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DESCRIPTION OF NONUT' 

S. R. McNeany 

INTRODUCTION 

NOWF is  a computer code fo r  making calculations of the uranium 
and thorium flaws through the  HTGR Fuel Refabrication P i lo t  Plant. 
A description of the code i s  given on the following pages. 
hoped tha t  the description is complete enough t o  allow a user t o  run 
case studies of the  FRPP o r  t o  modify the code i t s e l f .  
a short description o f  the  theory behind N O W ,  program flowsheets 
and l i s t ing ,  and a sample application of NOE%TF t o  the FRPP. 

It i s  

Included i s  

The program i s  general enough tha t  changes can be made i n  the  
FRPP process flowsheets without making changes i n  the internals of 
NOWF. Process changes can be made by changing the input t o  NOWF. 
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Theory of N O W  

The calculations i n  NOMJF a re  based on a plant model having only 
forward flow of material throughout the processing steps w i t h  some 
fract ion of the main flow being removed a t  various points along the  
l ine.  
the calculations. (See appendix. ) 

As it presently stands, feedback of material i s  not included i n  

Consider a material processing system containing N arb i t ra ry  
processes i n  the following configuration. 

Plant 
Input 
___j 

Process . . . .-> Process 

I 
Removed 
Material 

Removed 
Mat e r i a  1 

(waste, samples, re jec ts )  

Removed 
Material 

Let each process be composed of NS arb i t ra ry  process steps of 
the following arrangement. 

Process I 

/------ 
Input 
___j . . .  > 

Removed Removed 
Material Material 

Removed 
Materia 1 
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Output Input + 

Each process s tep is  the smallest individual component of t h i s  
plant model. It might represent a transfer hopper, a sample removal 
station, a carbonization f'urnace, or  any other arbi t rary processing 
step. The only l imitation on a process step i s  tha t  it has a single 
input, a single output, and ei ther  a single removal stream o r  no 
removal stream. There i s  one exception t o  t h i s  rule.  One process 
s tep  a t  any user specified location can have one auxiliary input. 
These two kinds of process steps are  i l lus t ra ted  below. 

Output 
> 

- 
Removal 

I n  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 t h e  input flow t o  the next step. 
To determine the actual flows through the plant fo r  a required plant 
output, preliminary calculations are made on an arbi t rary plant input. 
The result ing output is then compared t o  the required output and a 
correction factor i s  computed which is  applied t o  the preliminary plant 
input. Using t h i s  corrected input, the calculations a re  made again 
and the resul ts  are printed. 

Removal 

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

Program f l a w  sheets and a FORTRAN program l i s t i n g  are given on the 
following pages. 
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Program Flowsheets 
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R E A D  

T I T L E  

C A R D  

I 

V INPUT T O  

P R o C r s s  
= I O .  0 ( A M  

u INPUT = 
O U T P U T  FROM 

rrl I N P U T  TO 

PRO c 62s 
= 0.0 

Tutu = 0.0 



O U T P U T  

CO LUM NS 
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FORTRAN L i s t i n g  
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STATIC MODEL - MATERIAL ----___ BALANCE OF HTGR REFABRICATION PILOT PLANT -_ _- C 
C I 

C N=NOo OF PROCESSES I N V O L V E D  (121 
C R U R = R E Q U I R € D  OUTPUT RATE OF U R A N I U M  1N KG, PER D A Y  (E12.3)  

C I N  THE R E F A B R I C A T I O N  OF HTGR F U E L  E L E M E N T S -  
C I 

I 

- 
C T H E  R E Q U I R E D  I N P U T  IS A S  FOLLOWS: I 

NOS=NO- OF P R O C E S S I N G  STEP W I T H I N  PROCESS NO- NOP IN W H I C H  - T H n R I U M  - -- ._ __ ._ 
I -- - . - C 

C ENTERS ( 1 2 )  
C LC=O I F  T H I S  I S  T H E  L A S T  C A S E  ,LC=NON-ZERO I F  T H I S  IS N O T  THE 
C L A S T  C A S E  STUDY ( I l l  
C NS_(_IP_)=NO- OF PROCESS1 NG STEPS U I T H I N  PROCESS N O -  I P  f I31 -___- 
C T I T L E (  1 P . I  ) = T I T L E  O F  PROCESS NO- I P  ( 6 A 4 )  I 
C ' ' N F ( I P ) = N U o  OF FLOW CHART CORRESPONDING T O  PROCESS NO- I P  ( 7 2 )  i 
C I l = & T E P N ~ ~ f R S T P R O ~ ~ C  ONTA I N  ING A NON-TE-EMOV AL  7 
C PERCENTAGE (13)  
C 
C 

D ~ R R E S P C N D I  NG REMOVAL PERCENTAGE ( E 13 -4) 
~. - 

R E A L * 4  M U L T  
- -- I NTEGE R T I TL E ( 10 ,6 1 

D ~ M ~ N S i ~ ~ - ~ ~ ~ i ~ ) - , - ~ 6 ~ N F  
C OMMON N t  LC p N S  9 N O  9 I P , NSA, MULT t T I T L E  9 NF S A V T  I 1 v I29 13t 14t IS 9 0 1 t D2, 

10 1 9 X ( 10 9 100 
- -  

103, D 4 ,  D5 9 XINSAP 1 (RUR, R T H t  h'OP9 NOSpUROUT, R A T I O V T U R R  rTTRR,UR I N t  THI Nc 
. _ _ ~  2 T H O U l r  SUHU*SUMT . _____._I__.______._- rURMF,URRF 9 THMF, THRF - - -~ 

C R E A D  INPUT PARAMETERS 
1 - R E A D  __ . - _ _  (5 . . . 9 101) - .. - I N - .- 9 RUR . . -. ,RTH VNCPt  - - KOS 9 L C  ___ ~. -_ 

R E A D ( S r l 0 2 ) ( N S ( I ) , I = I r N )  
C N O  IS A F L A G  W H I C H  I N D I C A T E S  WEATHER T H E  F O L L O W I N G  C A L C U L A T I O N S  
C A R E  P R E L I M I N A R Y  OR F I N A L ,  NO=1 I N D I C A T E S  P R E L I M I N A R Y  C A L C U L A T I O N S  

___ -. NO= 1 .._____ 
C C A L C U L A T I N G  U R A N I U M  FLOW T H m m  A L L  PROC-iSx-ES 

- - -- -- DO 100 I P A = l , N  .-.-. ~ 

I P = I P A  
NSA-NS ( I P  1 
N SAP l = N S A + l  

-- 
------I___ C A L L  -I..._..-_.-._ S E T U P  _- -. 

LOO C A L L  C A L C  
__ C C A L C U L A T I N G  - . C O R R E C T I O N  ~ FACTOR FOR U I N P U T  TO GET D E S I R E D  OUTPUT .__I_____ - 

t4 UL T=H UR/ UROUT 
C C A L C U L A T I N G  T H / U  R A T I O  

R A T 1  G=KTH/RUR 
C -- F I N A L  _--I- C A L C U L A T I O N S  OF U R A N I U M  AND T H O R I U M  FLOWS .__ - 

-- DO _. .. 200 __ ..___ I P A = l , N  - -. - ._ -. . .- 

NO=2 

I P = I P A  
- N SA = N S  I I P 1 

N SA P 1= NS A + 1 

C A L L  H E A 6 -  
__ --.______ C A L L  _ _  S E T U P  _ _  . ._ - 



CALL CALC 
200 CALL S A V E  

CALCULATING TOTAL AMOUNTS OF URANIUH AND THORIUM REMOVED ______ C -- ~URR%O-.O 
T TRR=O -0 
DO 210 I = l , N  
T URR=T URR + S A  V ( 6 * I - 1 1 

________- __ - _I_ 

2 1 o T - T R F T T K R W ( ~  - 

~ _ _ _ _ _ -  C PRINT1  NG FINAL SUMMARY 

C IS ANOTHER CAS€ TO BE CALCULATED ? 
CnLL-oalP-2- 

I F ( LCI-30-0 i330, I 

- 

____- - --- 

101 FORMAT (12,7X~E12.3r3X,EL2.3r3X~I2,3X, 12r3X111)  
- 1 0 2 - F T i i M - A T i o  I 3 1 

300 STOP 
--END- 

. . .. - . .. ... - - - . . _ _  . ... . .. .- .__ . . _. . . . . ._ . . . . . - - -. . .. . . _ _  . . . .- . 



, 
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SUBROUTINE SETUP 

. . .. . .. - ..... . . . .  . .  . - .  



x 

-*" 7 



SUBROUTINE CALC 20 
-c---  - T H I S  $ueROljTINE CA-iCULATTE-S-TkE--WA~N-f ~ O ~ S ~ N D - R - E M - O V - A - ~ - ~ L O U S  -THROUGH------ --- 

C EACH STEP OF A PROCESS AND PRINTS THE'RESULT 
--c- . 

REAL*4 MULT 
I N T E G W T T T L E  ( 10 t 6 )  
DIMENS ION NS( 10) t S A V ( 6 0 )  t N F (  10) t X  (101 100) 
CO#MON--N>-LC GNS; NOYI-PTN SA>-MUCTtT I T C ~ A F I S A V X G T 2 I S T 4 I l r D 1 - , 2  t 

- 
________ _- 

1 0 3 t D 4 r  D59 XI NSAP 1 tRURt RTHt NOPt NOST UROUT,RATIOtTURR TTRRt U R I N  tTHINt 
2 THO-U T l  S UF4'Gt-S UM TIURMF SD RR F 5 TH M FYfH RF- 

C DEFINE U INPUT TO F I R S T  PROCESS BOX ( S T E P )  

-- 

URMF=URIN 
C PRELIMINARY CALCULATIONS 7 - - _ - - 

C CALCULATE REST OF U INPUT FLOWS - 

2 URMF=URMF*( l o O - X (  IP,  1)/100-0) I 

l-ii(N*-l lfS 173 
_____l__l__-___~I- 

1 DO 2 I = l t N S A  

UROUT=URMF 

DO 20 I Z l t N S A  4 
C PROCESS W,HERE TH ENTERS 3 1 

GO TO 11 
C BOX N H r T H  tNTERS 3 

I F (  I-NUS) 8 t  91 10 

GO TO 11 

T HMF=T H I  N 
GO TO 11 

--x 1 
7 
8 rHH'F%OTo- 01 

a !  
% x---- 

_ - ~ -  ____ .......... ____ 
9 THIN=RATIO*URMF 

- 

- - l r -  10 - - ~ . .  THHF=RATI - . - OIURMF 
R R F =U-RMF-%X 'f - I ~ ' P ~ ) 7 I 6 C l ~ O  __________I__--_- 

... THRF.=THMF*X( ... ......... 1 P . I  ............. 1 / loo.  0 ~ - .  ... ____ ........ 
C CALCULATING S-UMS OF RE-MUVAL FLOWS 

- SUMU=S UMU+URRF 
V U T = 3 U M T + T H R F '  

...... C 

_ _ . _ _ _ _ _ _ . _ . , ~ I _ _ _ - _ _ _ . ~ . . - - _ _ _ _ _ . _  WR I TE(  6 9  3 0 0 )  I 9 URMF VTHMF -- t URRF t THRF t X  ( I P t  I )  

..... U I.F.~URR REMOVAL .HE FLOW ....... NON-ZERO 7 ....... ._ .......... . . o o I m-tD--n 
... WRITE( . o.lTB 6 t 3 0 0 ) I  2-0-- (URMFtTHMF __--- _____ ..... 

12 
2 0  U R M F = U R M F * ( ~ . ~ - X (  I P ~  I)/~oo.o) - 

. . -. -. , .- - - __ Wii1'T HRITE(  ( 6t3011URIN,UROUTtSUMU t-3 o2 .). .T. HI 'Nli-"-0 .ulTs-"-.M*-- 

............. .... 1/DAY e t  8 X t  'URANI UM Ki;HM;/D-CY' OUTPUT - = a  - --I tF8'.3t KGHWDAY ' t l l X t  *TOTAL URANIUM .. R E  

- ..... - 

300 
301--FORM-AT-l-' 0 ' 5 8-ky'TRXX-E$-$TUNMA RY ' / / 7 X t 'URANIU M w m k 8  0 3 9 ' K m - - -  

FORMAT ('0' 9 1 3 x 1  13 t 16XtF8m 3tlOX9F803~9X~F804tlOXtF8.4~ l l X t  F9.3) 

... - ' I - .  -. 2 M  OVE 0 .  & * ,..Fai-3, .......... 
302 lTI FORMAT ........ I 0 I t  6 X p  T.HORI ........ UM ' INPUT ='  F8.'3't KGHM/DAY* t 8X t @ THOR IUM OUTPU 

= '  nF8.31' KGHM/DAY't l1Xt 'TOTAL THORIUM REMOVED = ' t F 8 o 3 t  'KGHM/OA 
... . -. .......... --- ............. .RETURN ~ . -  - 2Y.' 1 

E NO . . . .  -_-_.._.I._.. ~ __ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ..____-I- ........ 

........... - . -- 



C LATER PRINTOUT I N  A SUMMARY TABLE I 
c -? - 

REAL*4 MULT I 
I N T E Z E F T T T L  E ( I 0 t 6 I t , 

f- 
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How t o  Use NOMJF 

In order t o  use NOWF, the user must acquire a s e t  of process 
flowsheets similar t o  those presented i n  the following example. 
process steps must conform t o  the generalized limitations given above. 
I n  addition, there must be no more than 10 processes and no more than 
100 process steps within any given process. 

The 

The required input information, along w i t h  i t s  card number and 
input format, i s  as follows. 

Card 1 

Cols. 1-2, N = number of processes (12) 
Cols. 10421, FUR = required uranium output i n  kg/day (E12.3)  
Cols. 25-36, RTH = required thorium output i n  kg/day (E12.3) 
Cols. 40-41, NOP = number of process i n  which thorium enters (12) 
Cols. 4546, NOS = number of step i n  which thorium enters (12) 
Col. 50, LC = zero for  l a s t  case study, non-zero otherwise (11) 

Card 2 

Cols . 
Cols . 
Cols . 
Cols . 
Cols . 
Cols . 
Cols . 
Cols . 
Cols . 
Cols . 

1-3, N S ( 1 )  = number of steps i n  first process (13) 
4-6, NS(2) = number of steps i n  second process (I3) 
7-9, NS(3) = number of steps i n  ' third process (13) 
10-12, NS(4) = number of steps i n  fourth process (I3) 
13-15, NS(5) = Ilumber of steps i n  f i f t h  process (I3) 
16-18, NS(6) = number of steps i n  s ix th  process (13) 
lS.21, NS(7) = number of steps i n  seventh process (13) 
22-24, NS(8) = number of steps i n  eighth process (I3) 
25-27, NS(9) = number of steps i n  ninth process (13) 
28-30, NS(10) = number of steps i n  tenth process (I3) 

Card 3 

Cols. 1-24 TITLE(1,I) = t i t l e  of first process (6A4) 
Cols. 2&27 NF(1) = flowsheet number corresponding t o  first 

process (12) 

Card 4 

Cols. 1-3, I1 = step number i n  f irst  process containing a non-zero 

Cols. 4-16, D1 = corresponding removal percentage (E13.4) 
Cols. 17-19, I2  = step number i n  f irst  process containing a non-zero 

removal fraction (13) 
Cols. 20-32, D2 = corresponding removal percentage (E13.4) 
F i l l  res t  of card 4 similarly. 

removal fraction (13) 
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Repeat Card 4 u n t i l  a l l  non-zero removal percentages of the f i rs t  
process are included. 

Place a blank card a f t e r  l a s t  card of removal percentages of f irst  
process. . 

Repeat Cards 3 and 4 (including blank) for  each process. 

Repeat a l l  of the above fo r  each case study. 

The f i n a l  arrangement of the input cards is  contained i n  the 
diagram on the following page. 

. .  
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; . _  

CAS€ 
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. . .  

. .  
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Sample Process Flowsheets 
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Sample Input 

, 



. --.. .. . .. .. .-. . 

-3 5- - - - A 3 . - 2 - 5 - - - C Q  

Y d T F P r A l W W  1 

- 4 E J - I  N-LQ AD IN  G --3 

1 5 20 43 10 26 

3 0 0 0 4  

C O N V E R S I O N  ANC C 3 A T I N G  4 
7n_l-.l------- r a . _ n _ l 9 4 L l  31-&-1 -- 

17 Ll - 1-1 7-1 - 2- -- 9 001 1s 091 21 001 2 7  0.1 33 001 

38 3-0 40 00071667 43 5 0 0  

FUEL S T I C K  F A B R I C A T I O N  5 

. .  

f- 
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Sample Output 



3 I 

0 

0 .. 

.. .. 
0 



I - - 0.0 C 
t i 5 5  

n n  - 



CAR OON I ZAT I ON 
'(SEE PL-6- NO. 3) C --__ 1 -  - 

NON-ZERO 1 STEP NO. INPUT FLOW REMOVAL FLOW ( I F  
- PER-0 c (KG. HEAVY METAL PER DAY) IKG. HEAVY METAL PER DAY1 

9 - - - - l l R A l J T U n  THOR tUM. u R 3 T l T U 7 T R O R I T l ~  

I 1 -2;Ts- 0:o 1- C 
1 . 4 5 4  0.0 

- 3- 2.-454 0; 0 

4 -2. i s 4  00-0 0. a245 0 .  1.060 

C 

c 
C 

-- t 

-. 
I ------- 

s * 2.430 0.0 0. 0 243 0.0 1.004 
I 

- 6- 2T401 Oia-004 0.0 0.016 

I -- P m o J - : e  

8 2.405 0.0 . 0 . l Z O Z  0.0 5.000 

9 2x33 0.0 
C 

w 
10 5 .-2T5 0.0 0.0004 0.0 w C  0.016 

P * 11 * .  2-284 0.0 
L 

12 2.284 ' OTO 

i 3  2 2  04 0,o c 
14 2.284 0.0 0.0571 0.0 2- 500 C 
-1 s 2.227- os0 

OTO 3.0ao 16 2;-2 2 7 -0; 0 0.30 66 8 T: --- ..---- - 

2- 160 0. b 0.1080 0.0 SI000 



. .  . . .  , . . _ .  
. .  

. .  
. .  

. .  . 
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-1 io 710 0.0 0 

0 2 1.770 23T515 

3- i.-iio 23.515 

1, i r o  23;si s 0.0053 0 4 

0 

0.04 os 0.300 

5 1. 765 23.445 

1, i r o  23;si s 0.0053 0 4 0.04 os 0.300 - 
0 

8 . 1.761 23.398 

9 
0 

1.-761 23 i398  0.0018 010234 0.100 

0. . LO 1. 759 23.374 ' 
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Appendix 

If a feedback loop i s  present i n  a system, but the  detai ls  of the 
flows within the loop are  not required, the following approximation 
can be made. Consider the following feedback loop. 

Averaged 
Removal 
Flow 

I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

t-----t 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
It 

I 
1 
1 
I 
I 
I 
1 

I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

i 
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It i s  possible t o  construct a single box (dotted l i ne )  around 
the internals of  the feedback loop. 
would then f i t  within the  required l imitations ( i . e . ,  s ingle  input, 
single output, and single removal f l o w ) .  
kind is  shown i n  the resin loading process of the sample flowsheets. 

Th i s  modified process s tep 

An approximation of t h i s  
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