITLE
CARD

INITIALIZE
ALl REMOVAL
PERCENTAGES To
RERO

READ
NON-BERO
REMoOVAL

EF/IRST
PROcESS {

A

v INPYT TO
PROCESS
3/0,0% MULT

URIN = /O MULT

v INPOT =
oyTPYT FROM

LAST PROCESS
URIN = UROUT

|

TH NPT TO
PROCESS

= 0.0
THNIN =0.0

TH INPUT =
OUTPUT FROM
LASY PROCEST

[

UV INPYUT TO

PROCESS

= /0.0 (Ac2) '

URIN ® 10.0

v

INPYUT =
OUTPUT FRoMm

LAST PRoCESS
VRIN = UROVT

-l RETVRN

THIN: THOOT

)



SUBROVYT/INE MHEAD

DECLARATION

STATEMENTS

wWRITE Plo-
CESS TITLE

+ Flow .
SHCET NO.

LABEL
oyTPUT
CoLUMNS




SUBROUTINE CALC.
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( START }

PECLARAT/0NM

STATEMENTS

Y
v INPUT TO
| FIRST Box

=V INPUT TO
PROCESLS

<0
CALC., - . )
INPUT INTO TH ENTERS LATER TH_ENTERED EARLIEE
EACH SUCCES-
S/IVE Box
DURING
/ \ 4
VU OUTPUT . TH INPYT TO TH INPOT IO
SV FLOW EACH RBox ' EACH SUCCES-
ovT OF LAST 3 0.0 S/vE RBox =
Box TH TH BAT0 % ¢ INPUT
ENTERS EnTeRED
'LATER ‘ EARRLIER
RETURN . TH INPUT TN INPYT
70 &ACH = RATI0 %
ox 20,0 vV INPOT
1
TH INPYT
70 PROCESS
S RAT10% UV
INPUT
x
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® 0 @1

TH InporTr
To r_sox s
TH INPYT TO
PRoC&SS

Y&S

CALC UV eTH
REMOVAL FLOWS
ERoM BoX

suM UvP
PRESENT

YOTAL OF U¢ _
EMOVAL FLow.

v REMOVAL

~ REmevAa L

FLow ?
oN-2ELo

¢

CALS, U
INPYT T O
NEXYT Box
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v ourpor
FROM PROCESS
=y OUTPUT
FROM LAST Rox

9z
CALC. TH
OUTPYT FROM
LAST RBox

wpRITE
PRoCESS
SUMMARY

RETVRN _



SUBROUTINE SAVE
13

( START )

DECLARATION

STATEMENTS

SAVE U+ TH INPUTS To PRacESS

"’ ¢ Y OQUTPUTS FROM PROCESS

o " » TOTAL PEMOVAL Flows
FRoOM PReCESS

PEFINE SAY
VARIABLES I, >

RETVRN



SUBROUTINE ~OUTPR
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PECLARAT/ION |

STATEMENTS

WRITE
FinAL PRO -
CESSES .

SUMMARY

RETURN ]
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FORTRAN Listing
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STATIC MODEL — MATERIAL BALANCE OF HTGR REFABRICATION PILOT PLANT

THIS PROGRAM CALCULATES THE MAIN FLOWS AND REMOVAL FLOWS (REJECT,

IN THE REFABRICATION OF HTGR FUEL ELEMENTS.

THE PROGRAM 1s DESIGNED TO HANDLE UP TO AND INCLUDING 10 PROCESSéS.

1E_PRO SNED 1

EACH PROCESS CAN HAVE UP TO 100 PROCESSING STEPS WITHIN 1T,

THE REQUIRED INPUT IS AS FOLLOWS:
N=NQO., OF PROCESSES INVOLVED (I2)
RUR=REQUIRED OUTPUT RATE OF URANIUM TN KG. PER DAY (El12.3)
RTH=REQUIRED OUTPUT RATE OF THORTUM IN KGe PER DAY (E12,3)
NOP=NO. OF PROCESS IN WHICH THORTUM ENTERS (I2)
NCOS=NO. OF PROCESSING STEP WITHIN PROCESS NO. NOP IN WHICH THORIUM
ENTERS (I2) _
LC=0 IF THIS IS THE LASY CASE ,LC=NON-ZERO IF THIS IS NOT THE
LAST CASE STUDY (I1) :
NS(IP)=NO. OF PROCESSING STEPS WITHIN PROCESS NO. IP {(13)
TITLE(IP,1)=TITLE OF PROCESS NG. IP (6A4)
NF(IP)=NO. OF FLOW CHART CORRESPONDING TO PROCESS NO. IP (12)
I1=STEP NO. IN FIRST PROCESS CONTAINING A NON-ZERO REMOVAL

PERCENTAGE (13)

D1=CORRESPCNDING REMOVAL PERCENTAGE (El3.4)

[ PUPRIpS B

REAL*4 MULT
INTEGER TITLE(10,6)
DIMENS ION NS{10),SAV{60)sNF(10),%(10,100)
COMMON N,y LCyNS,NO,IP,NSAy, MULT,TITLE,NF, SAV!II!IZ,I3v14015v01v029
103, D4o05oX,NSAPloRUR RTHy NOP, NOS,URQUT, RATIO,TURR,TTRR,URIN,THIN,
2THOUT, SUMU, SUMT y URMF y URRF 4 THMF, THRF
C READ INPUT PARAMETERS
1 READ{(54101)NyRURyRTH,NCOP, NOS,LC
READ(S54102)(NS{1)},I=1,N)
C NO IS A FLAG WHICH INDICATES WEATHER THE FOLLOWING CALCULATIONS
C . ARE PRELIMINARY DR FINAL, NO=1 INDICATES PRELIMINARY CALCULATIONS
NO=1
C CALCULATING URANTUM FLON THROUGH ALL PROCESSES
D0 100 IPA=1,N
IP=1PA
NSA=NS(1P)
NSAP1=NSA+]
CALL SETUP
100 CALL CALC
c CéLCULAIjﬂQ“CORRECTION FACTOR FOR U INPUT TO GET DESIRED QUTPUT
MULT=RUR/UROUT
C CALCULATING TH/U RATIO
RATIG=RTH/RUR
C FINAL CALCULATIONS oF URANIUM AND THORIUM FLOWS

D0 200 IPA=1,N .
IP=[PA
NSA=NS(IP)
NSAPI=NSA+1
CALL SETUP

CALL HEAD

.o e e e e s - . - P . . M,.},
. N . . . .
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CALL CALC

200 CALL SAVE
C CALCULATING TOTAL AMOUNTS OF URANIUM AND THORIUM REMOVED

TURR=0.0
TTRR=0.0

D0 210 I=1,4N
TURR=TURR#+SAV(6*I-1)

210 TTRR=TTRR+SAV(6%I)

c PRINTING FINAL SUMMARY
CALL 0TTP2 -
c IS ANOTHER CASE TO BE CALCULATED ?

TFULCY300,300,1
101 FORMAT(I2,7XsEL124393X9E120393X91293Xy1293Xs11)

102 FORMATT10T13)
300 STOP

END

X59

69X
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~ SUBROUTINE SETUP

C THIS SUBROUTINE READS ADDITIONAL INPUT PARAMETERS AND lNlTIALIZES
C OTHER PARAMETERS FOR USE IN LATER SUBROUTINES
C .

T REAL*G MULT
INTEGER TITLE(10,6)

T DIMENSION NS(10)qSAV(bO):NF(lO):X(lOv100) i
COMMON Ny LCyNS NOoIPyNSAyMULTy TITLEyNFySAVyI1y12413414415,D1,D2y

- 103,04, D5, Xs NSAPL s RUR, Rrﬁ'ﬁﬁﬁ‘ﬁﬁ§‘ﬁﬁﬁﬁf:ﬁffrﬁ‘TUﬁﬁTTTﬁi.U“TN'THTN.
_2THOUT, SUMU, SUMT , URMF ¢ URRF » THMF 5 THRF

¢ T T PRECIMINARY CACCUCATIONS ?
IF(NDO-1)15,15,30

“C~  READ TITLE CARD
15 READ(54200) (TITLE(IP,1)oI=1,6) NFLIP)

C INTTTIATI2E ALT REHUVI[_VERCENTAGES TO ZERO
DO 16 I=1,NSAPL

6 X{IP,1)=0.0
C READ NON-ZERO REMOVAL PERCENTAGES

T 00 22 11,100
READ(S.ZOI)II.DIpIZ.DZ,I3gD3pl4vD4,IS.DS

IF(11)23,23,21
21 X{IP,I1)=0D1

T TX(1P,121=D2
X({IP,13)=D3

XU{IP,14)=04%
22 X{IP,I5)=D5

C FIRSY PROCESS 7
23 IF(IP-1)25,25,27

T 25 URIN=10.0
2 . G0 TO 40

2_—““27'_UKYN¥UROUT
GO TO 40

c FIRST PROCESS ?
30 IF(IP-1)32,32,34

T 32 T URIN=MULT*10.0
THIN=0.0

60 TO 40
34 URIN=UROUT

T T THIN=THOUT
200 FORMAT{6A4,1X,12)

T 2017 FORMAT(5(13,E13.4))
40 RETURN

END
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SUBROUTINE HEAD
TTTC T THIS SUBROUTINE PRINTS QUT I‘WEIETNG°INﬁ—tIFEIS_THE—UUTFUT—CUfUHNS

C ___FOR EACH PROCESS

REAL*4 MULT '

- INTEGER TITLE(10+6) '
DIMENSION NS(10)4SAV(60)sNF(10),X(10,y100)

T T COMMON Ny CCyNS,NO, TP ,NSA, MUCT, TITCE,NF,SAV, I, 12, 13,14, I5,DI, D2,

103,D4s D55 X; NSAP1,RURyRTHs NOP 4NOS yUROU T, RATI Oy TURRy TTRRy URIN, THIN,
T ZTWOUTTSUWUTSUMT”UWMFTU?RFTTHMF—THRF

HRITE(6'700)(TITLE(IP.[)'I 1,6)

WRITE(6,701) NF(IP]

WRITE(6,702)
T T HRITELE, 703)

WRITE(64705)

700 FORMAT(Y1Y,52X,6A%)

701 FORMAT(53X,'(SEE FLOW SHEET NO.*,12,%))
T 102 FORMAT(‘0f, 12X, 'SYEP NO. Y, ? v 10Xy°
LON-ZERQ)* ,10X,y * PERCENT REMOVED')
TTTT103 FORMAT(34X, "(KG. HEAVY METAL PER DAY ', 10X, Y (KG. HEAVY METAL PER O~
1AY)')
TTTT705  FORMAT (34X, TURANTUMY , 11X, *THORTUMY, 10X, *UR ANTUM', T1X, "THORTUM™)
RETURN
END
2 x
X x-
S |
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____SUBROUTINE CALC

"THIS SUBROUTINE CALCULATES THE MATN FLOWS 5 AND REMOVAL FLOWS THROUGH
EACH STEP OF A PROCESS AND PRINTS THE RESULT

20

REAL*4 MULT

C

INTEGER TITLE(10,6)

DIMENS ION NS(IO):SAV(bO)'NF(IO)rX(lO 100) _ o
T COMMON Ny LC NS NO, TP, NSAy MULT, YITCE,NF,SAV,I1,12,13,14%,15,01,D2,
lD3,D4.DSvX9NSAPl,RUR RTH,NOP:NOS'URDUT,RATID,TURR'TTRR'URIN.THIN,

DEFINE U INPUT TO FIRST PROCESS B8OX (STEP)

C

URMF=URIN

PREL IMINARY CALCULATIONS ?

T OIFINGADL, L, 3
CALCULATE REST OF U INPUT FLOHS

C

1

2 URMF=URMF*(1.0-X(1P,1)/100.0)

DO 2 I=1,NSA

UROUT= URMF
RE TURN

c

3

SUMU=0.0
SUMT=0.0

CALCULATE U AND TH INPUT,

DO 20 I=1,NSA

U AND TH REMOVAL FLOWS,

AND PRINT THE RESULTS

c

PROCESS WHERE TH ENTERS ?

5

IF(IP-NOP)5,7,46
THMF=0.0 ‘
GO 70 11

6

THMF=RATIO*URMF
G0 T0 11

7

BOX WHERE TH ENTERS 7
IF(I-NOS) 849410

| THMF=0.0
GO 10 11

4

69X

THMF=THIN

10

I §

o

GO T0 11
THMF=RATI G*URMF

URRF=URMF*X(IP,1)/7100.0
THRFE=THMF*X(IP,1)/7100.0

SUMU=S UMU +URRF

T CALCULATTING 'SUMS OF REMOVAL FLOWS

C

12 WRITE(6+300)1,URMF,THMF URRF,THRF X (IPy1)
20 URMF=URMF*(1. o-X(lP.lilloo.O)

T T WRITE(69302) THIN, THOUT, SUMT

T IF(URRF.NE.0.0)G0 TO 12

SUMT=SUMT+THRF
U REMOVAL FLOW NON-ZERO ?

WRITE( 69300) 1 yURMF, THMF

G0 T0 20

UROUT=URMF

T THOUT=THMF*(1.0-X(IP, NS_T7100 0}
WRITE(6,301)URIN,UROUT, SUMU

300 FORMAT('O',13X9l3y16X FB8e3910X,FB8.319X9FBe4910X9F84.4y11X,F9.3)
T 301

302

1T =Y ,F8.3,°
2Y")

TTTRETURNTT T

END

FORMAT('D

T2MOVED =',F8.3, Y KGHM /DAY Y -
FORMAT(*0'96Xy* THORIUM INPUT =',F8,3,"

1/DAY',8X,'URANIUM OUTPUT =*,F8.3,"

0", 58X, "PROCESS UMﬁKRV'???X TURANTUM INPUT =7,FB.3,"' KGHM
KGHH/DAY'.IIX,'TOTAL URANIUM RE

KGHM/DAY®, 8X,* THORTUM OUTPU

KGHM7DAY Y, T1X,*TOTYAL THORIUM REMOVED ="

1F8.3, ' KGHM/DA
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~ SUBROUTINE SAVE L
B THIS SUBROUTINE STORES THE PRIMARY VAF VART“LES‘"“ﬁH‘EIt“?RGCESS‘?GF*

LATER PRINTOUT IN A SUMMARY TABLE

o

C
C

A REAL*4 MULT ,
- INTEGER TITLE(L10,46) ‘ . ;
D IMENS ION NS(lOloSAV(60)oNF(IO)oX(lOpIOO) :

COMMON N, LCoNSyNO TP, NSA, MULT TITLE NF,SAV, TT, 12, 13,14, I5, UI DZf] o

1034D49 D59 XeNSAPL,RURyRTH ¢ NOP ¢ NOS,URQUT4RAT10y TURR TTRR.URIN THIN'

T T2 THOU T, SUM U, SUMT y URME  URRF , THME , THRF
SAV( 6% IP-5)=URIN | ‘
“SAV(GF IP=4)=THIN ~ ; ,
SAV( 6% IP-3)=UROUT | -
T T TTSKV(ER [P 2) S THOUT
SAV( 6% IP- 1)=SUMU
B SAV(6¥ IPY=SUMT
RETURN
END

X59
69X




22 -

SUBROUTINE ouTP2 .
T € THIS SUBROUTINE pnthE"ﬁUT' HE FlﬂKt“SUﬂﬁIRY TIBEE

REAL*4 MULT
INTEGER TITLE(10,6) . . :
- DIMENSTON NSUI0),SAV(40), NF{I0Y,X{1I0, 1007} : i
COMMON Ny LCyNS,NO,IP,NSA,MULT,TITLE, NF.SAV.l1.l2.13.l4.15.01.02. A
‘”‘_“‘TD3'DZ"DS.X.NSAPT‘RUR’RTH‘NOP—NUS‘UROUT“RITTU‘TURK—TTKR—URTN_TRtN. ;
2THOUT, SUMUy SUMT  URMF o URRF s THMF s THRF A
T WRITEU6,800)
DO 10 I=1,N
10 WRITE(G6,801 I (TITLE(T,,J) +J=1,+67, SZV!E*! 5).SAV(6*I-4)pSAV(6*I 37,
2SAV(6%1-2),SAVI6*1-1),SAV(6*1)
T WRITE(G, 8 021 TORR, TTRR
800 FORMAT('1°',54X,'SUMMARY OF PROCESS FLOWS'//21X,"PROCESS NAME', 16X,
I INPUT ", 19X, YOUTPUT Y, 16X, TTOTAL REMOVED* /746X, ¥ (KGHM/DAY)Y, I5X,
2V (KGHM /DAY) * 515X, *{ KGHM/DAY) /39X 43(3X, "URANIUM®,5X,s * THORIUM', 3X) )
501 FDR-MAT( '0 v 'IOX1 IZ'ZX tsxz' B‘ZX'F Bo3t4x 'FB.3'3ﬂ)
802 FORMAT('0',9X,' TOTAL AMCUNT OF URANIUN REMOVED FROM ALL PROCESSES
IiT7F8:377§X}'TOTAE—KMOUNT‘UF—THORrUM—REMOVED‘FROW‘IE(‘PRDCESSES =

2,F8.3)
RETURN ' ; 7
END
) :
3
X é]
(<]




23

How to Use NOMJF

In order to use NOMJF, the user must acquire a set of process
flowsheets similar to those presented in the following example. The
process steps must conform to the generalized limitations given above.
In addition, there must be no more than 10 processes and no more than
100 process steps within any given process.

The required input information, along with its card number and
input format, is as follows.

Card 1

Cols. 1-2, N = number of processes (I2)

Cols. 10—21 RUR = required uranium output in kg/day (E12.3)
Cols. 25-36, RTH = required thorium output in kg/day (E12.3)
Cols. 40—41, NOP = number of process in which thorium enters (I2)
Cols. 45-46, NOS = number of step in which thorium enters (I2)
Col. 50, IC = zero for last case study, non-zero otherwise (11)

nnn

Card 2

Cols. 1-3, NS{1) = number of steps in first process (I3)
Cols. 4~6, NS(2) = number of steps in second process (I3)
Cols. 7-9, NS(3) = number of steps in third process (I3)
Cols. 10-12, NS(4) = number of steps in fourth process (I3)
Cols. 13-15, NS(5) = mumber of steps in fifth process (I3)
Cols. 16-18, NS(6) = number of steps in sixth process (I3)
Cols. 19-21, NS(7) = number of steps in seventh process (I3)
Cols. 22-24, NS(8) = number of steps in eighth process (I3)
Cols. 25-27, NS(9) = number of steps in ninth process (I3)
Cols. 28-30, NS(10) = number of steps in tenth process (I3)

o nnun

Card 3

Cols. 124 TITLE(1l,I) = title of first process (6A4)
Cols. 26-27 NF(1) = flowsheet number corresponding to first
process (I2)

Card 4

Cols. 1-3, Il = step number in first process containing a non-zero
removal fraction (I3)

Cols. 4-16, D1l = corresponding removal percentage (E13.4)

Cols. 17-19, I2 = step number in first process contalnlng a8 non-zero
. removal fraction (I3)

Cols. 20-32, D2 = corresponding removal percentage (E13.4)

Fill rest of card 4 similarly.
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Repeat Card 4 until all non-zero removal percentages of the first
process are included.

Place a blank card after last card of removal percentages of first
process. :

Repeat Cards 3 and 4 (including blank) for each process.
Repeat all of the above for each case study.

The final arrangement of the input cards is contained in the
diagram on the following page. :
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oo e
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ARRANGEMENT OF INPUVT DATA CARDS

CASE STUDY 2

f CARD |
(‘unmc ]
F CARD 4
( CARD 4
(caxos
'[emuk

f CARD 4

PRocESS 2

CASE STvdy

'PRacers 1

REPEAT FOR
EACH PRoCESS

((CARD 4

(cmep 3
(CARD 2
(canp 1

JCL CARDS

fke'rem- FOR ALL NON-RZERO REMOVAL
PERCENTAGES IN PROCESS NUMBER |

JCL CARDS
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Sample Process Flowsheets



FLOW SREET NO. 1

FROM, RLDG, 3014

STORE

Y

TO RELTN VOAPING

MATERI AL RECEIVING

Lz



FLOW sPeET NO 2

STORROGE

METER?

RESIN
L0AD

RESINT
DRY

_\/

RESIN LoaDING (RL)

4_______ dﬂ(a KG u

INVENTORY

_ PER | KG BATCH

TO CARBONIZATION

8¢



FLOW SHEET NO 3

CARBONIZATION (&B)

FROM. RESIN LOADING

COLLECT ‘ | E
| I COLLECT

N\ ) : o V | N
EE] "
lqEIGH DIVERT
Y - . ) _ N
3"2 ,5> - - o .
DIVERT | 1 L TRANs, P
' ‘ EFFLUENT
. ASSAY
K3 4 ) . o . 1
?Liss : cARBOMZE
WASTE
A A . h -
& _ 7
Slétiég : SN SRR -~ [weToH
10 )
SAMPLE . o - \ | |
4 - . S . 5 ,
SAMPLE[ > , o samee [T 7
q .
/K 7 ‘ . ]
STORE - - CoLLELY
y Y .

3 70 REFEeT | 2 T0 CONV.
DIVERT[™ > = oiore | DIVERT ™7 4 00ATING

62



" CONVERSION. & COATING (c®)

FLOW SHEET. NO. ¢

To
RESECT
HOPPE R

L

COLLECT

O\

&
SPLIT()

v Y
51,1723

‘ .

FROMN CARRBOMIZATION

.30

TRANS,

. 37
Z|coLL ECT

~

sryf B

RESIN. ©

Apby 2
BUEFER

CoNV.

™~

 |weren

7,13,1Q,253)

SCREEN

N
814,20,26,32

Jyisa,an 33
| SAMPLE

N

19,16,22,28 34

DIVERTY
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WASTE
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~

A
ACCU MULATE|

TRAMNS. -

93

DIVERT

Vi
f\

PIVERT

v
TO FUR.
STICK FAB.



FLOW SHEET NO. s

CFUEL  STICK FABRRICATION (FS)

- REJECY 4______'1Nnem-n'/’

31

FERTILE
PARTICLES J’

!
COLLECT

N

2
BLEND

MOLD

LENGTH
INSPECT

SEPARATE
SPACERS |

TRANS,

~/

ro' - Y

STORAGE : INSPECT

. ASSAY

SAMPLE

TO FUEL .
ELEMENT ASSEMBLY



FLOW SUEET NO 6

(ERY .

FUEL EROM $TTCK FAG.

4

STORE

LoAD
MAGAZINE

LoAag
ELEMENT

VERIFY
LOADING-

S
WEIGH ]
ELEMENT,

_FUEL ELEMENT ASSEMBLY

LoAD
FURNACE

q
WNLOAD
FURNALE

CLEAN
FLEAMENT

IMILG RTTV
CHECLK

WETGHR

ELEMENT

32

LOAD
POISON

Ty
REVERIEY
TLWADING

INSERT™
END PLWG

16
ASSEMBLE
DOWELS

]
CURE

ELEMENT

N

% - | REMmOVE

SAMPLE WOLDER

12

19
VER&FJ PLUG
vowel P =

.= TO0 REJECT
' <

N

RECHELK ]
INTEGRTTY

TNSPET ™

SUREALE

Assay

'JJ R
PACKk

3
TRANS,

L XN
IN-CELL

STORE

{4
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Semple Input



e W Wy Vet Wy et Gt Ve min b . e s s Sm Ben v e M TRy em e = .o b 3¢>..
6 115 23.25 Y S S
1 5 20 43 10 26
_ MATERIAL RECEIVING 1
__RESIN-LOADING 2
3 0.04 ‘
CARBONIZAT ION 3
410 5310 60.046— 850 100016
14 2.5 16 3.0 18 0.0233 20 5.0
CONVERSION ANC COATING 4 '
704l 13 0.1 19 0.4 25 9.1 — 31-0.1
9 0.1 15 0,1 21 0.1 27 0.1 33 0.1
12 0.1 1801 2404 300, 3 5.0
38 3.0 40 0.071667 43 5.0
FUEL STICK FABRICATION 5
e 4 0.3 70.2 9_0.1

—BJEL ELEMENT ASSEMBLY . §

11 0.25 : 18 0.033333 20 0.25
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Semple Output



e}
et

. . MATERIAL RECEIVING . ‘
- — (SEE"FLOW SHEET NO. 1) . . 0
~  STEP NO, ' ’ TNPUT FLOW REMOVAL FLOW (IF NON-ZERDY  PERCENT REHOVED '
{KG. HEAVY METAL PER DAY) (K5, HEAVY METAL PER DAY) O

URANTUN ™ TTTYMORTUM T URAN [UH YHORTUN
R B3 % | Y N R T 0O
_ PROCESS SUMNARY 5
T T URANIUM INPUY S T 20485 TKGHN/GRY T “URANTUM OUTPUT & "20%58 KGHMZDAY  —~"TOTAL URANTUN REMOVED & ~0s0 KGHM/DAY
T VHORTUNTINPUT R T 000 RGHN/ZOAY YHORIUM OUTPUT & 0.0 RGHM/DAY “YOTALC YHORTOM REMOVED = — 0.0 RGHM/DAY (@]
— )
L
o

(@)
- O
' @)
O
. O
O
O
O
@
o)
O




): _____ C
)~ C

__RESIN LOADING

- — T , U v 2 - — 5 - C
- "R§F WO, — TNPUT FLOW —RENOVAL FLOW (TF NON-IERGT —PERCENY RENOVED :
- T - * (KG. HEAVY METAL PER DAY) (K3 HEAVY NETAL PER DAY) . C
T ‘ ' TURANTOR —— THORIUN —URANTUN THORTOR —
- /1 Ze455 0.0 ' ~ — . C
- -2 7.455 9.0 ' ) ' c
- 3 2,455 0.0 0.0010 0.0 - 0040 ' = ~
' ) R 0.0 . _ 4 C
- L3 , 7.454 0.0
b . : A . _ C
PROCESS SUNRARY
' T TURANTON® INPUTWMWMWWC
- TEKAWINFUT 0.0 KGHRJOAY  VHORIUN OUTPUT = 0.0 KGHNJDAY wourrnmummDu w ¢
e —— s e e e man et o s ) 5
V- : - : T ~ . . - C
) C
Y C
Y B C
)T T T T T e Ty T ST mTmTmT Tt - C
. - ¢
)~ i - - C
) ) C
) T C
) e




> _ ' C
)~ ﬁ C
)_ . ¢
'V . A -f‘?'é'e”’-?l-ﬁél%ﬂ's‘zr NO. 37 C
- ' SYEP NO. - TNPUY FLOW " REMOVAL FLOW (IF NON-ZEROJ PERCENY KEWOVED
: i (KG. HEAVY METAL PER DAY) © (KGe HEAVY METAL PER DAY) ¢
, = T URANTUN ) THOR TUM™ URANTUS THORTUR™
) —) — P31 0:0 ¢
' z 2.45% ~ 6.0 ‘C
- 3 2,454 0.0
T 4 AT e 0.0 0248 v, 0 Y-000 g
' 5 2.430 0.0 " - 0.0243 0.0 1000
& 2405 0.0 ——5.0005 0.0 0. 018 ¢
' 7 2 68 ) 00" C
. (] /20 1| Raamm— Py _ 0. 1202 0.0 %:000
3 2 0.0 . - C
io” Z.289% o_.o . 0.0004 ‘ 0.0 0.016 = C
11 ~Z2.284 . 0.0 '
12 2,284 0.0 ¢
i3 2.28% 650 _ C
14 2.204 9.0 0.0571 0.0 2.500
is 2 00 ‘ , ‘
16 2t 0:0 00668 550 3:000 C
17 24160 0.0 I : '
R U T % VY R Y| 0.0005 0.0 0.023 <
| - 1o TTU2160 008 T | ' <
- 20 — 2.160 , 0.0 : 0.1080 0.0 s.ooéb
- T = PROCESS SUANARY — 4 ' ‘ <
- ‘—_.Uﬂmw"xNpui"-‘““'zrl.mcmr/c';‘.‘v"——m‘mruu‘c}urPurT“—zroszTcmflow‘—“——rmmmumnovw—-;mmmkrmv.—‘c,
- THORIUM INPUT = 0.0 KGHM/DAY THORTUN, 6uwuf = 0.0 KGHHM/DAY LY ruo‘ﬁ'ﬁﬂ‘ﬂva c




THORTUN OUTPUY =

" i
- - : : ;
o : <
- :
o_ , _
COMVERS 10N AND COATING
o-— - X “—TsER FLOW SHEET NO. 3D =
i TRROY FLON = 3
lo: * (KG. HEAVY METAL PER DAY) {KGe MEAVY WETAL PER DAY) ¢
o —URANTUM “THORTUN URANTUN THORTUN
(o} - 25032040 ¢
. § 2.0%% LA
(o 31 : : . ) . . ¢
g 3 2,032 0.0 ‘
(o) “« 2.032 0.0” <
g L 2557 0.0 .
0. . . N ¢
(o 2.0%2 0.0 -
o~ 7 2,032 “0so 050021 2.0 ~U.100 ¢
] 1.0%0 .71 ]
o__ . : i : ¢
. ] 2.0%0 Y ) B. 6020 00 0.100
[o} i0 2,048 030~ : C
o 1\ 7,048 00" ;
. 12 2. 048 0. —0.0020" L7 0100 )
(o] ity 2046 0.0 00026 LA U.100 ¢
1) 11 9.0 -
o} ) ¢
15 3,048 6% 0.06020 3.9 3,100
10 is 204% 0.8 ' ¢
o - 7 PAT3) .0 )
s 16 F.042 0.0 B:0020 o IO
10 13 U] Loy —U-3020 L V.T00
o -~ 30 038 7Y I ]
. 119 2.038 U.T T. 0030 U0 LD L
Ke] 27 2,055 —5:0 1
o 13 - —2.03% LY ] :
: : : . (
— % 2.03% (] "L L2 B0 _ U100
(3 s 1) AN T (A ) 0000 [ R bil00 :
o -1 7.831 T0.0° :
27 2,03 0.0° 0.0020 0.0 0,100
o 20 2.029 0.0 * <
- a9 1,029 0.0
Oo_ - ) ¢
. 30 1,029 6.0 (. 0.0 02100
o~ 31 2,027 0.0 0.0020 0.0 00100
. . N ]
: 32 2.023% 0.0
1C_ 33 - 2.029 0.0 - 0.0020 0.0 ° 0.100 t
'y
34 2.023 0.6
o— i . 1
~_ 33 2,023 0.0
‘10 * 2.023 0.0 0.1012 0.0 3,000 1
’ T 0.
o 3 1.922 .0 : ﬁ '
38 1,922 0.0 0.5 0.0 3.000
10 39 1: 064 0.0 ' '
40 1864 0.0 0.0013 0.0 0.012
jNe) ! . B ‘
: al 1.863 0.0 .
o a2 1,863 0.0 " i
o R ‘1,883 L 0.0. 210932 0.0 3,000 ;
-.v. i
' PROCESS SUNNARY . i
o _URANTUM INPUT o 2,082 KGHAJGAY_ __ URANTUN OUTPUT = 1,770 KGHA/DAY TOTAL URANIUM REMOVED @ 0,202 KGHN/DAY i
o | THORIUN INPUT & 0.C _ KGHR/DAY 0.0 _ GHI/OAY 10TAL THORTUM REMOVED * 0,0  KGHA/OAY .




-

-

O 0O 0O OO 0O O0O.O OO O 00 0O © O 0 0:0 0 O

‘ , R FUEL STICK FABRICATION : ' L
T 77T (SEE FLON SHEET NO. §) - : :
STEP NQ.. - TNPUT FLOW — REMOVAL FLOW UIF NON-ZERDJ  PERCENY REROVED
IKG. HEAVY METAL PER DAY) (KG. HEAVY METAL PER DAY)
B —URANIUN " “TTHORIUN ™ " URANTUN— — ~ THORTUN ;
i ~ 1776 050" ‘
' 2 1.770 23515
3 1,770 ' T 23,518
% 1770 237515 00053 0:0705 ——0.300
5 1.765 i —
6 P 1 s _
7 ‘n‘. 163 T 23,445 —0.0035 ) 0.0469 0200 .
® LT 25398 _ '
3 (v 73 23,398 —0.0018 0.023%8 0.100
10 1.759 23.374 ' =
- ' ' ~PROCESS SUNARRY — %
—'___UH'HUM“INPUT‘_T?TOTGWD'AT‘__UHN[UH ourvuv_rvsmmmv————mmmmnuvso——"omwm——‘—
—__,_—_ﬁbmﬁ—r __fﬁm' ﬁmkv_ﬁmmmﬂﬁﬁmlm———_mmmmmﬂﬂr——

. >



- — —

e e — et e e+ v s

1] (
o FUEL ELEMENT ASSEMBLY
1 (SEE FLOW SHEET NO. 6)
STEP NO. TNPUT FLOW ; REMOV A .
l A L FLOW ( IF NON-ZERO) PERCENT REMOVE
Q lc,:_gﬁ Tgsuv METAL PER DAY) (KG. HEAVY METAL PER DAY) ¢ °
. d THORIUM —— —  URANTUS THORTUM -
) i _ 1. 759 23,374
2 ‘ 2759 "33
0 | | 1.75 230378
< ~3 1. 759 23,374
O 6 T 159 T T 23,378
[ « 759 3.3 Y
0 — 2 | l 59 23,314
6 e 1597 T T 23,3747 T
Q T 1.759" 23.37%
L) 1. 759 23.37%
10~ 1- 159 23,374 R i - -
o i . 1.759 23.37% 0.00%% TeO8% 75y ~
12 1.755 23.31§ i e S
@) i3~ I. 755 23,316 : }
s 4 1.755 23,316 ;
O . ) R D
is 1.7%5 23.316
@) 16 : 1755 23,316
o 17 1.755 23.316
- i 1.755 23316 0.0006 0.0070 0.033
@) i9 1,754 23,308
o F) 1.754 23.308 0.004% 0.0583 0.250
) 21 1.750 23,250
O 22 1.750 23,250
23 1.750 23.250 —
o - i
2% 1.750 23,250
o 2% 1.750 23,250
o 26 - 1.750 23.250
: : PROCESS SUMMARY
O~ URANTUN INPUT = XS 159 KGHNZ0XY ™ URANIUN OUTPUT = Lo 750 KGHMZDAY TOTAU UkANTUM REMOVED = 0,009 KGHN/DAY

Y.

THORIUM INPUT = 23,374 KGHM/DAY

THORIUM QUTPUT =

23.250 XGHM/DAY

TOTAL THORIUM REMOVED = 0.124 KGHM/ DAY



SUMMARY OF PROCESS FLdWS

N

TOTAL REMOVED

O O

PROCESS NAME INPUT - ouUTPUT .
TKGHN7DAY) TKGHR/DAVY TRGRAR7DAYY
. URANTUM THORTUM URANIUM THORTUM . URANTUN THOR TUM
1 _MATERIAL RECEIVING 2.455 0.0 2.455 0.0 0.0 0.0
2 _RESIN LOADING ' 2,455 0.0 2.454 0.0 0.001 0.0
'3__CARBONIZATION 24564 0.0 2,052 . 0.0 00402 040
' 4 CONVERSION AND COATING 2,052 0.0 1.770 0.0 0.282 0.0
5 FUEL STICK FABRICATION 1770 . 23.518 - 1.759 23.374 0.011 0.141
6 _FUEL ELEMENT ASSEMBLY 1,759 . 23.374 ' 1.750 23.2%0 0.009 0.124

TOTAL AMOUNT OF URANIUN REMOVED FROM ALL PROCESSES = - 0,705
TOTAL AMOUNT OF THORIUM REMOVED FROM ALL PROCESSES = ° 0265

. 3
FHCO0021 STOP 0 :

A4

O 2 0 0 0O OOOO OO O O O O O O O 0
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Appendix

If a feedback loop is present in a system, but the details of the
flows within the loop are not required, the following approximation
can be made. Consider the following fleedback loop.

Input
__________________ —
|
| i
| i
{ {
I |
! )
| . .
l !
| I
I [
' |
. .
| I

¢ L l |
Averaged | |
Removal ' . {
Flow ! }
| ’ |
| . I
; |
(I
| I :
]
N )
: .
! |
| |
| |



bty

It is possible to construct a single box (dotted line) around
the internals of the feedback loop. This modified process step
would then fit within the required limitations (i.e., single input,
single output, and single removal flow). An approximation of this
kind is shown in the resin loading process of the sample flowsheets.
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