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ORVAC-TF: A FORTRAN CODE FOR THE CALCULrATION OF A 
DESALINATION PLANT INCORPORATING A VAPOR 
COMPRESSOR SYSTEM TOPPING AN MSF PLANT 

ABSTRACT 

A program has been w r i t t e n  f o r  t h e  IBM-7090 system which de f ines  t h e  

ope ra t ing  c h a r a c t e r i s t i c s  and component c o s t s  of a vapor compressor-MSF 

coupled d e s a l i n a t i o n  p l a n t  complex. The p l a n t  complex c o n s i s t s  of a 

r e a c t o r  p l a n t  for t h e  production of  steam and a d i s t i l l a t i o n  p l an t  f o r  

production of water .  The d i s t i l l a t i o n  p l a n t  c o n s i s t s  of a vapor com- 

pressor p l a n t  (two v e r t i c a l  evaporator e f f e c t s ,  compressor, back- 

p re s su re  t u r b i n e  and gene ra to r )  and a.n MSF p l a n t  which i s  used t o  

preheat  t h e  vapor compressor f eed  stream and u t i l i z e  t h e  steam from t h e  

back-pressure t u r b i n e  fo r  f u r t h e r  water production. 

The output  from t h e  program c o n s i s t s  of a l l  p e r t i n e n t  operat ing and 

c o s t  information f o r  t h e  two major coupled p l a n t s .  
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ORVAC-TF: A FORTRAN CODE FOR T;KE CALCUUYYION OP’ A 
DESALINATION FIANT IMCOXPORATIWG A VAPOR 

COMPRESSOR SYSTEM TOPPING AN MSF PIANT 

IDENTIFICATION 

ORVAC- TF : D i  s t i lled.  Seawater 

Machine: IBM-7390 Language : Fortran IV 

Union Ca.t-’oj.de Corporation, Nuclear Division 

Oak Ridge Gaseous Diffusion Plant 

Oak Ridge, Tennessee 

PURPOSE 

ORVAC-TF was w r i t t e n  for a parametric study of ihe design, c a p i t a l  c o s t s  

and operat ing c o s t s  of a vapor compressor-MSB coupled desa l ina t ion  p l a n t .  

The p l a n t  complex c o n s i s t s  of: 

1) A nuclear-powered r e a c t o r  which suppl ies  heat  f o r  t h e  

production of steam, 

A turbine-generator  p l s n t  which produces e l e c t r i c i t y  f o r  

u se  wi th in  the  p l an t  and mechanical energy f o r  the vapor 

compressor, 

2) 

3 )  A vapor compressor, 

4 )  VTE evaporator e f f e c t s  a s soc ia t ed  with t h e  compressor, 

and 

An MSF preheat ing and wateL- producing system. 5) 

A flow diagram of t h e  vapor compressor-MSF p lan t  complex appears i n  

h’i.gu:r e 1 . 

The seawater feed i s  heated. by passing througli t h e  tube s i d e  of t h e  MSF 

preheater .  The feed e n t e r s  t h e  high teniperatuu-e (d i scha rge )  VTE e f f e c t  

where t h e  compressor discharge vapor i s  condensed and evsporates  an 

equ:i.val.ent por-Lion of t h e  feed.  The more concentrated feed then e n t e r s  

t h e  lower temperature (suc:t,ion) VTE e f f e c t  where more evaporation occurs 

F ina l ly ,  t h e  feed stream i s  r e tu rned  t o  the flash p l a n t  where i t  f h s h e s  
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down t o  t h e  blowdown temperature,  providing hea t  f o r  t h e  prehea t ing  

requirement and producing f r e s h  water .  Tne vapor from t h e  suc t ion  

e f f e c t  i s  compressed by the  vapor compressor t o  t h e  p r e s s u e  of t h e  d i s -  

charge e f f e c t .  The vapor becomes superheated during a d i a b a t i c  compres- 

s ion .  To avoid low hea t  t r a n s f e r  c o e f f i c i e n t s ,  t h i s  superheat  i s  

removed i n  a desuperheater  before  t h e  vapor passes  t o  the  d ischarge  VTE 

e f f e c t .  A f l a s h  tank  i s  used between e f f e c t s  t o  allow product to  

" f l a sh"  down t o  t h e  suc t ion  e f f e c t  condensing temperature.  The vapor 

thus formed i s  used f o r  hea t ing  the  suc t ion  e f f e c t .  Tne product formed 

i n  t h e  vapor compression system i s  introduced d i r e c t l y  i n t o  the  f i r s t  

MSF s t a g e  product t r a y ;  however, t h e  b r ine  blowdown i s  heated i n  t he  

b r i n e  hea te r  before  being introduced i n t o  t h e  top  s t age  of t he  MSF 

prehea te r .  

RESTRICTIONS 

Hardware 

The code i s  w r i t t e n  f o r  t he  IBM-7090 with  the  fol lowing hardware : 

on- l ine  t ape  u n i t s  5 and 6 
o f f - l i n e  card- to- tape  

o f f - l i n e  tape- to-card  

o f f - l i n e  t a p e - t o - p r i n t e r .  

Sys tern 

The code i s  w r i t t e n  i n  For t ran  IV and conta ins  a m a i n  program and 

t h i r t y - f o u r  subrout ines  arranged i a  f i v e  l i nkages .  The l inkage  system 

of over lays  was requi red  due t o  t h e  s i z e  of t h e  program. There a r e  no 

programmed pauses or  s tops .  A l l  input  and output  i s  'oy magnetic tape  

f o r  u se  i n  monitor-type ope ra t ion .  

METHOD 

Descr ip t ion  of t he  Problem 

It is des i r ed  t o  des ign  and determine t h e  c o s t  of a d e s a l i n a t i o n  p l an t  

i nco rpora t ing  a vapor compressar opera t ing  across  VT'E evaporat ing 
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e f f e c t s  with an MSE' prehea te r .  A nuclear r e a c t o r  provides prime steam 

t o  operate  t h e  turbo-generator  and t h e  vapor compressor d r i v e  'cur'oine. 

The tu rb ines  operate  with a r e l a t i v e l y  high back pressure i n  order t o  

provide exhaust steam f o r  t h e  MSF p l a n t  which serves  t o  preheat b r i n e  

for t h e  VTE e f f e c t s  and, a d d i t i o n a l l y ,  produces water.  

Figure 2 p re sen t s  an o v e r a l l  program flow of ORVAC-TF. 

es t imates  of v a r i a b l e s  (vapor compressor s h a f t  power, concentrat ion 

between VTE e f f e c t s )  a r e  needed t o  begin t h e  c a l c u l a t i o n ,  Thi.s enables 

the  vapor compressor c h a r a c t e r i s t i c s ,  b r i n e  flows and steam flows t o  be 

c a l c u l a t e d .  A b e t t e r  computation of t h e  i n t e r - e f f e c t  concentrat ion 

enables t h e  compressor and flow v a r i a b l e s  t o  be ca l cu la t ed  more accu.- 

r a t e l y .  One such i.t,eration i s  s u f f i c i e n t .  The compressor and VTE 

geometries a r e  determined, together  with t h e  v a r i a b l e s  r equ i r ed  t o  e n t e r  

t h e  MSF p lan t  c a l c u l a t i o n .  The subroutine ORSEE' i s  c a l l e d  which com- 

p l e t e l y  designs t h e  MSF p l a n t .  

d e t a i l s  a r e  t h e r e f o r e  not given here .  

program flow. 

port ion,  only, of t h e  MSF plant  program i s  solved t o  determine t h e  

proper s ca l ing  for t h e  vapor compressor s h a f t  power. 

equal  t o  1. and t h e  next time ORSEE' j~s c a l l e d  the  MSF p lan t  program i s  

solved i n  i t s  e n t i r e t y .  The vapor compressor system and i t s  a s soc ia t ed  

cost equations a r e  a l s o  solved. Al.1 output j.s prin'Led a f t e r  the vapor 

compressor c o s t s  a r e  computed i n  subrout ine C$SWC. 

Several. i r x i t i a l  

The code ORSEF has been documented' and 

A f l a g ,  K@JTPT', determines t h e  

i n i t i a l l y ,  K$UTPI11 = 0 and t h e  hea-t and m a t e r i a l  bal-ance 

K@UTPT i s  then s e t  

Cap i t a l  c o s t s  of a l l  major equipment items are ca lcu la t ed .  The impor- 

t a n t  ope ra t ing  c o s t s  a r e  computed and a u n i t  cost of water i s  determined. 

The da ta  input  t o  VAPC@M c o n s i s t s  o f :  

1) Stearn temperature 

2) Temperature drop across each W E  e f f e c t  

Mothershed, C .  T . ,  ORSEF: A For t r an  Code f o r  t h e  Calculat ion of Multi-  
Stage FI-ash Evaporation Desal inat ion P lan t  Designs, March 1966, 
(ORNL-TM-1542). 
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3 )  Tota l  p l an t  product r a t e  

4 )  Ocean concentrat ion 

j )  vc maximum concenirat ion r a t i o  

6 )  
7) P r i m  iu rb ine  stearn condi t ions 

8 )  V'YE tube geometry ( length ,  i . d . )  

9) Reactor parameterr (prime steam condi t ions,  r eac to r  and 

Evaporating temperature f o r  t h e  suc t ion  e f f e c t  

t u rb ine  cycle  e f f i c i e n c i e s ,  a u x i l i a r y  power requirements) .  

Eauat i o n s  

The following sec t ions  contain comtnented descr ip t ions  of' ORVAC-TF sub- 

rou t ines .  The Fortran equations which r equ i r e  explanat ions a r e  l i s t e d  

i n  s equen t i a l  order preceded by a b r i e f  d i scuss ion  o r  comment. 

1. VAPC$M 

'Th i s s ilbr out i n  e c a IC u 1 at e s pro c e s s char 3 c t e r  i si; i c s , g e ome L r  y 1 t e ms 

and cos t s  of a vapo--compression water plant shown i n  Figure 1.. 

After  i h e  i n i t i a l  data  a r e  read i n t o  VAPCfiM, s eve ra l  constants  a r e  

set i n  the  body of' t h e  program. 

The suc t ion  e f f e c t  chemical bo i l ing-poin t  e leva t ion  may be c a l -  

culated. e x p l i c i t l y .  One degree i s  added t o  the chemical bo i l ing-  

poinL e i eva t ion  t o  al.l.ow f o r  inherent  system resis tar ices  . 
C$NSUC := Cfi  X CRVC 

CALL R$PR (TSE,C@JSUC,ALPHA) 

ALPHAS := A L P I N  + 1 .0 .  

The suct ion e f f e c t  condensing temperature i s  then ca l cu la t ed .  

T - TSE - ALPHAS 

CALL PSIS ( T, CMPS) 

TSC = TSE + DRLTS. 
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The s a l t  concent ra t ion  of t h e  d ischarge  e f f l u e n t  has t o  be est imated 

t o  c a l c u l a t e  t h e  chemical bo i l i ng -po in t  e l e v a t i o n  of t h e  d ischarge  

e f f e c t .  

ALPHAS = ALPiIAS - 0.4 

TDE = TSC + ALPHAD 

C = C~NDIS  

CALL B$PR (TDE,C,ALPHA) 

ALPHAD = ALPHA + 1.0.  

Evaporating and condensing temperatures i n  t h e  d ischarge  e f f e c t  a r e  

then ca l cu la t ed .  

TDE = TSC + ALPHAD 

TDC = TDE + DELTAD. 

C h a r a c t e r i s t i c s  of t h e  compressor may then  be ca l cu la t ed .  

PR = CMPD/CMPS 

CALL VAPV ( TSE, CMPS, SPV$L) 

CJ!@$W2 = TB$U?2 X EFFC$M. 

The en tha lpy  of t h e  i n l e t  and d ischarge  streams is:  

CALL VAPH ( TSE , CMPS , HSUC 

CALL VAPIl (CMTD,CMPD,HDIS). 

The suc t ion  e f f e c t  vapor f l o w  is:  

WS2 = TB$UT2/(HDIS - HSUC). 

The vapor flow from the  f l a s h  tank i s :  

ws2 x (HTDC - ~ S C )  
VAPTSC 

WVF = 



The blowdown flow i s :  

CB = C$ X CRVC 

WB2 = . 

The discharge e f f e c t  vapor flow i s :  

WB2 (HC@-HBLflW) + WS2 (HC#N-HSUC) + WVF( HVSC-HTSC) 
HTSC - " T D E  

WD2 = 

The s a l t  concentrat ion of t h e  discharge e f f e c t  e f f l u e n t  i s  now 

r e c a l c u l a t e d .  

An i t e r a t i o n  i s  used u n t i l  C@pJDIl approaches C$NDIS. 

New values  of WD2, WF2 and WE32 a r e  obtained and used t o  i t e r a t e  t he  

c o r r e c t  value of CPJNDIS. 

Flows and hea t  content  of va r ious  streams a r e  now ca lcu la t ed .  

01s = ws2 x HDIS 

&PR@D = WP2 X HTSC 

&BL@W =: WB2 X HBLpJd 

QFEED = Q€'EZ$D + QBLflW - TBflUT2 . 
The f eed  stream temperature i s  determined from t h e  s lope of i t s  

enthalpy - t emp e r a tur  e 1. i n  e . 

Compressor volume flows and geometry a r e  ca l cu la t ed .  

vs = W S ~  x SpvflLI60.0 

VCGPD2 = 2.90333(WS2 -t WD2) 

VflLDIS = WS2 X SPVflLD/G@.O 
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The VTE tube  hea t  t r a n s f e r  c o e f f i c i e n t s  a r e :  

TSEC = TSE - ALPHAS 

UDELT = TSC - TSEC 

CALL UCALC (UDELT, LENS, TSEC, CfiNSUC, ZUBARS) 

UDELT = TDC - TSC 

CALL UCALC (UDELT,LEND, TSC,C@NDIS, ZUBARD) . 
The e f f e c t  a r e a s  and tube geometry a r e  next ca l cu la t ed .  

AD = ws2 ( HDIS-HTDC)/ ( ZUBARD x DELTAD) 

AS = [WD2(HVSUC-HTSC) + WVF(HVSC-HTSC) ]/(ZuBAxS X DELTS) 

ND = AD/(LEND X 3.1416 X D I S I D )  

NS = AS/(LENS X 3.1416 X SUCID) 

The vapor-compression performance ratio i s :  

WE x 1.~3 
= '--E@F-- RPVC 

The steam flows r equ i r ed  f o r  operat ing the  VC p l a n t  and turbo- 

genera tor  a r e  : 

wsi = TB$UP/WA 

and 

P,dBTiJ2 + REAP@ X WS1[HTURBI-HLTRBS] 
ws3 = WA - REAP@ X [HTURBI-HLTRBS] 9 

r e s p e c t i v e l y  . 
Process steam q u a l i t y  is:  

HTURB~J-HLTRBS 
HVTRBS-HLTRBS QUAL = 

The t o t a l  hea t  input  a t  t h e  t o p  of t h e  MSF p lan t  i s :  

QBR = TB@JE+ WSTEAM x (HYTRBS-IXLT~S). 

The MSF system (@RSEF) i s  now c a l l e d .  
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The tu rb ine  output power i s  then sca l ed .  

2. 

TBflUE = TRflUT2 (GT .qT Tl ) . 
VAPC$M w r i t e s  out a l l  t h e  p e r t i n e n t  vapor compressor information. 

CflSlvC i s  then c a l l e d  t o  f u r n i s h  t h e  r equ i r ed  c o s t  c a l c u l a t i o n s  and 

end t h e  pyogram. 

$RSEF 

flRSEF i s  a c t u a l l y  a complete program f o r  t h e  s o l u t i o n  of t h e  MSF 

system which serves  as the  p rehea te r  for t h e  sub jec t  system. I n  

$RVAC-TF, it i s  used a s  a subrout ine.  Since flRSEF has been docu- 

mented' t h e  d e t a i l s  of t h i s  program w i l l  not be repeated here.  

Since t h e  time of documentation, r e v i s i o n s  have been made i n  $RSEP. 

Most notable  of t hese  changes has been ( a )  conversion from Fortran 

I1 t o  Fortran I V  language, ( b )  improvement i n  t h e  a s soc ia t ed  c o s t  

b a s i s ,  ( e )  changes i n  phys i ca l  p r o p e r t i e s  bases,  ( d )  improvement of 

a rou t ine  €or computing t h e  condenser tube bundle geometry, ( e )  i n -  

corporat ion of a r o u t i n e  €or computing ilie demisier requirements, 

and ( f )  improvement i n  t h e  t o t a l  bo i l i ng -po in t  e l eva t ion  assumpiions. 

T'ne $RSEF code used wi th  $RVAC-TF i s  t h i s  l a t e r  ve r s ion .  

3 .  B$PR 

This subrout ine c a l c u l a t e s  t h e  bo i l ing -po in t  e l e v a t i o n  of s a l i n e  

s o l u t i o n s  as a func t ion  of temperature and s a l t  conccntrat ioE,  

The da ta  were obtained and f i t t e d  t o  an equation by Stoughton and 

Lietzke.  

2 

3 

Ayers, W. D . ,  Physical  P rope r t i e s  of Brine a n d  Product Water, Internal 
Correspondence t o  I). M. Eissenberg,  Y - 1 2 ,  December 1.6, 1966. 

'Stoughton, R.  W. and Lietzke,  M. H., "Calculation of Some Thermodynamic 
P rope r t i e s  of Sea-Salt Solut ions a t  Elevated Temperatures from Data on 
NaCl Solut ions,"  Jou rna l  of Chemical and Engineering Data, Vol. 10, 
No. 3, pp 254-260, ( J u l y  1.965). 
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BPE = [565.757/TC$R - 9.81559 + 1.54739 X an TCPR 
- (337.178/TC$R - 6.41981 + 0.922753 X h TC$R)CC$R 

+ (32.681/TC$R - 0.55368 + 0.079022 X h TC$R)CC@] 

x Cc$R/(266,g1g.6/TC$R2 - 379.66g/TC$R + 0.334169) 

BPR = 1.8 X BPE 

where : 

BPR = bo i l ing -po in t  e l e v a t i o n  i n  O F  

TC@R = (t(  OF) + 460.0)/1.8 
CC$R = 19.819 X C/(l.O-C) 

C = salt concentrat ion,  weight f r a c t i o n ,  

4. DINTPL 

This subrout ine c a l c u l a t e s  va r ious  p h y s i c a l  p r o p e r t i e s  of s a l i n e  

s o l u t i o n s  as a func t ion  of temperature and s a l t  concentr8t ion.2 

f l a g ,  11, determines which phys ica l  property w i l l  be c a l c u l a t e d .  

A 

a )  If I1 = 1, t h e  s p e c i f i c  hea t  branch i s  en te red .  If t h e  s a l t  

concen t r a t ion  i s  < 0.005, t h e  s p e c i f i c  heat  of pure water i s  

c a l c u l a t e d .  

2 
CP = 1.0121559 - 0.00024618473 (T) + 0.102821553-5 (T ) . 

For s a l t  concen t r a t ions  > 0.005, t h e  following equation i s  used: 

CP = 0.96946853 + 2 a 0 (0.00010404965 ) (T) - 0.91199294 (C 
+ 2 .O( -0.00~64829659) (C) (T) - 1.555779( C2) 
+ 2.0( 0.0076721469) ( C 2 )  (T) + 6.7981008( C3 ) 
+ 2 0 (-0.012610354) ( C3) (T) 

where 

CP = s p e c i f i c  hea t ,  Btu/lb-OF 

T = temperature,  O F  

C = s a l t  concentrat ion,  weight f r a c t i o n .  

b )  If I1 = 2, t h e  enthalpy branch i s  entered.  If t h e  s a l t  concentra- 

t i o n  i s  < 0.005, a subrouti-ne FJATH is  c a l l e d  which c a l c u l a t e s  t h e  

enthalpy of pure water .  
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For salt concentrat ions > 0.005, t h e  following equation i s  used: 

H = - 30.234836 f 0.9694685g(T) + 0.00010404965(T2) 

where 

H = enthalpy, Btu/lb 

T' = temperature, OF 

C = s a l t  concentrat ion,  weight f r a c t i o n .  

e )  The branches, I1 = 3 and 4, a r e  dummy branches and not used. 

d )  If I1 = 5, t h e  d e n s i t y  branch i s  entered and the following equa- 

t i o n  used: 

DEN = 62.7071'72 + 49.364088(C) - 0.43955304E-2(T) 

- [O. 032554667( C )  ] ( T )  - 0.~t60769213-4 (T" ) 

where 

DEN = dens i ty ,  l b / f t  3 

T = temperature,  OF 

C = salt concentrat ion,  weight f r a c t i o n .  

e )  I f  I1 r; 6, t h e  thermal conduc t iv i ty  branch i s  entered and t h e  

following equation used: 

2 
C$Nn = [0.3015'7913 + 0.69'79893-3(T) - OS12506E-5(T ) 

- 0.2072F-10($)] X [-  0.168710g(C) + 1 - 0 1  

where 

C$NU = thermal conduct ivi ty ,  Btu/hr-ft-"F 

T = temperature,  OF 

C = s a l t  concentrat ion,  weight f r a c t i o n .  



f) If I1 = 7, t h e  v i s c o s i t y  branch i s  en te red  and t h e  following 

equat ion used: 

[- 10.592566 + Oo4606532E-2(R) - 11.59U55(C) 
VIS = e 

+ (0.012602329)(C)(R) + 4759.5941/R + 3863.7378(C)/R] 
where 

VIS = v i s c o s i t y ,  l b / h r - f t  

R = temperature,  OR 

C = s a l t  concentrat ion,  weight f r a c t i o n .  

5. WATH 

T h i s  subrout ine c a l c u l a t e s  t h e  enthalpy" of pure water as a func t ion  

of temperature us ing  t h e  fol lowing equat ions:  

If T < 3 6 0 O ~ ,  

H = - 32.179105 + 1.0088084(T) - 1.15169g6E-4(Td) 
+ 4.8553836~-7( 9) - 7.3618778~-10(~~) 
+ 9.63503153-13 ( T5) . 

If T - > 3600~, 

H = - 9,041170632 + 10.673802(T) - 4.2753836E-2(T2) 
+ g.412443-5($) - 1.0315357E-7(T 4 ) * 4.560246~-11(~~) 

where 

H = enthalpy, Btu/lb 

T = temperatirre, O F .  

6. PSIA 

This subrout ine c a l c u l a t e s  t h e  s a t u r a t e d  pressure  of water vapor as 

a func t ion  of t h e  s a t u r a t e d  vapor temperature.  

T = (TF + 459.69)/1.8. 

If TF < 122'F, - 
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where 

TF' = satu-ration temperature,  O F  

P = s a t u r a t i o n  pressure ,  p s i a  

X = 647.27 - T 
A = 3.2437814 

R = 5.868263-3 

c = 1.17023793-8 

D = 2.1878462E-3 

If TF > 122'F, 

where 

TF = s a t u r a t i o n  temperature,  OF 

P = s a t u r a t i o n  pressure ,  p s i a  

X = 647.27 - T 
A = 3.346313 
R = 4.14113E-2 

C = 7.5154843-9 

D = 1 .3 791-tJ-t81~-2 

E = 6.564h4E-U 

7. VRPTS 

This subrout ine calculates t he  temperature of water vapor a s  a 

functi.on of pressure  and entropy. 

2 
ZED 

A0 = 203.0 

A1 = 477.3 + T-jO.O(S) 

A2 = 440.0 - 24.86(S) 

= 0.5747'7 X AloglO(P) - 3.2949 + 0.93551(S) + 0.3253S(S ) 

li' = A0 + Al(ZED) + A2(ZED2) 

1.0 

[- 9.513 + 11,342(S)  - 2.736(S2)] 
CP = 



The subroutine VAPS is then called to obtain an entropy check value: 

CALL VAPS (T,P, SC) 

DELS = SC - S 

DELT = - ( T  + 459.69)(DELS) [ 1.0 + 3 5 1  c~ /cp 

If IDELTI < 0.005, the calculated temperature, T, is used as the 
answer and control is returned to the calling program., 

If IDELTI - > 0,005, T = T + DELT and control is returned to: 

CALL VAPS (T,P,SC) 

where 

P = pressure of water vapor, psia 

S = entropy of water vapor, Btu/'F-lb 

SC = entropy of water vapor, Btu/OF-lb 

T = temperature of water vapor, OF. 

8. VAPTH 

This subroutine calculates the temperature of water vapor as a 

function of pressure and enthalpy. 

1 P c ( B O + B ~  (H )+BZ (H* 
T = A0 + A l ( H )  + A2(H2) + 

2 
CPIV = Al + 2.O(A2)(H) - P[(Bl+2.0(B2)(H)]/[(BO+B1(H)+B2(H)2] 

where 

A0 

A1 

A2 

BO 

B1 

B2 

T 

H 

P 

- 2.8277~5 
3.0591 
- 3.54133-4 
2 .A31831 

- 7.14793-2 
0.45305E-4 

temperature, OF 

enthalpy , Btu/lb 

pressure, psia, 
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9. 

10 

The subrout ine  VAPH i s  c a l l e d  to ob ta in  an enthalpy check value:  

CALL VAPH (T,P,HC) 

DELT = CPIV(H-HC) . 
If IDELTI < 0.005, t h e  ca l cu la t ed  value of T i s  used a s  t h e  answer 

and c o n t r o l  i s  re turned  t o  the  c a l l i n g  program. 

I f  IDELTI > 0.005, T = T + DELT and c o n t r o l  i s  re turned  t o :  - 
CALL VAPH (T, P, HC) . 

VAPV 

This subrout ine c a l c u l a t e s  t h e  s p e c i f i c  volume of water  vapor as a 

func t ion  of temperature and pressure .  

P = ~S/14.6959 

T = (TS + 459.69)/1.8 
TAU = l.O/T 

where 

PS = pressure, p s i a  

TS = temperature,  OF. 

Then 

VC = 4.55504(T/P) + [BO+P~l(P)+PHFj($)+PHE12(P12) ] 

where 

V = s p e c i f i c  volume, f t 3 / l b  

BO, PHEl, PHE3, PLHE12 are func t ions  of TAU. 

VAPH 

This subrout ine  c a l c u l a t e s  the  en tha lpy  of w a t e r  vapor a s  a func t ion  

of temperature and pressure. 



Then 

F1(P*) t- F2(P41 + Fl2(Pl3) + FI) 
2.0 .o 13.0 

HC = FO(P) f 

where 

PX = pressure, psia 

TS = temperature, O F  

H = enthalpy, Btu/lb 

FO, F1, F3 and F12 are functions of TAU. FP is a function of T, 

11. VAPS 

This subroutine calculates the entropy of water vapor as a function 

of temperature and pressure. 

P = ~S/14.6959 
T = (TS + 459.69)/1.8 
TAU = l.O/T . 

Then 

435 9 57 
(18,000.0) (") 

where 

PS = pressure, psia 

TS = temperature, OF 

S = entropy, Btu/OF-lb 

MO, M l ,  and M12 are functions of TAU. 



1 2 -  UCALC 

'This subrout ine c a l c u l a t e s  t h e  o v e r a l l  h e a t  t r a n s f e r  c o e f f i c i e n t s  

of t h e  G-E f l u t e d  VTE tubes i n  t h e  suc t ion  and discharge e f f e c t s .  

The coe€f i c i e n t s  were obtained and co r rec t ed  according t o  proce- 

dures followed i n  i n t e r p r e t a t i o n  of da t a  obtained from t h e  General 

E l e c t r i c  p i l o t  plant  a t  Wr igh t sv i l l e  Beach, North C a r ~ l i n a . ~  

c o e f f i c i e n t s  a r e  f i t t e d  a s  a func t ion  of average s a l t  concentrat ion 

i n s i d e  t h e  tube,  tube l eng th  and temperature.  

program flow. 

' f i e  

E'igure 4 o u t l i n e s  t h e  

a )  I f  t h e  tube l eng th  i s  > 5.0,  a tube l eng th  c o r r e c t i o n  Yactor of 

1 . 0  i s  assigned. A s h o r t e r  tube w i l l  n e c e s s i t a t e  t h e  ca l cu la -  

t i o n  of a l eng th  co r rec t ion  f a c t o r  a s  a func t ion  of temperature.  

1.v 
CFN2 = 0.6,736 4- 0.001088( T) . 

b )  i f  t h e  temperature i s  l e s s  than 100°F, i t s  value i s  p r i n t e d  out 

and a new n l u e  of 100 i s  s u b s t i t u t e d .  

c )  If t h e  average s a l t  concentrat ion i s  l e s s  than or  equal- t o  

0.1008, an uncorrected o v e r a l l  hea t  t r a n s f e r  c o e f f i c i e n t  i s  

ca l cu la  ted .  

X = A 1  + A2(Y) t 1-13(2) + A l t ( Z ) ( Y )  + AS($) + A6(Z2) 
+ A'7(Y) (7 ,  2 ) + A 8 ( Y 2 ) ( Z )  + A9(Y3)  + A10(Y3) + A l . l ( Y ) ( Z 3 )  

+ A12(Y3)(Z) -+ A L j ( $ ) ( Z 2 )  + A14(Y2)(Z3) + A 1 5 ( d ) ( Z 2 )  

+ A 1 6 ( Y 3 ) ( Z 7 )  

where 

X = uncorrected hea t  t r a n s f e r  c o e f f i c i e n t ,  Ytn/hr-ft2-"F 

Y = temperature, OF 

Z = average s a l t  concentrat ion,  weight f r a c t i o n  

I+ . F i n a l  Report (1965). Operation and Maintenance of General E l e c t r i c  
37,000-GPD Thin-Film D i s t i l l a - t i o n  P i l o t  P l an t  (Contract 14-01-0001-248). 



A 1  = 0.9459898933 

A2 = 5.5243699 

A3 = -0.1164609835 
A4 = -0.4561182832 

A5 = 0.79308461E-2 

A6 = 0.20333492E6 

A7 = 3.9411727 
A8  = -0.25223411 

A9 = -0.289233983-4 
A 1 0  = -0.1653141SE7 

A l l  = 0.4177894534 

A12 = 0.83445326E-3 

A 1 3  = 5.6979017 
A14 = -0.4319533932 

Al5 = -0.14243673-1 

A16 = 0.888972843-1 

Se t :  

URBC = X. 

d )  CF 'Nl  = 1.0 

AKFT = 125.0 

Then : 
[0.000043 X 125.01 

AKFT 
CFN3 = (XI/( URBC URBC 1.0 - 0.000043 + 

e )  The co r rec t ed  hea t  t r a n s f e r  c o e f f i c i e n t  i s  then ca l cu la t ed .  

ZUE3A.R = URBC X C F N l  X CF"2 X CFW. 

f )  Returning to ( c ) ,  i f  t h e  average s a l t  concent ra t ion  i s  g r e a t e r  

than 0.1008, a counter  I J K  i s  s e t  = 0 and a new value of 0.100 

i s  s u b s t i t u t e d  for  CMT. 

g )  An uncorrec ted  hea t  t r a n s f e r  c o e f f i c i e n t  i s  then c a l c u l a t e d  as 

shown previous ly .  
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If IJ-K = 0, se t :  URBC = X 

CMT = 0.10 

I J K  = 1 . 
Program flow i s  then r e tu rned  t o  g ) .  

I f  IJK # 0, s e t :  URBC2 = X 

DUDC = (URBC1 - u ~ ~ x 2 ) / 0 . 0 0 0 8  

URBC := URBCl  + (CMT - 0.1008)DUDC . 
h )  Program c o n t r o l  i s  r e tu rned  t o  e )  and f ) ,  r e s u l t i n g  i n  a ca l cu la -  

t i o n  of a co r rec t ed  hea t  t r a n s f e r  c o e f f i c i e n t .  

Most of t h e  da t a  r equ i r ed  f o r  c o s t  c a l c u l a t i o n s  i n  C$STVC a r e  c a r r i e d  

v i a  a c a l l  l i s t .  

Since a SWR r e a c t o r  has been assumed t o  be t h e  steam source,  t he  

prime steam cos-t c a l c u l a t i o n s  a r e  t a i l o r e d  t o  f i t  t h e  s p e c i f i c  

r e a c t o r .  598 

FUEL = 8.81 f- 26.7 (XATEIN) 

1 0.244 
FIXC = 87.20(SMAP)/[(PRIMWT X 1.E-3) 

' e 2 ~ '  [(PRIMWT x i . ~ - - 3 )  0.3141 X@PER = 4 . 3 5 ( s ~ ~ ~ )  

PMSTMC = (FUEL + FIXC + X$PER) X l . E - 2  . 
The compressor costs6 ($ )  a r e  then  ca l cu la t ed .  

AUNIT l.E3 

X AUNIT X A J  . 

- 

'Moyers, J. C . ,  Reactor and Turbine P lan t  C o s t s  and Performance In fo r -  
mation for Use i n  High-Product-Ratio Parametric Study, L e t t e r  t o  
R. A. Ebel, A p r i l  17, 1947. 

Moyers, J. C . ,  Nuclear Desal inat ion Program Report on A c t i v i t i e s  of 
I n t e r e s t  t o  AEC, December 1966, (ORNL-CF-67-1-22:. 

6 
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The compressor foundat ion cos t7  ($) i s :  

C@F@UN = 0,12856 x IPVC x AJ . 
The tu rb ine  ($)  assoc ia t ed  wi th  

genera tor  a r e  then  ca l cu la t ed .  

0.746 
295 5E 

MT = (TB@UT;? + P$T$T) x 'm 

TURBK = - 0.85E-4(TS) + 0.3265 

TURBN = Oe18E-4(TS) + 0.6614 

TPFW = AMWT/AUNIT 

t h e  VC p l an t  and the  turbo-  

1 ImBN) - 14.444(TP$W X 1.E-3)  0.7882 
TUR = [TURBK(TI$W 

X 1.~6 X AUNIT X A J  

TCSTP = TUR ('s) 
TCSTC = TUR - TCSTP . 

The genera tor  cos t s5y8  ($)  a r e  then ca l cu la t ed .  

P~GEN = P$T$T (0 746 ) / ( AUNI T x 2.54536 ) 

GEN = [14.444(PP/GEN X 1.E-3)  0*7882] X 1.E6 X AUNIT X A J  . 
The e f f e c t  a r eas  and shell cost' ($) a r e  then  determined. 

EVC = (AS + AD) X A 2  X A J  

SHELL = 0.794 (AD + AS) X A J  , 

Compressor duct ing cost'' ($) i s :  

DUCT = 0.051599 X VS X A J  . 

'Collins, C. W. and Senatore,  S. J., ORNL Contr ibut ion to t h e  AEC-OSW- 
BR-ORNL Large Desal t ing P lan t  S i t i n g  Study, October 11, 1966, 
(ORNL-CF-66-10-17). 

'Unpublished notes  from J. C. Moyers t o  R. A. Ebel, ORGDP, February 10, 
1967. 



22 

The VTE b r i n e  pumps cos t7  ($) i s :  

PUMP = 3.69336 x X A J  . 
The va r ious  valve and piping cos t s7  ($ )  a r e  i n d i v i d u a l l y  ca l cu la t ed  

and t o t a l e d .  

PIPEF = 1.25736 X WF2/513.5E6 X AJ 
PIPEB = 1.130~6 x m2/386.6~6 x A J  

PIPEP = 0.442~6 x wr2/126.8~6 x A J  

PIPVC = 1.6039236 x V$LDIS/15.283E6 X A J  

PIPTUR = 0.3835636 x WSTEAM/O .102245E8 X A J  

PIPT = PIPEF + PIPEB + PIPEP + PIPVC + PIPTlTR . 
The s i t e  work c o s t  ($ )  i s :  

SITEW = SITE x GVTE/GMSF x AJ . 
The e l e c t r i c a l  equipment c o s t  ($) i s  : 

P@TE = 3.76773-10 x wi32 x (LENS + LEND +- 20.0)/SMALLE 
EECVTE = 0.0326~6 X P$VTE X A J  . 

The cranes t bui lding,  instrumentation, e t c . ,  c o s t '  ($) i s :  

C$SINS := 0.317E6 x ( ~ ~ 2 / 1 2 6 . 8 E 6 ) ~ * ~  x A J  . 
The t o t a l  c a p i t a l  cos t  ($) i s :  

CAPTflT = CC + TUR + GEM t EVC + C$F$UN + SHELL + mJMp f PIPT 

+ SITEW + EECVTE + @SINS + DUCT . 
Costs f o r  some of t h e  components a r e  then c a l c u l a t e d  on a $/year 

b a s i s :  

CCY x= cc x SNW 

C$@Y = C$F$UN x SMAP 

EVCST 

SHELLY = SHELL x SMAP 

DUCTY = DUCT X SMAP 

P W Y  = PUMP x S8iA.P 

PIPEFY = PIPEP X SMAP 

= (AS + AD) X SMAP x A2 X A J  + (AS + AD) X S W P  X A1 



PIPEBY 

PI PEPY 

PIPVCY 

PIPTRY 

PIPTY 

SITEY 

EECVTY 

C$SINY 

CpiSMAY 

FPERY 

PIPEB X SMAP 

PIPEP X SMAP 

PIPVC x SMAP 

PIP'NR X SMAP 

PIPEFY + PIPEBY + PIPEPY f PIPVCY + PIPTRY 

SITEW x SMAP 

EECVTE X SMAP 

C$SINS x SMAP 

0 .1104~6  [ (GVTE + GMSF) x 1.E-61 + 7500.0 
0 006 (C'APTBT + CAPI1) e 

Severa l  of t h e  component c o s t s  a r e  c a l c u l a t e d  on a u n i t  b a s i s  ($/uni t ) .  

C$MUNT = CC/AUNIT 

TURUNT = TUR/AUNIT 

GENUNT = GEN/AUNIT . 
The c o s t  of steam t o  the  b r i n e  hea te r  ($/MBtu) i s :  

SMALLB = PMSTMC 

X A J  X SJ!'IAP X (1.0-ETP) X EFFCYC 

ETP X CAPF 1 
The c o s t  of o n - s i t e  power ($/kw-hr) i s :  

ELSTM = PMSTMC X QIN X l .E -6  X X X 8760.0 X CAPF ws ETP 

ELCST = ELSTM + C$NCST + GENCST + TCSTP X SMAP 

ELC ST 

8.7636 X CAPF X P$TPT X -+ 0.7 6 
2.5 5 ~ 6  

SMALLD = 

The hea t  c o s t  ($/year) i s :  

HTCST2 = PMSTMC X &IN X 1 s - 6  . 
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'The annual c o s t s  a r e  converted t o  $/kgal c o s t s  by a f a c t o r .  

F A C T ~ ~ R  = 

HTCSKG = 

CCKG := 

T'lTRKG = 

EVCKG = 

ELCKG = 

GENKG := 

DUCTKG = 

C$F@KG = 

SHELKG = 

PUMPKG = 

P I P K G  = 

$PERKG = 

C@SbKG == 

S I T E K G  = 

ECVTKG = 

C ~ S I K G  = 

2.739726 

HTCST2 X FACT@R 

CAPF(GVTE -1- GMSF) 

CCY x FACT@R 

TURCST x FACT$R 

ELCST x FACT@ 

GENCST x F A C T ~ ~ R  

DUCTY x FACT@ 

SIDLLY x FAC~Y$P. 

PUMPY x F A C T ~ R  

PIPTY x F A C T ~ R  

~ T E R Y  x FAC~T$R 

C$SMAY x F A C T ~ R  

SITEY x FACT$R 

EECVTY x FACT@ 

C ~ S I N Y  x F A C T ~ R  . 

EVCST X FACT$R 

C$F$Y X FACT$R 

The t o t a l  vapor compression water c o s t s  i n  $/year and $/kgal a r e :  

VC@T = HTCST2 + CCY + TLTHCST + EVCST + C I Y  t GENCST 

+ DUCTY + C@b'$Y t SJll3LLY t mJMpY + P I P T Y  + $PERY 

+ C$SP.'IA?I + SUEY + EECVTY + C @ 3 X Y  

and 

VCT$KG = HTCSKG + CCKG t TURKG + EVCKG + CIYKG + GENKG 

+ DUC'TKG + C$F$KG + SHELKG + mJMpKG + P I P K G  + $PERKG 

+ cplsm~ + SITEKG + E'VCTKG + C ~ ~ S I K G ,  

respec t ive ly .  

'l'lne annual water c o s t  of t h e  p l an t  complex i s :  

TCST2 = TC2 + VCTgT. 

The u n i t  c o s t  of producing water i n  t h e  p l a n t  complex ($/kgal) i s :  

T C S T l  = T C 1  + VC'I'pIKG. 



The subrout ine then p r i n t s  a l l  c o s t  a s s o c i a t e d  items, including a 

c o s t  summary t a b l e  

AD - 
ALPHAD - 
ALPHAS - 
A R C ~ N  - 
AS - 
AUNIT - 
CAPF - 
CAP11 - 
CB - 
C M H E  - 
CMPD - 
cMPpw2 - 
CMPS - 
CMTD - 

Cizr 

cpND1s - 

- 

C$NSUC - 

CR - 
CRVC - 
DELTAD - 
DELTS - 
DIAMCD - 
DIAMCS - 
DISID - 
E F F C ~ M  - 
EFFCYC - 
ETP - 

NOMEfl CLATURE 

1. V A P C ~ ~ M  

2 
Area of discharge VTE e f f e c t ,  f t  

Boi l ing point  e l e v a t i o n  i n  discharge e f f e c t ,  O F  

Boi l ing po in t  e l e v a t i o n  i n  s u c t i o n  e f f e c t ,  O F  

To ta l  VTE e f f e c t  a r ea ,  f t  

Area of s u c t i o n  VTE e f f e c t ,  f t  

Number of u n i t s  

P l an t  load f a c t o r  

MSF c a p i t a l  c o s t ,  $ 
Blowdown concentrat ion,  weight f r a c t i o n  

Vapor compressor power requirement , hp 

Pressure a t  vapor compressor discharge,  p s i a  

Vapor compressor power requirement,  Btu/hr 

Pressure a t  vapor compressor suct ion,  p s i a  

Temperature of superheated- vapor a t  compressor discharge,  O F  

Ocean s a l t  concentrat ion,  weight f r a c t i o n  

S a l t  concentrat ion of discharge e f f e c t  e f f l u e n t ,  weight 

f r a c t i o n  

S a l t  concentrat ion between suc t ion  and discharge VTE e f f e c t s ,  

weight f r a c t i o n  

Overall concentrat ion r a t i o  

Vapor compression p l a n t  concentrat ion r a t i o  

Temperature drop ac ross  VTJ3 tubes i n  discharge e f f e c t ,  O F  

Temperature drop ac ross  VTE tubes i n  suc t ion  e f f e c t ,  O F  

Diameter of  vapor compressor a t  discharge end, f t  

Diameter of vapor compressor a t  s u c t i o n  end, ft 

WE tube I . D .  i n  discharge e f f e c t ,  i n ,  

Vapor cornpressor e€f ic iency,  f r a c t i o n  

Back-pressure cyc le  e f f i c i e n c y ,  Mwe/fvht 

2 

2 

gross output,  W e  
thermal  input ,  M w t  

Thermal e f f i c i e n c y  of condensing turbine p l a n t  



GAM 

GMSF 

G T ~ T  

G@TL 

HBL,~W 

HC$N 

HE 

HUI S 

IILTP' 

HLTRRS 

IlSUC 

IITDC 

I-ITSC 

H " R B 1  

IIITJRB,d 

HVSC 

HVSUC 

-WUlE 

HVTRRS 

I1 

I \IC 

$UTPT 

LENE 

LENS 

ND 

NS 

PDE 

PMS'lMC 

26 

Rati.0 of s p e c i f i c  hea t s  f o r  water vapor, CP/CV 

Product made i n  MSF p l a n t ,  gpd 

T o t a l  product made i n  combined p l a n t ,  gpd 

Cal.cul_ated p l a n t  product r a t e ,  gpd 

EnthaIpy of blowdown stream, Btu/ lb  

Enthalpy of blowdown stream from discharge  e f f e c t ,  Btu/lb 

Enthalpy of superheated. vapor a t  compressor d i scharge  fol low- 

ing an i s e n t r o p i c  path,  Btu/lb 

Enthalpy of superheated vapor a t  compressor d i scharge ,  Btu/lb 

Entlial-py of brine feed  stream, Btu/lb 

Enthalpy of s a t u r a t e d  l i q u i d  a t  TS, Btu/lb 

Enthalpy of s a t u r a t e d  vapor en te r ing  compressor suc t ion ,  

Btu/lb 

Enthalpy of sa tura ted .  l i q u i d  a t  compressor d ischarge ,  Rtu/lb 

Enthalpy of s a t u r a t e d  1.iqui.d leav ing  s u c t i o n  e f f e c t  a t  

condensing temperature ,  Btu/lb 

Enthalpy of prime skam a t  t u rb ine  i n l e t ,  Btu/ lb  

Enthalpy OP prime steam a t  t u r b i n e  o u t l e t ,  Btu/lb 

Enthalpy of saturaLed vapor l eav ing  f l a s h  tank  a t  condensing 

temperature ,  Btu/l.b 

Entlia1 py of superhea-Led vapor en te r ing  s u c t i o n  e f f e c t ,  Btu/lb 

Enthalpy of s a t u r a t e d  vapor leav ing  d ischarge  e f f e c t  a t  

evaporat ing iemperature,  Btu/lb 

Enthalpy of s a t u r a ~ t e d  vapor at TS, B.tu/lb 

Signal. f l a g  used t o  determine rou t ing  of DINTPL flow 

Counter used t o  c o n t r o l  in te rmedia te  e f f e c t  concent ra t ion  

tal-culat ion 

Counter used t o  c o n t r o l  s tage-by-stage c a l c u l a t i o n s  

Length of VTE tubes i n  d ischarge  e f f e c t ,  ft 

Lengkh of VTE Lubes i n  s u c t i o n  e f f e c t ,  f t  

Number of W E  tubes  i n  d ischarge  e f f e c t  

Number of VTE tubes  i n  suc t ion  e f f e c t  

Sa tu ra t ed  vapor pressure  a t  d i scharge  e f f e c t  e x i t ,  p s i a  

Prime steam cost,, $/MBtu 



p$ 
P$BlV 

P$BTU2 

PgES 

P$RECI 

PPTP 

P$WATR 

PR 

PRIBTU 

PRIWT 

PSC 

PTURBI 

Q 

WL$W 

QBR 

&DIE 

QFEED 

Q I N  

WR$D 

QSUC 

QUAL 

RC 

REAP$ 

RP$VAL 

RPVC 

SHAFHP 

SIN 

SITE 

SMALLB 

SMAUD 

SPVprL 

SPV~LD 

SUCID 

TBA 

P 

Estimated evaporator pumping power, Mwe 

Estimated evaporating pumping power, Btu/hr 

Estimated evaporator pumping power, Rtu/hr 

Estimated evaporator pum-oing, power, Mw 

Reactor and turb ine  p lan t  a u x i l i a r y  power requirement, Mwe 

Gross e l e c t r i c i t y  production, Btu/hr 

Calculated evaporator p l an t  pumping power, Mw 

Vapor cornpressor pressure r a t i o  

Prime steam (power) requi red  f o r  e n t i r e  p l an t  complex, Btu/hr 

Prime steam (power) required. for e n t i r e  p lan t  complex, Mw 

Saturated vapor pressure a t  suc t ion  e f f e c t  e x i t ,  ps ia  

Pressure of prime steam a t  tu rb ine  i n l e t ,  ps ia  

Heat t r a n s f e r r e d  across  b r ine  hea ter  surface,  Btu/hr 

Heat ava i l ab le  i n  VTE blowdown stream, Btu/hr 

Total  hea t  input  a t  t op  of I'SF p lan t ,  Btu/hr 

Heat ava i l ab le  i n  discharge e f f e c t  product stream, Btu/hr 

Heat ava i l ab le  i n  VTE feed stream, Btu/hr 

Heat ava i l ab le  i n  incoming prime steam, Btu/hr 

Heat ava i l ab le  i n  VTE product stream, Btu/hr 

Heat ava i l ab le  i n  suc t ion  e f f e c t  product stream, Btu/hr 

Qual i ty  of steam a t  tu rb ine  out le t ,  

Frac t ion  of ocean flow r e j e c t e d  i n  MSF p lan t  

Reactor. and tu rb ine  p lan t  e l e c t r i c i t y  requirement, Mwe/Mwt 

Overal l  p l an t  performance r a t i o ,  lb prodxct/1000 Btu 

Vapor compressor performance ratio, lb product/l000 Ectu 

Turbine output,  hp 

Entropy of superheated vapor en ter ing  compressor, Btu/"F-lb 

Capi ta l  cos t  of MSF s i t e  work, $ 
Cost of steam t o  br ine  hea ter ,  $/lvIBtu 

E l e c t r i c i t y  cos t ,  $/kw-hr 

Spec i f i c  volume of vapor a t  compressor suct ion,  f t 3 / l b  

Spec i f i c  volume of vapor a t  compressor discharge,  ft3/1b 

VTE tube I . D .  i n  suc t ion  e f f e c t ,  i n .  

Ambient temperature,  "E' 



TB@JT2 

TC 1 

TC2 

TDC 

TDE 

TDSC 

TFEED 

THFA 

TS 

TSC 

TSE 

TSEC 

TTUXBI 

VAPTSC 

VCGPD2 

V ~ L D L S  

vs 
WA 

WB2 

WC@ 

WCpND 

WD2 

WF2 

WP2 

ws 
T d S ' T M  

WS1 

ws2 

WS3 

WVF 

Turbine output ,  Btu/hr 

MSF water c o s t ,  $/kgal 

MSF water cos t ,  $/year 

VC d i scharge  e f f e c t  condensing temperature ,  O F  

VC d ischarge  e f f e c t  evaporat ing temperature ,  OF 

Mixed s t ream evaporator  temperature en te r ing  s u c t i o n  e f f e c t ,  

O E' 

VTE bril ie feed  temperature,  OF 

MSF b r i n e  feed. temperature,  OF 

Steam temperature,  "E' 

VC suc t ion  e f f e c t  condensing temperature ,  O F  

VC suc t ion  e f f e c t  evaporat ing temperature,  OF 

Evaporati.ng temperature  i n  V'E suc t ion  e f f e c t  tubes,  OF 

Temperatiire of prime steam a t  t u r b i n e  i n l e t ,  OF 

Heat of vaporizati .on of water a t  suc t ion  e f f e c t  condensing 

temperature,  Btu/lb 

Product made i n  VC p l an t ,  gpd 

Vapor cornpressor d i scharge  flow, cfm 

Vapor compressor suc t ion  flow, cfm 

Avai lab le  work per pound of prime steam, Btu/I.b 

VTE blowdown f low,  lb/ l i r  

Combined vapor flow en te r ing  suc t ion  e f f e c t ,  lb /hr  

Condensate f l o w ,  I.b/hr 

Vapor flow from discharge  VTE e f f e c t ,  lb /hr  

Feed flow t o  VTE e f f e c t ,  l b /h r  

Total. product f low from VTE e f f e c t s ,  lb /hr  

Tota l  prime steam flow, lb /hr  

Turbine exhaust steam flow, lb /hr  

Steam requ i r ed  t o  opera te  VC p l a n t ,  lb /hr  

Vapor flow fyorn suc t ion  VTF, e f f e c t ,  lb/hr;  a l s o ,  t h e  condensate 

l eav ing  d ischarge  VTE e f f e c t  

Stearn r equ i r ed  t o  opera te  turbo-generator  p l an t ,  lb /hr  

Vanor flow fi_.om f l a s h  tank. l b / h r  



ZUBARD - VTE heat  t r a n s f e r  c o e f f i c i e n t ,  discharge e f f ec t ,  Btu/hr-ft2-OF 

ZUBARS - VTE hea t  t r a n s f e r  c o e f f i c i e n t ,  suc t ion  e f f e c t ,  Btu/hr-ft*-OF. 

2 .  ~ ~ R S E F ~  

This program has been previously documented. 

3. B$PR 

BPR 

C 

T 

C 

ERR 

I1 

A O - ~ 5  

H 

T 

TF 

P 

X,A,B, 
C,D,E 

P 

S 

T 

AO,A1, 

Boiling point  e leva t ion ,  O F  

S a l t  concentrat ion,  weight f r a c t i o n  

Temperature, O F .  

4. DINTPL 

S a l t  concentrat ion,  weight f r a c t i o n  

Flag which may indicake t roub le  i f  g rea t e r  than  0 

Signal  f l a g  used t o  determine rout ing  of DINTPL flow. 

5. WATH 

Coeff ic ien ts  used t o  fit da ta  

Enthalpy of pure water,  Btu/lb 

Temperature of pure water, OF. 

6. PSIA 

Saturated water vapor temperature, OF 

Saturated water vapor pressure,  ps ia  

Coeff ic ien ts  used t o  f i t  da t a .  

7. VAPTS 

Pressure of water vapor, ps ia  

Entropy of water vapor ,  Btu/'F-lb 

Temperature of water vapor, OF 

Coeff ic ien ts  used t o  f i t  da t a .  



8. VAPTH 

P - Pressure of water vapor, ps ia  

H - Enthalpy of water vapor, B t u / l b  

T - Temperature of water vapor, Of? 

A O , A l ,  
A2, BO, 
M , B 2  - Coeff ic ien ts  used t o  f i t  da ta .  

9. VAPV 

TS - Temperature of water vapor, OF 

PS - Pressure of water vapor, ps ia  

V - Speci f ic  volume of water vapor, f t 3 / l b  

BO, G1, 
G2,G3, 
PIIEl, 
PHx3, 
PM12 - Coeff ic ien ts  used t o  f i t  da ta .  

l o a  VAPH 

TS - Temperature of water vapor, "F 

1s - Pressure of water vapor, p s i a  

H - Enthalpy of water vapor, B t u / l b  

FO, F1, 

FP - Coeff ic ien ts  used i o  f i t  data .  
FP,F3,  

11. VAPS 

TS - Temperature of water vapor, OF 

PS - Presswe  of water vapor, p s i a  

S - Entropy of water vapor, B tu /OF- lb  

MO,Ml, 
Mj,Mi2 - Coeff ic ien ts  used. t o  f i t  da t a .  



12. UCALC 

C FN2 

CMT 

T 

TUBLEN 

URBC 

ZUBAR 

AD 

A J  

AMWT 

AS 

AUNIT 

A1 

A2 

CAPF 

CAP11 

C A P T ~ ~ T  

cc 
CCKG 

c CY 

cpr Fpr KG 
cpr FPrW 

C@$Y 

C@IUN!C 

CPNCST 

C$SIKG 

C~SINS 

CprSINY 

CflSrvulY 

C$SMKG 

VTE tube length  co r rec t ion  f a c t o r  

Average s a l t  concentrat ion i n  VTE tube, weight f r a c t i o n  

Temperature, OF 

VTE tube length,  f t  

Uncorrected VTE o v e r a l l  hea t  t r a n s f e r  coe f f i c i en t ,  

Btu/hr -ft2 - OF 
Corrected VTE o v e r a l l  hea t  t r a n s f e r  coe f f i c i en t ,  

Btu/hr -f t2 - F 

13. C$STVC 

Area of discharge VTE e f f e c t ,  f t  

Higher cos t  f a c t o r  

Total  tu rb ine  power requirement, b e  

Area of suc t ion  VTE e f f e c t ,  ft 

Number of u n i t s  

VTE tubing purchase pr ice ,  $/ft2 

VTE tubing i n s t a l l a t i o n  pr ice ,  $ / f t  

P lan t  load f a c t o r  

MSF c a p i t a l  cos t ,  $ 
Tota l  VC c a p i t a l  cos t ,  $ 
vc compressor cos t ,  $ 
VC compressor cos t ,  $/kgal 

vc compressor cost, $/year 

vc compressor foundation cos t ,  $/Pgal 

vc compressor foundation cos t ,  $ 
VC compressor foundation cos t ,  $/year 

vc compressor cos t ,  $ /uni t  

Condenser + cooling water loop cos t ,  $/year 

Cranes and bui ld ing  cos t ,  $/kgal 

Cranes and bui ld ing  cost, $ 
Cranes and bui ld ing  cos t ,  $/year 

Maintenance and  suppl ies  cos t ,  $/year 

Maintenance and suppl ies  cos t ,  $/kgal 

2 

2 

2 



DUCT 

DUCTKG 

OUCTY 

ECVTKG 

EECVTg 

EECVTY 

EFFCYC 

XLCXG 

XLCST 

ELSTM 

E TP 

FVC 

EVCKG 

EVC ST 

FACT$R 

YIXC 

FUEL 

GEM 

GENCST 

GEXKG 

GEWNT 

GPISF 

G@ T 

GVTE 

i1PVC 

HTCSKG 

HTCST2 

LEND 

LENS 

$PERKG 

$PER'I 

PIPEB 

PIPEBY 

PIPEF 

Compressor duc t ing  cost, $ 
Compressor duc t ing  cos t ,  $/kgal 

Compressor duct ing cos t ,  $/year 

E l e c t r i c a l  equipment c o s t  , $/kgal 

E l e c t r i c a l  equipment c o s t ,  $ 
~ 1 . e c t r i c a 1  equipment cos t  , $/year 

Turbine cycle  e f f i c i ency ,  2!60°F exhaust temperature,  f r a c t i o n  

Cost of produci-ng e l e c t r i c i t y ,  $/kgal 

Cost of producing e l e c t r i c i t y ,  $/year 

Cost of producing stea.m, $/year 

l ' u r b i i i e  cyc le  e f f i c i e n c y ,  92'F exhaust temperature,  f r a c t i o n  

Area c o s t  of vc e f f e c t s ,  $ 
Area c o s t  of VC e f f e c t s ,  $/kga.l 

Area cos t  of vc e f f e c t s ,  $/year 

Factor  used t o  convert  $/year t o  $/kgal 

Fixed charges for r e a c t o r ,  y!/MBtu 

Fuel  c o s t  f o r  r e a c t o r ,  y!/NBtu 

Generator cos t ,  $ 
Generator c o s t ,  $/year 

Genera.tor cos t ,  $/kgal 

Generator cos t ,  $ / u n i t  

Product made in MSF p l a n t ,  gpd. 

Total product made i n  combined p l a n t ,  gpd 

Product made i n  'V'C e f f e c t s ,  gpd 

'Turbine output ,  hp (same as SWFHY) 

Hea-l; cos t ,  $/kgal 

lieat c o s t ,  $/year 

Length of VTE tubes i n  discharge e f f e c t ,  f t  

Length of VTE tubes in suc t ion  e f f e c t ,  ft 

Plant  ope ra t ing  cos t ,  $/%a1 

P lan t  ope ra t ing  c o s t ,  $/year 

Blowdown p ip ing  ifosts, $ 
Blowdown piping costs, $/year 

Feed p ip ing  Cos ts ,  $ 



PIPEFY 

PIPEP 

PIPEPY 

PIPKG 

PI PT 

PIPTUR 

PIPTRY 

PIPTY 

PIPVC 

PIPVCY 

PMS TMC 

P ~ G E N  

P ~ V T E  

PPT@ 

PR 

PRITWT 

PUMP 
RJNPXG 

PUMPY 

Q I N  

U T E I N  

SHELKG 

S E L L  

SHELLY 

S I T E K G  

SI TEN 

SITEY 

SMALLB 

SMALLD 

SMALLE 

SMAP 

SMAPP 

TB$UTF 

TCSTC 

TCSTP 

I 

Feed piping cos t s ,  $/year 

Product p ip ing  cos t s ,  $ 
Product piping cos t s ,  $/year 

Tota l  piping cos t ,  $/kgal 

Total  piping cos t ,  $ 
Turbine exhaust piping cost ,  $ 
Turbine exhaust piping cos t ,  $/year 

Total  piping cos t ,  $/year 

Vapor cornpressor discharge piping cos t ,  $ 
Vapor compressor discharge piping cos t ,  $/year 

Prime steam cos t ,  $/MBtu 

Power generated/uai t  , Mwe 

Power ava i l ab le  i n  turbo-generator steam, Btu/hr 

Power requi red  t o  operate  VTE pumps, Mwe 

Vapor compressor pressure  r a t i o  

Prime steam requi red  For p l an t  complex, Mw 

VTE br ine  pump cos t ,  $ 
VTE b r i n e  pump cos t ,  $/kgal 

VTE b r i n e  pump cos t ,  $/year 

Heat ava i l ab le  i n  incoming prime steam, Btu/hr 

Nondepreciating f ixed  charge r a t e ,  f r a c t i o n  

She l l  cost ,  $/kgal 

She l l  cos t ,  $ 
S h e l l  cos t ,  $/year 

S i t e  cos t ,  $/kgal 

S i t e  cos t ,  $ 
S i t e  c o s t ,  $/year 

Cost of steam t o  b r ine  hea ter ,  $/MBtu 

E l e c t r i c i t y  cos t ,  $/kw-hr 

Pump e f f i c i ency ,  f r a c t i o n  

Depreciating f ixed  charge r a t e ,  f r a c t i o n  

Retubing charge r a t e ,  f r a c t i o n  

Turbine output ,  B tu /h r  

Turbine c o s t  chargeable t o  VC p l an t ,  $ 
Turbine cos t  chargeable t o  turbo-generator ,  $ 



34 

T C S T l  

TCST2 

TC 1 

TC2 

TPPW 

TS 

TSE 

TUH 

TURBK 

TURBN 

TURCST 

TIJRKG 

TUKUNT 

VCTPKG 
V C T ~ T  

V@LDIS 

vs 
vsuc 
WB2 

WF? 

WP2 

ws 
WSTEAM 

WSJ. 

ws3 
X$PER 

Average p l an t  complex water c o s t ,  $/kgal 

Average p l a n t  complex water cos t ,  $/year 

MSF water cos t ,  $/kgal 

JYEF water c o s t ,  $/year 

Power requiremerbs per  t u rb ine ,  h e  

Steam temperature ,  O F  

VC s u c t i o n  e f f e c t  evaporat ing temperature,  "F 

l 'urbine cos t ,  $ 
Turbine cos t  f a c t o r  

Turbine cos t  f a c t o r  

' ~ i - b i n e  c o s t ,  $/year 

Turbine cos t  , $/kga 1 

Turbine cos t ,  $/unit  

VC wa-ter c o s t ,  $/kga.l 

vc water cos t ,  $/year 

Total. VC d ischarge  volume, c f m  

To ta l  VC suc t ion  volume, cfm 

Steam s p e c i f i c  vol.~me a t  compressor suc t ion ,  f-t'/lb 

VTE blowdown flow, I.b/hr 

VTE f eed  flow, I.b/hr 

VTE product flow, lb /hr  

Total prime steam flow, lb /h r  

'Turbine exhaust steam flow, lb /hr  

Steam requ i r ed  t o  opera te  VC p l a n t ,  lb/hr  

%earn r equ i r ed  t o  opera te  turbo-generator  , I.b/hr 

Reactor opera t ing  and maintenance cos t ,  f!/M€tu. 

USAGE 

Input  

The d a t a ' f o r  a p a r t i c u l a r  case  a r e  en te red  as  follows: t h r e e  da t a  cards  

a r e  read  i n  "VAPC@Mff, one da t a  ca rd  i s  read  i n  "MAIM", and eleven da ta  

ca rds  a r e  read i n  "INPUT". Fippre j presen t s  t h e  d a t a  ca rds  r equ i r ed  

for o i e  I~RVAC-TF c a s e ,  



DWG. NO. G-67-804A 

11 20 
LEND 

CARD 1 

(7 
- 

21 30 31 40 41 50 51 60 
LENS T S  DiSlD SUCID 

CARD 2 

T S E  

1 

DELTS DELTAD ETP EFFCYC GT@T 

2 3  
N I T E R  

L 

CARD 3 

I I '  

T S  THF TB 

CARD 4 

, 
TO TA C G  

CARD 5 

/ 12 113 24 
TITLE & 

CARD 6 

CARD 7 

CARD 8 

Figure 3 



DWG. NO. G-67-804B 

8 9 16 
CARD 9 

17 24 25 32 33 40 
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CARD 1 1  

RH 

BlKTH BIKTE BIKTR CSLTBH CSLTBP ; 
- 

RE R S R  SH SE SR VH VE VR IC 

CARD 12 

FACID 

- 

CSLTBR 

ACACID DPLIM XSgD X N N N  XLLL IC 

CARD 13 

CARD 15 

Figure 3 (Continued) 
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Three da ta  items a r e  s e t  i n  "VAPC$M", vapor compressor e f f i c i ency  

(EFFCflM), evaporator pwaping f ac to r  (EIPE), and r a t i o  of s p e c i f i c  hea t s  

for water vapor (GAM). 

Since the  PRVAC-TF program i s  e s s e n t i a l l y  a combination of two unique 

operat ing programs, s eve ra l  da ta  items appear twice, once i n  the  

"VAPC@M" data  input and once i n  t h e  "INPUT" data  input .  

steam temperature ( T S ) ,  ocean sa l t  concentrat ion ( C p ) ,  t o t a l  product 

r a t e  (GTPT), and o v e r a l l  concentrat ion r a t i o  ( C R )  e Ambient tempera- 

t u r e  appears i n  PRVAC-TF a s  TBA and i n  "INPUT" a s  TA. 

These a re :  

1. Descript ion of Cards 

a .  Card 1 (Format 8E10.4) 

(1) 

( 2 )  

(3) 
(4) Steam temperature, O F  

( 5 )  VTE tube I . D .  i n  discharge e f f e c t ,  i n .  

(6 )  VTE tube I . D .  i n  suc t ion  e f f e c t ,  i n .  

(7) Ocean s a l t  concentrat ion,  f r a c t i o n  

(8) 

Frac t ion  of ocean in take  flow re j ec t ed  i n  MSF p lan t  

Length of VTE tubes i n  discharge e f f e c t ,  f t  

Length of VTE tubes i n  suc t ion  e f f e c t ,  f t  

Vapor compression p l an t  concentrat ion r a t i o  

b .  Card 2 (Format 8E10.h) 

VC suc t ion  e f f e c t  evaporating t,emperature, OF 

Temperature drop across  VTE: tubes i n  suc t ion  e f f e c t ,  OF 

Temperature drop across  VTE tubes i n  discharge e f f e c t ,  O F  

Thermal cycle  e f f ic iency ,  92'" exhaust temperature, f r a c t i o n  

Turbine cycle  e f f ic iency ,  260"~ exhaust temperature, 

f r a c t i o n  

Tota l  product r a t e ,  gpd 

Ambient temperature, OF 

Overall. p lan t  concentrat ion r a t i o  



38 

C .  

d .  

e .  

f .  

g -  

Card 3 (Format 5 ~ 1 0 . 6 )  

(1) 

( 2 )  Temperature of prime steam a t  tu rb ine  i n l e t ,  OF 

(3 )  

Pressure  of prime steam a t  t u r b i n e  i n l e t ,  p s i a  

P'raction of p l a n t  power r equ i r ed  f o r  r e a c t o r  opera t ion .  

Card 4 (Format 1 2 )  

(1) Allowable number of MSF i t e r a t i o n s .  

Card 5 

(1) T i t l e  of case (72 alpha-numeric c h a r a c t e r s ) .  

Card 6 (Format 9~8.0, 13) 

(1) Case number 

( 2 )  Tota l  product r a t e ,  gpd 

(3)  Estimated MSF performance r a t i o ,  

( 4 )  Blank 

( 5 )  Blank 

( 6 )  Overa l l  p l an t  concent ra t ion  r a t i o  

(7 )  Blank 

(8)  Blank 

( 9 )  Blank 

(10)  Card nudoer  - 1 (column No. 75) .  

l b  product 
1000 Btu 

Card 7 (Format 9~8.0, 13) 

(1) Steam temperature,  OF 

( 2 )  Maximum b r i n e  tempersture,  OF 

( 3 )  Blowdown temperature ,  OF 

( 4 )  Ocean temperature ,  OF 

( 5 )  Blank 

(6 )  Ambient temperature,  O F  

( 7 )  

(8)  
(9 )  Blank 

(10)  Card number - 2 (column No. 75).  

Ocean s a l t  concent ra i ion ,  weight f r a c t i o n  

Product s a l t  concent ra t ion ,  weight f r a c t i o n  
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8 (Format 9 ~ 8 ~ 0 ,  13) 

Number of modules 

Number of l e v e l s  

Number of u n i t s  

Total  number of s tages  i n  hea t  recovery sec t ion  

Total  number of s tages  i n  heat  r e j e c t  s ec t ion  

Ver t i ca l  height  ava i l ab le  f o r  vapor escape from t h e  t r ays ,  

f t  

Tray depth, f t  

Loss coe f f i c i en t  of i n t e r s t a g e  o r i f i c e  

Splash p l a t e  length ,  i n .  

Card number - 3 (column No. 75). 

9 (Format 9 ~ 8 . 0 ,  13) 

Pump e f f i c i ency ,  f r a c t i o n  

Blank 

Blank 

Depreciating f ixed  charge r a t e ,  f r a c t i o n  

Nondepreciating f ixed  charge r a t e ,  f r a c t i o n  

Plant  l i f e ,  years  

Plant  load f a c t o r  

Blank 

Blank 

Card number - 4 (column No. 75). 

10 (Format gF8.0, 13) 

Brine hea ter  tube O.D. ,  i n .  

Brine hea ter  tube wal l  thickness ,  i n .  

Recovery tube O.D. ,  i n .  

Recovery tube wall thickness ,  i n s  

Reject  tube O.D. ,  i n .  

Reject  tube wall thickness ,  i n .  
2 

(7) Unit cos t  of hea ter  tubing and tube shee ts ,  $/ft 
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(8) 

(9 )  
(10) Card number - 5 (column No. 7jt). 

Unit  cos t  of recovery tub ing  and. tube shee t s ,  $/ft2 

Unit  cos t  o f  r e j e c t  tub ing  a n d  tube shee t s ,  $/ft 
2 

k .  Card 11 (Format 9~8.0, 13) 

2 
(1) 

(2) 

Tube meta l  conduc t iv i ty  i n  b r i n e  hea te r ,  Rtu/hr-f t  - O F / f t  

'Tube rnetsl conduct iv i ty  i n  evaporator  recovery,  

Btu/hr -f t2- "F/f t 

!lSibe meia l  conduc t iv i ty  i n  evaporator  r e j e c t ,  

Btu/hr - f t - O F' / f  t 

Tube l i f e  i n  b r i n e  hea te r ,  years  

%be l i f e  i n  evaporator  recovery,  years  

( 3 )  
2 

( 4 )  

( 5 )  
(6)  Tube l i f e  i n  evaporator  r e j e c t ,  years  

(7)  Blank 

(8)  Blank 

(9) Blank 

(10)  Card number - 6 (column 75). 

1. Card 12 (Format 9 ~ 8 ~ 0 ,  17) 

(1) 

( 2 )  

(3)  Fouling f a c t o r  i n  evaporator  r e j e c t ,  Etu - h r - f t  -OF 

( 4 )  Flooding factor i n  b r i n e  heater  

(5) 

( 6 )  

(7)  

(8) 
(9 )  
(10) Card number - 7 (column KO. 7 5 ) .  

Foul-ing f a c t o r  i n  b r i n e  h e a t e r ,  Btu-'-hr-ft*-"P 

Fouling f a c t o r  i n  evapcr a t o r  recovery,  Rtu- l -hr - f t  -OF 
2 

-1 2 

Flooding f a c t o r  i n  evaporator  recovery 

Flooding f a c t o r  i n  evaporator  r e j e c t  

Tube v e l o c i t y  i n  b r i n e  hea te r ,  € t / sec  

Tube v e l o c i t y  i n  evaporator  recovery,  f t / s e c  

Tube v e l o c i t y  i n  evaporator  r e j e c t ,  f t / s e c  

m. Card 13 (Format 9~8.0, 13) 

(1) Pumping head from ocean t o  p l a n t  s i t e ,  f t  

( 2 )  Head loss i n  pumping between t h e  p l a n t  and b r i n e  hea te r ,  

f t  



Blowdown pump head, f t  

Product pump head, f t  

Fouling f a c t o r  mult iplying f a c t o r  used t o  r e f l e c t  tech-  

nologica l  improvement 

Heat t r a n s f e r  c o e f f i c i e n t  mult iplying f a c t o r  used t o  

r e f l e c t  technological  improvement 

Blank 

Blank 

Blank 

(10) Card number - 8 (column No. 75). 

n. Card 14 (Format gF8.0, 13) 

Blank 

Temperature drop assoc ia ted  with submergence e f f e c t s ,  "E' 

Slope of i tem (2 )  wi th  temperature 

Heater s h e l l  design pressure  drop, p s i a  

Blank 

Blank 

Condenser tube p i tch / tube  diameter r a t i o  

Calculates  condenser f o r  every ~ /xN"  s tages .  

condensers a r e  ca l cu la t ed  by in t e rpo la t ion  

Calculate  tube rows i n  every l/XLLL s tages .  

tube rows a r e  ca l cu la t ed  by i n t e r p o l a t i o n  

Remaining 

Remaining 

(10) Card number - 3 (column No.  75) .  

0. Card 1 5  (Format 9 ~ 8 . 0 ,  13) 

(1) - (9)  a r e  Blank 

(10) Card number - 10 (column Nos. 74 and 75). 

Output 

The output  from t h e  MSF p l a n t  appears f i r s t ,  wi th  t h e  case t i t l e  being 

used t o  t i t l e  each page. 

are pr in t ed  followed by any s igna l s  or i t e r a t i o n s  requi red  i n  the  MSF 

cos t  rou t ines .  

The input  da ta  from cards  1 - 4 and 6 - 14 
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Two pages of MSP output  surmarize t h e  c o s t s  and important o v e r a l l  f lows, 

temperatures ,  and performane e geometry. 

The MSF stage-by-stage output  fol lows i n  f i v e  sepa ra t e  groups.  

The l a s t  two output  pages con ta in  vapor compressor information.  The 

I-ast  page summarizes vapor-compression c o s t s  and p resen t s  an average 

o v e r a l l  p lan t  water  c o s t .  

Operating I n s t r u c t i o n s  

Sjnce $RVAC-TF i s  a very  l a r g e  program, i t  was necessary t o  redes ign  

program flow us ing  t h e  over lay  l inkage  system. Therefore,  it i s  neces- 

s a r y  t o  inc lude  a l l  subrout ines  l i s t e d  on the loading  map w i t h i n  t h e  

des igna ted  l i n k .  Order w i th in  a given l i n k  i s  not important .  An 

a l t e r n a t e  input-output  bu f fe r  system i s  used t o  allow approximately 

20,000 e x t r a  o c t a l  s to rage  l o c a t i o n s  t o  be made a v a i l a b l e  f o r  t h e  

program 

$$WAC-TF c o n s i s t s  of a main program (VAPCPM) and t h i r t y - f o u r  sub- 

r o u t i n e s  arranged i n  f i v e  l i nkages .  The program i s  loaded on t h e  

machine by s t ack ing  t h e  main program and a l l  0 l i n k  subrout ines  ( i n  any 

o r d e r ) .  

map t o  decrease machine t ime. Each remaining l i n k  should begir, wi th  an 

over lay  card .  An end-o f - f i l e  card and a s e t  of da t a  complete the  deck. 

There a r e  no programmed s tops  o r  pauses ,  The program -takes i t s  inpu t  

from t ape  5 and w r i t e s  i t s  output  on t a p e  6. Card-to-tape and output  

t r a n s l a t i o n  i s  done o f f - l i n e .  

The remaining 1.i.nk.s should be loaded a s  shown on t h e  loading 

Example 

To i l l u s l x a t e  the use  of $KVAC-TF, a sample problem i s  included. 

v a r i a b l e s  used a s  input  da t a  ( i n  t h e  order  t hey  a r e  r equ i r ed )  a r e  a s  

fo l lows  : 

'The 



RC = 0.0 C P  = 0.0336 EFFCYC = 0.2137 

LEND = 10.0 CRVC = 1.328 GTPT = 0.750E9 

LENS = 10.0 TSE = 237.0 TEN = 90.0 

TS = 260.0 DELTS = 8.0 PTURBI = 965.0 

DISID = 3.0  DELTAD = 8.0 TTURBI = 540.0 
SUCID = 3.0 ETP = 0.3425 REAP$ = 0.01327 

I n  the body of VAPCPM, the following va r i ab le s  are s e t :  

E F F C ~ M  = 0.80 EIPE = 0.20 GAM = 1.32 

11. MAIN 

NITER = 10 

111. INPUT 

TITLF: = 72 ALPHA-NUMERIC CHARACTERS 

CASE = 18.0 RP = 10.0 

G = 750.036 CR = 1.8 
Card No. = 001 

= 65.0 CP = 0.000025 TSTEAM = 260.0 TP 

THF = 250.0 TA = 80.0 Card No. = 002 

TB = 92.6 cpl = 0.0336 

AMjdDU = 8.0 T$TALR = 4.0 

AUNITS = 5.0 TRAYDP = 4.0 

T$TALE = 40.0 

ALEV = 8.0 FREBD = 1.6 

SIWLLF: = 0.86 
SMALLP = 0.06 

RATEIN = 0.04 

WPL = 30.0 

CL = 4.0 

SPL = 12.0 

Card No. = 003 

CAPF = 0.9 

Card No. = 004 
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DerH 

U@E 

WKLLH 

WALTJE 

BTKTH 

B I  KIL’E 

BI KTR 

RH 

RE 

R SR 

SH 

IID 

HH 

HBL 

CPSTB 

FACE 

ACACID 

DPLIM 

Card No. = 

0.750 

0.042 

0. ‘750 

0.042 

26 .o 
26 .o 
26.0 

0.0003 

0.0005 

0.0005 

16.0 

35.0 

25.0 

0.0 

2.0 

0.5 

0.0 

14.696 

010 

DeiR = 0.‘750 

A3 = 1.859 

WALLR = 0.042 

CSLTBH = 30.0 

CSLTBP = 30.0 

SMAl = 1.859 

sMA2 = 1.859 
Card No. = 005 

CSLTBR = 30.0 

Card No. = 006 

SE = 16.0 VE = 7.0 

SH = 16.0 VR = 7.0 

VH = 7.0 Card No. = 007 
\ 

HPK = 92.0 

0.0 - E’FHL - 

A6 = 3.9532 

A7 = 3.61+12 

xs@ = 1.30 

SSF1 = 0.0 

Card No. = 008 

- X” - )-I.. 0 

XLLL - 4.0 

card  NO, = 009 

- 

The output  for t h i s  case i s  given i n  Figure 3 .  

Coding Information 

1. 

2. 

Tirile Requirements. 

a s i n g l e  case w i t h  45 MSF s t ages .  This assumes no compilation of 

souece decks i s  requi red .  

Approximately 2-1/2 minutes i s  r equ i r ed  t o  run 

Flow Charts arid Source Program. 

subrout ine  UCALC. 

For t ran  I V  source programs used i n  $RVAC-TF. 

Figure 4 is a flow diagram of t h e  

Figure 6 presents  a complete l i s t i n g  of a l l  t h e  



F igu 

SUBROUT 

CWG. NO. G-67-805 

C F N l  = 1.0 
CALCULATE 
ZU BA R 

e 4  

NE UCALC 



UVDRFLOW A T  6 0 4 1  ? I N  WJ 

i J N C R F L D r i  A T  6 4 0 0 5  I N  VQ 

i l N D R F L O W  A T  hi241 3 I N  PQ 

I U U D R F L O W  4 T  6 4 3 3 7  IY MQ 

U N D R F L C W  AT 61341! I N  W Q  

W A I N  D A T A  I N P L T  
C A Y G  04 

I n  

I ' IPUT CATA I N P U T  
C A R C  36 

C A R E  07  
o . ipocunk  02 c . 7 5 n C ' i u  3 9  0 .1  - L O v r i E  122 - ? . O ~ ~ O J O E - I ~  

3 . 2 6 O U O n F  f l 3  L.2511GIICt C 5  0 . 9 P 3 0 C O E  02 C . 6 5 U O f l O E  0 2  

8.00 8.LO 5. irf 4 r .  cc  4.f70 I .60 
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S P T G I A C  C A S E  F O ?  L I H R A R Y  C O D E  

P R O C U C T  ABOVE-GPO 0.4164PPE r 9  

T O T A L  S T A G E S  
S T E A P  TEMP 
MAX @ R I V E  TEMP 
O C E A N  TEMP 
A M B I E N T  T E Y P  
S E A  WATER S A L T  C O N C  
P R O C U C T  S A L T  C O N C  
C O N C  R A T 1 3  C ( B ) / C ( O )  
R E C O V E K  R A T I O  P 
P E R F O R M A N C E  H A T 1 0  

P L A N T  L I F E  
R E J E C T / E V A P  T U B E  FLOW Q. 

F L O O D I N G  F A C T O R  
T U B E  COY DUC T I V  I T Y  
T U B E  V E L O C I T Y  
T U B E  01; 
T U B E  IC 
F O U L I N G  F A C T O R  
T E M P  C R O P / S T A G E  R H O  
T U B E  FLOW L B / H R  
N O  O F  S T A G E S  
H E A T  T R A N S F E K  C O E F  
C O N O E N S E R  AREA 
T U B E  L E N G T H  
Y O  O F  T U B E S  
T U B E  HEAD L O S S  

414. 
2co.co 
251 .h4 

05.  co 
CO.'O 

c. COCI2 
I .  rocco  
C. I I9L2 

I .  c 32 
C.6C22 

j c .0  

n. c j J m  

:3.33339 124F L19 DRCOL'CT FRCP' S E W S  

E V b ?  H E A T  L C S S  ( P C T )  
P L b & T  L O A D  F A C T C R  
PUb'P EFF 
D E L I V E R Y  H E E D  
d E J F C T  H I A C  
E V C P  HEAC 
H E A T E K  WEAD 
H L C k D C W N  HEPO 
P R C D L C T  MEAT: 

If. 
U. 9Un0 
r! .r3600 

55.00 
5a.20 
5rl.20 
25.00 
E. 

1 l lh. 63 

H I G H E R  C O S T  1.2138 
t i E A T F H  H E A T  L O S S  I P C T )  3. 
TUPE L I F E ,  b E A T E R  50.00 

B R I N E  H E A T C R  E V A  P O H A T C H  R E J E C T  

POWER ( B/KW H R )  
HEAT ( $ / M H T U )  
ANNUI\L CAP I /YEA? 
F V A P  A Y D  R E J  R E T U B I U G  C H A R G E  
P E Q T E I I  R E T U B  I N G  C H A R G E  
R F J E C T  A R E A  ( S / S Q F T 1  
E V d P  AREA ($/SSFT) 
G R I N €  I -EATER ( b / S Q F T  1 
E R I N E  I - E A T E R  S H E L L  $ / S Q F T  

I N T E 9 k S T  R A T E  
P R O D U C T  TEMP 

TUEE L I F E ,  EVAP.  

16. CO 
26. EO 

7. LO 

2. 66hCO 
c . 0 c c J 1-0 

n. 7sccn 

C.96443494E C9 

C.PCI I P S 3 5 f  c3 
C.1321CT35E c7 

C.26277761E C6 
C.12125127E c2 

r . 2 5 6 0 4 ~ 7 6 ~  r2 

I 6.00 
2h.OTj 

7.00 
0.75000 

0 .  r!fiO 3013 
5.5194994 

F.96443494E 39 
43 

q.7 I I94028E 03  

q.27888117E 0 3  
1.26077144E 06 
Cl.776973h2E f12 

0.66600 

'1. I 4 2 7 9 5 6 5 ~  08 

16.13C 
26.00 

7.cc 

0.6662C 
0.flUCSOE 

4.322CC99 

4 
fl.51536U@3F C 3  
0. 17943647E U7 

0.15010P29E I76 
0. 15163630E C2 

u.75crc 

O.SROB050bF 

0 . 6 0 a 7 9 8 5 9 ~  u 2  

C O S T  $ / Y E  fiR S. /KGAL 

H E A T  
C H E M I C A L  
P O W E R  
P U M P S  AYO Y O T O R S  
C A P  CHEM 
S I T E  WORK 
S E A -  I N T A K E  
E V A P O R A T O R  S P E L L  
E V A P O R A T O ?  AREA 
B R I N E  P E A T E R  
V A L V E S  AND P i P I Y G  
E L E C  E Q U I P M E N T  
O P E R A T I N G  C O S T  
M A I N T E N A N C E  A N D  SUPPL IES 

0 E A E R  A T 0  R 
T O T A L  COST 

C R A Y E S ,  I ' J S T R U .  B U I L D I N G S ,  C O N C R E T t  

-G. 

-0 .  
0.766703fl3i 07 

0. I u952 h59r 07 
0.26362449' n6 
0.21 5 2 0 ~ 7 7 ~  05 
0.42258366r 06 
0.15621 Z82C J 7  
0.31 565'577F c17 

0.52463 IF32 F 06 
0.5U209719E 0 6  
0. 
0. 
0 .  I620n l 4 S  F 76 
0.56106770; I36 
0. 1091 031 7E 08  

C.57242592k 06 

-1. 
0 .  IO825LlPSE-01 

11.4445523RE-02 

0.8 734765 3E-04 

0.6 3 40 4 89 3E-02 
0.12811924E-01 
0.15116222E-02 
0.2 1294t137F-G2 
0 .  I 226 1 4 7 9 ~ - 0 2  
0. 

-0. 

n .  I n70r) I 3 2 ~ - 0 2  

n.1715201 I€-02 

0.6 575 6 44  9 E-0 3 
n.1465492sE-02 
C.44285814F-01  

R E C O V E R Y  R 4 T I O  ( C A L C )  
P E R F O R M A N C E  R A T I O  ( C A L L )  
b V E  @ O I L I N G  P O I Y T  R I S E  
A V E  T H E R M A L  F O H C E / S T A G E  

PLOWCOWY T E Y P  
F R I N E  T E M P  I Y T O  H k A T E R  

U - P b R  A V E R A G E  
FCWEK ( MEGA-WATTS 1 
PRODUCT K A T E  ( L R / H R  1 
R E C Y C L E  FLOW ( L R / H r l  
S E A  h A T E R  R F T U R Y  ( L R / H R )  

PLCWOOWN FLOW ( L B / H R  
S T I i A M  FLOW I L B / H R )  

-0. 
-0. 

0. 
0. 
2.8697 
2-71 4 7  
I. 8590 
1.1670 

0.13400 
91. I 6 3  

12.0600 

30.00 

692.09 
I 51.06 1 

13. I I 4  P3064E 09  
0.3R3629E8E 09  
n u. 

0.32256273E 09 
0. I73F9C5CE O B  

C. I I902 
7. U32 
2.165 

13.322 

93.6137 
2 3 4 . 3  7 7 

C A P I T A L  I V V E S T Y E N T  
z $/G?C $ / K G A C  

0. I373951 I rl 0 9  G.18319748E 00 C .  3346C727E-01 



FCR 1 V C O L L f  
E V A ?  SHIEL,  V O L U M E  C . 4 5 7 9 7 e 6 1 E  Oh RFJCCT S H E L L  V O L U M E  n.0536?$62E 0 5  
F V A P  T lJBE B U V D  W I D  I F T )  5.SLnl R F J  TUB'  B L Y D  h 1 C  ( F T )  4 .4437 
dTME 0 . 2 5 6 5 5 7 7 2 E  C 2  h T P K  0 . 2 2 4 1  7 7 F F E  0 2  
HST E 9 . 5 6 C T C C C C E  t l S T K  0 . 5 6 C i l a C C G E  G I  

E V 4 P  F L A S H I N G  AREA 0 . 3 7 3 2 5 5 E  Oh REJECT F L A S ' r I N G  A R E A  0.841 8 7 1  3 4 E  95 
M A X  AREA O F  O R I F I C E - E V A ?  1 9 . 2 4 1 7 4  MAX P H F A  O F  O R I F I C E - H E J F C T  fl. 1 6 8 ~ 9 S 9 2 E  0 2  
O R I F I C E  L 3 S S  C 3 E F F  4. c c r n  

TUBF SHFET T H I C K N E S S  I N  0 . 7 5 0 0  
S P L A S H  P L A T E  LENGTH,  1 K  12.oc; 
M A X  T A A Y  F i O h  SC07Uil.OCC; 

FIGURE: 5 (Continued) 



S P  G I A C  C A S F  FO.2 C I P R P K Y  C O D E  

S T A G E  T T D  C T  C 1  C2 CN U B A R  P I  HO 

L.764882R9E 13 Flll6.5h 2PU1.80 2530.77 
11.3301 5 3 1 1 ~  I o 805.75 2777.88 2545.02 
C.32945149E I O  802.16 2751.25 2534.57 
C.??922i  12E I O  798.5'3 2724.28 2523.92 
C. 53R99256E I O  794.74 2696.94 2512.91 -. 52878241E I n  790.89 2 6 6 9 - 2 6  2501.61 
C. J2855075E 10 796.94 2641.23 2489.95 
E. 42835339E 10 782.89 2612.R7 2477.94 
U. 5281 I I 1 8 6  10 778.74 2584. I 8  2465.58 
L. 127901IY7E I n  774.49 2555.18 2452.70 

".'2746759€ 13 765.69 2496.27 2426.52 
,.327?5619E I O  751.14 246h.58 2412.R3 
4 .3?7C5871E I O  756.53 2436.21 2398.84 -. 526'35211E 10 751.75 2405.78 2384.52 
L. 37bc4rj29E 10 746.9'1 2375.138 2369 . 8 R  

G. 42627439E 1J 756.83 2312.96 2339.7C 
i. V6225 '6E  10 731.73 2381 .56 2574.113 
6.  3?5857" IE  I D  726.Qb 2249.95 2308.11'7 

C. 3?549h37E 10 715.62 21Yh. 12 2275.35 
C. 31550698E 10 717.35 2153.93 2 2 5 8 . 5 0  
C.J25I2548F I C  7C4.37 2121.57 2241.46 

L.3?454975E I O  692.77 2056.38 2206.55 

c. 3 1 7 ~ ~ 2 6 6 ~  1 c 1  773.14 2525.87 2439.88 

i. <?h44tJS3E I r l  741.94 2344.14 2 3 5 4 . 1 2  

r . 3 2 5 6 4 5 1 3 ~  I O  7 2 1 . 0 9  2 2 1 8 . 1 3  2291.83 

L. 3 7 4 9 4 3 5 4 ~  113 678 .59  mtw.r15 2224.06 

11 .32407474~  i n  686.73 2023.57 2188 .68  

c.574342n44F 10 674.45 1957.61 2152.13 
r. 5745r lb i7E  I n  6R3.65 1999.04 217U.55 

7.32454777E I D  668.18 1924.46 2133.71 
C.3241RP13E l i 3  65l.fiD 1 8 9 1 - 2 2  21 i4 .96  
C.374339A3t IC 655.31 1857.92 2095.94 
t. 37339911E Ill 648.71 1324.55 2076.66 
r,. ~ 2 ~ i n 6 6 ' 1 1 + ~  I 3 642.05 I 79  I .  I I 7057.58 
L .5759571~ lE  I O  635.28 1757.63 2038.15 
C.323?!9'J9E 10 628.40 1724.13 2018.47 '-. 3 2 5 7 0 8 M E  I O  671.41 1690.62 1998.53 

t .37399047E I I !  607.23 1623.52 1959.13 

C. 501 68479E I D  535.89 1595.95 1931.68 
C. 5978327% lil 517.28 1529. I 9  1804.99 
L1.39P95212E I 0  499.71 1462.22 1700.01 

C .  ~ 4 0 ~ 7 1 3 ~  i n  614 .33  1457.07 1 9 7 9 . ~ 3  

~ . ~ 3 9 1 3 " 3 ~  I O  599.97 1 5 m . n i  1938.99 

C.71164025IE I 0  487.96 1411.56 1642.65 
L . I W ~ ~ ~ W E  I O  347.87 1 3 8 n . 1 6  I M O . S ~  

OM A S  

12.95 0.253612E 0 6  
12.56 O.326112E 06  
12.59 0.326195E 0 6  
12.61 0.326P64E Ob 
12.64 O.327592E 0 6  
12.66 0.328420E 0 6  
12.68 fl.329291E 06 
12.70 0.33O22SE 06 

12.74 0.332308E 0 6  
12.76 C.333449E 06 
12.78 0.3346626 0 6  
12.8C 0.33594HE C6 
1 2 - 8 2  fl.337337E 06  
12.83 0.3322790E 0 6  
12.85 O.340321E 0 6  
12.87 C.341936E 06 
12.88 C.343689f 0 6  
12.90 0.345382E C6 
12,92 0.3472366 0 6  
12.93 0.34916?E C6 
12.95 0.351289E 0 6  
12.96 n.353446E C6 
12.98 0.355704E 06 
12.99 O.35RC58E 06 

13.01 0.363353E 0 6  
13.02 0.366117E 0 6  
23.U3 0.3690OOE 06 

13.04 0.375638E 0 6  
15.05 0.379057E Ob 
13.05 C.382626E 0 6  
13.04 C.387025E 06 
13.04 C.391lRClE 0 6  
13.03 0.395515E 0 6  
1 3 . W  0.400033E 0 6  
I . 0 C  C.40586OE 06  
f 2 . 9 8  C.411218E 06  
12.95 C.416824E 06 
13.9C 0.525989E Oh 
10.66 C.461686E 06 

2E.81 0.191840E 0 6  
23.58 0.198635E 0 6  

12.72 C.331223E 0 6  

15.no c . 3 6 ~ 7 ~ 6 ~  0 6  

1 3 - 0 4  C.372353E 0 6  

19.44 C.410688E 0 6  

LS 

4.953 
6.369 
6.371 
6.384 
6.398 
6.414 
6.431 
6.449 
6.469 
6.4911 

6.536 
6.561 
6.588 
6.617 
6.647 
6.678 

6.745 
6.782 
6.819 
6.86 t 
6.9113 
6,947 
6.993 
7.045 
7.096 
7. I 5 0  
7.207 
7.272 
7.336 
7.403 
7.473 
7.559 
7.640 
7.725 
7.813 
7.927 
8.031 
8. I 4 1  

17.846 
15.664 
13.934 
6- 509 
6.739 

6.512 

6.712 

W-M SF 

C.127410E 01 

C. 16761 OE Q I  
C.165670E 01 
C. 163777E 01 
C.161953E 01 
C. IbDt62E 01 
C. 158416E 01 
C. I 5 6 7 1 2 6  01 
C.I55062E 01 
C.15344BE 31 

C. 15034bE 01 
C.148PbBE 01 
C.147424E 01 
C.146019E 01 
C,144654E 01 
C- I 4 3 3 5 2 E  01 
C.142C19E 01 

C.f39526E C.138572E 01 01 

0.137226E 01 
t,136115E 81 
c. f 35Ci36E 01 
C. I341168E U I  
C.IJ3C86E 01 
C.132136E 01 
C.131219E 01 
C. I 3 0 4 6 6 6  01 
C. 129667E 01 
C.128897E 01 
C.128161E n i  
E. i 2 7 6 9 8 E  01 

C.12657lE 01 
C. 126056E 01 
C.125942E 01 
0.125630E D I  
C.125357f 01 
C.247654E 01 
C.212236E 01 
C.184385E 01 

C.1699206 01 

c . 1 5 1 ~ 7 5 ~  n i  

r . i w 7 5 7 E  0 1  

C.127117E 01 

C. t59126E 01 

FIGULW 5 (Continued) 



S P  C I A I .  C h Y E  f07 i : R l l b R Y  CiOE 

S T A G E  'A v k 5 2  hP2 T V 2  ss i 7 52 T t  7 2  K R I N E  C F f i  P R O D  CFF4 

! 
2 
3 
4 
5 
6 
7 
8 
v 

i n  
I 1  
12 
1 3  
I 4  
15 
: 6  
17 
I A  
19 
213 
21 
22 
23  
24 
25  
26 
2 7  
78 
29 
50 
3 1  
32 
33 
34 
45  
36 
37 
158 
39 
43 
4 1  
42 
43 
44 
45 

245.96 25 1.64 
742.42 248.12 
238.9  I 244.60 
235.40 2 4 :  .OR 
23: .9C; 237.56 
228.31 7 3 4 . 0 5  
23 i r .88  230.53 
221.37 227.01 
217.96 223.49 
214.35 219.97 
210.8S 216.45 
107.32 212.93 
203.8  1 2C9.42 
2330.3:3 205.30  
176.78 202.58 
193.27 1'78.66 
189.75 105.34 
186.24 19 I .H? 
l82.7? 1 8 A . 3 @  

I 7 5  .67 18 i .27 
172. i ?  i T 7 . 7 5  
148.65 i74.23 
i 45 .13  17G.71 
161 . 6 ?  167.19 

154.S6 163.16 
151.04 156.64 
147.5;  153.12 
i43.98 149.6U 
l?10.44 146.08 
i36.91 142.56 
I 33.37 I 3 9  .fl5 

126.27 132.01 
122.71 128.49 
119. I 4  124.97 
115.59 121.QS 
112.00 117.93 
138.42 114.42 
104.26 I 1 0 . 9 U  
99.55 106.58 

9 1 . ! 6  97.93 
90. S7 

179.21 184.79 

158.03 163-68  

129.82 135.55  

95.39 102.25 

248.  I 2  
244.61 
24 : .qf3 
237 - 5 6  
25b, .05 
230.53 
227 .C I 
223.49 
2 19.07 
216.45 
212.33 
209 .4? 
? 0 5  .9'1 
202.38 
I 9 8  .h6 
195.34 
I 9  1 .R2 
IFje.3U 
IR4.r'9 
1 6 1  . 2 1  
177.75 
174.23 
170.71 
167. I V  

160.16 
156 - 6 4  
153.12 
149 .6U 
I 4 6  -0. 
142.56 
I 39 .I7 5 
835.53 
1 3 2 . c i  
128.49 
124.97 
121 A 5  
117.95 
114.42 
i 10.9cI 
106.5R 
l C 2 . 2 5  
97 .93  
93 .61  

163.68 

231.54  
728.0 I 
724.4 7 
?2C.94 
2 1 T . 4 !  
215.83 
2 i c . 3 5  
206.82 
2 7 5 . 2 9  
199.76 
196.23 
192.7C 
193.16 
1 8 5 . 6 3  
I P 2 .  t 0 
I ?a.  5 7  

171.53 
147.96 
144. 44 
16C.91 
157.38 
153.64 
15ci.3L 
i46.78 
143.24 
139.7 B 
136. I 7  
132.63 
129.09 
125.55 

I I B.Li7 

I 75.04 

122.0 I 

114.92 
1 I i . 3 8  
1C7.83 
104.28 
lCC.72 
97.17 
93.61 
86.53 
79.34 
72.12 
68.4e 
65.0C 

2 3 4 . 3 4  
231.54 
228. C I  
224.47 
2 2 : .  94 
217.41 
2 I 'I. P l i  
2 I O .  35 
2C6.62 
2C3.29 
199.76 
196.23 
192.73 
189. I6 
: F5.53 
f 82. I O  
178.57 
t 75.04 
17 j .51  
1 6 9 . 9 8  
16q. 4 4  
i60.91 
157. 58 
153.84 
1 50.  31 
146.78 
I 43.24 
i 39.71 
136. I7  
132.63 

125.55 
122.0t  
i 1 8 . 4 7  
114.92 
s 11.38 
107.83 

I C13.72 
97.17 
93.61 
86.53 
79.3% 

129.09 

104.28 

72. 12 
68.48 

0.69711C1E 06 
2.7342536 06 
0.774032E 0 6  
0.416547E Gb 
0.8b2C1 i E  26 
0.010666E 06 
G.962765E 56 
O.IOIR6CF u7 
E. I07846E 0 7  
O.El4271E 07 
0.121170E 0 7  
I?. l2ZS84E 07 
0.136557F 117 
0.145339E 0 7  
0. :5q363E 0 7  
0 .  i 6 4 3 4 ? E  0 7  
0.175099E 0 7  
U.le6707E C? 
0.1992526 07 
0.212829E 0 7  
0.227514E 0 7  
0.243434E 07 
9.2bC7C3E E 7  
0.279b52E C7 
0.299927E 0 3  
0.321997E 0 7  

0.372464E 07 
L1.401I97E 07 
CJ.432597E 07 
3.466955€ 27  
C.504593E 0 7  
0.54588sE 0 7  
0.591234E 0 7  
0.641124E 0 7  
8.696083E 07 
0.756721E O? 
f l .823738E 0 7  
C.B97925€ 07 
0.980195E i)7 
0 . 1 3 4 4 9 m  08 
ci. ! S C 4 4 8 E  08 
3.168727E 08 

n . 3 4 6 1 4 0 ~  o a  

0 . 6 5 6 8 2 7 ~  07 

L. 
C.986147E 0 5  
C. l L b 2 0 h E  06  
C.;15429€ 0 6  
C. i 2 5 4 8 5 E  06 
t.1 364Y6E S 6  
C. 1484TOE 35 
C. 161544E 16 
C.175826E 06  

C.208561 E 06 
C.227269E 06 

~ . 2 7 0 ? 9 B E  16 
Z.294965E 3 6  
C.322Lr4f  0 6  
C.35180bE 06 

C. 191 4 T 3 E  06 

Z.247769f 36  

r . 3 9 q m l i E  06 
r . 4 2 0 3 6 4 ~  
C.460fl24E 06  
C.5C3689E O b  
C.552225E 06  
C.6135116GE 06  
r .664J18E 06 
C.729412E G 6  
C.8025D4E 06 

C.971514E 06 
C.lO7033E 0 7  
C. i l 8 2 8 2 E  07 
C.130575E 07 
C.144287E 0 7  

C-eH2597E 0 6  

F. i 5 9 6 a a ~  137 
C.977b56E D7 
11.196786E 0 7  
C.218498E 0 7  
C.242907E 0 7  

C.303414E 37  
C.338922E 2 7  
ii .lr47C36E 0 7  
C.5bFjE52E 03 
C.637542E R 7  
C.694552E 07 

Ca272065E SI7 

 FIG^ 5 (Continued) 



S P t C I A L  C A S E  FOR L I R K A R Y  C 6 0 E  

O Y E  LEVEL OF O U E  MODULE 

S T A G E  F T / S F C  L R / H R  F T  F T  
VAP3R VEL T R 4 Y  FLOW T R A Y  k I U T r  

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 )  
12 
13 
14 
I 5  
16 
I T  

! 9  
20 
21 
22 
2 3  
2 4  
2 5  
2 6  
2 7  
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42  
4 3  
44 
45 

i a  

12.561253 
10.37 3e04 
10.5 I 6 0 5 2  
111.175201 
1 1.769291 
12.399926 
13.072 132 
13.788 I 87 
14.55 I 4 5 1  
15,364305 
16.2 3 2 t R 4  
17.1 584 I 7  
18. i 47 632 
19.2 0 3C 30 

21.540398 
22.3 3 3 5  1 4  
211.2 I 4 3 9 8  
25 .7ii 5999 
27.30GC35 
29.01 1981 

32.8 14540 
34,936181 

39 6 59 905 
42.302560 
45. 153701 

51.509106 
55.083C24 
58.952 I 6 4  
63. I44C90  
67.565 I 9 6  
72.44 IC77 
77.7 36994 
63.4 97999  
89.51 1444 
96.228 339 

62.87C 829 

301.738003 
88.04 I 4 8 7  

20.332 2 67 

30 .E 4 I 9 8 6  

33.2 2 c6 70 

48.2 3 2 4 2 5  

i r 1 3 . 5 5 2 ~ 0 1  

ao 40 7697 

0. 

0.5CCOCCF Ch 25.655721 
0.500000E C6 ?5.363"2 I 
0.5OCOCCf C6 25.477b53 

0.5GCOCEE 06 25.791 ? 8 7  
0.50C00OE 06 25.2C2475 
0 .5COOCCIE C 6  25. I I 3 6 6 P  
0.5UCT1@CE C6 24. r 2 5 4 6 C  
0.5000CC'E Oh 24. F37P44 
0.500000E C b  24. V i C F I  3 
D 5GCOCCt O h  24. 164 36? 
0.50COCCF C 6  24. b 7 ? 4 8 4  
0.50EGCGF C 6  24. 395 I 7 4  
G.5CCOOCE C6 24. b O P 4 2 4  
0 . 5 C I X l C G t  6 6  24.424229 
C.500CtLlF 26 24. 34-584 
O.SC3C3CnE Zb 24.P574H3 
0 . 5 C C O C O E  Cb 24. I 7 4 7 1  9 

0.5CCBCpIF 0 5  24. C 1  I 3 8 5  
O.5CCOGOE 06 23.931403 

C.5CCOGCE 06 25. 7 6 9 9 0 3  
0.5OPOCPt Ob 23.69C536 
O.SCeOCCE C6 24.61 I 5 8 9  
O-SCOOUCE c 6  71.535139 
0.500000F C6 25.4551FI1 

0 . 5 ~ r n a c ~  m 25.  PI 91  c 

o.sccooaF c 6  24. ~ 9 2 ~ ~ 8  

O.SBCOOOE 06 23. ~ 4 9 9 3 7  

0.5COOCOE C 6  25. 377709  
O.SCC0CCE C b  23. 3 0 C 7 l  9 
0.5EOnOOE 06 23.224206 
0.5000COE o b  23. 1 4 P l 6 h  
C.SUOOCOF C 6  23.172594 
0*5CCOC@F C6 21.99 (4Rh  
O.SGCflO0E G 6  22.027837 
0.5CCOCOE 06 27.848642 
0.5OCOOCE Cb 22. 77JrH99 

0.5CCOOOt Oh 22.62P746 
D.SUO00ClE 06  22.556 528 

0.SGUOOCE C6 22.41') 19C 
0.5GCOOCE C 6  27.525459 
0.500000E 0 6  22.238764 

0.  t:. 

0.50nOCOF C 6  22,701 601 

0 .5oon00~ c 6  2 2 . 4 ~ 4 5 4 4  

o.soooam 06 22. I 52696  

ALPHA DTPD 

2.159 0.51 
2.180 i7.54 
2.169 0.S4 
2.159 0.55 
2.149 0.55 
2.140 C.55 
2.132 C.55 
2. I 2 3  0.56 

2.108 C.51 
2 . I C I  0.57 
2.094 0.58 
2.088 0.se 
2.GR3 c.59 
2.078 C.6G 
2.074 C.61 
2.070 0.62 

2.115 e.56 

2.@68 C a b 3  
2.064 0.63 
2.061 0.64 
2.058 e.65 
2.058 0.66 
2.059 C.68 
2.06C C.69 
2.061 0.70 

2.074 0.74 

2.OR9 0.T8 
2 . l f i 5  C.81 
2.122 0.84 
2.139 0.87 
2. I58 0.90 
2.191 C.94 
2.225 0.99 
2.261 1-03 

2.356 1.15 
2.416 1.22 

2.1167 c.72 

2.081 0.76 

2.298 I.C8 

2.473 1.30 
2.310 1.14 
2.399 1.25 
2.538 1.40 
2.443 1.32 
0. I .6C 

FIGURE 5 (Continued) 



S T A G E  
I 

3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
1 3  
14 
1 s  
16 
1 7  
I 8  
19 
2 0  
2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
2 7  
2 8  
2 9  
3 0  
3 1  
32  
33 
34  
3 5  
3 6  
3 7  
38 
39 
4 0  
41 
4 2  
4 3  
4 4  
4 5  

7 

S p i  C 1 A L  

A R F A  D Y  i 'P  T r  M 

0. C. 

0.27425335E 32  C .  1644341 7 E - C i  
0.20?77106E 12 C. 1662r9C5E-31 
0.21 143865E 02 C. 16794535C-Ci  

0.2 1925865E 02 G .  17 I 4 P l  72t  - C 1  
0.22342515E 02  f l .  1732"55'>E-CI 
0.22777435E 02 C. I 7 5 1  1377E-Dl 
3 * 2 3 2 3 ! 6 8 5 E  C2 0. 1 7 6 9 6 6 1 ~ E - ~ l  
0.237-6051E C2 0.17PP4qVqE-ZI 
0.242C1762E 0 2  0. I P 9 I S 0 6 1 E - C I  
0.24719905E 32 C. l e 2 6 H 4 t h E - Q l  
0.25261774E 02  C. 1 8 4 6 4 4 5 2 E - 0 1  
0.2582R612E 02 0 .  lE !66?50 IE-C !  
0.26421763E 02 0 .  I P 8 6 5 6 2 2 f - C I  
0.27042743E 02  C. 19C7L871E-CI 
G.27693214E 02 0. !927922hE- 'CI 
0.288443L3E 02  U.lE'9R1217E-CI 
0.29979437E 02  0. lE!769867E-C!I 
0.31 182426E 0 2  C.IR556317E-Cl 
0.3245512QE C2 C. l 8 3 4 3 2 9 7 E - C I  
0.33807835E 02  0 .  IP1262@0E-C!  
0.35244690E 02  0. I79C66C7E-CI 
0.36772054E f12 E. 17684392E-01 

0.401 16288E 02  0. 17239457E-Cl 
0 .4!956050€ 02 0.17C1 14C2E-UI 
0.43918165E 0 2  0. 16781 4 P 7 E - C I  
0.45995208E 02  0.16556564E-CI 
0.48224069E 02  0.163241 4X-61 
0.506C7056E 0 2  0.1608f?8PIE-C1 
0.53157029E 02  0. 158SC825E-01 
0.5584571PE 02  0. 1562H84"E-CI 
0.58753499E 02  0.15392RCfiE-01 
0.61872498E 02  0.15154221E-CI  
0.65222; 16E 02  0.14912996E-01 
0.68733029E C2 0.14699625E-Gl 
0.72564158E 0 2  0.14465266E-Cl 
0.76687767E 0 2  0 . 1 4 2 2 ~ 7 4 7 E - P l  
0.864 IO60 I E  02  0. I 7  I 4 5 3 2 l E  -01 
0.96665480E 02 0 . !572?873€-01  

0.12178733E 0 3  0 .  13298215E-01 
0 - 8 9  ! 841 04E 0 2  0. I 2  14955CE -C 1 

u . 2 n c 9 n 2 2 3 ~  02 0 . 1 6 2 7 ~ 3 7 ~ - : :  

n . 2 1 5 2 6 6 5 8 ~  02 c. 1 6 9 7 r 1 6 3 ~ - ~ i  

0 . 3 ~ 3 8 9 7 7 9 ~  02  0. I 7 4 6 4 7 9 4 ~  - C I  

O . I U ~ ~ R ~ U O E  n 3  0. ~ ~ ~ ~ W O T - C I  

C P Q C C  
3 - 6 7 ;  7Y43hE-C1! 
0.3 4 I 9 40 I 9 E-  0 3 
E.23969531 F-f l . l  
c'. 17475429'-03 

0 .  I I R49U34 E-0 3 
0:1ri232 162E-03 
U.90153353E-04 
0.PU65 7 3 1 4  =-E4 
0.7 3C 35469 t -C4  
3.66779395E-24 
0 .h 1 5 4 9 7 3 4 t - 3 4  
0 .571  I1284E-U4 
0.5 329 5869 C-04  
0 .49979985€-04  

3.4449 760 3E-04 
0.422114795 t - 0 4  
0 . 4 0 f  5 s 7 1 9 ~ - 9 4  
0 . 3 H 3 I 2 7 0 4 t - i l 4  
0 . .36646398€-04 
0.351 3 2 7 4 4 t - 0 4  

0.32497409E-04 
0.3 I 3 2 5 3  I 9  f - 0 4  
3 .  m25383OE-04  
0.2926299SF-04 

0. i 4 [ r l 4 6 5 S F - U 3  

n .  4 7 0 7 0 8 9 9 ~ - 0 4  

0.3375 1 9 2 4 ~ - n 4  

o .293442  1 3 ~ - 0 4  
0. 27490  1 3 2 ~ - 3 4  

o . 2 5 2 5 5 ~ 3 0 ~ - 0 4  

0.2499 1 0 9 8 ~ - ~ 4  

0.26694202E-04 
0.259509% I E-C4 

0 2460 3548E-34 

0.2?414965E-04 
0.22872L89E-C4 
0.2236'34 IRE-04 
0.2 IRHOCSrIE-C4 
0 .21429483 t -E4  
0.2 100 7 18 I E-04 
0.20470977E-04 
0.17976101E-34 
0.19525343E-04 

0. 19i31626E- l34 
n. 1 9 . 3 ~ 5 2 0 4 ~ - 0 4  

> FIGURE 5 (Continued) 



S P ~ C  I A L  CASE F O ?  L I e R b K Y  C O D E  

TUeE BUYDLE I \  EVAPORATOR S E C T I C N  

TUBE 30, I V C H E S  0 . 7 5 C C C O E  0C 
VEST 93WS 0.67CCCOE 0 7  
E!U4IDLE HT, FT 0.47C642E 01 

TUBE B U Y O L E  I N  REJECT SECTION 

TUBE 3 0 1  I’JCbES 
VERT 43WS 
RUNDLE H T ,  FT 

I D P I U I T  
I 0.2779C889E-02 
2 0.25652562E-C2 
3 n.235 1423SE-CZ 
4 0.21 37590BE-02 

6 U - 2 0  1 3C 30 I E- E2 

a 0.21 9 IS742E-c2  
9 C .  22808463E-C2 

10 C.23Vf7265E-C2 

I 2  C. 26 I 0 4 8 7 0  E-P2 
I 3  0.2720?673E-C2 

I S  f f .29923R4lE-02 
16 0.31283925E-02 
I 7  Oe32644rI09E-i?2 
18 0.  3435‘154E-C2 
19 0. 36056298E-G2 

s n. 1 9 2  3758 t E-c2 

7 I ! . ~ I  0 2 3 n 2 2 ~ - ~ 2  

I I 2.250ChObRF-C2 

I 4  Ue28563756E-C2 

20 n. 3 7 7 6 2 4 4 2 ~ - ~ 2  
21 U.39468587E-02 
22 0.4161 1064E-C2 
23 0.4375354CE-C2 
2 4  n . 4 5 ~ ~ 6 0 1 7 ~ - n z  
25  3.48038494E-132 
26 C,50741398E-C2 
27 C.53444302E-C2 

29 ii. b88SC I 1  I E-02 

31 0.6566P3hCE-t2 
32 0.69077485E-02 
53 0.72486610E-02 

2a 1-1.56 1 4 7 2 3 6 ~ - 0 2  

50 R.62259235E-C2 

34 rj. 7 6 7 4 4 9 2 n ~ - ~ 2  
35 0.81 00323OE-G2 
36 0.8526 1540E- E2 
37 0.095 l985UE-02 

39 C.99584172E-C2 
40 I?. 10461633E-C1 
41 0.55302149E-02 
lr2 0.5099272GE-C2 

44 0.47653 I O6E-C2 
4 5  G. 17 127268E-01 

3a 0.9455201 I E-02 

4 3  n. 723531 4 5 ~ - ~ 2  

C.75CCrOE O C  
0.67C0FOE 0 2  

O T I N I T  
0 . 4 7 ~ 6 4 2 ~  n i  

0.54 2 4499  5F- C2 
fl.52261 553t‘-C2 

0.4 P2 94 Ch 7E- C 2  
~ 1 . 5 ~ 2 7 7 7 1  C E - C ~  

0.5741 I 1 9 4 6 - @ 2  
0.67961 57%-12 

0.771 52252F-C2 
0. S5792542 t -C2  

O. IC307312t-CI  
0. I l 6 6 5 7 4 4 ‘ - r l  
0 .  I 2E2J3761--CI 
0.143A1409E-CI 
0.15739441P-GI 
0.17957687K-Kl  
0.2?175134F-C1 

0.2 4 6  I 2 42 7F- t I 
E. 2P276443F-C I 
0.3 I94046CE-CJ 
0.356C4477F-CI 
0.392 6 B 49 4c- 13 1 
O045484543F-C  I 
0.51 7C0592E-CI 
0.579 I 6 6 4  l i - - C 1  
0.6’4 13269CF- t  I 

0.655 I I c163r--c2 

c. 74432  e3 1 r - r 2  

0.22394 t R E -  c I 

0 . 7 4 ~ ~ 4 4 1  ~ C - C I  

0.145C6912t CG 
O . I 6 4 C 3 3 8 9 <  C G  
0. I E299P66 f  CT! 
0.2 i422577E C O  
0.2 4 5 4  52 8 PF C C 
0.27hh7999F iC 

0.26426697’. tC 
0.19499969F fC 
0 . 7 5 8 5 1 7 ~ 7 7 ~  cc 

h C  OF TURES/@hCLE 9.1 17273E 0 4  
H G R I Z  ? 0 h S  !l.l8000Ot 02 S / C  R A T I O  O.IjCOCOE 01 
~ C N U L E  WICTH, FT ‘ l e  I 4 4 3 7 5 F  01 R U N R E  W I D T H  + 3 0.44b375E (I1 
PPCLR C T C L R  O T C Y C  

0. l 2 5 6 7 m 3 F - 0 2  0.24490 356E-02 0. 7 8 7 3 5  =i52E-C2 
0. I I 7 9 1  ‘187F-02 0.24147034E-02 0.7640F 3@6E-02 
0.1 IDlbl30F-02 9.2380371 IE -02  0.74081421E-02 
0.10240h74E-02 0.23460388E-02 0.71754456E-02 
C.94652 I 7 6 F - 0 3  f l .23137065E-02 0.6942749CE-C2 
0.792ROIl  OE-03 3 .25d44574 f -02  0.77705383E-02 
0.10374784F-02 0 - 2 0 5 7 2 0 8 3 E - 0 2  0.859P327bE-02 
0. lOR295hRE-02 0.31299591F-02 0.94261 lh9E-C2 

-02 3.38281487E-02 0. I 1543274E-Cf 
-02 n.42533875E-02 0 .  12832h42E-01 

0.12976’725 r - 0 2  0.46 787262E-f l2 0. I4  I22P09E-GI 

0 .14246404 t -02  3.58097039E-C2 0 . 1 7 4 7 5 1 2 B E - C t  
0.14951325E-02 I l l .65155029F-02 0. 1953eP79E-Cl 
0 .  I 5657?46E-02 0 - 7  2 2  I 2 2 I9E-0 2 2 I bC2 63 t E-C I 

-it2 0 .79269409E-02 U. 23666382E-Cl  
-02 l1.935609 I 3 E - 0 2  0 .27q  I 3  179E-Ci 
-02 0 .  I O  165242E-0 i 0 .  3 0 3 6 1  176E-CI 

0- I I 2 8 4  3 5 1  E-02 Cl.341127 I O D E - 0 2  0. 10253906E-Cl  

n . 1 3 5 4 m w t - 0 2  a . 5 1 n 4 0 6 4 9 ~ - n 2  0.1541 1 3 7 7 ~ - 0 1  

0 

0 . 1 9 ~ 4 3 4 0 6 ~ - 0 2  n I  I I 3 1 4 3 9 2 ~ - 0  0 . 3 3 7 m 5 7 2 ~ - ~ 1  
a. 199321asc-02 0, 1 2 4 4 3 5 4 2 ~ - u  I a. A ~ O S ~ ~ ~ ~ E - C I  
0.71067162E-02 0.14341 354E-01 0.42617798E-05 
0122201S3RF-02 0.16239166E-01 0.48179626E-01 
U-23335R14E-02 0 . l 8136978E-GI  0.53741455E-CI 
0 . 7 4 4 7 n w i  F-02 17.20034790~-0 I O . ~ P J Q ~ ~ ~ ~ E - C I  
0.7 5920372  J -02 
0.2 7 370453  E-02 

0.2 3283005E-0 I 
!I 6 2 6  5 3 I 2 I 9  E-0 I 

0.68 76754eE- C 1 
0.78 2 3 I 8 1 2E- 0 I 

-02 0.29779434E-C 1 0.07696075E-C1 

-02 3.38732529E-C I 0.  I 1361 6 9 4 f  CCI 

0.558527hRk-02 0.50142288E-0 I 0.  14653i115E CC 

-02  n.53n27649E-o I O , ~ ~ I C C ~ ~ ~ E - O I  

0.34991 7 ~ 4 ~ - 0 2  U . U ~ ~ ~ ~ O R E - O I  0. I 311~7355~ 00 

0.37712753E-02 0.55847168E-0 I 0.162Fe676E CC 
0.40092121F-02 n .66136796E-0 l  0 .19221115E CC 

-32 0.76366425E-01 0.22143555E CC 
-32 f l .8hb26053E-0 I 0.25065994E GC 
-02 0.9h885681E-01 0.27988434E CC 

0.5012939OF-02 0.1 1415354E 00 0.32837931E GO 

0 .55930 f l f lE -02  U.14868927E 00 0.42536926E OC 
0.1561 I5OOF-02 0.45654297E-n I n .148EE164E CO 

0.31290203C-02 0.  I l 4 6 7 5 7 9 E  00 0 - 3 7 V  l4276E GO 
0.21 146536‘-02 n.86U45398E-01 0 .2UI845096  C C  
0.69300hBIF-02 0.51141663E 00 0.10699234E C 1  

0 . 5 m 2 9 m ~ - 0 2  0 . 1 3 1 4 2 1 4 a ~  GU 0 . 3 7 6 ~ 7 1 + 2 e ~  eo 

0.22435’84F-02 0.73371887E-0 I 0 .2396469 iE  CO 

ut 
w 



R C #  3. LFN3tl 
C D #  3.336flOE- 0 B CK V C  # 
EFfCYLit 5.21373E OC G T O T 8  

v 511 0.2231RE cs S P V O C #  

T S C #  
d R2# 
HPLOW# 
QOLOW# 
rJY F W  

PODTU 
A:IY I T  
R POV b F  

GVTE 
SMALLE 
T U K B Y  
T C S T P  
LOFOUN 
P I P E P  
C A P T O T  

G.24533E 03  T D C #  
3.43735E 09 kD2#  
3.19746E C 3  M I S #  
0.8635RE I t  ODISU 
O.81226E 176 X O C #  

0.51193E C9 POREA 
O.SCDSCIE 01 Q i N  
G.lh245E C2 WS 

0.41649E 09 GMSF 

Ll.6660RE 00 TURRK 
3 . 8 1 3 3 R E  C7 COML'NT 
O. lh392E '26 SHELL 
0.6C693E 06 PIPVC 
0. I l 4 3 6 E  C9 

o.t-j(lnooE no A J  
0 . 5 3 3 5 1 t  C9 CAPF 0.9330UE fl0 S C A P  U . h C O C O E - 0 I  SMALL3 0.69162E-01 SFALLD 
0.1213Pt  171 V S U t  0.17946E 0 2  H P V C  0 . 1 ~ 5 0 5 ~  07 PMSIMC 0 . 1 5 1 6 2 ~  uo A C ~ T  
0 . 3 0 4 4 ~ ~  r n  P O V T E  0 . 7 6 6 4 3 ~  i i i  E L S T C  0 . 2 5 2 5 2 ~  07 ELCST 0 . 3 5 2 0 4 ~  0 7  T C S T C  
3 . 1 4 4 4 7 t  C.7 TUKLNT 0.76464E 0 7  GENUNT 0.14513E 0 7  C O Y C S T  G.75755E 05  H T C S T Z  
0 . 9 7 6 6 2 t  C7 SITFW O.i i479IE 0 4  PUMP O.49473E 07  PIPEF O.17257E 07 P I P E 3  
O . L ' i 9 8 1 F  C7 F I P T U R  3.60649€ 0 6  EFCVTE U . 3 C 3 2 6 E  0 4  C O S I V S  C.41433E 06 DUCT 

0.53623E 0 2  
U.56081E 09 
U.2OI4UE 0 3  
0.11697E 12 
~ 1 . 2 3 8 1 6 ~  0 3  

Vl 
0.16653E 04 
0.17543E 04 

0.2lU71E-02 
0.99569E 03 
0.30098E OH 
0.19008E 08 
0 -15516E 07 
0.13977E 07 

FIGURF 5 (Continued) 



C C S T S  ----- 

P3WER C O S T  
P R I M E  S T E A M  C O S T  
S T E A M  TO B R I N E  H T R  

H E A T  C 3 S T  
C 3 Y P R E S S O R  C O S T  C. 72233951 E 07 
C 3 Y P  F O U N D  C B S T  @. 16392063E 06 
COYP C U C T  C O S T  C. I39771 94E 07 
T J R B I N E  C O S T  C.58232249E O R  
G E Y E K A T O R  C O S T  C.725hh545E 07 
EY APORATOR C O S T  C.37514963E 08 
SHELL C O S T  0.3761419Cl E 07 

V l E  H R I N E  PUMPS C.49472902E 07 
V A L Y t S  AN0 PIPING L.hht387789E 07 

C;IANES A N 0  BLOG C.41432690E 06 
S I T E  WORK C.4479069RE 36 

T 3 T A L  V C  C A P I T A L  C. I I 4  35665E 09 

O P E R A T I N G  I V C + S E M S )  
M A I Y T t S U P P L  ( V C + S E M S )  

V C  WATER C C S T  
T 3 T A L  W A T E R  C O S T  ( V C + S E P S I  

E L E C T R I C  E L U I P M E N T  C .  W326304E 06 

----- -- _----__ -- _-_ __-- ---- __- 

5, /KW-HK $ / Y E A R  Z / K G  $ / M M R T U  ------ _--_ -- --- -_ --e---- 

0 . 5 5 2 0 3 5 5 ~ ~  07 u. I ~ ~ R ~ ~ P E - C I  a. 21 0 7 ~ 9 8 ~ ~ - 0 2  
u. 15162031E 00 
C.69161669C-01 

f-l I9008223E OR 0 -77 I 5  15REE-Ol 
0.4334037 I E 06 0 .  I759 123 I E-02 
0 . 9 ~ 3 5 2 3 7 9 ~  04 0.3991 9 7 ~ 3 ~ - 0 4  
0 -8  386 3 1 6 3F 05 0.340 380 ?@E-0 3 
0.223 39 349E 07 0 - 9  31 0 7456E-02 
0.43539928f 06 0.1767221RE-02 
0.30220881E 07 0.12266212E-01 
13.58597 I 4  I E 06 0.2?78572CE-O2 

0.29683742E 06 0.12048195E-02 
0.4R132673E 06 0.16289263E-02 
O.If3195782E 0 5  0.7385401 I f 4 4  
0.24859613E 05 0. lOO9Ol 53E-03 
0.26974419E 0 5  0.10907952E-fl3 

n . 9 4 9 2 0 2 m ~  06 0 . 3 ~ 5 2 6 7 ~ 3 ~ - 0 2  
0.151052R6E 07 0.6131014ffE-02 

0.29100542E OR fl.11811483E O C  
0.4flfl11459E 08 O.lb240065E O C  

FIGURF 5 (Concluded) 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

56 

T W 3  F F I - E C T  B A C K  P R E 5 S . T L R R I N E  L ? I  VFU VAOOR C C P P R F S S I C N  S Y S T t P  C Y  V A P C C C 2 C  
V A P  CCC25 T O P  'IF S E M S  

C A T E  7 / 1 / 6 7  V A P C C O 3 C  
OLIY FLIJTFD ruses I V  V T F  E F F L C T S  V A P C C r 1 3 5  
K O U T P T  I S  A COIJNTER U S E L  Tr C C Y T R P L  c T 4 S E  Q Y  S T A G E  C A L C U L A T I C h S  V A P C C C l 4 C  
AYE 3 U T P U T  V A P C t C 4 5  
K O U T P T % G  G I V E S  NO O L J T P U T  C 4  C T A G E  P Y  S T F G t  C A L C C L A T I C N S  V A P C C C S C  
K O U T P T Y I  G I V t S  F 0 9 P ' A L  O L T P \ ! T  A h l i  ' ;TAG€ f'Y S T A G E S  C A L C U L A T I O N S  V A P C C r 5 5  
K O I J T P T 1 1 2  G I V E S  O V L H  P O  F O R  C C h L L R G F Y C E  L O O P  V 4 P C C C 6 C  

VAPCC'117C COv' l3N / M 4 R  7 2 / G T O T  

I S P I  V A P C C  CPC 

1 P Y S T Y C  V A P C C C 9 C  

v a p c c  1 x 5  

C O M M O N  / S C O V t  / A M O D U v  A L E V  ,A L':I T T L T A L E  9 T O  T A L 2  FRF- P C  p T H A Y O  F t HS T t C L  V A P C C 5 7 5  

CO M Y  3'4 / F  C 0 U / S V A  LL E SPA L LO 9 SMA LIE t S'EA L L P p R A T  E I N 9 H! P L 9 C A P  F t T P F  R M v V A "  C C  1@5 

COMVON / 3 P I /  S V A P P P ,  HK,  S " A P P q 9  H F t  U N A R A i ,  U N A R A E ,  A 4 7  AJr WCO, V A P C C C 9 5  
I U R A 9 E Y  U D A K K ,  U T H E ,  A € ,  A 9 A T H E ,  T H E L t  EWE,  T H E N ,  F F E r  H F R ,  T H E H V A P C C I D C  
2 T v  HC?,  H C I t  C C 2 ,  C C I  r POC T 3 9  P O C S T I  9 A L P t A R p  Pb'C2, P P C I ,  C C C A P 2 t V A P C C I C 5  
3 C C C A P I ,  S I T E 2 ,  S I T E I ,  k f i I T 2 ,  k f i l T l ,  E S 7 t  € S I  9 E b 2 r  E A I r  V A P C C  I 1  G 
16 R H C 2 r  ' 3 H C l t  V P C 2 ,  V P C I ,  U " W (  F E C ? ,  E E C l r  P O ,  C C 2 7  C C l t  V A P C C 1 1 5  
5 S C V 2 ,  S C M l ,  C I B C 2 9  C I B C I ,  L J F A ~ ,  D E A I ,  T C 2 ,  T C l r  C A P I l t  
6 C A ' I 2 ,  C A P 1 3 1  P C ' t  " S I ,  P V C ,  E t C r  V P C t  S I T E ,  W A I T ,  
T S S t  i A ,  C I R C ,  P H C ,  C C C A P ' r  C C Y T I N ,  W Z I R C t  C R A h E t  P L C G ,  
H D F A C S T ,  P M C P O v  P b ' C F L r i  R F T L P 2 ,  R E T O P I  C P R E Q ( l ' 7 O ) r  A p S C 2 t  
9 A M S C I  

CDM Y 31 /P H Y S / f I 
K F A L Y N T T i s  L F ,  WFGPD I ? "4s t N C I  Yi'H 

K E  AD I 'J 9 

LF- h S 7 L E N D r  L E N P H ,  LEh A U X ,  h r  )J rPSCc 
I N A U X ,  1 C . Y  F FR , M f  G P D 2 9  L A V D A  9 L A  P E X  ,K r K C  I , K C 3 7  K C 4  v K S 2 , K I  1 K 2  vLF2 

I 0 D A 0 l r !  1 R C  t L E Y C  7 LF hi S T S  t D I S I  D 7 SUC I I) 9 

I C 3  7 C R V C  7 T S E ,  D E L T S t D E  L T A I l t  C T D  7 E F F C Y C ,  G T O T t  T E A  
?On0 k 3 z Y A T (  RF I I. 4 1 

P n O 5  F O R Y A T ( S E 1 ? . 6 )  
I I F A D (  5 , 9 3 0 5  ) P T U R P I  t T T U K ' + I  t & T A P C  

WR I T E ( o 9 8 C I 0 1 d C 7 L F hD 9 LL N S T 5 t E I S I I) t S UC I D t 
I C 3 , C , ~ V C , T S E I U € L T S , D E L T A O , E  T P , t F F C Y C , S T O T , T P A ,  
2 PT UR P I 9 T T U e 8  I t 9 EA P O  

t 1 0 I P  F O Q Y A T (  I > I I , 5 X t l 7 H V A P C O V  D A T A  I \ P U T /  
I 1 H  7 H C A P C  O l / l H  8t -15 .6 /1H 7 k i C " i K D  0 2 / I H  7 E 1 5 . 6 / l F  7 H C A R D  0 3 /  
I 11-r 3 F 1 5 . 6 )  

EFFCOM 4.50 
G A P #  I .  32 
G A L -  V A P H (  T T L ~ R I I P T U R B T ~ H T L R P I )  

C 
C X - I O  R O I L I Y G  P O I N T  E L E V A T I O Y  2 / 1 / 6 5  
C 

C O V S U C 8 + C 3 * C R  b C  
I V C # O  

K 3 U T P T t Y r l  
T B ' S J T 2 # 2 . 5 * G T O T  

C f f C 3 Y S C C  
C A L L R O P R ~  T S E  p C O N S U C v A L P H A  1 
A L P H A  S I ' A L P H A t  I. 0 
T ff T S  E- 'IL P I i  A S 
C A L I  P S I A f  T , C M P S )  

I O 5  C O V T  I ' i I J E  

FIGURE 6 

V A P C C  I Z C  
V A P C C  I 7 5  
V A P C G l 3 C  
V A P C C  135 

V A P C C  I 4 5  
V A P C C  l5@ 
V A P C O I  5 5  
V A P C C l h C  
V A P C C  I65 
V b P C C  I 7 C  
V A P C O  I75 
V A P C O  I 8 C  
V A P C C I P 5  
V A P C C  19: 
V A P C O  I95  
V A P C C Z O C  
V A P C C 2 0 5  
V A P C C 2 1 C  
V A P C 0 2 1 5  
V A P C O ? 2 C  
V A P C O 7 2 5  
V A P C C 2 3 C  
V A P C O Z  35 
V A P C G 2 4 C  
V A P C O 2 4 5  
V A P C C ? 5 C  
V A P C C 2 5 5  
V A P C 1 3 2 6 C  
V A P C C 2 6 5  
V A P C C 7 7 C  
V A P C G 2 7 5  
V A P C C Z R C  
V A P C C 2 R 5  
V A P C C 2 9 r  

V A P CC I 4 C 

1 

2 

3 

'b 

9 

I I  



57 

0 9 / 2 6 / 6 1  
V A P C O Y  - E F N  SOURCE ST‘ITEMEYT - I F Y t S )  - 

T S C # T S E + D E L T S  
C A L L  V A P H (  T S E t C M P S t H S U C  1 
C A L L  V A P S (  T S E I C P P S T S I N )  
C A L L  W A T H (  T S C t H T S C  1 
C A L L  P S I A (  T S C t P S C  1 
C A L L  V I \ P H (  T S C p P S C t H V S C )  
V A P T S C # H V  SC-HTSC 

C 
C A S S U Y P T I 3 h l  OF C O N D I S  A S S U C F  h S ? # W D Z  
C 

C R F # (  I . - I  . / C K V C )  
CONDIS#C3/( I .-CRF/2.)  
A L P H A O I A L P  HA S-. 4 
T O E #  T S C + A L  P H A D  

C 
C X - 1 3  B O I L I Y G  P O I N T  E L E V A T I I i N  2 / 1 / 6 5  
C 

110  C # C 3 \ 0 I C  
C A L L  B O P R (  T O E  t C  t A L P H A  
A L P H A O r A L P H A t l  .U 
T O E #  T S C + A L P  H A D  
I V C l f  I J C + I  
T D C # T  C L + D E L  T A D  
C A L -  P S I A (  T D C t C K P D l  
P R  # C V P C / C Y P S  
C A L L  
Cv P3 W 2 d T R O  IJT?*E F F C O N  
CV HP 2 HLM”0 W212546.6 
S H A F H P # T R 3 U T 2 / 2 5 4 6 . 6  
G A U F l t (  C A Y -  I. ) / G A M  
P R F # (  P K * * G A C F ) - I .  
C A L L  
C A L -  !/AI“( T O L T p C M P D p W D I )  

V d P V  ( T S E  t C  PP S 9 SP V O L )  

V A P T S  ( C M P O  t S I Y t  T O ’ J T )  

b D # (  H D I - H S U C  ) / E F F C O V + H S t C  
C A L L  V A P T H ( C M P U p H D ~ C C T U  1 
C A L -  V A P H ( C M T D t C M P O t H D 1  > I  
W S Z # T R O U T 2 / (  H D I S - H S U C )  
C A L L  W A T H (  T D C l H T D C  
W V F I I L I S 2 * (  H T D C - H T S C  1 / I  V A P T S C )  

C 
C A P P R O X I Y A T E  S O L r J T I O N  OF T G S C  
C 

T D S C  # (  N S 2 *  T D E + W V F * T S C  1 / ( W  S3+ C V F  1 
C B # C 3  * C R V C  
hR2#COYDIS~WS2/(CR-CONDIS) 
I I U 2  
C A L L  C I Y T P L (  T S E t C R t H R L O h )  
C A L L  C I U T P L (  T O E I C O N D I S , ~ ’ C C U )  
C A L L  P S I A (  T I I E t P D E )  
C A L L  V A L ” (  T D E t P D E  t H V T D F  1 
WD?#I  Wp7*( H t O N - H H C O ~ ) + W S Z a ( H C O h - H  S l ’ C ) + W V F *  ( H V S C - H T S C  I /  

I ( H T S C - P V T C E )  
HF 2 #  k4 S 2 +We?+ kB2 
C A S S  I # C O Y  D I S  
C O ’ i D I  I #C3*WF2/( k R 2 + W S 2 )  
I F ( A R S ( C ~ Y D I I - C A S S I ) - . C C O C I )  I ~ ~ , I ~ C , I I S  

V A P C C 2 9 5  
V A P C G  3 0 C  
V A  PCO 305 
V A P C C  3 I C 
V A P C C 3 1 5  
V A P C C  32 C 
V A P C C  325 
V A P C C  5 3 C  
V A P C C 3 3 5  
V A P C C  34C 
V A P C C 5 4 5  
V A P C C 3 5 C  
V A P C C  3 5 5  
V A P C C  5 h C  
V A P C O  365 
V A P C 0 3 7 0  
V P P C C  ‘375 
V B P C C 3 8 C  
V A P C U 5 f ! S  
V A P CC 3 9 C  
V A P C C 5 9 5  
V A P C C 4 O C  
V A P C C 4 O 5  
V A P C C 4 l C  
V A P C C 4  I5 
V A P C C 4 2 C  
vn P co 42 5 
V A P C O 4 3 C  
V A P C C  435 
V A P C C 4 4 0  
V A P C O 4 4 5  
V A P C f l 4 5 C  

V A P C C 4 6 C  
V A P C C 4 6 S  
V A P C C 4 7 C  
V b P C C 4 7 5  
V A P C C 4 8 C  
V A 0 C O 4 e 5  
V A P C O 4 9 C  
v f i P C C 4 9 5  
V A P C C 5 C C  
V A P C C 5 C 5  
V A P C C S I  U 
J 4 P C C S  I 5  
V A P C C 5 2 C  
V A p C C 5 2 5  
V A P  C C S  3 C 
v 4 occ5  35 
V A P C C 5 4 O  
V A P C C 5 4 5  
V A P C C i 5 C  
V b P C C 5 5 5  
V P P C C  56e  
V A PCC 565 
V A P C C 5 7 C  

V A P C O ~ S S  

13 
15 
17 
1 9  
21 

2 4  

2 7  

29 

31 
32 
34 

36 
38 

40 

43 
45 
47 
49 

FIGURE 6 (Continued) 



58 

U 9 /  2 6/67 
V A P C O M  - E F N  S C U R C F  S T d T E M E N T  - I F N f S )  - 

1 1 5  C A S S 2 # ( C A S S I + C O N D I I 1 / 2 .  V A  P C O S  75 
1 2 C  C O N T I Y U E  V A P C C 5 8 @  

C O Y D I  S # C A  552  V A P C C 5  85 
WB2#COYDIS*HS2/(CB-CONDIS) V A P C C 5 9 C  
G A L  L V A P C C 5 9 5  
W D 2 # (  WB2*  ( HCON-HBLOW ) + W S 2 * ( H C O N - H  S U C ) + W V F *  ( H V S C - H T S C )  I /  V A P C C h O C  

I ( H T S C - h V T D E )  V A P C C 6 0 5  
WF?#W S 2 + W D 2 + k A 2  V A P C O h I  C 
COND I 2 # C 3  *WF2/ ( WB 2 + W S 2  I V A P C O 6 1 5  
I F ( A B S ( C 3 N D 1 2 - C A S S 2 ) - . C ~ O O l )  13591 55,125 V A P C C h 2 C  

125 S L O ~ E # ( C 3 N D I 2 - C O N D I  I ) / ( C A S S 2 - C h S S I  1 V A P C C 6 3 5  
E # C 3  '4 D 12- S L O P  E * C  A S S 2 V A P C C 6 3 C  
C A S S J # H / (  I . - S L O P E  I V A P C O 6 3 5  
C A S S 2  # C A S S  3 V A 0  CO 64  U 

130 C O Y D I S # C 3 N D I  I V A P C C 6 5 C  
GO T 3  143 V A PCO 655 

I 3 5  C O Y 0  I S # C 3 V U  I 2  V A P C C  64C 
1 4 0  COYTIIUE V A P C C h 6 5  

IF( I V C . L E .  I ) G O  TO I IC V A P C r h 7 C  
C A L L  0 I Y T P L  ( T D E  T C O N D I  S tHC0'1) V A P C C h 7 5  
C B # C 3  * C R V C  V A P C O h 8 C  

C A - L  U I Y T P L ( T S E , C R  1HdLO1.I  1 V A P C C h P  5 
QO I S  # W  S2+HD I S V A P C C 6 3 C  
W P 2 #  w S2+WD? V A P C 0 6 9 5  
QPRO D# d P 2 4  I I T S C  V A P C C  I O C  
O B L 3  W # k R 2 * H B L O k l  V A PCC 7C5 
QFFED#QPROD+OBLOW-TPOUT7 V A P C C 7 I  C 
HL T F Y W F E E D / W F 2  V A P C C 7 1 5  
C A L L  C I Y T P L (  T D E , C O , H I  1 V A P C C  72 C 
G A L -  D I \ T P L ( T D C , C O , H 2 )  V A P C C 7 2 5  

C I '4 T P L ( T D E  C O N D  I S , HC OW ) 

GO T3 1213 v n~ ~ ~ 6 4 5  

C P # (  H I - l i Z ) / (  T O E - T D C )  v a ~ c c 7 3 i  
PS tfH I - (  C P * T U F  1 V ~ P C C  735 

GO T 3  150 v n P C C  7 5 c  

T F  E €  D Y ( HL T F -  tcS /C P V A P C C 7 4 C  
I F ( ( T S - 1 3 .  ) . L T . T F E E D )  b Q T O  145  V A P C G 7 4 5  

145 kRITE(hr80151 V A  P C C  755 

1 5 C  C O V T I U U E  V A P  CC 765 

V S  Y W S 2 + S P  V 3 L  160. V A P C C 7 7 5  
V C G P  n3*?. 9 0 3 5 3  ( ws2+wo2) V A P C C  7 P C  
kY IX l rNR?+WP2 V A P C C 7 P 5  
CY I X  Y ( C O Y D  I S +  Wt32 ) / W M I  X V A P C C 7 9 C  
I?V I X B Q " L 3 W + ' d P R O D  V A P C C  795 
"4 I X  #QY I X /  WV I X V A P C C Q C C  
C A L L  D [ Y T P L ( T S E , C M I X , H I  1 V A P C C P C 5  

CP d (  H I -H? 1 / (  1 s t - T O G  V A P C C 9 1 5  
YS #H I - ( CP * T S t  1 V A P C C  P2C 
T Y l X 4  ( W I X - B S  l / C P  V APCCR.? 5 
GAL, V A P V (  CMTD,CMPD V S P V C L D )  V A P C C P 3 @  

V A P C C P 3 5  
V O L D I Z # W S 2 ~ S P V O L D / 6 C .  V A 1' CC t'4 C 
D I 4 Y C C ~ i ( V 3 L O I S * 4 ~ / ( ? . 1 4 1 6 + 5 f l 1 : . ~ ~ O . ) ) * * . S  V A p C C H 4 5  

C V A P C C A 5 @  

8015  F O K Y A T (  I H  Y S S H T C F  TOO H I G H ,  T S E  T C C  LOW OR E V b P  CELA-T TOO H I G H ) )  V A P C 0 7 6 C  

rZSUCYW 5 2 * I i S U C  v n m  7 7 i  

C A L L  D I Y T P L ( T D C , C M I U , H 2 )  v n p c c h i  o 

D I A Y C 5 # (  V S * 4 . / (  3 . 1 4 1 6 * 5 O C . * 6 @ .  1 )  * * e 5  

54 

66 

68 

70 
72 

78 

80 
R 2  

84 
Rh 

FIGURE 6 (Continued) 



59 

V A P C O M  - C F V  S r U q C E  S T A T F M E U T  - IFklS) - 
CL I V  ALL3Y F L U T F U  T U P E S  

T S  F C  i fT  St- A L P  P A S  
t J D E - T r l T S C - T S E C  

U D E -  T # T D C - T S C  
C A L L  ( J C A L C  l U D E L T , L F N D , T S C r C C N I ? 1 S t Z U O A R I ? )  

C A L -  U C 4 L  C ( U D k L T  9 LFWS ,T SEC ,C ChSLC t 7 U P A R S  1 

wC04 # w C  2+ w V F  
AD X W  S 2* ( H 0 I S- H T D C  I / ( Z Lli’ A R:’* 1;EL 7 A  01 
C A L L  V A P H (  T D S C , P S C v H V S U C )  
A S # (  W C 2 * (  H V S L C - H T S C ) + W V F *  ( H V S t - H T S C )  ) / ( Z U P A K S * C E L T S )  

ND #An / I L EN D* 5 .  I 4 I 6*c I S I D 1 
N S Y A S / ( L E N S * j .  141 6 * S U C I U )  
K P V C # W I ’ 2 *  1 f l O C . / T P O U T ?  

P R C 2 U  # A D + A  S 

C A L L  P S I A [ T S , P C )  
C A L -  V n P H (  T S , P C t H V T K R S l  

E S T I Y A r E  O F  E V A P O R A T O R  P U P P I  hG 
E 1 P E #U - 3 
P 3 F S # G T n T * F I P E /  I.Eh 

C A L L  W b T H t  T S t H L T R P S  I 
WA BE F FCYC*  ( H T U R  D I - H L  TRH 5 1 
H T l J ?  B O  ‘L H T I J Q B  I -  WA 
b ! S I P T R 7 U T 2 / k A  
A A A # (  h T U R R  I - t ’ L T R R S  I 

P3ES+2.546Eb/ .  746 
R T U ? + R E A P O + k S  I * A A A  1 / [  b A - K E h P O * A A A )  

WSffdSl  +ws3 
Q U A L  8 I t TUR R O - H L T R B S  1 / I HVTR? S-HL T R F  SI 
k S T E A Y  BWS*!?UAL 
k COV D # d 5- W S T E AM 
Q R K # T R 2 U T 2 + W S T E A M *  ( H V T l l k 3 S - I i L T R f i S )  
PO T 3 T H W S 3 * W A  
?ORE A Y R E A P O *  kS 
Q # Q R R - T R 3  U T 2  
A A # 1 0 8 L . * ( W F 2 * 1 C R - I  . ) / C K - W P 2 )  
D R # r l R 2 * (  T F E E D - T S F  1-13 
T H F A #  ( A A + T F E E O + R R * T R A l  / ( A A + P B )  

+A A A *  7 4 6  / 2  - 5 ‘46E h 

I F (  < 3 U T P T .  EQ 
C A L L  
I F (  ( 3 U T P T  FQ 3 1  GOT(! I O C  

I 1 G O T 9  I 5 5  
MfiI \ l (  WP2, WB2,RC ,QRR, TSC * T F F E D , T H F A r K O U T P T , G T O T l  9 P C  1 

K O U T P T H  I 

C 
C 

C 
C 

C 

t S T I V A T E  PROPEA T B O U T 2  
TR OU T 2 # T B  0 U T 2* G TO T / G T 0 T I 
FUD T R ? U T 2  S C A L I P J G  

I 

L 
C 

GO T O  IU5 

P 1 ) 9 T U # P O R  T U 2  
P D W A T R  # P 3 R  T U * . 7 4 h /  [ 7.54 6E 6 I 
Q I N# W S+ ( H T (JK B I -  HL T K B  S 1 

I 55  CALL M A  I’J( WP2 kB2, RC 9 Q R R  T S C  9 TFEED 9 T H F A  p K O U T P T  9 G T C T  1 9 FO) 

v a P C C  ~ 5 5  
V A P  Ct d h C  
V AP CC Rh5 
V A P C C I P 7 C  
V A P C C 8 7 5  
V A P C C R S C  
V A O C C P S 5  
V A P C C P 9 C  
V P P C C ~ 9 5  
V APCCG’OC 
V A P C C 7 O S  
V A P C C 9 1  C 
V f i 9 C C Q l 5  
V A P C C 3 7 C  
V A P C C 9 2 5  
V A P C C 9 3 C  
V A P C C 9 3 5  
V A P C C 9 4 C  
V A PCr 945 
V A P C C 9 5 C  
V A P C f  955 
V A P C C 9 6 C  
V A  P C C 9 6 5  
V A P C C  37C 

V C P C C Q P C  
V A P C C 9 8 5  
V A P C C 9 9 C  
V A P C C 9 9 5  

V A P C I  C C 5  
V A P C l  C 1  C 
V A P C  IO1 5 
V b P C l  C2E 
V A P C I C 7 5  
V A P C I 0 3 C  
V A P C l 0 ? 5  
V d  P C  I E 4 E  
V A P C l  I245 
V A P C  Io5c  
V A P C I  055 
V d P C l O 6 C  
V A P C l O 6 5  
V A P C  IO7C 
V A P C I  1775 
V A P C l  ORC 
V b  P C  I UP5 
V A P C  I09C 
V A P C l  C95 
V b P C l  l ac  
V d P C i  105 
V A P C I  I I C  
V A P C l  1 I5 
V A P C l  1 2 C  
V A P C I  125 
V A p C l  1 3 C  

v a ~ c c  975 

VCPCI cop 

37 

88 

90 

9 2  

94 

9 6  

98 

103 

I l l  

FIGURE 6 (Continued) 



60 

0 7 / 2 6 / 6 7  
V A P C O Y  - CFN 5CIJi.?CF S T G T E M E h T  - I F N ( S )  - 

V A P C I  I 3 5  
V A O C I  1 4 C  
V A P C I  1 4 5  
V A P C I  1 5 C  
V A Q C I  155 1 1 3  
V A P C I  IhC 
V A P C I  165 
V A P C I  1 7 C  
V 4 P C I  175 
V A P C I  1 eo  
V A P C l  I 8 5  
V A P C l  19G 
V A P C I  195 
V A P C l 2 C C  
V A P C  1 2 0 5  
V d P C l 2 1 0  
V A P C l 2 1 5  114 
V A P C 1 2 2 C  
V A P C  1725 
V A P C I 7 3 E  
V A P C 1 2 3 5  
V A P C  I 2 4 C  
V A P C  I 2 4 5  
V b P C  I 2 5 C  
V A P C l 2 5 5  
V A P C l 2 6 r J  
V A P C  1265 
V A P C 1 2 7 0  
V A P C 1 2 7 5  
V A P C  I 2 P C  
V A P C  ! 285 
V A P C l 2 9 O  115 
V A P C  I295 
V A P C l l S O C  
V A D C  1305 
V A P C 1 3 1 0  
V A P C !  3 1 5  
V A P C l  320 
V A P C  I 325 
V A P C I  33C 
V A P C I  335 
V A P C I  3b0 
V A P C l  345 
V A P C  I 55O 116 
V A P C I  355 
V A P C  I 360 
V A P C l  3 6 5  
V A P C l  370 
V A P C l 3 7 5  
V A P C l 3 8 0  
V A P C I  385 
V P P C l 3 9 0  
V A P C l  3 9 5  
V A P C  I 4 0 C  
V A P C  I4flS 
V A P C I 4 1 C  
V A P C  I 415 117 
V A P C 1 4 2 C  
V A P C 1 4 2 5  

FIGURE 6 (Continued) 



It 
S I R F T C  Y N l A  DECK 

0 9 / 2 6 / 6 7  

MNIACCCO 

FIGURE 6 (Continued) 



62 

09 /26 /67  
MN FA - E F N  SCURCF S T A T E M E N T  - I F N ( S )  - 

MN I A13005 
I I B I L L ~ B I L L 8 , B I L L 9 )  M N I A C U I O  

COMY3N / G E N  / C A S E  ,G t R "  t XRP t 0, XO L 9 XL , CR, XCR , R C E  9 ROER M N I A C O I S  
C 3 M Y O N / T E M P C / T S T E A M , T S (  I O C ) ,  THF, TP, X T R ,  TC,TP,TA,CC,CP MN I A f 0 2 C  

I S P L  MN I A C 0 3 0  

I P Y S T Y C  CY I A C 0 4  0 
MN I A C O 4 5  

I B I K T R t  C S L  T B H T C S L T B P  t C  S L T B R  M N  I PGCSO 
M N  IbCO55 
MN I A C C 6 C  

S U R 3 O U T I V E  M A I Y  ( B I L L  I T B  I L L 2 9  8 I L L 3 , R I  LL4 e B I  LLS , B I L L 6  v R I L L 7 ,  

COMVON / G E O M E / A M O D U v A L E V  *A U Y I  1 ,  T C T A L E  T O T A L K  9 F R E  eC, T R A Y 0  P ( P S T  CL, MN I A C f l 2 5  

C O M Y 3 N / E C O Y / S M A L L E  , S M A L L D  , S M A L L B ,  S M A L L P  ~ R A T E I N I W P L  C A P F t T H E R M v  M N I  6 0 0 3 5  

COMYON / T U B  I N  G /  DOHt  DI H ,DOE ,D I E 9 U O R t  DI  R A I  T A2 t A 3  T €31 K T P  ,B I K T E  

C 3  M Y  3Y / F3 UL I Y /R H 9 R E  t R SR 9 SH t S E I S R v VH T VE t V R 
C O M Y 3 Y / P U Y P H T / H D ,  HH t H B C  , H P R *  F F H L i  SSF I 
CO MY OW / AY I SC /C P S T  B 9 F A  C I C 
COMY ON / D 4  T A  I / B D E P  H 

AC A C I D 1 D P L  I Y 9 A 6 9 A I 9 X SO C t XNN h 7 N h N T X L L L 9 LLL MN I ACU6 5 
Y N  I A C U 7  C D T P D  t S S F 2  t T C T A  L , U V A  X U A L P  P I  t TWFA 9 T S  T H  t C O E F A  

I O R I T E T  I T E R  MN I b C 0 7 5  
MN I A C O 8 C  C O M Y 3 N / A Z  I / D T P D P (  I O C )  , T I T L F (  15 )  

C O P Y O Y / T C V L  I / A C P S N  A C P S N K ,  AC P T Y K ,  C P 8  T V C P T K  9 C P T N K  ,AF'BK,TCF,WX, MN I A C O e 5  
I WF, W3 9 CB, WC, hB, WR T R H O Y K ,  R-1 CK, E R 9 9 C C F  9 N I T E R ,  Y K  r N T O T A L ,  P N p  R P N t  MN I b C C 9 C  
2 T C 3  A L P H A I ,  W P N t  D E L C T ,  D E L S T ,  I G S C ,  SMAR, SUFJA, T K  MN I A ( 3 0 9 5  

M N I P C l  C C  
MN I A f l  I05 
M N I A C I  I G  

C O M Y 3 Y / T C V L 2 /  T T O  ( 100) S M T I  I C C )  S M T 2  ( I  no) 9 C T (  100)  v WS ( 100 1 ,  
IC( 1 0 0 ) r  T V ( l G f l ) ,  W V ( I C C ) ,  C i ( 1 ( 3 C ) ,  k P ( I ' I O ) ,  A S ( I O D ) r S L S ( I O O )  

COMY3U / P H Y  S /  I I 
C O M Y 3 Y  / 3 P I /  S M A P P P ,  HR, St'APPH, HE, U N A R A 9 .  U N P R A E ,  A 4 1  A J ,  WCO, H N I A C I I 5  

I U B A R E ,  U B A R R t  U T H E ,  A E ,  ART A T H E ,  T H E L I  E N € ,  TI-EN, I -FE, HFR, T H E H M N I A C 1 2 C  
2 T p  H C 2 9  H C I ,  C C 2 ,  C C l t  P O C S T ? ?  P O C S T l t  ALPE!ARv Pp'c2T P C C l ,  C C C A P 2 r M N I A 0 1 2 5  
3 C C C A P I ,  S I T E 2 7  S I T E I ,  h A I T 2 1  W A I T l r  E S ? ,  € S I 7  E A 2 1  € A I ,  M V I A C 1 3 C  
4 BWC2, R H C I ,  V P C 2 ,  V P C I ,  U R P H t  EEL? ,  E E C l ,  PO, CC?, C C I ,  Y N I P 0 1 3 5  
5 S C Y 2 ,  S C M I ,  C I B C 2 ,  C I B C I ,  I I E A 2 ,  D E h l ,  T C 2 ,  T C I ,  C A P I I ,  M N I E C 1 4 0  
h C A P I 2 ,  C A P 1 3 9  P O 3 9  S I T  P P C ,  E E C ,  V P C T  S I T E ,  W A I T ,  FJY I A O  I 4 5  
7 € 5 9  E 4 1  C I B C ,  B H C t  C C t A P t  C C 5 T I N g  W F I R C ,  C K A h E ,  B L C G ,  M N I A C I S C  
8 D E B C S T ,  PMCPO,  P V C F L O ,  R E T L ' R 2  9 R E T U B l  , C P R E Q ( 1 0 ' 3 )  A l r S C 2 ,  M N I P C 1 5 5  
9 A M S C l  MN I P C  S 6C 

I H O (  I O f l ) r H I (  I C O ) , W W F S ( I C C )  , V V E V (  I O C )  9 MN I 4 0  I717 
2 R E S I D T (  I f lo) ,  P V ( I O ? ) , D E L P ( I O C ) ,  D T P O P S ( 1 0 0 )  P Y  I A O  I75 

C I Y E V S I O U  0 ( I TP ( I c )  9 P L I  ' ( I 0 )  7 'JLI ?' ( I f l )  , T C (  IO) MN I A C  I8C 
C I P E U S I O U  Q W A X l  I O )  , C ) H P L (  IO) M N I A C l e 5  
COM'43U / M A I N I /  S S F ,  H F G  M N I A C I 9 C  
C 3 M Y 3 U  / S T G I /  A T R ,  Q T R ,  C T P ,  C T A  V Y I  PC I 9 5  
C O M Y 3 N / J 4 V  l R / W P  I MN I A C 2 C @  
C O M Y 3 N / J A Y 2 3 / C F R , T F Y , W 9  I t T P l  ,WgKGSC,WPEGSC,WPTGSC FIN I AG205 
CO"HOY / J A Y 27  / WY T 5UF"AL P T 5 L M  C H  9 h P N  K cC P S N IC P S NK MY I A C 2  I I! 
C O M Y 3 Y / J A N 3 I  / K O U T P T  M N I A 0 2  I 5  
C O P ' Y 3 N / F E B 4 / G T O T I  , T h F A , X C v ? B k  CNI P C 2 7 C  
COMQ 3N /FE R Y /  SS F URR V N  I A G 2 2 5  

MN I A C 2 3 C  k P  I M P  I L L 1  
WB I # U  I L C 2  MN I A C 2 3 5  
R C e B  I L L  3 M N I P C 2 4 0  
QPR#P, I L L 4  E." I A C 1 4 5  
TP I # H  I L L 5  IVN I A C ? 5 O  
T C F # R  I L L 6  MFJ I A C ? 5 5  

FIN I A C 2 h @  T H F 4 % B  I L L  7 
K O U T P T t l  IR I L L  l r N I A C 2 6 5  
GTDT I # E I L L R  MN I A C 2 7 C  

t4N IbC275 PO #B I L L 9  

C O M Y D N / S T A G E I /  4 (  I n O ) t C F M W V (  l @ Y ) ,  C F M W Z [ l n f l ) r  U R A R ( I O C l I I )  C F J ( I f l O ) ,  FN IA0165  
T R 4 Y F L ( 1 0 0 1  T T K A Y W C ( I D C I ) ,  

FIGURE 6 (Continued) 



63 

0917 6 / 6 7  
M X  I A  - FFN Sr l JdCf  STATEME”4T - I F A ( 5 )  - 

I F I < 3 U T P T . Y E . C ) G O  T O  I C C  
TPCTlfl.ClC15 
9EAD 5 9  8nflr_l I N I T E I I  

kiR I T  F( 6 i  R n l j 5  1 
m a n  F O R V A T (  12 1 

N I T E R  
8305 F O R Y A T l  I H f 1 9 5 X 9  I S H M A I N  U A T A  I h P t , T / I H  7HCARO f l 4 / I b )  

I R  E A  O#L1 
a (  I ) # I . O  

C A L L  In lPUT ( I R E A D )  

I R F A D # I  

C R E A D  I I P U T  D A T A  

100 C O N T l Y U E  

T S (  I )+‘TSTEAY 
w I b 1 s R m . n  
X T C # O  .P 
N T O T A L B T D T A L + O .  I 
TC I 3 rtC .O 

S S F i J O d f f  I .O 
S S F #  I .r; 

C COMPtJTE E U A P D R A T O R  A N D  , * E J E C T  E L E V A T I C N  I F  YOT S P E C I F I E D  
C S A V E  I N P U T  V A L U E S  O F  K E Y  D A T A  

C(  I )  dlJ 
P (  1 ) Y D  

C A L L T C V A L  ( P (  I I ( ( ? (  I )  , T C (  I )  ) 
CRR#O .r: 

R I L -  7 # T H F A  
I P I L L # < O U T P T  
14 I LL 9 # C T 3  T 1 
H I L L  9 # P O  
IFIERH.GT.3.fl)CO TO 1 @ 5  
I F ( ( 3 U T P l . Y E . I  I R E T L R N  
CALL 3 L T P U T  
K E T J R N  

I6 ILL # C O U T P T  
R E T U R N  
EY 0 

105 K O I J T P T # J  

EN I A C 2 P C  
M N  I PC785 
H P J I b C 2 9 0  6 
CN I AG295 
M Y I P C 3 C C  8 
t-‘W I PC 3 C 5  
PNIOC3IC 
Y N I P C  5 1  5 
MN I a t  3 2  c 
FnN I A6 325 t o  
V N I b C 3 3 C 
b“ 140355  
MN InC! 5 4 0  
PY I Fa345 

W N  I AC ‘555 
HV I A C 3 6 C  
M N  I PC 365 
WN 1 4 C  37C 
(VY I A G  575 
YN I A C 5 R C  
MN I P C 5 R 5  
PN I d C  39Q 
CU I ACi 395 
P N I A C 4 r l ?  14 

w I A C 4 i  C 
P Y I b C 4 1 5  
M N I G C 4 2 C  
M N  I b C 4 2 5  
M N I  h C 4 3 C  
F Y I P C 4 3 5  2 2  
M N I 4 C 4 4 I 1  
M N  I A O 4 4 5  
PIN I b C u 5  C 
M N I  AC455 
YN I A C M C  

t~ N I n c 3 5 c 

WN 1nc4c5 

FIGURE 6 (Continued) 



64 

* 

S I R F T C  B P R I  D E C K  

0 3 / 2 6 / 6 7  

t7PR ICCOC 

FIGURE 6 (Continued) 



65 

0 9 / 2 6 / 6 7  
H P R I  - EFN SCURCE STATEMENT - I F N f S )  - 

F U N C T I U Y  BPE I C v T )  
I # O  
CALL B O P R ( T g C T i 3 P )  

100 TV#T-RP 
CALL B O P R ( T V * C T B P E )  
I F (  I .  EQ .5 1 GOT0 I O 5  
I F ( A R S ( R P E - B P ) / R P E  .LT. . f lCCI  ) 1 + 5  
BP #PPE 
GOTCI I on 

in5 RETURY 
EV D 

BPR IOflOS 
RP 4 I G f l l  C, 
B P R I G D l S  3 
E P R  I C O Z C  
RPKIG025 5 
B P S I 0 0 3 1 ?  
CPR I GO35 
B P K I C f l 4 G  
R P R T O n 4 5  
HP R I C E 5  1? 
E P R I C 0 5 5  

FIGURE 6 (Continued) 



66 

* 
d I B F T C  TCVA DECK TCVACCDC 

FIGURE 6 (Continued) 



6'7 

0 9 / 2 6 / 6 7  
T C V 4  - t-FN SOU9CFj S T A T E M E d T  - I F N ( S )  - 

SUl393UTIYE T C V A L I P V A L  1 Q V A L s T C V A )  T c v P c C c s  
COFnYOY/GEN / C A S E  I G , R p  9 X R P  r P t  X O ,  G, X l ' ,  CR, XCR 7 R O F  ( R C E R  T C V P C r ' I  0 
C O M Y O N / T E M P C / T S T E A T , T S (  I O C ) ,  T ' d F ,  7'3, X T B ,  TC,T P 7 T A  CC, C P  T C V A C C I  5 

T C V A C C 2 5  I S P L  

I P M S T Y C  T C V A f E 3 5  
T C V  6004 C 

T C V  A C r 5  C 
T C V A C D 5 5  

C O V Y 3 V  / G E 3 q E  / A M O D U  ,A  L E V  ,A U'!I T , T C T  9 L F  9 T O  T A L 9  FREELC , T R b Y D  PI H S T  I CL I T C V A C r 3 2 C  

C D b ' r 3 N / E C O N / S M A L L E  r 5 k ' A L L D  9 S M A L L P ,  S Y A L L P  ,RA T E I R q k P L ,  C A P F V T H E K P ' ,  T C V A C C 3 C  

C 3 V Y  3'4 / T l J B  I N G /  D Q H  10 I H D O F  , D I E C O R  , E  I R t 4 I , a % ,  b 3 ,  Q I K T F ,  P I K T E  9 

C O M Y O Y / F 3 U L I Y / R H ,  R E  r R S Y  I SH, S C  
I E1 K T  2 9 C SL T HH I CS L T BP CC S L 7  E3 R rc  v P C  u45 

S g t  V H v V E  v VR 
C O V Y O Y / P U M P H T / H D , H H I H B L  , H P < < r , F F I + L v  SSF I 
LOb 'YOV / A Y  I S C / C P S T R  , F A G  I r't A C A C I C  ,D P L I Y s A 4 s b 7  
C 3 W V O V  / D A  T A  I /BUEP H ,I3 T P U  9 S S F 2  9 T C  T A L  9 UP A X  9 Ub L P  9 P I  9 T W F A  9 T S  T V  9 C C E  Fb , X S O C , X N N h , Q h N , X L L L t L L L  T C V A O U 6 C  

T C V A C L ' h 5  
T C V A C C 7  C 

C O M Y O Y / A Z I / D T P D P I  I C T J , T I T L L [  1 5 )  T C V A U 5 7 5  
I O R I T E ,  I T E R  

C O M H O Y / T C V L I  / A C P S N ,  ACPSNKr  A t p T T Y K t C P R T , C P T K ,  C P T N K , A t J P N p T C F , W X ,  T C V A G f l S C  
I W F , 4 3 , C B ,  W t p h R t  WRIKHOYK,  R Y C K ,  E R R v C C F ,  N I T E R ,  h K n K T C T b L ,  P K r R P N ,  T C V P C U S S  

2 T C ,  A L t ' H A I I  kPN, O E L C T ,  OELST, I G S C ,  SMfiQ, S U V A ,  T K  T C V A C C 9 C  
COMYOY / T C V L 2 /  T T D  [ t r C 1 T C V AG i! 95 

C O ' d Y 3 V  / T C V G S C  / C T D C S  T C V A C  I C S  
C Q M Y O Y / P H Y S /  I 1  T C V A C  I I C 
COF'YOY / Y A I N I /  S S F I  HFG T C V A G  1 15 
C O v Y 3 \ / J A N  IR/WP I T C V n C 1 2 C  

C O M Y 3 Y / J A Y 2 7 / W M ,  S U P n L  P 9 5 LM CV h P N K  CPSV C P S N K  T C V A C  1 3 C  
C O M Y O N / J A N 3 I  / K O I J T P T  T C V A O  I 3 5  
C 0 M Y 3 X / F E B 4 / G T O T I  t T H F A  ,KC ,Of32 T C V a 0 1 4 n  
C O t J Y 3 Y  /3P1/ S k ' A P P P ,  H Y ,  SF 'APPH,  H F ,  U Y A R A R ,  U N A R A E ,  A 4 1  PJ, WCO, T C V A G 1 4 5  

I U P A R € ,  U B A R R ,  U T H E ,  A € ,  AY, A T H E ,  T H F L ,  E \ € ,  T k E N y  k F E q  k F H ,  T H E H T C V P U I S O  
2 T 9  HC2,  H C l ,  C C 2 7  C C l ,  P O C S T 2 ,  P O C S T I v  A L P P A 8 ,  P P C 2 ,  P P C I ,  C C C A P 2 , T C V A C t 5 5  

4 R Y C ? ,  B H C l ,  V P C 2 t  V P C I ,  U q P H ,  E E C ? ?  E E C l r  PO, C C 2 ,  CCI, T C V P C l h 5  

'iM T I  I L O  1 I S M T 2  I I *lD) 9 C T ( I i30) WS ( InlJ 1, 
I C (  1 7 C l l r  T V ( I C O ) ,  WV(ICr?), ! ' H I l f C )  t WP[I ' ID) A S ~ 1 7 3 ) ~ S L S ( I O O )  r c v a c  t 

r c v e c  125 C O M Y  3'4 /JAN 2 3 / C F K  T F R  9 WB 1 , T "  I WP2G SC L P E G S C  W P T G S C  

5 C C C A P t ,  S I T E 2 7  S I T E l ,  W A I T 2 r  W A I T I T  ES2,  E S I ,  E A 2 7  EPlp T C V A C  I 6 C  

s S C Y ~ ,  S C M I ,  CIBC?, C I B C I ,  P E A ? ,  m a t ,  T C Z ,  TCI, CAPII, T C V ~ C I ~ C  
6 C A P 1 2 9  C A P I 3 ,  P O 3 9  H S 1 7  PrJCv EEC, V P C ,  S I T E ,  W b I T ,  T C V A O  I 75  
7 ESV FA, C I B C I  HHC, C C C 4 D 9  C Q S T I N 9  k C I R C v  C R A R E ,  PLDG, T C V 6 C I S O  
A O E A C S T ,  PMCPO,  P V C F L C ,  R F T L ' R 2 r  K E T U B I  9 DPREQ(lnO), A p S C 2 ,  T C V A C l R 5  
9 A M S C l  T C V A C  I 9 C  

I F I E A R ) 3 8 5 ,  l O O t  385 T C V A O  195 
C A S S I G Y  I V I T I A L  V A L U F S  T C  F L A G S  A \ D  C O W T E R S  T C V A C Z C C  
C I T E R # C O U Y T E K  O Y  N E ?  I T 3 4 h T I  L N S  T H K O L G H  S U F R - G S C  T C V P C 2 0 5  
C Y I T E K  # M A X  I M L M  NUM I T E R l T I O h S  PFFORE S K I P P I h G  C A S E  T C V P C 2 I  C 

T C V A @ 2  I S 
6 I I t Y F L A G  W H I C H  P H Y S I C A L  P R O P E R T Y  C F S I R F O  T C V A C 2 2 C  

T C V P C 2 2 5  
T C V b C 2 3 C  t A 9 # A Y  O R S E L F T E  E R R O R  2 r T U Q N  S I G N A L  

100 T J  E A Y # t  .!I/ I I .O+SSF I ) T C V A 0 2 3 5  
T E R S I l l  .O+SSF I T C V b 0 2 4 C  

T C V b C 7 5 C  TS(  1 I C T S T E A M  
w w a L  T C V A @ ? S S  
FLAG#f l .C T C V  P 0 2 h C  

T C V P 0 2 6 5  I T  fP  It3 
I G S C  #n T C V A C 7 7 C  
I L O S F # f :  T C V P O 2 7 5  

C E R q I I F L A G  W H I C H  I N D I C A T F S  TRCURCE , I I ? # O K v + # S K I P  C A S E )  

C F L A G ,  I C # G  S T  N O T  C O ' J V E R L E D  ,+ #G S 1 CCN'VE RGED ( C O N 1  I N U E  1 

P # P V  hL TCVACI~QS 

FIGURE 6 (Continued) 



68 

0 9 / 2 6 / 6 7  
T L V A  - C F Y  j r U < C F  S T A T E M E Y T  - I F N l S )  - 

I #  I 
V T  OT P L # T 3  T A L  +@ . I 
C E L C T # T b (  I ) - T O  
C E L S T # T S (  1 I - T H F  

AL P H P  I (t2.0 

f i C P S V K #  1750.0 
A C P T i K Y  105O.L 
C P V T  #0.92 

CC F U C O  
C P T V ( f t C . 9 0  
AMRV 1 E m .  C 

C A S S I G V  S T A K T I Y G  V A L U E S  TO V A R I 4 P L E S  

ACPS\I  ft iesn .n 

CP rc #o.  96 

A N H P r f 5 4 J + .  4 3 2 * G  
C R L O W L O h V  TCMP.  ATD P E S F O R M 4 t . C E  R C T I C  S I V F N  

BOPP c w#n. o u u  5 
BO HpcW#n.O L! I 
t ' O J P C T b 0 .  O O 1  
F 0 R3 C T ft . 0 1 

AMHE # 990.0 
A b 1 5 3  U 1 3 1 O . C  
C T D D E  # .5 
C T P D R  rt .5 
T H F  # T H F A  
W M ' I d P I  + W81 
W C V i Y  * ? C  
h 0 f l W C  + WY 
CBtfCX *LO 
k P T # W 3 * ( C R - C C ) / ( C B - C P )  -WC *(CH-CC) / l C B - C P )  
k R # d 3  -WP T-WC 

IHFi #cl 
FL A G 3  #C .3 

C o w c w # . n  I 

105 C F l l f ( d d M * C O  - h P I * c P ) / W P I  

I I C  I I B 2  
C A L L  D I Y T P L (  TCFpC0,HI 'CF 1 
G A L -  C I Y T P L (  T P I  , C P , H C P T P I  
G A L -  D I V T P L (  T H f ,  C R T  HRHF 
C A L -  D I Y T P L ( T H F ,  C F I ,  Hf'l 1 
C A L L  D I N T P L ( T C F v  GI?, H R C F )  
W R # ( W P * H " C F  t QRR - h P l t H C P T P  - k P I  * H R I )  / ( H R H F  -HRCFl 
VJF # d V  +WR 

H F 9 #  ( k B l * i i B  I + W R * l R H F ) / ( W t ? l  + k H I  
C F R # ( W K  * CB + k R I X C F I  1 / ( W R  + W P I )  

T F R # T T T ( C F R , P F Y  1 
T B H T 3 +  ( 2 B R  + W P T * ( 2 . C  + D T P C R ) I / ( W C  t WPT + d R )  
FL AG4 # Z  .il 

I I # 2  
C A L L  C l N T P L [ T P ,  C P ,  H C P T P )  
C A L L  C I N T P L  ( T R , C B , H C B T R )  
C A L L  D I N T P L ( T 8 ,  G O ,  HMH) 
C A L L  C I N T P L ( T 0 ,  COIHO 1 
A L P # H C P T P  - HCRTB 
h R  U( aBR+W3*HO 

I I S  r p  # T C  - R P k i c R T  r H )  - DTPLIR 

- H C * H M R - W P T * A L P  1 / ( WP T + H  P 1 

T C V A C 2 8 C  
T C V A C 2 R 5  
T C V A C 2 3 C  
T C V A C 2 9 5  
T C V A C 5 C C  
T C V A C  5135 
T C V A C  5 1 1 1  
T C V P C S I S  
T C V A r  S 7 C  
T C V  A 0  335 
T C V A C  3 3 C  
T C V P C 3 3 5  
T C V A C S 4 C  
T C V A O  3 4 5  
T C V A C 3 5 C  
T C V P C  555 
T C V A C  3hC 
T C V A O 5 6 5  
T C V A C 3 7 t  
T C V A C 5 7 5  
T C V A C 3 9 C  
T C V A C 5 P 5  
r C V A C  3 9 C  
T C V  413 395 
T C V A C 4 0 C  
T C V A 0 4 0 5  
T C V A C 4  I 
T C V P C 4 1 5  
T C V  A C 4 2  C 
I C V  A G 4 2  5 
T C V b C 4 3 C  
T C V  h C l r 3 5  
T C V A t 4 4 C  
T C V b 0 4 4 5  
T C V A O b 5 C  
i C V P C 4 5 5  
T C V A C 4 6 C  
T C V A 0 4 6 5  
T C V b 0 4 7 C  
T C V b 0 4 7 5  
T cv PC4 8 C  
T C V  A 0 4  85 
T C V A C 4 9 L :  
T C V  4134 95 
T C V A C S C C  
T C V A C 5 0 5  
T C V A C 5  IO 
T C V P C S I  5 
T C V n C 5 2 I 1  
T C V A 0 5 2 5  
TCVAC53O 
T C V P C S ? 5  
T C V P C 5 4 C  
T C V b C 5 4 5  
T C V A C 5 5 C  
i c v  e c 5 5 5  

13 
15 
17 
19 
21 

23  

25 

27 
29 
31 
3 3  

FIGURE 6 (Continued) 



69 

0 9 / 2 6 / 6 7  
TCVA - E F N  S O U R C E  S T A T E C E V T  - I F N I S I  - 

TBC # T T T I C R t H B  1 T C V A C 5 6 0  35 
HZ #HO T C V A C 5 6 S  
I F ( A B S ( T R C - T R ) / T B C  - . O C O C I )  i z 5 , i 7 n 1 i 2 ~  T C V A C S 7 0  

I20 T R # T B C  T C V A C 5 7 S  
G O T 3  1 I 5  T C V d C 5 R C  

T C V d C 5 8 5  
1 3 C  F L A G 4 #  4.0 TCVPCSPC 

TB#TRC T C V A 0 5 9 5  
GO r 3  1 1 5  T C V b C b f l Q  

135 T R E # T B + T F R  - T C F  TCVAC6GS 
T B E C  # T k €  T C V A C h l  C 
CB E #  CM TCVAG6 I5  
CR EC #Cr, E T CV AC6 2C 

T C V P C 6 7 5  
T C V A C 6 3 C  

I 4 0  F L A G  I 9 # 0 . 0  T C V A O 6 3 5  
1 4 5  I IY2  T C V  A C  64 0 

125 I F ( F L a G 4 )  1 3 5 t 1 3 f l , 1 3 5  

T P E # T B E - 2  . I -DTDDE 
FL AG2 I # O *  0 

CALL O I N T P L  ( T B E t C R F v H C R E  1 T C V P C 6 4 5  4 7  
C A L L  O I Y T P L  ( T B  ,GR ,HCETB)  T C V A C 6 5 C  49 
C B E # C P  + I C E - C P )  * ( 1 . C  - ( Y C R E - H C R T B ) / A W R R )  T C V P C h 5 5  
I F ( 4 B S ( C R E - C D E C ) / C R f  - C . O C f l C I )  I5Sr150,lSC' TCV h C 6 6 0  

150 c R E c # c r F  TCV PG6hS 
GO T O  145 TCV PCh7C 

T C V A O h 7 S  
I F ( F L A G I 9 )  1659 IbOc 165 TCVAOhRC 

T C V b O b P 5  
C B E C  #CBE T C V P C 6 9 C  

GO TO 145 T C V b 0 6 9 5  
165  C O Y T I U U E  TCVPD TnC 

TCVPC7135 I I ti2 
CALL  D I N T P L I  T P E t C P p H C P T P E )  T C V A C 7 l @  60 
HTPE # (  hO* ( HMR-HO 

I 5 5  WBF#( W t  +WR I /  I 1.0 -(t1CRE-HCF>Tt31 / A V P R )  

I 6 C  F L A G I 9 s  I9 .U 

1 +WPT*HC P T P +  ( k r + l r R )  *HC PTB-WRE*( HCBF-HCPTPE 1 I / T C V A C 7 I  5 
I ( W P I  + W R +  W R I  1 T C V b C 7 2 C  

TP E #  T T T  ( C P  I H T P E  1 T C V A C 7 2 5  6 2  
TP Y # T P t +O TP D E T C V P C 7 3 C  
CALL  BOOR ( TP X t C P E  t Q P R  1 T C V A C 7 3 5  6 3  

T C V A C 7 4 0  T B F Y T P k  + BPR + D T P D E  
I F ( ~ R S I T R E  - T B ~ C ) / T H E  -C.crni)i 75 , i  7 1 , 1 7 0  TCV P C  7 4 5  

170 T R E C B T r E  T C V P C  7 5 0  
GO T ' I  I45 T C V P G 7 5 5  

175 N P E f f d d  + WRI -WHE T C V  A G  7h C 
I F ( F L A L 2 1  1185,  1801 I P 5  TCV P C  lb5 

180  FLAG21#21.0 
TPEC # T P E  T C V P C 7 7 5  
LO T O  llr0 T C V A C 7 P C  

I55 C O N T I V U E  TCVbCi7PS 
U P K # W B F r  -WR -WR T C V P C 7 9 t :  
WPRl #WPT-WPI-WPE TCVAC 795 

C 8 F  I d l W S * C B  +WR*CR +WPR*CP) / w R t  TCVACPCC 
H F R C # W P E * A Y R F / ( W S  + W R I  I +HCPI- TCVbC8C'S 
IF( A P S  ( HFRC -HFR WFR -c. C W S I  720,  I 90,i 00 T CV A C ?  I C 

I 9 0  I H F R Y  I F F ? +  I T C V P C " 1 5  
I F (  IHF'X-I) 1 9 5 9  1 9 5 9 2 C C  T C V A C H l C  

I 9 5  HC I HHFAC T C V A C 8 2 5  
T C V A C P 3 C  HA 1 YHF? 

THF#D.99*THF T C V A C a 3 5  

r c v  pc 77c 

FIGURE 6 (Continue?) 



0 9 / 2 6 / 6 7  
TCVA - EFN SOURCE STATEMEYT - I F Y 1 S )  - 

GO T3 113 TCV ACE4 C 
700 HCZ#HFRC TC V PO 8 4  5 

HA2#HFR TCV POR5C 
H A # (  HCZ+HA I -HAP+HC I )  / I H C 7  -HC I -HA2 +HA1 1 TCV AC855 
TFRA#TTT(CFR ,HA 1 TCVPC86C 80 
THF2 #TPF*TFKA/TFR T C V A 0  865 
T H F D I  Ft lTHF2-THF TCVb0P7C 

2 0 5  rHFC#THF + T H F D I F  TCV POf475 
IF[THFC-TCF) 2 i o , 2 i r 1 2 i 5  TCVAO PAC 

2 1 fl T HFD I F #fl 5+ TPFD I F  TCV AC 8P5 
GO r 3  205 TCVbCt(9C 

2 1 5  TWF#THFC TCVdC895 
l i C  I #HC2 TCVACPCC 
PA I # H A 2  TCVAC905 
GO T 3  110 T C V A C 9 l  C 

22C T < # T P E  T C V A C 9 I  5 
I F  [ FL  AT, 3 I 2 3 U  T 22  51 2 3 C  T C V  A C  92C 

2 2 5  FLAG3#5.3 TCV AC 92 5 
GO T3 110 TCVAC93@ 

230  LO'JT I V U E  i C V A C 9 3 5  
I F (  [ T S T E A M  -2.51.LT.THF ) G O T O  2 5 2  T C V  A C  94 C 
GO T 3  24'1 T CV A0 9 4 5  

R O D 0  F 3 R Y A T ( l H  943HTHF I S  TOC) H I S H  (CR TOO LOW CR TSE TOO L O k ) , 4 E I 3 . 6 1  TCVAC955 
t R R # I 5 .  T CV A C  96 C 
RFTURN TCVAC965 

2 4 0  CONTIUUE TC V A C  97C 
C FLAG#O YEANS V O  COYVEYGEYCE SC CCNTINUE T C V b 0 9 7 5  
C F L A G # +  Y E A N S  CONVFRGEYCE-CALL STAGE GEO. bND CCSTS TCVACF8C 

I F ( F L A G ) 3 5 5 , 2 4 5 ~ 3 5 5  TCV AC 9P5 
245  I F (  ? 3 E  1 2 5 0 1 2 7 5 1  25C TCVAC99C 
25C THFT<#TFQ-TBE TCVAC995 

I F (  I TEK-4 1260,255 1 2 5 5  TCVA I C C C  
3 5 5  zv;1< #riK T C V A l f l 0 5  

V H O V C  n THFTKI ZYNK TCVA I C I  C 
L U K f f V U K  TCVA I C I  5 
RY?< rt ( TK- T U )  /ZNK TCVA I C2@ 
170 T 3  790 TCVA 11125 

TCVA I P3C 
Z Y U <  f t  'rK T C V A I  035 
RHDVY #THFTK/  2°K TCVP I r40 
Y U K # (  TK-TB I / R O E R  +0.5  T C V A l 0 4 5  
TF(VUK-  I )  2 6 5 1 2 6 5 ,  2 7 C  TCVA I r l S C  

7 6 5  N Y V # 2  T C V A  I 0 5 5  
270 7 V K # V Y K  r C V A l  C 4 C  

RHS< t f  I T K -  TR 1 / Z N K  T CVA I C65 
NTOTAL I tNUK+NK TCVAITJ7C 
TOTAL BYT3TAL TCVP I r l7S 
GO T 3  190 TCVn I080 

2 7 5  TAU#[  T F R - T K ) * T O T A L / [ T F R - T R )  TCVA I 0 9 5  
I F (  T?TALR ) 2 8 5 ,  2 P 5  T 2 P C  TCVA I C 9 C  

TCVb I C95 7 8 C  / Y K # T O  T4L-  TO T A L R  
N <  S Z V K  T C V d l  I00 
R H O \ <  # [ TFR-TK I /  ZNK TCVP I I C5 

R t i 3 < # [ T Y - T B ) / T C T A L R  T C V 4 l  I I c 
N V K  ff T O  TAL R T C V b l l l 5  

2 3 5  W R I T E ( 6 ,  ~ ~ ~ O O ) T H F , C ~ T T S ~ ~  TSTEAP TCVAC95C 96 

7 6 C U K  ff T H F TK / 4 0  t +n . 5 

FIGURE 6 (Continued)  



0 9 / 2 6 / 6 7  
TCVA - F F N  SC‘IJRCF S T A T E M E h l T  - IF\(S) - 

GO T 3  790 
285 M P T A U  

L V K # V K  
RHOUY # (  T F R - T K  / Z N K  

O E \ I V # \ T 3 T A L - N K  
R H 3 < # I T < - T B  )/DEr\ lN 

2 9 0  I T F R f f I T E Z + I  
T T U I  I ) d T F R - T C F - ( R H O V K + A L P H h l  1 
I F (  I T E K - \ I  I TEA 1 2 9 5 9  3 0 C 9  3FU 

2 9 5  S Y A 3 # W C + C P R T * ( T F R - T C F ) * F F t i L  
S U Y U < #  0.0 
S U V \ I \ K  Y7.0 
V <  I # V Y -  I 
C3 53’3J#1 9 YK I 

J B N T 3 T A L - Y K  - I  
[io 305K#1 ,J  

30 5 SUBV VK f S U M I \ I N K + F  L O  A T  ( K ) 
S U V A  # TU T A L  * ( T F K - T A  1 -RHOhK 

P tt W X i’ W F 
PV #P 
W X # d P E  + WPR 
R P ’ f P + l . O E 3  / ( C P R T  * ( T H F  - T C F ) I  
KO N # R P 
O#W3 /WF 
G # h ’ X / 0 . 3 4 4 4 3 2  
GTOT I #G+WP 1 + 2 . 9 0 3 3 3  

30C S U M V Y # S U Y N K + F L O A T I J )  

I +S UY U K -RHO YK * S U M Y N K  - ( T O  T A L - Z h K )  * Z N K * K h O N K  

310 C A L - G S C  

3 1 5  L G S C # I  
I F ( E R K 1 3 8 5 , 3 1 5 ,  3 8 5  

I Z B V T O T A L + I  
I I # 2  
C A L L  O I Y T P L ( T F ~ . C F K , H C F R )  
C A L -  O I N T P L ( T S ( N K + I  1 t C ( K K + l )  vHC2NK) 
C A L L  O I N T P L (  T S ( N T O T 4 L + I  ) * C ( N T C T A L + I  ) 9 H C ? Y )  
AMB? #W S( V K +  I ) /  k P R G 5 C  
A M R E # ( h R  

RPN#PN+I .UE3/1CPPT*(THF-TCF) ) * T J E A N  

+ ( H C 2 Y K - H C 2 N  1 
+WB I ) /Lr ‘PEGSC+ I t j C F i  - t iC?F\ ‘K)  

C C O V V E R G E N C E  C R I T E R I A  I F  TH G I V E N  

I F (  A B S (  T S (  Y K +  I I - T B E  1 / T H E  - 9 0 H P C  1 )  3 2 0  9 1 0 5 9  I05 
320 I F ( A B S ( W D E G S C - W P E  ) / ~ P E  - B O V P C ~ * )  5 2 5 , t  05,105 
325 I F (  A R S (  WPRGSC -WPR 1 /WPR -BOB PCW 133c19 IO5 7 I OS 
33C I F I A R S ( W P T G S C - ~ P T ) / W P T - C O R P t k )  ~ 3 5 9 l U 5 1 l f J 5  
335  
340 I F ( 4 B S ( S n T 1 N T O T h L ) - T O ) / T O  - B C B P C T ) 3 4 5 ~ l q 5 ~ l f l 5  
3 4 5  

IF( A B S (  T S (  % T O T A L +  I ) - T 6  1 / T B  - P O R P C T ) 3 4 U v  105 t I05 

XF ( hB S( SY T ( N K  I - T R  1 / T R  - 8 O P P C  T 1 3 5 C 1  I 05 v 105 
350 C O V T T I V U F  

F L A G # I  .O 
GO T 3  105 

C C A L C U L A T E  S T A G E  G E O M E T R Y  ANrJ C O S T S  
3 5 5  C A L L S T A G E G  

B o p p c T w . n n u  I 
L ? T P D E # C T P D P ( N K )  
CTP DS # C T P  OP ( N T O  T A  L 1 
I F l E R R  1 3 8 5 s 3 6 0 , 3 8 5  

T C V A  I I 2 C  
T t V P l  125 
T C V A !  I S C  
T C V P l  I35 
T C V A  1 I 4 0  
T C V P I  145 
T C V A I  15@ 
T C V A I  155 
T C V A I  15C 
T C V n  I I 4 5  
T C V A l  17C 
T C V A I  I 7 5  
T C V A  1 I R C  
T C V E  I I55 
T C V P I  19c 
T C V P  I 195 
T C V A  I2OC 
T C V b  1 2 0 5  
T C V A l 2 i  C 

T C V A  I22C 
T C V A  1225 
T C V A l 7 3 C  
T C V  b 12 35 
T C V A  I74C 
T C V b  I 2 4 5  
T C V b l 7 5 C  
T CV A I 255 
T C V A  I 2 6 C  I 4 0  
T C V P 1 2 6 5  
T C V P  I270 
T C V A 1 2 7 5  
T C V A  I2eC 
T C V A  I255  I 4 7  
T C V A 1 7 9 0  151 
T C V A  129s I 5 5  
T C V A  I50C 
T C V A  I 305 
T C V A I  <IC 
T C V b  I3 I 5  
T C V A  I 3 2 C  
T C V  b I 3 2 5  
T C V P  I 3 3 C  
T C V d l  335 
T C V A  I 3 4 0  
T C V P  I 3 4 5  
r C V A l 5 5 0  
T C V b  I 3 5 5  
T C V A  I 3 5 C  
T C V b  I 3 6 5  
T C V P  I 3 7 C  

T C V A I  380 
T C V b l  3 8 5  
T C V A I  39C 
T C V A  I 395 

r c v A i  2 I 5 

T C V A 1 3 7 5  I 7 8  

FIGURE 6 (Continued) 



72 

T C  VA - E F Y  

360 F L A G # O . O  

365 I G S C f f I  + I G S C  
I F [  I G S C - 2  365, 3 A C #  3 @ C  

I f  J Y A X  13707 3801 370  
3 7 C  I F (  J A L P  13757 583,375 
375  G3 T3 310 
3 8 0  C A L -  C O S T  ( J J )  

TH F# T Fa< 
W X # d P ( N T 3 T A L + I )  
WPPdP I trWP ( Y T O T A L +  I )-WP I 
T C V A  I T C  
B I T E R 1 4 I T E R  

R E T U R ' 4  
385 C 3 N T I V C E  

390 k S I T F  ( 6 , 8 0 0 5  I N I T F K  

0 9 / 2 6 / 6 7  
SOIJ'ICF S T U E M E V T  - I F Y ( S )  - 

T C V A I 4 O C  
T C V A  I J m  
T C V A l 4 1  f? 
T C V P  141 5 
T C V A 1 4 2 0  
T C V A  I t 2 5  
T C V A  I43C 
T C V A  I 4  35 
T C V A l 4 4 C  
T C V A I  4 4 5  
T C V A  I 4 5 C  
T C V b  I lr55 
T C V A  I4h@ 
T C V A  I465 
T C V 4  1 4 7 C  

8805 F O R Y A T ( 3 5 P  T W I S  CASZI  WILL Y O T  C C N V E R G E  A F T F R  159 I I H  I T E R A T 1 0 N S T C V A 1 4 7 5  
I 1 7 H * * * * * * * * * * * * + t * *  ) T C V P  1480 

C A L -  S T A G E G  T C V A l 4 a S  
CAL,COST( J J )  T C V A  I49C 
CAL- O U T P U T  T C V I  I495 
t R R #  10.0 T C V A  I500 
R E T U R V  T C V A  I 5 0 5  

T C V A  I51 C EY D 

192 

197 

198 
200 
202 

FIGURE 6 (Continued) 



73 

* 
IIBFTC G S C l  DECK 

09/26/67 

G S C l  cL!flC 

FIGURF: 6 (Continued) 



74 

0 9 / 2 6 / 6 7  
G S C  1 - E F N  SOURCE S T A T E M t V T  - IFN(S) - 

S U R 8 3 U T  I V  E GSC G S C  I GOO5 
C * * + *  S U B 8 3 U T I V E  G S C  F O R  HMN -- I N C L U D E S  D E M I S T E R  9 / 1 4 / 6 5  G S C l C O l O  

C O M Y O N / G E Y  / C A S E  t G  ,RP X R P  ,Pc X O t  G ,  X L q C R t  XCR t R O E  I R O E R  G S C I 0 0 1 5  
C 3 M Y O N / T E M P C / T S T E A ~ , T S (  I O C ) ,  THF,  T R ,  X T B t  T O , T P T T A I C C ~ C P  GS C I 002 C 

I S P L  G S C  I C f l 3 C  
COMYOY /GEO ME /AMODU,  A L E V  ,A L N I  T 9 T O T  A L E  , TOTALi? ,  F R E  ED 7 T R A Y  G P kST C L  I G S C  IO025 

C O M Y 3 Y / E C O Y / S M A L L E *  S W A L L D  g S M A L L B ,  S U A L L P  t R A T E I M v k P L ,  C A P F t T H E R W p  G S C  I O U 3 5  
I P Y S T Y C  G S C I C ~ ~ O  

C O P Y D N / T U B  I N G /  D O H t  01 H I  DOE , D I E  t O O R V D I  R, A I 9 62 A 3  B I K T k  , R I K T E  9 GS C I E045 
I R I K T K t C S L T B H , C S L T B P , C S L T B R  G S C  I C C 5 Q  

C O " l 3 V / F 3  UL I N / R H  9 R E  ,R SR t SH, S E  S R t  VHv VE VR G S C l l l 0 5 5  
C ~ M Y ~ ~ / P U M P H T / H D I H H I H B L  p H P Z p F F H L ,  S S F  I G S C l C C 6 C  
C O M Y O N / A Y  I S C I C P S T B  
COMY D V  /D4 T A  I / B D E P  H , U T P D  9 S SF2 

F A C  I D c  A C A C  ID r 0  P L  I M ( A 6  , A 7  7 X S O C  9 X N N N  , K h N t  X L L L t  L L L G S C  I CU65 
GS C I O 0 7 C  T C  TA L r U P A  X VU4 L P  t P J T W F A  t T S  TH, C O E F A  , 

I O R I T E ,  I T E R  G S C  I CQ75 
G S C  I C f l A C  C O M Y 3 N / A Z  I / D T P D P (  I O C )  , T I T L E (  15)  

C O M Y O Y / T C V L  I / A C P S N ,  A C P S N K ,  A C P T N K , C P B T , C P T K ,  CPTNK,APPN,TCF,WX, G S C l  Gn85 
IWF,WJ,CB,WC, kBp W K v K H O N K ,  R Y C K ,  E R R I C C F ,  N I T E R ,  N K I N T O T A L ,  P N , R P N , G S C l C C P O  
2 T C 1  A L P H A I ,  WPNt D E L C T ,  D E L S T ,  I G S C t  S M A Q t  SUt 'At  T K  GS C I CUPS 

C O P Y O Y / T C V L 2 /  T T O (  I C C )  n S M T (  I C C )  S M T 2 (  I OD) 9 C T (  1001 t WS ( 100)r G S C l  C I C C  
I C (  I O O ) ,  T V ( I C O ) ,  W V ( I O O ) ,  C H I I C C ) ,  W P ( I T J ) ,  A s ( i n o ) , s L s ( i n o )  G S C  1 c I E5 

C O M Y 3 Y  / T C V G S C  / C T D C S  G S C l O l l C  
COMY 3V / P H Y  S /  I I G S C l C l  IS 
C O M Y 3 N  / V A I N I /  S S F ,  H F G  G S C l C  1 2 C  
C O M Y O V / J A V  I S / W P  I G S C  10 I 2 5  
C O b " 4 3 Y / J A ' J 2 3 / C F R ,  T F R P W B  I I T P I  v k P K G S C i k P E G S C  ,WPTGSC G S C  I C I 3 C  
C O M Y 3 V / J A Y 2 7 / W M  9 S U P A L  P S C M C H  U P N K ,  C P S N  ( C P S N K  G S C I  C I35 
C O M Y 3 N  / 3 P 1 /  S M A P P P ,  HR,  SFOAPPH, HE, U N A R A R ,  U N A R A E ,  A 4 ,  6Jv  WCOc G S C l C l 4 E  

I U B A S E ,  U B A R K ,  U T H E t  A E ,  A R t  A T H E ,  T H E L ,  E X E ,  T H F N ,  P F E ,  H F R ,  T H E H G S C l G 1 4 5  
2 T 9  H C 2 ,  H C l T  C C 7 ,  C C I ,  P O C S T 2 ,  P O C S T I  A L P P A R ,  P v C 2 ,  P P C I ,  C C C A P 2 , G S C I O I S C  
3 C C C A ? l ,  S I T E 2 9  S I T E 1 7  W $ I T 2 ,  W A I T 1  , E S ? ,  E S I ,  E A 2 ,  E D I ,  G S C  I C  I55 
4 B l i C 2 r  R k ' C I ,  V P C 2 ,  V P C I ,  LJRPH, EEC2,  E E C I ,  PO, C C 2 t  C C I ,  G S C I C 1 6 @  
5 S C Y 2 9  SCMI, C I B C ? ,  C I B C l t  D E A 2 ,  D E A I ,  T C 2 ,  T C I ,  C A P I I ,  
6 C A P 1 2 9  C A P 1 3 9  P O ? ,  t i s 1 9  P V C ,  E E C ,  V P C t  S I T k ,  W A I T ,  
7 C S ?  EA, C I B C ,  PHCT C C C A " ,  C C S T I N ,  k E I K C ,  C R A h E c  OLDG,  
8 D E A C S T ,  P M C P C ,  P M C F L C p  R E T L P 2 t  R E T C P I  7 C P R F Q ( 1 0 0 ) ,  A V S C 2 ,  
9 A M S C l  

bIME'JS I O \ I H P (  I C ?  1 , R H O T A P  ( I  C C )  
C I Y I T  I A L I Z A T I J V  O F  V A R I A P L E S  A N @  P A S A V E T E R S  

x P c T m . m n  I 
WP R G S C i O .  0 
Y <  t l V <  
N T O T A L I N T O T A L  
N V K  # V  TC T A L  - N K  

S I J Y 2 3 # C . O  
SUM?S#O.O 
SUM3HflC.3 
SUh12 I H I :  .7 
5U M 2 2 #I:. 3 
S U M 2 4 # Z  .O 
SUY26tfG.O 

swnL P m. n 

C A S S I G U  V A L U E  OF I ( # S T A G E  Y C  B r I h G  T R F A T E D )  
D O 2 1 5  I H I  Y N T O T A L  
I F (  I -  I 1  125, I 2 5 1  I O C  

G S C  I C I65 
G S C  I C  I7C 
G S C  10 I75 
G S C l  C 180 
G S C  I c I P 5  
G S C  IC 19@ 
G S C 1 0 1 9 5  
G S C  I C 2 0 C  
G S C  I G2fl5 
6 S C  IC2 I C 
G S C  I C 2  I 5 
G S C  I C ? 2 C  
G S C l C ? 2 5  
G S C  I c23c  
G S C  I C 2 3 5  
GS C I C24C 
G S C  I0245 
G S C  I C 2 5 C  
G S C l C 2 5 5  
GS C I C 2 6 C  
G S C I C 2 6 5  
G S C  I C 2 7 C  
G S C  1 C375 

FIGURE 6 (Continued) 



75 

C ASSIGU V A L U E S  TO P A T K I X  F O R  C A L C U L A T I Y G  S T A G E S  2 THRtJ  N 
IOC IIltI 

svr[ I+I)YSYTI 
S Y T 2 (  I ) # S M T I  
IF(F9Y)223t I C 5 7  2 7 0  

105 I F ( 1  - U K ) 1 1 0 ~ 1 1 f l ~ 1 1 5  
C H E A T  L F C O V E R Y  S T A G C S  

110 WTitWF 
C T t  I I H L C F  
R H 3 # R  h O Y Y  
C3 T 3  12[3 

C H E A T  & E J E C T  S T A G E S  
115 WTMAII) 

C T (  I ) # C O  
RHD # R t l O K  

T S (  I + I 1 t f T S I  I I - R H O  
GO T 3  137 

120 T T D (  I ) Y T S (  l ) - S ~ T I - K H O - 1 T S ( l ) - T V ( I ) )  

C A S S I G U  S T A K T I U G  V A L U E S  F O R  C A L C U L A T I C 3  OF S T 4 G f  I 
1 2 5  U S ( I ) r f  W R I  + k R  

T S (  I ) # T F R  
C( I ) # C F R  
kP1 I )#NP1 
T V (  I ) U T P  1 
t i p (  I 1 #C.n 
WT t t W  F 
S Y T (  1 + 1  ) # T C F  
S Y T 2 t  I I Y T C F  
RHO # R HI) N K  
C T (  I I#CCF 
T T D (  I )  # T H F - T G F - R H O  - A L P H A  I 
T S ( I + I ) H T S ( I ) - i 4 H O  

C I Y C I V I D J A L  S T A G E  C A L C I J L 4 T I O N S  3 E G I h  
I 3 3  C( 1 + 1  ) # C (  I )  
135 T V ( I + I I # S M T (  1+1 ) + T T D I I )  

R H O T A P  ( I ) # R H O  
T A R # T V I  I +  I ) + D T P D P  ( I  1 
GAL-  OOP? ( T A B , C (  I + l )  t D T R P 9 )  
T S 2 C # T V ( I + I ) t D T B ~ R + U T P D P ( I )  
I F [ A B S ( T S 2 C - T S (  l + l  I l / T T l j (  I ) - C . f L I  ) 
T T D (  I ) t l T S (  I +  I ) - D T B P K - O T P D P [ I  ) - S P T 7 ( 1  I 
GO T 3  135 

T V  ( I t 1 1  # T S  ( I + I )  - O T R P R  - T.TP@P ( I )  
CALL D I Y  TP L ( T V (  I + I 1 ,CP 9HF) 
H F G # 1 0 3 3 . 8 8 - . 5 7 0 3 ~ T V (  1 + 1 ) + 1 . 2 P I ~ E - 4 * T V ( ~ + I  ) * * 2 - . 8 8 2 4 E -  
C A L L D I Y T P L ( T S (  I ) t C (  I )  t H S l  1 
C A L , D I Y T P L ( T S ( I + I  )tC(I+l),VS2) 
WV( I ) # A S [  I ) * ( H S I - H S 2 ) / ( H F + t ! F ; - H S 2 )  

IF(9BStC2C-C(I+I) ) / C Z C - X P C T )  155r15C,15fl 

1 4 5 , 1 4 0 , 1 4 0  
140 

1 4 5  I I e 2  

c 2 c # (  w s (  I )*c ( I I - W V ~ I  ) * c P )  /(ws(r ) - k v ( ~ ) )  

I 5 0  C (  1+1 ) d C 2 C  
GO T 3  135 

155 WP( I +  I )#WP ( I ) + k V (  I) 
C A L , D I U T P L ( T V (  I ) , C P , H P I  1 
C A L L D I U T P L ( T V (  I + 1  I r C P v H C 1 2 )  

G S C  I C780  
GSC I C 2 R 5  
6 S C I C 7 9 C  
L S C  10295 
G S C  I c 5 Q O  
GSCIC50S 
G S C  I C 3 I 0 
G S C l  c 3 1 5  
G S C  I c 370 
G S C I C 3 2 5  
GSC I C 33C 
G S C I  G335 
G S C  I C  5 4 C  
GSC I C 5 4 5  
G S C  I C 5 5 C  
G S C l  c 3 5 5  
GSC 10360 
G S C  I C 565 
G S C  I C37C 
G 5 C  I G 575 
GSCIP3PC 
GSCl C 385 
G S C  I C39C 
G S C  1 ci 3 9 5  
GSC I 0 4 P Q  
G S C  I C 4 0 5  
G S C l  C 4  I C 
G S C  I C4 1 5 
GSC. I C42C 
\;SCIC4?5 
GF C I C 4  3 C  
G S C l C 4 3 S  
GSCICb4C 
G S C i  c 4 4 5  
G S C I C 4 5 @  
GSC I 0 4 5 5  
GSC IC46C 
G S C I C 4 6 5  5 3  
GSCl C47C 
t i5  C I G475 
G S C  ! 0 4 R C  
G S C  I C4P5 
GSCl C49C 
GSCIC495 
G S C I O S C C  72 

I + I 1 * * 3 G S C  10505 
GSCICSIC 80 
GSLlC515 8 4  
G S L  I C52E 
GSC 1 C 5 2 5  
G S C  l c 5 3 c  
G S C  I c535 
G S C  1 c 5 4 0  
G S C  D csu5 
G S C l  C 5 S C  103 
G S C  I c555 106 

6 * T V  

FIGURE 6 (Continued) 



76 

0 1 / ? 6 / h 7  
G S C I  - C F N  SgURCI-  S T A T E M E Y T  - I F N ( S )  - 

WS(  1 + 1  ) # W S (  I I - ! d V (  I ) 
C)LN#(  S M A a * ( T S (  I ) - T A ) ) / S L M A  
O H (  I )  # d S (  I ) * t i S I - W S (  1 + 1  ) * H S 2 + h P (  I )  * H P I  - W " ( I + I  ) * H F ? - C L h  
I I # l  
A R G # S M T ( I + I ) - ( T S (  I ) - T S ( I + I  ))*1?.5 
IF(I-VK) 16n,160, I R C  

160 S V T (  I + l  ) # S M T Z (  1 ) -  ! < I d 0  

165 I I # 2  
C A L L  D I Y T P L ( S M T 2 (  I ) , C O , H C O T 2 )  
C A C -  
C A L  ~ 

C A L -  

C I Y T P L (  S P T (  1 4 1  1 , C O v H C O T I  1 
C f Y T P L (  S M T (  1 + 1  1 ,CR T t i C P T  1 I 
C I Y T P L (  S P I T Z (  I )  p C B v H C R T 2  1 

C P M # ( P C O T 2  - t ' C O T I  1 / ( S " T 7 ( 1 )  - 5 P T ( I + l ) )  
C P R # ( P C P T Z  - b C h T I  1 / ( S P T 2 ( I  1 - S M T ( I + I ) )  
S Y r C f f S " ' T 2 (  I )  -UH( I )  / ( f i P * C P M  + h d * C P R )  
IF( A B S  ( S Y T C  - S M T  ( I + I / ~ M T (  I + I -. n n m o 5 )  I 75 ,  I 70, I 7c1 

I70 S Y T (  I 4 1  ) # S M T C  
GO T3 165 

I75 S Y T (  I )  # S M T C  
GO T 3  185 

l a c  11t f2  
C A L L  C I N T P L  ( S M T (  1 + 1  1 ,  C T ( I )  t H S M T )  
I i S M # l t S i - + T  - Q H ( I ) / W T  

S Y T l  ff S M T I  I ) 
S Y T (  I ) Y T T T ( C T (  I ) rHSF ' )  

I85  
C I N C I V I D U A L  S T A G E  C A L C U L f l T I O V S  C O I V P L E T F  
C C A L C L J L A T E  4 E C E S S A R Y  C U M U L A T I V E  STA1;E P R O P E S T I F S  

D E L # T S (  I ) - T S (  I +  I ) 
A Y P D A # U H (  I ) /  hV(  I )  
C P S # W V (  I I * A P R D A / ( W S (  I ) + D E L )  
I F (  I-YK 1 I 9 0 9  19092 I C 

I 9 C  \ U Y 2 1 # k V (  I ) + S U Y 2 1  
W P E G S C f i S U M ? I  
S U w 2 4 # S U Y 2 4  + Q H (  I ) 
S U v 2 6 R S U Y 7 6 + h V (  I )  * A M B O A  
SUw2H#SUYQH+QH( I)*hW(I) 
S U " A L P r S U M A L P + T S (  1+1 ) - T V (  1+1 1 
I F ( (  T H F - T P ) / T O r A L + . S  - ( T H F  - T C F  - O T P D P ( I )  - C T P P R  11200rl95, 195 

195 W R I T E  ( 6 9  80CO)THF, T B t  T O T A L ,  T C F t  0 T P O P I I ) ~ D T p P R  
H 3 C C  F D R Y A T I  I H H  N O T  E Y O U G H  S T A G F S  /7F16.8) 

E R R  # I  .n 
C3 T 3  2.73 

200 IF( 1 - ~ ~ ) 2 1 5 , 2 n 5 , 2 1 5  
2 0 5  WPN< # S U M 2  I 

S U M 2  4 # S UY 2 4/  h F  
C P T V <  #SUY 7 4 /  ( TC F- SMT ( NK 1 1 
a Y B v < # (   SUM^^ ) /WPYK 
C P S V Y # A M B N K * h P Y K / ( W F *  ( T H F - T S ( N K + I  I )  
A C P S \ K I A Y R N K / C P S N K  
A C P T V K # A Y R Y K / C P T N K  
GO T3 215  

2 I C S U P ?  I # SUY 2 I + h V  ( I 1 

S U M 2 5 # S U Y 2 5  + i l H (  I )  
S U P 2 6 # S U Y 2 6 + k V (  I )  * A C R D A  
SUM3H#OHI  I ) * k V (  I )+SLMBH 

W P R G S C # W P R G S C  + Wv( I )  

G S C  I O ' l h C  
~ s c  i nw,s 
G S C  1 0 1 7 ~  
GSC IO5 75 
G S C  I c5sc  
G 5 C  1 C5P5 
G S C  I c 5 9 c  
G S C  I c 5 9 5  
G S C  I ChrC 128 
LSC IO605 131 
G S C  1061 c 134 
G S C l  C6 I 5  1 3 7  
GS C I C 0 2 C  
GS C I O h 7 5  
zsc I C 6 3 C  
L S C  I E 6 3 5  
GS C 1 Ch4 C 
G S C l C h 4 5  
G S C  I C 6 5 G  
G S C l C 6 5 5  
G S C I C h 6 C  
G S C  I C665 158 
GSC I Ch7C 
GSC I C675 162 
G S C l  C68C 
;s c 1 ChP5 
G S C  I C69C 
L S C  I C695 
GS C I C I C C  
G S C l C  705 
G S C l C 7 l O  
G S C l  C715 
6s C I C r20 
GSC I C725 
t isc I c73c 
G S C  I C 7 3 5  
G S C  I C74G 
G S C l  C745 
G S C  I O  rsc 183 
GS C IO 755 
G S C l  C76C 
GSC I C 7 6 5  
GS C I C  77C 
G S C  I E775 
G S C  I C780 
G S  C I C 785 

G S C  I C 7 9 s  
G S C  IC800 
GSC 1 CR05 
G S C  ICPlC 
G S C l  E815 
GSClCR2C 
GSCICRP5 
G S C  I O F 3 C  
G S C  IC835 

G S C  ia79c 

FIGURE 6 (Continued) 



77 

0 9 / 2 6 / 6 7  
G S C l  - F F N  SOUKCF STf iTEWENT - IFN(S) - 

SUMALPUSUMALP+TS(  1 + 1  ) - T V (  I + 1  1 
215 C O N T I V U E  

C C A L C U L A T E  O V E R A L L  P L A N T  P R O P E R T I E S  
WPrJ#SUM 2 I 
SU M 2  5 # SUY 2 5 /  kO 
CPTC # S U M 2 5 / (  S M T 2 ( N K +  I ) -SMT (NTOTAL 1 )  
AY@V#SUM26/WPN 
CPSV#AMRV*WPN/ (WF* (THF-  T S ( h T C T A L + I  1 ) )  
ACPSV#AMRN/CPSN 
A L P H A I W T S 1 2 ) - T V ( 2 )  
SUM3 H# SUYQ H/ k P N  
AL PR AR # SUM AL P / T O T A L  
I I U 2  
CALL D I N T P L  ( T C F v C C F * H C F I  ) 
CALL  D I N T P L  ( T H F v C C F v H H F l  1 
CP E(T # ( b H F  I -HCF 1 1 / I THF-TCF I 
WPTGSC1WP ( N T O T A L +  I1 

EU D 
2 2 0  R E T J R V  

GSC I C 8 4 0  
G S C l G f ? 4 5  
G S C  I C 95C 
G S C I  up55 
GSC 1 G R 6 C  
G S C l  E n 6 5  
G S C I C 8 7 C  
GSCICP75 
GSCl O A R C  
G5C I08R5 
G S C l  C A Q C  
G S  C I C 895 
G S C  I C9CC 
GStlC905 208 
G S C I C 9 1 @  310 
G S  C I C Y  1 5 
GSC I092C 
G S C l  c925 
GSC I C93C 

FIGURE 6 (Continued) 



78 

* 
S I B F T C  l T l O n  DECK 

09/26/67 

TT I CCil f lC 

FIGURE 6 (Continued) 



79 

T ?  100 - F F N  SOUIRCE S T t T E M E Y T  - IF’I1S)  - 

F U N C T I O Y  T T T (  C P , H P )  
C O M Y 3 Y  /PHY S /  I I 
I I # l  
CALL D I Y T P L ( 4 0 . 0 v  C P ,  C P )  

11 #2  
CALL C I N T P L  ( 4 C . O v C B t  H4n) 

I O C  TB # ( h e  - H 4 C I  /CP + 4C.c  

F L A G  gn.0 

CALL D I Y T P L ( T 8 ,  CB,  H B C )  
I F ( A R S ( H R C - H R )  /HBC - C.CCOI  1 1Il?~105~105 

GOT3 I OC 
105 CP # ( H B C - H 4 0 )  / ( T t 1 - 4 E . f l )  

110 I F I F L A G )  1 2 U v l l S t 1 2 C  
115 FLAG # I . ! l  

GOT3 I 00  
12C TTTWTB 

RETURN 
EY R 

T T  I OCL-CS 
TT I T C P I  0 
TT I C C f i 1 5  
TT I13Cr20 3 
TT I CC1325 
TT I I200311 
T T I C C C 3 5  E 
T T  I CCO4fl 
T T l f l C n 4 5  8 
T T  I CCr5C 

TT I CC(14C 

TT I CC;77C 
T T  I CCE75 
TT I CCPRT: 
TT I CCPR5 
TT I CCCQC 

TT I ncms 

T T  I ccrlh5 

FIGURE 6 (Continued) 



80 

* 
I I B F T C  CWDV D E C K  

FIGURE 6 (Continued) 



81 

0 9 / 2 6 / 6 7  
C Y D V  - FFN SOURCE STATEHEUT - I F N I S I  - 

E‘IGUEIE: 6 (Continued) 



82 

CNDA - E F N  S C U R C E  S T A T E H E Y T  - I F N I S I  - 
P C T # O . r l f l  I 
L L L # X L L L + O .  I 
LL I # L b L - l  
L E F T L  # K K - J J  + I  
00 305 L L L I  # J J ,  K K v  L L L  
I S T A b E f f  C L L L  
L E F T L #  L E F T L  -LLL 

T U B E V O # Z Z  ( I S T A G E  1 
I / (  Z . O * A L E V * A M O O C )  

105 TSATl#I04P(ISTAGEI-459.69 

C * * * * * * R E V I S I O V S  M A D E  1 1 - 2 3 - 6 5  
I F ( U Y S T ( I S T A G E ) )  1117,IIL, 115 

I I O  C P I V I T I  I S T A G E ) # O . C  
C T I A I T (  1 S T A G t ) H f l . O  
CPC,R( I S T A G E  )#U.O 
CTC,9( I S T A G E  ) # O , r l  
GO T3 305 

I 1 5  W # W V S T (  I S T A G t ) / Z . C  
T R A Y L  # S L S (  IS  TAl,F -C. 5 + T S T H  / 12.0 
S 3 D Y I N  # 1.3 
X T K  Y T S A T l  t 459.69 

I 2 0  P S A T  I # Y P  S A T  ( X T R  
P Y I V  P .0 r l l  

SOD( I C P S E ) # X S O D  
[ ' E L P (  I ) #  0.31 

130 C T U S E  # O T U R f P / 1 2 . ! 2  
135  WGT 4 W/3600.0 

1 2 5  I c a s E  I 

I T F X  !4 I 
X T K  Y T S A T l  t 459.69 
X P I  ff ' S A T 1  

V G S  # V G I  
1 4 0  V G I #  Y V S A T ( X T R , X P I I  

145 U P A C C  # W G T  f WGT * V G l  / ( 9266 .112  * ( T R A Y L  * T R A Y H T ( I C A S E l ) * * 2  
I )  

V E L  I I C A S E )  # kGT 1: V G I  / ( T R A Y L  * T R A Y H T  ( I C A S E ) )  
D P T U i U  # V E L ( 1 C A S E )  Q * 2  / (9266.1 12 * V S I )  * C L T U K N  * 
C P F D G L  fl (13.4 * ( 1 . 2 5  - T R f l Y H T ( 1 C A S E )  / ( H S T  - 1.5))  i 

I (1.g - ( T R A Y H T  I I C A S E I  / ( T K A Y H T  ( I C A F E )  + 3.0) ) 1 + * 2  

I (1.q + ( T R A Y I H T  ( I C A S E )  / ( T R A Y N T  I I C A S C )  + 3.n 1 )  * * 2 )  

2 * V c L  ( I C A S E )  * *2  / ( 9 2 6 6 . 1 1 2  * V G I )  
IMIV II n 
I Y A X  Y Cl 
F R F O O  t i  T R A Y I - T  ( I C A S F )  
V P L l  # H S T  - 0.6 * F R E H U  

I # ]  

IHN3 # T U B E Y O /  V N O ( I C h S E 1  + C.7 

150  I V Y ~  # vaL I / (C.866 * S O D ( I C A S E ) *  C T U P E )  + 1.0 

I 5 5  V Y O (  I C A S E  1 # F L O A T (  I V N O )  

IHU32  # T U R E Y O  / V V O  ( I C A S r )  * C.5 + 0.1 
l 4 f l  l 'YO(  I C ? S E )  # F L O A T ( I H Y O )  
1 6 5  V Q L 2  S P S T  - ( V N O ( 1 C A S F )  + H h C ( I C b S E ) ) /  (2 .0*  V h C ( I C P S E 1  + 

1 "31 I C A S E ) )  Q f Q E P T )  
I V U 3  # VRL2 / ( C . R 6 6  * S C C ( I C A S F ) *  C T U @ E )  + 1.0 
V Y O (  I C 4 S . E )  # F L O A T ( I V N O )  
I H Y 3  # T U B E N O /  V Y O ( 1 C A S E )  + C . 9  

0 9 / 2 6 / 6 7  

C N  D N C 2  8 C 
C N  O N 0 2 9 5  
C N  C N C 2 9 C  
C N  O N 0 2 9 5  
C N  D Y C  30C 
CNCNC305 
C N D N C J I  c! 
C Y C N G 3 1 5  
C N D Y C 3 2 C  
CW D Y C  325 
C N O N C  3 3 C  
C Y  C N E 3 3  5 
C Y C N 0 3 4 c I  
C Y  O N @ 3 4 5  
L N O N C  35C 
CNCNC355 
C Y C N 0 3 h C  
C N D N C  365 
C Y D N C 3 7 T  
C N C N C 5 7 5  
C Y C N f l 3 R C  
CNr?NO 3 P 5  
CN C N C  3 9 C  
C N C N C 3 9 5  
C N C N C 4 0 E  
C N  C N C 4 C S  
C N O N C 4 1 0  
C N C Y C 4  I 5 
CN ~rmr 2 c 
C N  DFI C I+ 2 5 
CYCNCcr3C.  
C N  C Y C 4  35 
CN C Y  0 4 4 0 

0 C Y  C N q  44 5 
C Y D N C 4 5 Q  56 
C N C N C 4 5 5  
C Y  C Y 0 4 6  c 
CY C"1 G 46 5 
C Y  U R C 4 7  C 

C N C N O L P C  
Chi CN C JJ R 5  
C Y  D W C b  9 C  
C N C N C 4 9 5  
CN CN c 5 c! c 
CY D N  C 5 9 5 
C N C N C 5 I i 2  
CN CNC 5 I 5 
C N  C N C 5 2 C 
C Y  Chl c !J 2 5 
C N  CNO S 3 C  

CY C N C 5 4 0  
CY C N G 5 4 5  
C N C N C 5 5 r  
C N C N C 5 5 5  

c ~ r ~ c 4 7 5  

CN crdc 5 J 5 

FIGURE 6 ( C o n t i n u e d )  



a3 

0 9 / 2  6 / 6 7  
C'd nu - f F N  S O U q C E  S T 4 T E M E ' : T  - I F Y ( S )  - 

I H Y 3 2  Y T Q B E W O  / V N C  ( I C A S ' )  * 0.5 + 0.7 C N C h C S h C  
H\O(  I C A S E  1 # F L O A T (  I H N O )  C N C K C 5 6 5  

CN C N C 5 7  C I F  ( A R S ( V B L I / V G L 2  - 1.0) - .CI I 175, 175,  1 7 0  
1 7 C  W R C l  4 V B L 2  CY CY c 5 7 5 

GO T 3  165 C Y C N C 5 8  0 
175 I F  ( I H N 0 2  / N N Y  - 9 9 )  I859 19511 90 C V  CRC 5 P 5 
18E W R I T E  ( 4 , 8 C l 0 C ) l t . 1 N O 7 ,  V Y C t  t I N C 1  TUHErJC C N L N C 5 9 C  79 

I IH 2 X  S H V Y O  rt F 1 3 . 6 9  3 X  5HHNC # F l 5 . 6 ,  2X 9 H T L P J E N O  # i13.6) c rd DN c 6 cc 
GO T 3  305 C Y  crdc 60s 

800C F O R Y 4 T  ( I H O  2 2 H T O 0  M A Y Y  QOSVS, l H N D 2  # 14 / C N  C Y C 5 9 5  

185 WG ( I  1 # WGT / ( ( V N O  ( I C A S E )  - 1.0)  * 2.'1+ (HNC ( 1 C A S E )  - 1.0 1 1 (.NChUbtC 
I D V 3  # I H Y 0 2  G N D N C S I  5 

1 9 C  5PtS # ( S O D (  I C A S E I  - 1 . O ) S :  D T L B I -  
1 9 5  C.:C"llT # WGT / T U D E ' I O  C Y C N C h 7 5  

c u c N c f J 2 c !  

200  W L #  WC?IDT* V N O (  I ) / P . C  C N i l N C h 3 C  
A X b V D  tl S P A S  * T R A Y 1  +(? . I3  * ( V h O  ( I C A S : )  - 1.0) CY CP'L h 35 

I + HUO ( I C A S t l  - 1.p) CN Ch c 64  c 
A R A T I O  # AXf?ND / ( T R A Y L  * ( T R A Y H T  ( I C A S E )  + 3.n 1 )  CVCrJC 645 
I F  ( A K A T I O  - 1-01 2 2 C 9  2 2 C 1  205 CM CN3 65 u 

2 0 5  A R A T 3 X  if 1.n / A R A T I O  Chi cv 0 6 5 5 
210 C P F X P  M ( [  I .FJ - A R A T O X )  4: L G T / f T R A Y L  * ( T R A Y + T  ( I C A S E )  + 3 . [ J ) ) ) C h I I I N C 6 h @  

I * * 2  * V G I  / 9264.117 
2 1 5  C P Z V T R  1 D P E X P  

GO T 3  243 
2 2 0  I F  ( A R A T I O  - 0.715) 225,  275, 23fl  
225 COSJTC if 0.4 * ( 1 . 2 5  - A R A T I O )  

GO T O  235 
230 C O N T C  8 0.75 * ( 1.0 - A K A T I O )  
2 3 5  C P C V T R  tf C O N T C  * ( W G T  / A X " N I I  1 **? * V G l  / 9266.1 12 
24c; U P A C C Z  4 W G T  * G ~ G T  * v G i + ( i . r  A X P N C * * ?  - 

1 1.0,' ( T S A Y L  * ( T K A Y H T  ( I C A S E )  + 3.01) **2 1 / 7266.112 
2 4 5  COO? ( 2 )  # 0.50 * SOD ( I C A S F )  

t33? ( 3 1  # SOD ( I C A S E )  
250 IF (COCIR ( 3 )  - 3.5) 2 6 C 1  2609 255 
2 5 5  C O O 1  ( ? I  # 3.5 

GO T 3  270 
2Qfl I F  ( t O ' J R ( 3 )  -1.15) 2659 2 7 C V  27L 
2 6 5  COO9 ( 3 1  # 1.15 
2 7 0  P S b T (  I )  # P S A T I  - D P A C C  - D P C N T ?  - D P A C C 2  

I - D P T U R V  - D P E D G E  
IF f P S h T (  1 )  - P M I Y )  2 8 C 1  2QCl1 7 7 5  

2 7 5  X P I  # P S A T C  I )  
T S A T (  I )  # T < S A T ( X P I I  - 459.6': 
C 0 0 ? [ 2 ) B C O O R ( 3 )  
S P f i T  4 A ft SI> A S* TR A Y L  

I D Y 3 1  # K 
D P 2  # P S A T l  - P S A T  f IDNOl 1 
S 3 D 2  # 530  ( I C A S E )  
GO T 3  285 

C A L L  C N D U S ( L L L L , C O O 9 (  I )  1 

280 W R I T E  ( 6 9 8 0 0 5 ) P S & T (  I )  
8005 F O R Y A T (  IHO 4 X  I P H P S a T ( 1 )  TCO L C k  # F16.R) 

N E R R H  I 
GO ~3 305 

HRC s # ( t " O ( I C A S E ) - I . C ) *  S O D ( I C A S E ) * C T U R E + D T U B E  
2 8 5  V R L (  I C A S E  ) # f [  V N O (  I C A S E  )-I.C)*C.R66*SODf[ I C A S E )  * C T U S E + D T U B E  

c N C Y  c 66 5 
C N C Y C 6 7 C  
CY ON0675 
C N D N C h R C  
C Y C N C h 8 5  
C Y  CzlCihPC 
CY DUO 6 9 5  
CYUNC7CC 
C Y  CN C 705 
C Y C N C  7 I c 
C'u O N 2  7 I 5 
C N C r l C 7 2 e  
Cpd CNT: 77 5 
C Y C N 0 7 3 0  
CY C Y C  735 
C N  CNO 74 C 
C Y C N C  7 4 5  
CN UNO 75 C 
C \ U ! C 7 5 5  
C N U N C 7 h C  
C V C N C 7 h 5  
CNCNO 770 
CY DNG 7 7 5  
C U D N C  I R C  
C N  C N G  785 140 
C N D N O 7 9 @  
C'i EN 0 7 95 
C N  C N C  PCh! 
C N L ' Y C R O S  
C N C N O P I  P 146 
C Y D Y O H l 5  
C Y  D N t t 8 2  I! 
C N C N C 8 2 5  
CN CNO t! 3 C  
CY UIJC 835 

FIGURE 6 (Continued) 



04 

0 9 / 2 6 / 6 7  
C'.IDV - 'FN S O U N C t  S T A T E M E V T  - I F Y I S )  - 

H B L X  # H B L  G + 3.r 
Hsr  T K A Y O P  + T R A Y H T  ( K A L E )  

A R E A T  ( I C A S E )  8 t H P L X  + T R A Y h 2 )  * ( T R A Y C P  + TRbYI-T ( I C A S E ) )  
A R E A R  I I G A S E )  If H D L  G * VhL ( I C A S ' )  

C P I ' J I T I I S T A G E )  8 D P A C C  + O P C h T t '  + O P A C C 3  + D P T U R h  + CPFCGE 
G T I V I T ( I S 7 A G F )  # T S A T I  - T S A T ( I 1  
C P C - R l  I S T A G E )  tt P S A T I I  1 - P S A T (  IO"!Cl I 
D T C - ? (  I S T A G E )  '# T S A T (  I )  - T S A T (  I D h C l  

L #  I S T A C E  
A r l l T !  F O R Y A T (  I H  I S ,  7 E l 6 . e )  

IF ( -  F F TL 1 2 9 0 , 2 9 0 ~  305 
2QC I F I L L L L - K K  1 2 9 S r 3 0 5 1 3 C 5  
2 9 5  I F I I S T A G E - K K ) 3 0 0 9  3C593C5 
500 I S  r 4 G E # K K  

L L L -  #Ki(  
GO 1 3  105 

3 0 5  CON1 I N U E  
5 I c ClBL I #t' I L X  

S A V t X L  J X L L  L 
GO 3 4 5  I # J J , K K , L L L  
K # I + L L L  
I F ( L L  1131 5 , 3 5 0 9  31 5 

31 5 I F ( < - Y k ) 3 3 0 ,  3 3 0 9 3 2 0  
J2C I F (  I - Y K - I  ) 3 2 S , 3 4 5 , 3 4 5  
3 2 5  K # N <  

XLL, Y Y K - I  
L L  I H X L L L -  I .D 
I F I X L L L  1350,  3 5 0 , 3 3 0  

U E L T A 2  # ( D T I N I T ( K )  - D T I N I T [ I ) )  / X L L L  
C E L T A 5  # ( D P C L R ( K )  - D P C L R ( 1 )  ) / Y L L L  
C E L T A 4  # ( D T C L K I K I -  D T C L R I I ) )  / X L L L  

3 3 f l  C E L T A I  # I r P I N I T I K )  - U P I N I T I I ) ) / X L L L  

I F ( L L  I )  3459345r 3 3 5  
3 3 5  DO 3 4 0  J L # I , L L I  

IL # I  + J I  
X I L I  # F L D A T I I L - I )  
T P I V I T I I L ) #  C P I N I T ( 1 )  + D E L T A 1  f X I L I  
C T I V I T ( I L ) # D T I Y I T l I )  + D F L T A ?  8 X I L I  
C T C - Y ( I L ) # D T C L R ( I  ) + D E L 1 4 4  + X I L I  
O P C - R (  I L ) # D P C L K ( I  ) + D E L T A 3  + X I L I  

5 4 0  CDNTINUE 
545 CONTI'JUF 
35c X L L - # S A V E X L  

R E  TURN 
FV n 

CYCNCPQI !  
C Y I l N C P 4 5  
CN O h  II PS C 
CYC"JCH55 
C N  C S  C P6 C 
CNDYCR65 
C N O N C P 7 C  
Crl CYC I! 7 5 
CN Lh G e 8 C 
C" ICNCPR5 
CN C N C 8 Q 0  
C Y  r'l c 3 9  5 
cYcYcooc 
C Y C Y C 9 C 5  
CNChC9I C; 
C N C N C 9 1 5  
CVCYC92C 
C N C N C 9 2 5  
CNUFrl: 9 3 C  
C Y C N C 9 3 5  
C'JCYC9liO 
C V  C Y C  94 5 
C N CfJ C 95 C 
C Y C N C 9 5 5  
C N C N C 9 h C  
C Y  C Y C 9 6  5 
CNCNC 97 C 
CNCNC975 
C Y  Cr4 0 Q P L! 
CNONG9PS 
C N G N C 9 9 C  
C Y  CNC 9 9 5  

CY CN I cc15 
C Y C N  I c I O  
CNCN I c I 5 
CNCN IO20 
CUL'J I e25  
C N C N  I U3C 
CY CN I 035 
CNCYl G 4 @  
CYDi4 I 3 4 5  
CNCNICSC 
C N C N  I c 5 5  
CNCN I C'6C 

c N c N  I r c c  

FIGURE 6 (Continued) 



85 

* 
S I B F T C  S T A G E  DECK 

07/26/67 

S T  AGCCCC 

FIGURE 6 (Continued) 



86 

09 /26 /67  
S T A G E  - F F N  S O U K C F  S T A T E N E W T  - I F N J ( S 1  - 

S U P r l 3 U T  I1 E S T A G E G  S T A G C C O S  
C * 4 * *  S T A G E G F O U  F O K  N O R I T A K E  D E A E K A T C R  A N D  421  C E F I S T E R  I O /  12/65  S T A G C O l C  

COPvI3Y / G E Y  / C A S E  9 G r R P  9 S T  AGOO I 5  
COMYOY / T E M P C / T S  T E A M  V T S  ( 1001 I T C , T P , T A  r C C , C P  S T  A G C W O  

I S P L  S T A G G 0 3 C  

I P Y S T Y C  S Y A C C C 4 C  
C 3 M Y 3 N  / T U B  I N G /  D O H  , DI H I DOE ,D I E DOR,  D I  R , 41 ST i rCCU45  

S T A G O U 5 0  I H I  r( T‘? , C SL T B  H , C S  L T B  P ,C SL TB R 
C O M Y ~ N / F ~ U L  IN/KH,RF,RS~ , S H ,  S E ,  t ~ ,  VH,VE, VR S T A G E 0 5 5  
C 3 Y Y 3 Y / P U Y P H T / H D , H H t ~ ~ L , H D I ~ ,  F F Y L ,  SSFl 51 A G C C h O  

X K P  ,P  t XO 9 G 9 X U  t C  R t XCR 9 R C E  9 R O E R  
TblF 9 TR, XTB , 

C D M Y 3 N / G E O M E  / A M O D U t A L E V  ,A U Y I  T ?  T C T A L E  7 T O T A L K t F R E I ? C , T R A Y D P  t H S T  7 CL,  S T A G C 0 2 5  

COMY 31 / F t O Y  / S M A L L  E t S V A L  LD * S M A  L L E  SP’ALLP 7 R A T E  I h r h P L  3 CAPFvTt‘ERr’, S l - b G C 0 3 5  

P2 t b 3  I P I K T F  P I K T E  9 

COI ’ (Y3N/AY I S C / C P S T B  9 F A C  I 9, A C A C I D  r D p L l  M I  A h  
C O N Y 3 N  /DA T A  I / B U F P H  v O T P 0  

67, X S O C  TXNNK; ,  h h N t X L L L 7  L L L S T A G G C 6 5  
S T A G C C 7 O  S SF2 7 T C T A  L, U P A X  , U A L P  P I  t T W F A  7 T S  TN,  C C E F A  9 

I O R I T E t  I T E R  S T A G 0 0 7 5  
S T  A G C C 8 C  C O M ‘ B 3 Y / A Z  I / U T P D P (  I C O )  , T I T L E (  1 5 1  

C O P ‘ 4 3 Y  / T C V L  I / A C P S N  7 AC P S N F ,  A C P T N K ,  C P R T p C P T K  , C P T N K , A P e h , T C F  , H X ,  S T A C l 3 0 9 5  
I MF, J?,T,St W C o  h B ,  WR v R H O N K ,  R Y C K I  E K R v C C F  t N I T E R ,  h K v N T O T b L ,  PPrvRPN, S T b C C 0 9 C  
2 T C 9  A L t ” A 1 ,  h P N ,  D F L C T ,  D E L S T ,  I G S C ,  SMAQ,  S U F A ,  T K  s ~ m r 1 9 5  

COYCl3’d /TL VL 1 / TTD ( I DO 1 9 S M T  ( I I1C) 5 p T 2  ( I f”3) t C T  ( 1’30 1 9 WS ( IOCI )  S T  P G C  I CC 
I C (  1001, T V ( I C 0 J r  W V ( I O C 1 ,  G H ( I L L ) v  W P ( I ? f l I  7 A S ( l O O ) , S L S ( 1 0 C I l  S T B C C I C 5  

I H O (  I O C ) t H I ( I C 0 ) , W W F S ( I O ~ l  , V V t V ( I O @ )  9 T R ~ Y F L ( 1 0 3 l ~ T R A Y H C ( I O C I ~ ,  S T A G 0  I I5  
7 R E S I D T (  1001, P V I  1017) , D E L P (  I O C I  t D T P D P S (  I O U )  S T A G C I 7 C  

C O V Y 3 I / S T A G E I /  A (  I O f ) , C F M W V l  I C C ) ?  C F t ’ k Z ( I O q ) ?  U R A R ( I U O ) v  C Y (  I O O ) ,  S T A G C I I I ?  

C D “ Y 3 U / S T A G E 2 /  A H ,  R A R O V , B h E  , B ~ ~ , C G S T D M , E L E I E S H C L L T ~ ~ H ,  k P L E , H P L R ,  S T A C C 1 2 5  
I H L H ,  H Y O E t  H Y O R r H N ,  W S T f t  i -1STRt J J t  K K ,  R L Y ,  K S h F L L ,  TBhGE,TENORt S T A G 0 1 3 0  
21JRAXH, V B L E ,  V B L R ,  V W E  VNOe,  h T P E  t WTCK,  WY 5 r A G C  I 3 5  

C O W q 3 Y / P H Y S /  I 1  S T  A G O  1 4 C  
C O M Y 3 U  / M A I N  I /  S S F ?  H F G  S T  dCC I45 
COM‘443Y / S T G I /  A T K ,  ’ S R ,  C T i ,  C T A  S T A C C 1 5 C  

I v, T V T T ~  1 0 0 1 ,  z (  IIC), i i v t  d s ( i r o ) ,  W S ( I O ~ ’ )  S T A C O  I60 
C O ” Y 3 U  / C S T I /  A S I E V ,  A U P L A T ,  S L I ’ L A T ,  A P L A T  S T A GC I bf, 

C C C d ( 5 ) t  K S l  A G C  I ? ?  
C O Y Y 3 Y  / D E C I /  S L K P Z ,  S U C O C ? ,  T I l P P ( 1 @ 0 )  A P T S E ,  V C L P ,  A P T S R  S T A F C  I 15  
C O ’ Y O U / S T G 2 1  / T R A Y L Y  , S L D t A  ,CR , k V K E F P ,  T T R t Y ,  L V C E A  I S T  A G E  I PC 
C O M Y 3 Y  / S I  G C S  T / T R A  WDP t P T g A L I n  S T A C C I R S  
COMY 3Y / F E R  Y /  S S F  U t 3 4  S T A G C  1 9 C  
Y P S A T ( O O O O F L )  Y E X P ( C T R  + R T R / b T C P F L +  A T ? /  ( O O O O F L * P U ~ 3 F L ) )  S T A G 0 1 9 5  2 

C O Y Y O 1  / S T G ? / H O H ,  P R t  DFNH*(  IOCI, S U C L S ,  k V S T ( l n 3 ) t  CC, DIP R, S ,  S T A C ’ l I S 5  

C D V Y O N  / C N C R  I/ N F R R  t 

FT I H [ I ) C f l I  F L )  W2. I 7 8 6 P l 8 - . 7 C * 4 3 6 7 ? E - f l l  *Q’Ipll F L + . 9 3 9 4 1 2 R 6 F - C 3 * C O C  I F L * * S T h G C Z P C  
1 2 - . S 3 9 5 R O R 3 E - 0 5 9 0 0 0 1 F L a * 3 + . 1  H I  391 97F-U7~00?1 F L * * 4  S T  A C C 7 f l 5  

t i F G H ( C 9 0 2 F L  ) # 1 0 9 3 . n 9 - 0 . j 7 L ~ * b U f ’ 2 F C + I  . 2 H 1 9 E - 4 ~ C O f l 2 F L * * 2 - f l . ~ ~ 2 4 E - 6 * ~ S T B C ~ ? l C  
l C O 2 F L * * 7 ,  3 ‘ I A C C 2  I5  

A T R  It - 8 3 7 5 3 3 . 2 1  S T  A G C 2 3 0  

C T K  # 1 4 . 1 5 U 1 1 9  S l A C C 7 3 C  
PI # 5 .14159 S T A C C 2 3 5  
C T  A s h .  6 5  S T A G C 2 4 C  
SUYLS#O.L !  S T P C C ? 4 5  
N T O T A L  Y Y T D  T A L  s i  A C L 7 5 C  
Y <  @ q <  S T A G C 2 S 5  
Z R A X  #fl . f l  5 TAGC2611 
SUM3Y ttu .’3 S T P C C 1 6 5  

I 1  # 5  s r  A c c 2 7 5 

HTR t f  - 6 4 5 2 . 5 6 2 1  s r ~ c c z 2 5  

T E R 5 #  I . @ + S S F  I s r A C C ~ ~ C  

FIGURE 6 (Continued) 



87 

0 1 / 7 6 / 6 7  
S T A G E  - E F N  SCURCE S T A T E M E V T  - I F N I S I  - 

C A L - D I U T ? L ( T C F P C T ( I  ) , R H C E I )  S T h C C 7 P C  
S T  A G O 2 8 5  G E f f 3 6 0 1 1  .O*iTHOE l * V E  

C A L _ D I Y T P L ( T R , C n i R H O R I  1 S T P G C Z P C  
S T A G C 2 9 5  GR #360i: .1+RHOR I +VR 

E 0 7 7 0  I # I  t Y T O T A C  S T A G 0 3 R C  
WVST(  I I b W V (  I ) / ( A M O D U + A L C V I  S T  AGC 3fl5 

S T b G P 5 I C  
I O U  CO#D3E S T A C C  31  5 

S T A G G  52G RHJ#?kOY4K 
UI # D I  E S T  2 TC j? 5 
P I K T  '4R I K T E  S T A G C 3 3 C  

105 R L R E  S T A G C 5 3 5  
I10 S#SE S T A C C  3 b O  

S T 4 C C 3 4 5  V Y V E  
GF !4G E S T A G C 3 5 C  
GOT3 1 2 )  S T A C C  355 

I I 5  CO#D3R S T A C C  3hC 
D I P D I K  S T A C C  365 
RHJ#R H 3 K  S T A G C 3 7 O  
R I K T  # R  I K T R  5 T A G C 3 7 5  
sff s'i S T A C G 3 P C  
R # R S ?  S T A C C 5 R S  
V # V ?  S T h G C 3 9 C  
GF LGR S T  ACC 395  

120 A R G # (  S Y T 2 (  I )  +SMT I 1  I I*0.5 S T A C C 4 P P  
S T B C C h f l 5  LIRA<(  I I#O.rJ 

T V T T (  1 1 # 1 . 3 ~ ~ ( T V [ I + I I - h R G I  S T A G E 4  I C  
S T A C C l t l S  T d # 3 . 6 5 * 1  T V (  I + 1  I - A R S ) + A + X G  

HAN< # S T A C C 4 2 C  
I F (  H A V K  1 125, 125, I 3G S T A C C 4 ? 5  

125 W R I T E  ( 6 , 8 0 0 C ) I  S"T(II, S M T 2 ( I I  T V ( l +  I ) , C T P r P ( I I  S T A GO 0 3 C 
8000 F 3 R Y A T (  6 0 H C T R O U B L F  IY U-BAR C A L C .  N E T  L C G  S K I P F I K C  T O  h E X T  C S T A G C l r 3 5  

I A S t  / 1 5 .  51116.2 1 S T A C C 4 4 C  
E R K Y  I .' S T  P COW45 
K F T J K V  S T A G C h  5 C 

131! O Y (  I )# I  S Y T 2 (  1 )  - S M T ( I  1 )  /ALr )G I H A h K I  5 T A G r 3 4 5 5  
P C T I C P  S T A G C 4 6 C  
I 1  U6 S T AGC 4 65 
C A L L D I U T D L  I A R G y C T  I 1  1 , A K )  S T  f iCCh7C 
I I # ?  S T P G C 4 7 5  
C A L L D I ' J T P L  ( A R G f C T ( 1  I ,U) S T A G C 4 Q C  
I I # I  S T AGO 4 P 5 
C A L L  D 1'4 T P L  ( AYGICT ( I ) ,CZ I S T 4 C C 4 9 C  
P I G < I # l O . f l 7 7 + C L + U + * C .  14+GF)/((tF~DI/[12.0~~))~*fl-2~ S T A G 0 4 9 5  

I ( U * C Z / A K ) * * O  . h 6 6 6 4 6 6 ? )  S T  CGC5icC 
1 3 5  r1#7  5 T  A G C  50 5 

C A L L  D I N T P L ( T W , C T ( I I , U W I  S T A G C S  10 
H I I I ) #  RIGYI/UW**0.14 S T  A G C 5  I5 
U S A V F # U R A R  ( I 1 S T A C C 5 2 C  
C O D I # O O  / G I  S T A G 0 5 2 5  
81K2b#24.3+8 I K T  S T  dGC53CI 
R E S T ~ C O / R I K 2 4 ~ A L O G ~ O O D I  I +  9 S T b t C 5 3 5  
I I # 5  S T A G C 5 4 C  

140 C A L ~ D I \ T P L ( T V I  I + I  ) ,PCT,HHO) S T A G 0 5 4 5  
I 1  ft6 S T A G C S S  C 
CALL D I V  T P L  ( T V (  I + I  I ,PCT, S M K )  S T A G C 5 5 5  

I F ( I - V K ) ~ ~ U ,  inn, I I S  

I T k l  I +  I I -S"T  I I )  I / ( T V  I +  I I-SIUT' [ I I I 

12 

1 4  

39 

47 

5 1  

5s 

59 

61  6 2  6 3  

67 
69 

72 

75 

79 

FIGURE 6 (Continued) 



aa 

0 9 / 2 6 / 6 7  
S T A G E  - F F N  S I U K C t  S T t T F C E U T  - I F F I [ S )  - 

I I ($7 S T A G C 5 6 C  
C A L - D I U T P L I T V (  1 + 1  ) , P C T t L )  S T A C C 5 6 5  
I-F G #  I f l9 3.9 9- 0.570 -3* T V  I I + I 1 + 1 .2 ii I 9 F - 4  + T V  ( I +  I 1 * *2 -0  - 8 8  2 4 E  -5  S T  A C 0 5 7 U  

I * T V l  I + l ) * * ?  S T  A C C 5 7 5  
I F  ( 5 - 1 - 0 )  145. 145 ,  I 5 C  S T  A G C 5 9 O  
@I G< # O  . T 2 8 * (  ( 5 0 .  O h c  + P * d H 0 * * 2 * S V K * * 3 *  ( Wf T;+O .375* T V T T  ( 11 1 1 / 5 T A GC 5 P 5  

i i u * s  ) ) * * O . Z ~ *  i . 3 i r  S T A L 0 5 9 C  
S T 4 C C 5 9 5  

I S C  H I  G< #c) - 7 2 P t  ( 5fl. O 4 F + e * Q r O  *e2  * s V K * * 3 *  (HFG+O. 3 7 5 a T V T T  ( I ) ) ) /  S T A G C b C C  
I ( U * S  1 ) * * 0 . 2 5 * (  1 . 2 3 7 9 4 7 6  + . 35560126E-1  * S  - . 1 5 7 0 3 4 h h E - 2 * S * * 7  1 S T A C C h 0 5  

1 5 5  t-31 I ) # " Y G k / ( C O  * * 0 . 7 5 * T V T T ( I  ) * * : ' . 2 5 )  S T A C C 6 1  C 
U B A ~ l # C O D I / H I l  I ) + R E S T + I . O / H O l I )  S T A G C h  15 
l i H 4 9 ( 1 ) # 1  . 7 / U B A R I  S T AGCh2 C 
T V T T V # T V T T l  I ) S T  A C E 6 2 5  

I F ( A B S ( T V T T (  1 ) - T V T T Y )  /TVTT'+C. ' I  1 16591 6 1 9 1  4 0  S T A G C 4 3 5  
S T A G 0 6 4 C  

GO T 3  1 3 5  S T A C C h 4 5  

1 7 9  IF(I - ~ ~ ) 1 7 5 , 1 7 s , i e c  S T A C C 4 5 5  
S C A G C h 6 C  I75 W W W F  

C l  I ) # C L F  S T d G C h h 5  
G O T 3  I e L )  S T A C t 6 7 C  

S T A G C h 7 5  1 8 C  'raXG.3 
C (  I)PC3 S T A G C b q C  

1 8 5  A R G # I S V T 2 (  I )  + S P T ( I ) ) * ! ? . S  S T A C C h P 5  
I 1  85 S T A C C h 9 C  
C A L  - D I Y T?  C ( 4R G t C I I 1 t 4 H O  1 S T A G U h 9 5  
U R A X I  I ) # S S F U R K * U B A R ( I )  S T A G C 7 C C  
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D E L D (  I ) # P V (  I ) - P V (  I + [ )  S T A G I  180 
A t  I )  t f (  T R A Y F L  ( I ) * T R A  YWD ( I  ) ) / ( C D F A I  * S Q R T (  OENPR ( 1 1  *CELP( I ) * 9 2 7 3 . 6 )  1 S r  A G l  I e5 

310 C D N T I V U F  S T A G  I 1 9 C  
I 1  #2 S T A G  I I 9 5  
C A L L D I q T P L  ( T C F ~ C C F ~ W C F )  S T  AG I1UC 
C A L -  D I V T P  L S T  AG I 2 0 5  
T S  T E  '4 d T S T E  AM S T A C I  71 C 
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C A L L  D I ‘ 4 T P L  ( TO C [ N T O T A L  ) rC P TO ) C E  A KO 645 
S Y T D F A # T 3 + Q D E A /  ( W 0 9 C P T O )  C € A R 0  65 C 
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UCALCM - EFN SOURCF STATEMEQT - I F N I S )  - 0 1 / 2 6 / 6 7  

SURROUTIVE UCALC( UDELT t TUPLE h, T t  ClrT, ZURAR) 
C UBAQ VALUE RASED ON ACTUAL AqEA 

C A R U R R E R  RAND/A REAL#1.28 
C URAS VALUE BASED ON K H 1 2 5 r  6 5  k A L L  

BAR # C Y  T 
ITUBLN VTUBLEN 

t F Y 2 # l , f l / ( O 1 6 7 3 h  + C.OOIOPP * T 1 
GO T O  105 

I F (  ITUHLV.GT.5I GOTOIOO 

100 C F N ? # I  -0  
105 CONTIVUE 

C F I T  A FOR LOh TEMPERATURES 
G**** FIT a FOR TEMP. RANGE IOU T C  ~ C O  
C*** VERTICAL OOURLF FLUTED TURESt O L I h  ALLOY, 17/12/h6 

A I  # 0 .945989~?9€+03  
A2k 0.55243699E+fJl  
A3#-0. 11646098E+05  
A4#-0.456 I 1828E+02 
A5# 0.79308461E-02 
A6# 0 . 2 0 3 3 3 4 9 2 t + 0 6  
A7*+0.394 I I727E+O I 
A8#-0.2522341 I E + O C  

AIO#-C. l6531411E+07  
A I  I #  0.41778945E+G4 
A !  2 #  O.834b5326E- G 3  
A 1  3# C.56979f I r 'F+GI 
A14#-C.43195?39E+O2 
A I  54-0.14743670E-GI  
A16# 0.8R997284f-OI  
Y # T  

A 9  #-0.2892339f?E-C4 

IF(Y.LT.IOC. ) G O T O  I 5 C  
1 I0 Z # I ; A 9  

I J K # n  
Z # .  1 clop 
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I + A 7 * Y  C 1*+2+A8PY **2*Z +43* \ (  * * 3 + A l G t Z  * * 3  
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120 URN I # x  
7 1 .  I o o r  
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I J K #  I 
G O  T3 I15 

1 2 5  X # A l t A ? * Y  + A 3 Z  +A4+Z * Y  +45*Y * * 3 + A 6 * Z  *+2 
I t A 7 r Y  * Z**Z+AR*Y **2*Z + A f > * Y  **3+AlC*Z a t 5  
2 + A l l * Y  * Z  * *5 tA12+Y * * 3 * 2  + A l 5 * Y  **2*Z +*2 
3+A14+Y ++2XZ * * 3 + A 1 5 + Y  m 3 4 2  * * 2 + A l 6 * Y  * * 3 * 2  *e3 

URPC#X 

8000 F O R V A T (  ZH T#F 15 .@ 9 
v r t i n o .  
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I35 C O N T I Y U E  
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C ?AT13 ACTUAL AKEA/RUBHEK BANC Y 1.7R 

-3. C C L 0 4 3  + ( 0 .  Drl lO4 3* 125.0 ) /AKFT 
ZUWAK #URBC*CFNI *CFt2 * C T h 3  

Q E T U R N  
EY D 

UCLLCOI c 
UCALCUl 5 
UCLLCO2C 
uc PL c; f72 5 
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0 9 / 2 6 / 6 7  
Cl-KTB 1 - EFN SQUKCF STATEPEYT - I F N t S )  - 

SUR70 U T  I \  E C F K T P  I K P  9 T o  ,FF  IC CI C R CP, E T  9 TC 9 T @ P  I CK 1 
COMYOU/PHY S/ I I 
CTPD#CT+O. 5 
WP Y. 34,1432 + F F  
CR tfCR +CO 
WR#WP*(C3-CP ) / ( C R - C O l  

CALL  C I N T P L (  T O i C O i X l )  
T R A # T R  

TP A#T  DA-BPR-DTPD 

11n2 

100 CALL B O P R ( T B A T C O ~ B P R )  

CALL G I N T P L l  T P A , C P i X 3 )  
CALL  C I Y T P L (  TPA,CP,XZ) 
C Y T C <  #X2-X  3 
CALL C l r V T P L l  T D A , C B * Y h )  
CY I C K  # [  X4 -X2  I /  ( T R A - T P A  1 

I - M I C < # 1 0 0 f l . O + C K X  /K" + ( C H I C K  * . (T !34  - T P 4 )  + D P I C I O * C R X  + X I  
T P Y I C K  Y90.11 
CALL C I N T P L  ( T P M I C K , C R T Y M I C K )  
T P C 3 L E  # T P V I C K  +5.0 

CRXtf No/( WP+kB 1 

105 I I # 2  
C A L L  O I N T P L (  TPCOLEpCB , Y C O L F )  
I F ( 4 R S l  (HM I C K - Y C O L E I / H M I C K I - C . C C O @ ~  ) I 1511 1 0 ,  I 10  

I IC TLI-3'4 Y TPCOLE - [ H M I C K - Y C C L E ) + [  TP'ICK-T~COCE)/(YCOLE-YPICKl 
TP M I  CK 11 To  C O L  E 
Y M I C < # Y C 3 L F  
T P C 3 L  EYTLEON 
CO TO1:15 

1 1  5 T B P I C K # T P C O L E  

1 2 C  T R A # T R P  I C K  
GO T 3  100 

I25 CONT I Y l J E  
RETl lRY 
t V  0 

I F ( 4 R S (  ( T B M I C K - T D A )  / T R P I C K ) - C . C C C I  1 I 2 5 1  120 1 2 0  

C f l K T C r f i 5  
CHKTOI! I C  
C f l K T C n  I 5  
CbK T C I32 C 
CPKTCC25 
CHKTCq3C 
C I'KT C iJ3 5 
CPKTCD4C 3 
C P K T C 0 4 5  
CHKTCr lSC 6 
CHKTCCj55 
CI'KTCChC 8 
C HK T C Dh 5 10 
CH K T C I? 7 C 
CHKTCOTS 12 
C V K T  C [ J  I! C 
C H K  T C n8 S 
CHKTCCPC: 
C H K T G P 9 5  
CHKTC I C @  14 
CHKTC I O 5  
CHKTC I I C  
CP'KTO I I5  
CHKTC 1 2 C  
C H K T C i 2 5  
CHKTC 13C 
CHKTG I 3 5  
CHKTC 1412 
CHKTC I 4 5  
CHK TC 1 5 C  
CFKTC I 5 5  
CHKTC 160 
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C P K T C  I75 
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0 9 / 2 6 / 6 7  
f S I A A  - EFN SOURCE STATEMENT - IFR(S) - 

SUBR3UT 1’4 E P SI A ( T F t P ) 
T # ( T F + 4 5 9  - 6 9  I /  I .8 
I F I T F - L F .  122.)GOTOtCC 
A#3.34.5313 
R#b. I 4  I I ~ E - 2  
C # 7 . 5  I 5 4 8 4 E - 9  
C# I . 3 7 9 4 4 8  I€-2 
EH6.56444E- I I 
X # b4 7.2 7- T 
P#14 .6759*218 .  I 6 7 / E Y P  I ( 2 . 3 ? 2 5 8 S l * X / T )  * (  ( b + e * X  

1 + C * X * * 3 + E * X * * 4 ) / (  I . + D + X ) )  1 
GOTO I a5 

100 CONTINUE 
X #64 7.2 7- T 

8 # 5 . 8 6 8 2 6 6 - 3  
C #  I .  I 7C2379E-8  
012.1 R78462E-3 

A#3.24378 I 4  

P # 1 4 . b 9 5 9 + 2 1 ~ . 1 6 7 / E X P ( ( 2 . 3 r 7 5 8 S l * X / T ) + (  ( A + ’ * X +  
IC*X**3)/( 1 . + D * X ) )  

105  RETJRN 
EV D 

PS IACr705 
P S I  bCCl0 
PS I A C n  15 
PS IAC02C 
PS I ACU25 
PS I bCO3C 
PS TACO35 
PS IACC4C 
PS IAC045 
PS I A C G 5 C  
PSIACn55 5 
PS I A C U 6 C  
PS IAC@65 
P S  I AC070 
PSI A C 0 7 S  
PS IAOB8C 
PS I b C O P 5  
PS I b C O P C  
PS I A C C 9 5  
PSIACIOG 8 
PS IAC 1 C5 
P S I P C 1 1 I 2  

FIGURE 6 (Continued) 
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V A P T S S  - EFN SCU8CE S T A T E W E Y T  - I F p l ( S )  - 

S U H R 3 U T l V E  V A P T S  ( P , S ,  T 1 
Z E C # . 5 7 4 7 7 * A L O G  I O  ( P  1- 3 . 2 9 4 9 +  .95'55 I * S + . 3 2 5 3  I + S * * ?  
A 2 # 4 b O  . - 2 4 . 8 C * S  
A I  # 4 7 7 . 3 + 7 E . * S  
A O P 2 0 3 .  
T#ArJ+A I * Z E O + A 2 *  Z E D + * 2  
CPPl . / ( -9 .51  ! + I  1 . 3 4 2 * 5 - 2 . 7 5 5 * 5 * * 2 )  

CEL s # sc- s 
C E L T d - l  T + 4 5 9  . W ) * D E L S *  ( I .+"F L S / 1 2 . * C P )  1 /CP 
I F ( A B S ( D E L T 1  . L T . . C L 5 ) G O T O I L 5  
T # T + D E L T  
GOT3 I fl,: 

EU u 

I O C  CALL V 4 P S ( T y P q S C )  

105 K E T U R Y  

V A P T C C C S  
V A P T C r l C  2 
V A D T C C I  5 
V A P T C C 7 C  
V b P T C L 2 5  
V A P T C C 3 C  
V A P T C C 3 5 
V A P T C I l 4 C  4 
V AP T C b45 
V A Pi C L 5 C  
V A P T O C 5 5  
V A P T  C I?hC 
V AP T C  " 6 5  
v A " T C i 7 C  
V A P T C U 7 5  

FIGURE 6 (Continued) 
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FIGURE 6 (Continued) 



VAPTHH - EFN SOURCE STATEMEhiT - I F h ( S )  - 

SUB?OUTiYE VAPTHtP,I4,T) 
AOX-28270 7 
at  #3.0391 
A2#-. f lU035415 
R0#24.?18 

82#.45305€-4 

CP IVdA 1 +2.*A2*H-P* ( P  l+2.*8?*H) / ( B C + R I  *H+B2 *H**2 1 **2 

CELT #CP I V *  I H-HC 1 
I F (  ABS( DEL T 1 .LT . .005 )GCTO I C 5  
T#T+ D EL T 

31 6 - 0 7  I 4 7 9  

T# A 0  + A I *H + A 2*H** 2 +P / I B C +B I *H+82 *H *a2 1 

100 CALL VAPHIT,P*HC) 

 GOT^ I no 
105 RETURN 

EY D 

0 9 / 2 6 / 6 7  

VAPTCCOS 
VAPTCOIO 
VAPTCCI 5 
VAPTCCZC 
V A PTCC25 
VAPTC1730 
VAPTC035 
VAPTC04C 
VAPTC745 
VAPT11050 3 
V A P i c 0 5 5  
V APTCUhC 
V A PTC 176 5 
VAPTCU7C 
V b PTCU75 
VAPTCOAC 

FIGURE 6 (Continued) 
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0 9 / 2 6 / 6 7  
V I P V V  - E-FN SCUKCf- STbTEMFUT - I F t i ( S )  - 

SUCiR3UT I U E  VAP V [ T S I P S  I V 1 
P # P S /  14.6959 
T # ( T S + 4 5 9 . 6 9  ) / I  .R 
TAU# I . / T  
f3O’f l  . 8 9 - 2 6 4 1  .62*TAU* IC . * *  (RO87C.*TAU++2 1 
GI #’3 2 51+6* TA U- I - 6 2 4 6 E  5* T A  L* *2  
62~ .21828-1 .2697E5*TAU**2  
G393.0  35€-4-6.768* I TAU**3*  I .  CEn 1 * * A  
PHEl  #HU+*2*GI*TAU 
P H E 3 t t B G * *  4*G2*TAlJ** 5 
PHEI2#P.O+*  13+G3*T4U*+12 
P H E l 2 t f - P H E  12 
R # P 3 + P l - F I * P + P H E 3 * P * + 3 + l J H E  I ” * P * *  12 
VC tf4.5 550 4 +T /P +P 
V # (  I / 6 2 . 4 ? 8  )*VC 
RETURY 
EN C 

v e p v c r m  
V A P V C f  I C 
VAPVCCIS 
VAdVCC2C 
VAPVCn25 2 
VAPVCi l30  
V4PVCf l35  
VAPVi l ’4P 3 
V A PVC fl45 
V A P V C 115 C 
VhPVG055 4 5 
V dl ’VCO6C 
VAPVC”6S 6 
V A PVC P7 C 
VAPVCT75 
VAPVC!IPC 
V A PVLT E85 

FIGURE 6 (Continued) 
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V A P H H  - FFN SOURCE STATEMENT - I F K t S )  - 
SUPROUT I Y E  
P # P S /  14.6959 
T # ( T S + 4 5 9 . 6 9  ) / I  - 8  

V A P H ( T S  c PS  rH 1 

T A U # I  . / T  
RO # I  .R9-264 I .62*TAU* I E.** ( 8087C.* T4Uq*2 I 
D B O # - ~ ~ ~ I .  62*1 a.** ( ~ c e 7 r .  * ? a  ~ * * 2 ) *  (2 .3025851  * 8 0 R 7 0 . * 2 . * ~ d u * * 2  

1 + 1  * I  
GI #82 
C G l # 9 2  e546-2  e *  I .624CE5*TAU 
G2#.21828- !.2693ES*TAU**2 
CG2#-2.*I. 2 4 9 7 E W T A U  
G3#3.6?5E-4-6.768* (?AU**3*  I. TE")**P 
CG3 # -24.*6.768*( 1 . E E * T A U * * 3 ) * + 8 / T A k  

F I  #53**2*G I*TAU+TAU*RO**2*G I +TAL**?*PO**Z*CG I 

F3#RO**4*G2* TAU** 3+ 3.*TAU*+3 +RC+*4*G2+TnU**4 

545* TAL- I -6246E 5* TA U*4 2 

FO #BO + T A U *  OB 0 

1 +2 .*TAU**2*RO*G I * D R O  

I P B O * + W D G 2 + 4 . * R O + *  3*TAU**4tS2*0BO 

I TAU**  I 3 * R O * *  I 3*DG 3+ I 3 .4  7 A  U** I 3*HO+*l2 *G 3*Cf?O 
F 1 2 # T A U * * 1 2 * 8 0 * * 1 3 + G 3 + 1 2 . * T A L * ~ i 2 * ~ O * + 1  7,*G;1+ 

F l 2 # - F  I2 
FP # (  I .[IE4/ IO 12.95 I +  ( 1 4 7 2 * (  T-275, I61 + (7.5566E-412. I * ( T * * 2 -  

1273. 16**2)+47.8365*ALOG (T /?73 .  Ihl+25C2.3bl 
~ct SF3 *P +F 1 *P **2 1 2 .  +F 3*P ** 4 1 4 .  +F I 2  * p** I 3 / I 3 .  

I +FP 
h # l 4 3 5 . 5 7 /  IOCOU.)*HC 
R E T U R Y  
END 

V A P P C O 0 5  
V A P I - C O I  C 
V APPCO I 5 
V APP'C 02 C 
V APHCC2S 
V 9 P t - C O 3 0  
V A P M C 0 3 5  
v b PHC R4 c 
VAPPOil4S 
V A D t C 0 S . O  

V B P t-C flbC 
V APPCO65 
VAPkC37C 
V & P f J C f l 7 5  
v 4 PPC OA c 
V A P P C 0 8 5  
VAPI-CC'?C 

V b P f J C  100 
V A P I - C  I C 5  
V A P b C I I O  
V A P P C  I I 5  
VAPPC 12C 
V A P P C  I25 
V A P t - C  1 3 C  

VAPPC 14C 

V ~ P ~ J O C S S  

v a ~ 1 - 0 ~ 9 5  

v a p w  I 35 

2 

3 

4 5 
6 7 

8 9 

10 I I  12 

14 

15 

FIGURE 6 (Cont imied) 
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P 
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FIGURE 6 (Continued) 



0 9 / 2 6 / 6 7  
V A P S S  - E F N  5I)UKC1’_ S T A T E V E S T  - I F Y 1 S )  - 

V A P S C L C S  
V A P S C f l C  
V A P S C ‘ J  I5  
v 4 P S c q 7 O  
v e p s c r 3 5  
V A P S C n 3 C  
VAf’SCU35 
V A P S C  24 C 
V b P S C P 4 5  
v n s c  T i c  
V A o S C f l S 5  
V A P5 C Y6f2 
V A P S C n 6 5  
V A P 5 C f17 C 
V A P S G n 7 5  
V A P S C  !PO 
VApSC:!P5 
V A P S C 1 7 9 C  
V A P S C C 9 5  
V A P S C  1 O C  
V A P S C  I T S  
V A P S C  I I C 
V A n S G  I I5 
V A P S C  12C 
V A P S C  125 
V A P S C  13C 
V A P S C  I35 

V A P S C  I 4 5  
V A P S C  1 5 C  
V A P S C  I55 
V A P S C  IhO 
V A P S C  155 
V A P S C  I 7 0  
V A P S O I  7 5  
V A P S C  I P O  

V A P S C  14r 

2 

7 
a 

4 5 
6 7 

8 9 

10 I I  12 

1 4  
1 5  16 

17 18 I ?  

FIGURE 6 (Continued) 
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S C R I G I F i  C 3 S T L Y  
S I R F T C  S M A P l  O E C K  

FIGURE 6 (Continued) 
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0 9 / 2 6 / 6 7  
SMAP I - E F N  SOURCF ST4TEMEUT - I F N f S )  - 

SUPROUTI \ IE  SMAP [ WPLvCSLTUR, R A T E I N v S M A P ” 1  
I F ( d P L - C S L T U B I I O 5 v  I C C v I C S  

I00 S Y A P P # C . O  
GO T3 125 

I f l 5  TERP #WPL/C SL TUB 
S U M I # Q . O  
I T E R P # T E ? P  

1 1  0 I T E R P  # ITERP-  I 

1 2 G  S U Y I  #SUM1 + ( I .O+RATE I N  I * *  ( h P L - F C C A T  ( 1  I *CSLTI;F I 

125 RETURN 

I F l T E K P ~ F L O A T I I T E R P l ~ l l 5 ~ l l ~ ~ l l 5  

1 1 s  DO i z n  I#I,ITEKP 

SY APP #RATE I N * S U M I  /I I I -C.+RhTE I N )  * * h P L - I  n) 

EU D 

SMPPCCI C 
SM hPC0 I 5  
s M PPCOPC 
SMPPCC25 
SMAPCCI3C 
SMAPCD35 
s H 4PC c4 c! 
S M A P C f 4 5  
SM4PCOSC 
SPAPCC55 
S M  ~ ~ c a 6 ( 3  14 
SMAPC’llhS 17 
S M A P C 0 7 C  
S M  APCfl75 

FIGURE 6 (Continued) 
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c o s ~ c c c c  

FIGURE 6 (Continued) 
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C l i  5 - EFN SCl lRCiI  S T 4 T F M E " I T  - I F N I S I  - 

S U H 9 3 U T I U E  C O S T ( J J )  co5ccf-cs 

C O M Y O N / G E N / C A S E , C , R P ,  X K P  IP, X O ,  L ,  Y U q C R y  XCR 9 R C E T R C E R  coscc!'I 5 
COPY O N  / T E P  DC / T S T E A V  T S ( I O C  ) , T Y F  1 TH , X TB 9 c 0 s c c !!? c 
C O M Y O U  / M A R 2 2 / G T O T  cosccc I c 

T C  9 T P  ,TA r CC, C P  
C O M Y O Y / G E O Y E  /AMCDU,ALFV,~VUI T ,  T C T A C E  , T O T A L Q , F R E P C  , T R ~ Y G P , H S T ,  CL, c o s c c r 7 4  

I S P L  C O S  CI: C 3 C  

FTGUEE 6 (Continued) 
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0 9 / 7 6 / 0 7  
C!I 5 I 'FN S ( U ' < C l  S T A T E Y F Y T  - I F r \ ( S )  - 

l " F L *  Q i ' f l 9 F L  
C Q S T 4 ( , E 1 0 F L  ) # C 4 1  F C L ( ~ * ' : C I  Ct L 

SY A1 # A  I 
S Y  A2 R A i  
I F ( ( 3 U T P T . U E . I  ) G O T O I C C  
C A L L  4nE4 

I O C  F 3 Y Y A T  ( I H f l  4X 17H L I V  C H E C K  0 2 ,  J 't I q )  

I C C  CALL S P E L L  
I F ( < 3 U T P T a Y t  - I ) G O T 0 2 6 5  

$ 6  V. S E A W A T E R  I d T A K E  C O S T  < € V I S E D  9 / 2 4 / 6 5  
105 I W A I l  # I . ' J / ~ U U I T  

I 1  C 

1 1 5  A I Y T A K S I . O + A I N T h K  

1 2 C  Y W A I  T 1 F L 3 A T (  I Y k A I T ) / I S . L  

A I N T 4 K Y I . U  
I Y d A  I T!!Cl .UQ2353*SQRT (WOCI \ I /  ( A  I F \ T d K l n .  r )  
I F (  IY.~AIT- IR) IZC,  1 2 r , 1 1 5  

G O T 3  I I O  

W A I T S C t ' (  I . 7 6 6 R  F - 3  + 5.L35 F - 4  + 1.2915 € - 3 ) *  WCCN 
I t b 1 6 . 9 3  * 6 C r C . C +  Y h A I T + * l  .90 * 4 I N T A K * *  ' 7 .97  * I  .25 
7 + 244.CP * 6 C C C . C *  Y r A I T  * * ! . l E  * A I h T A K  * *3 .8 ' l  *1 .25  

d A I T I  d 15461O.rJ t  P .2245E-4  * k C C h  
W A I T 2  ir 9800r .C*Z.C * A I Y T A K  
h A T T 3 #  0 . 7 1 7 F  * ( h Q C Y  / 4 L N I T  ) * * r .65  + A U h I T  
h A I T l d #  4 1 6 . 9 0  * 6 T C C . C *  Y h A I T * * 1 . 9 3  * n I R T A K * *  '3.97 a1.25 

h A I T S L  /d W A I T 1  + H A I T  2 + h A f T 3  + h A I T 4  + k A I T 5  

A I h ! T A K  Y I .O 
h 3 U T  A' W 3 C Y  - kX 

v * A I T ~ #  2 4 ' 4 a U R  * 6nrC.T* Y h A l T  * * l . l C  * A I h T A K  490.87 9 1 . 2 5  

8 O P E V  C P A V Y F L  I Y T A K F  S Y S T E V  I/?C/hh 

125 I Y W A I T  H .On2355 4 S C R T ( W O I T  / ( A I h T A K  * 6.':) 1 
I F  ( IYI*AIT - I ? )  1 3 5 . 1 ~ 5 , i m  

3 5  YWAIT 21 F L O A T I I Y ~ A I T )  1 5 . 0  

3 C  A I ' J T 4 K  t f  b T N T A K  + 1.C 
(0 T 3  125 

k A I T 6  fi 3976HC.Pt  " - 2 7 4 5  ' -4 * WCCQ 
h A I T 7  # 436.93 * I C T C . C * Y W A I T  rs1.9 * A I q T b K  990.86 * 1.25 

U J A I T S  Y ( 1 3 8 9 i r i . n +  2 . 2 5 1 8  E-5  * W C C N )  * 1.25 

WAITIO Q R O C O . ~ *  AINTAK 

I + 132.25  * I C C @ . O *  Y h A l T  **l. l  4 A I N T A K  **1.56 * 1.25 

I + ( 1 2 4 0 8 P T . ' +  5 .1414 F - 4  * L C C X )  * 1.25 
h A I T 9  # 5 7 8 € ? 7 U . 0 +  2 .35F2 + - 4  t- ( h C C N  - W X )  

W A l T l I  ft 1.04511 * I k O C Y / A L Y I T )  * *  r.65 4 A L N I T  

cnSCc 31r 
c o s c c  5-55 
C O S C C  36C 
C O S C C 7 , 6 5  
ccscc 5 7 c  
COSrC375 
coscc  5 P C  

c 0 s I_' c 3 9 c 
COSL7C 595 

c 0 s c c 4 0 5 
c o s c c 4  I c 
coscc4 I 5  

C O S s ' C 4 2 5  
cc s c c 4  3c 
C O S t C 4 3 5  

co SCC ik 4 5 
C C S C C " 5  c 
C O S  n '0455 
COSCC4h[!  
C O S C C 4 h 5  
c o s 1 3 c 4 7 c  
COSc1C475 
c9 s C C J l  P c 
co S C C  4 P5  
COS@C49C 
C O S E C 4 9 5  
COSCC5CC 
c o s o c 5 c 5  
cosccs I c 
cosco5 I 5  
coscc52e 
coscc  525 
coscc53c  
co s c c s 3 5  
coscc54c  
COSCG?l45 
c o s c c 5 5 c  
co scc 555 

cosrc5e5 

co  S W ~ P C  

c o s n c 4 2 r  

c o s r c 4 4 0  

4 
8 

2 2  
2 4  

3 2  

38 

42 
4 3  
4 5  

48 

5 4  

58 

5 

39 4;. 41 

4 4  
4 6  

55 5 6  57 

FTGURE 6 (Continued) 



0 9 / 2 6 / 6 7  
LO S - ~ F N  srui icf S T A T E M E U T  - I F Y ~ S )  - 

h A I T C h  # W A I T 6  + W A I T 7  + W A I  T8 + k h I T 9  + W d I T l U  + k A I T l  I C O S C C b 6 0  
A J P #  1 .22  L O S C C S h S  
I A J  11 C C O S 0 0 5 7 1 3  

140 M A I T S 2  # W A I T S L  * S P A L L P  * A.JP co5cc575 
CRFDGE tl 75000.0 cc S E C S R C  
k A I T C 2  # W A I T C H  * S P A L L P  * A J P +  D R F O G E  COSCO5r; ’S 

1 4 5  I F  ( W A I T S 2  - W A I T C 2 )  1 5 0 ,  I S r p 1 5 5  EO 5 COS70 
150 d A l T  # W A I T S L  C O S C C 5 9 5  

CREDGE f# Q.0 co sce hnc 
A305 F 3 K Y A T ( 4 3 h K J S L R M A R  I U F  L I t 4 E S  USEE A h N U b L  C O S T S  & R E  E I 6 .  P , 3x co SCCCI I 0 

I 21 iVS €16.8) C O S C C h t S  
CO T 3  Ih0 C O S C C 6 7 C  

1 5 5  W A I T  H W A I T C I -  C O S C O 6 2 5  
WS I T E  ( 6 7  81: I C )  W A  I T C 2  9 krAI T S 2  C O S C C 6 3 C  66 

WR I T E ( 69 8 On 5 1 WA I T S 2 9 kA I TC.2 C O S O C 6 0 5  6 3  

801 0 F 3 2 4 A T I 4 f l H O O P E N  C H A Y N E C  U S f O  A h h U A L  C O S T S  P R E  E l h - 8 1 3 X 2 H V S  C O S C C h 3 5  
1 € 1 6 . 8 )  C O S C C h 4 C  

160 I F  ( I A J )  165, 165, 22C C O S C C 6 4 5  
165 C O V T I V U E  cosco 6 5 @  

C T H I S  S C t ? ? O U T I A E  C O M P U T E S  V B L L E  Ah;D P I P I U G  C O S T  P C S C  € ? R I A €  P E L T E R  COSUCO55 
C A L L  V A L V E  COSrC 6 6 C  

C C O S C C h 6 5  
C COSUC h7C 
C * * +  V I I l .  E L E C T Y I C A L  F Q U I P W N T  R F k I  SED F O R  SCbLIhG 9 / 2 9 / 6 5  C O S C 0 6 7 5  70 

I 7 0  FEPFR#:’.O* 5 I T E W  +Z’.fl*(HLH+TLE+RCR + S L S  ( N T C T P L +  I )  ) C O S C C h B G  
E E C # I  11539.0 + 7 3 2 C . C  + A U N I T  +hC. 154 *EEPEi? + I  . 9 4 5 0 6 € + 6 4 ( P 0 / 7 5 . 2 ) * C O S f 0 6 ~ 5  

I * I  C O S C C 6 9 C  
C co S C C 6 9 5  
C**** I X .  C h E P I C f i L  T R E A T P E N T  C A P T T a L  C C S T  R E V I S E C  9 /21 /65  C O S C C I I - I C  7 3  

I 7 5  T Y A C D Y d 4 . 4 9 4 E - 4 * (  WB+WXf  cosuo 705 
C L O ~ I Y X 1 . 6 4 2 5 E - h * W O C Y  COSOC 71  P 
CALC I T #  1.281 fr-4*W X COSCG 71 5 
O E F 3 Y # 1 . 9 7  I E - 6 * I W B + ‘ d X I  c050c72c 
C C C A P  # 1.28 45€+6* ( T N A C O Y  / 7 7 3 0 C .  r 1 **F. 7 C O S C G 7 P 5  

I +3 .  I 9 6 1 r E + 5 * (  C L O R  I Y / C . 4 2 .  C1**0.7 C O S 0 0 7  3C 
2 + 4 . 2 3 2 5 € + 5 * ( C A L C I T /  IC8OC.C)**C. 7 co s cc 735 
3+4.389CE+4*( I ) E F O Y  / 3 3F.  C )**I,. 7 C O S 0 0 7 4 0  
4+2 .OR3~+4+( l kX+kR) / l 72 .UE+6)osC.7  COSOC 745 
5 + 58770.04 ( G / 2 5 G . F + 6 )  * * ? a 7  C O S C C 7 5 0  75 76 77  78 79 80 

I F ( X C R ) I R 5 , I P C ,  I 8 5  COSPC 755 
I 8 0  T H E T # T i F  C O S O C  760 

GO T ?  190 C O S C O 7 6 5  
l e 5  T H E T # T f (  C O ? C 0 7 7 C  

C * * *  C H E Y I C A L  S Y S T E M  C H E P  C O S T  * / 2 5 / h 5  COSCTi775 
1 9 C  C C 2 # H . l l * T U A C D Y  + O.P57h * (  I . ? R 4 ~ € + 6 * ( T N 6 C O V / 7 7 3 f l O . n ) ~ * 5 . 7 ~  C O S C C 7 R C  

U Y C H E M Y C C 2 /  ( kR + W X )  CO 5 C C  7 9 C  
C coscc795 
C * * *  X. I V S T K U M E N T A T I O N  C O S T  S C A l I h b  F A C T O R  9 / 2 2 / 6 5  co scc eoc 

CO 5 C C H C 5 
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.FIOH. 5 6 0 5 6  

..FIOC 5 7 2 4 4  

.F;XP 56021 

..FRCk 5 7 7 1 0  

ALCG 5 7 7 6 5  

.FSDC. 6 0 6 5 3  * . StC2. 6 0 6 7 2  

O c ) / 2 t / 6 7  

I C E C P E  / ( n 2 7 6 6 )  
/ A P I ' j C  / ( 0 7 1 0 1 )  
/ S T A G E I / (  1 1 6 4 5 )  
/ P P I N I  / (  l 4 6 U I  1 
/ C € P l  / ( 2 3 7 3 0 )  

/.LVEC / 50616 
.LXCUT 5 0 7 1 5  * 
.CBCLS 51 1 I1 * 
.LUNP 5 1 3 7 0  * 
.LRECT (506116 1 
.LXTST 521 I 3  
.LXFCG 5 2 2 4 5  
.FPARG 52411 4 

E.3 52466  
C C . 3  52472  
.FXARG 5 5 0 4 2  * 
.ENOF5 5 3 1 6 5  

.CCPC 5 5 4 6 5  

.FERK2 5 4 0 3 4  * 

.001JT 5 4 2 5 0  

.FXC 5 4 7 1 1  

.WICTH 5 4 7 4 6  

.GCNE 55020 

. C C F L G  56015  

.FFIL.  5 6 7 2 1  

..FSEL 5 7 2 6 3  

, C C C I O  5 3 3 5 3  

.CIG 56022  

..FRCB 57721  

.SCC. 6U677  

.LXERK 5 0 7 2 4  

.LXARG 51 260 * 

.LVEC ( 5 0 6 1 4 )  

.LXOVL 5 2 1 5 3  

.LTCH 5 2 2 4 6  
/ .COUYT/  5 2 4 1 3  f 

E. 4 5 2 4 6 7  
CC.4 5 2 4 7 3  

/.OPTW./ 53116  * 
.CUVSW 5 3 1 6 6  

.DFOUT 51371  

.DRCPO 55361 

.CDHCI 53740  

.ANPT 5 4 0 7 0  
,LOUT 5 4 2 7 7  
.FXFL2 5 4 7 1 4  
.FPACK 5 4 7 5 3  
.OUTBF 5551  I 

.DEXPN 5 6 0 2 3  

.FRTN. 5 6 7 4 7  

..Ft3CK 573031 * 

.WOKC 56016  

.SOO2. 60711  

/TUB I N G /  ( 127i43 1 
/A21 / ( 0 7 1 3 C )  
/CONDI / I 2 1  5 7 6 )  
/STG2 / ( 2 2 5 6 2 )  
/ D E A I 0  / 431C4 

/TUB I N G  / ( 07C431 
/ A 2 1  / ( 0 7 1 3 C )  
/ C O N D I  / ( 2 1 5 7 6 )  
/STG2 / ( 2 2 5 6 2 )  
/STG2I  / ( 3 C 2 6 4 3  

.LXCAL 5 0 7 2 7  

.LO 51 56E * 

.LXCOD 5 2 2 1 5  

OVFLOH 5 2 4 5 7  * 

.FDXI 

.DD SW 

.DDHS2 

.ONPT 

.FXFL3 

.CHAR 

.MQD 

.DFLT 

.TEST 

53 I 7 2  
53571 
5 3 7 4 2  * 
5b1c5 
54 307 
54 72C 
54 7 5 4  
5 5 7 4 5  
54CI 7 



V AP HH 
V A P S S  

2 S K A P I  
cos 

A R E A Y  

s t7E L 

VAL 

3 OUTP 

OUTP I 

4 CSTVP 

UNUSED CO2E 

1 8L”m 

6 3 3 4 6  
642 I O  

6 0 7 2 5  
h l  IO7 

63646  

65322  

72 I 7 5  

60773  

641 14 

6 0 7 2 3  

VAPH 6417C 
VAPS 6 5 1 3 1  

/OPI  / 1 0 3 C I  I )  

/ T E V P C  / (06666 1 
/PU”PHT/ ( 0 7 0 7 3 )  
/TCVL2 / ( 0 7 3 6 5  1 
/PHYS / ( U 5 3 C  I 1 
/ C V C R I  / ( 2 3 7 2 3 )  
/YCV25 / ( 3 7  I 5 3  1 

74C52 TH?U 7 7 0 1 4  

/ C E C V E  / (02766 3 
/AP ISC / 1 0 7 1 0 1 ~  
/ S T P G E I / l  1 1 6 4 5 )  
/ F P l h l  / (  14681 1 
/ C E P I  / ( 2 3 7 3 0 3  
/ JAN27  / (  1 4 6 1 7 )  
/ S U @ l J A R /  641 15 * 
/OYSTI  / ( 4 2 7 2 c i )  
/ STG2 / I 72562  1 
/ C E C 3  / ( 2 4 l U I )  

C C S T V C  634U7 

IGEOME / ( 0 2 7 6 6 )  
/4MISC / (07101  1 
/STAGF I / (  1 1645) 
/ M A I N 1  / (  14601 1 
/ C E M  I / ( 2 3 7 3 0 )  
/CSTLK / 61 110 

I E C O Q  / ( 0 3 0 n o )  
/ C A T A I  / 1 0 7  114) 
/ O M S T 1  / ( 4 2 7 2 0 1  
/STGI  / I  1 4 6 0 3 )  
/CEM 3 / ( 2 4  101 1 
/ C S T L K 1 / ( 6 1  1 2 3 )  

/ ECON / ( C 3 C 0 0 )  
/CATAI  / ( 0 7 1  14) 
/ C M S T I  / ( 4 2 7 2 0 1  
/ S T G I  / (  14603) 
/CEM3 / ( 2 4 1 0 1  1 
/POWR2 I /  6 5 3 2 3  * 
/ECON / ( 0 3 0 0 0 1  
/CAT41 / ( O 7 1 1 4 )  
/ C M S T I  / ( 4 2 7 2 0 )  
/ S T G  I / (  1 4 6 0 3 )  
/ G E M 3  / ( 2 4 1 O l  1 
/ C S T L K l / ( h l  1 7 3 )  

/ E C O Y  / (03COO)  
/CATAI  / ( 0 7 1 1 4 )  
/ C M S T l  / ( 4 2 7 2 0 )  
/ S T G I  / (  1 4 6 0 3 )  
/ C E M 3  / ( 2 4 1 0 1 )  

OUTPUT 64076 
/CARH2C/ 64262 4: 

/ C O Y D I  / ( 2 1 5 7 6 )  
/ C S T  I / (  3fl260) 
/ A Z I  / ( 0 7 1 3 0 )  

IECON / I O ~ C C C )  
/ D A T A 1  / I O 7 1 1 4 1  
/ D M S T I  / ( 4 2 7 2 @ )  
/ S T G 1  /(IQ6031 
/ O E M 3  / ( 2 4 1 C I I  
/ C S T L K I /  61 123  

/TUB ING/ ( 07 C43 f 
/ A 2 1  / ( 0 7 1 3 E )  
/CON0 I / ( 2  I 5 7 6  I 
/STG2 / ( 2 2 5 6 2 )  
/ D E A I 0  / ( 4 3 7 0 4 3  
/ S T G C S T /  ( 3 0 7 7 2  1 

/ TbB I N G  / ( 07c4 3 1 
/ A 2 1  / ( C 7 1 3 C )  
/CONDI / ( 2 1  5 7 6 )  
/STG2 / ( 2 2 5 6 2 )  
/ D E A I 0  / ( 4 3 7 C 4 )  
I C S T L K I  / ( 4 l  1231  

/TUB ING/ ( 0 7 C 4 3 )  
/ A Z I  / ( 0 7 1 3 C )  
/CONDI 1121  5 7 6 )  
/STG2 / ( 2 2 5 6 2 )  
/ D E A  13 / ( 4 3 7 0 4 )  

VALVE 74C16 

/TUBING/ (07C433  
/ A 2 1  / ( 0 7 1 5 C )  
/CON01 / I 21  5 7 6 1  
/STG2 / (22?162)  
/OEAIO / (437134)  

/TCVLI  / 1 0 7 3 1 3 )  
/STAGE2/124 12C1 

/DEA In / ( 4 3 7 0 4 f  
IAMISC / ( n 7 1 o i )  

FIGURE 6 (Concluded) 
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