
















L=O RDC02570 
LH=l ROC02580 
DO 101 MN=l.NTAB ROC02590 
WRITE(6,lZJ ROC02600 

12 �F�O�R�M�A�T�C�I�I�'�~�9�X�,�.� 'TIME fROM START OF STORM IN HOURS') ROC02610 
DO 30 "=1,24 ROC026Z0 
L=L+l ROC02630 

30 NUMBER(M)=l ROC02640 
WRITE'6,31JNUMBER RDC02650 

31 FORMAT (3X,2415) ROC02660 
�~�v�R� IrE ( 0, 14) �R�O�C�0�2�6�~�1�0� 

14 FQRMATC/59X,'ACTUAL RAINFALL') ROC02680 
KH=24*MN ROC02690 
If ( rJtrv. EQ .NTA B) KH=NH ROC02700 
WRITE(6.15) (PRECIP(I,.K) ,K=LH,KH) RDC02710 

15 FORMAT(5X,24F5.2) ROC02120 
WRITE(6,lb) ROC02730 

16 �i�:�'�:�;�O�R�r�J�t�/�~�I� (/lX, I EL.E' f 55X, 'RAINFALL Excess' t52X, 'ElE' ) ROC02:140 
DO 1-8 J=l fNTEl.EM RQC02750 

ITE(6,11)J,(REFEIJ,KI,K=LH,KH) RDCOZ760 
17 FORf¥\AT t· I.X t 13, lX,24F5.2) ROC027*fO 
18 CONTINUE ROC02780 
101 CONTINUE ROC02790 

RETURN ROC02800 
END ROC02810 
SUBROUTINE DVERl(K,N,OT,G,NH,TS,FT,ND,NSELl ROC02820 
C.OMi\.lON/BLK1/Xl (5) ,SCH 5) ,RN ( 5) ,lAVE (5) ,NES ( 10) ROC02830 
COMHON/BlKZ/RH(61,T(6I,AO(6),AA(6),QO(6),QQ(6),NNS(lO) ROC02840 
COMMON/BlK3/RI(5),AAD(bl,QO(b),rWD(6J,VOL(6),NPTS(6),STO{6,20),Ft6ROC02850 

1,20} ROC02860 
COMMON/BLK4/QOUTIIO,720,3),QC(720,31 ROC028TO 
COMMON/SLKS/AD(2,6),KOOE(Z} ROC02880 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
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( 3-2 
ION Q(5).C(S) 

5),RC(36), 

ST= lIME 
i1i1AP STRIP 

A SIRI? 

) 

(2.2),51(5 ), 
(5)" (S) 

ItZ),RE2C21, 

NUMBER 
IN CF F LENGTH 

SECTIONAL 

IN 

(5,5),A(36) 

ROC03020 

ROCO) 
ROC03l 
ROC03120 
ROC03130 
ROC03140 
ROC031 

I 
N 
0'1 
U) 
I 



c 

c 

c 

c 

100 

36 

WARN:'l 

SL=u.O 

IP 

) 

.0' 

1=1 
( I) 

i~"t • ."r",," t } 

,5X,' '.5X .. .WI 

(IJ.RNtI) 
.v, ,F .3, .3) 

',,' ., 

ROC03240 

ROC03370 
ROC03380 
ROC:03390 
ROC03400 

RO(03450 

I 
N 
m 
o 
I 



1 

45 

44 

1Ft ISO TO 
46 ,ND 
(l.)=O.O 
(lJ=O.O 

{ L} 
( { 

J=2,MPTS 
(S,41)FtL,J), (l,J) 

47 C2FIO.OJ 

1 

ROC0353,O 
ROC03540 
ROC03550 
ROC03560 

ROC03650 

ROC01160 
ROC 03770 

ROC03830 
ROC03840 

I 
N 
en ...... 



1 

1.1 

) 
( .,'''''''''' ........ -'. en 

TO 60 
1'0 60 

80 

) )**(}.5J)6 

~uuu~ nU"D~ftt. , 

) 

Cl,JI .0) (I) 

{MAP.NE.2}GO TO 115 

(L ,J) .0) 

115 
110 I=l,NN 

RICI)=O.O 

(1) 

TIC WAVE t) 

ROC. 03940 
ROC03950 

ROC0410G 
ROC04110 
ROC04120 
ROC 041 30 
ROC04140 
ROC04150 
ROC04160 

I 
N 
en 
N 
I 



1 l=l,NN 
Rlfl)= 

(1)=0. 
CONTINUE 
DO 125 I=l,NN 

125 J=I,2 
SltI,Jt:O.O 

SElll,l) • 
SEl(1.2J=1. 
S 12,1) 

1(Z,21 
M=O 

1 
} (M)/(XL'M» 

(Zi 

(21 
(1,1) 

12,2) 

) TO 145 

ROC04210 
ROC 04·220 
ROC04230 
ROC. 04240 
ROC04250 
ROC04260 
ROC04270 
ROC04280 

ROC04310 
ROC04320 
ROC04330 
ROC 04340 
ROC04350 
ROC04360 
ROC04370 
ROC043 
ROC04390 

I 
N 
0"\ 
W 
I 



1. 

145 

1. 

155 

165 

) 140 
,NN 

1=1, 

1, Nf~l 
ItI,J) 

(J) 
) 

(Il 1(1) 

LL=O 
lC=O 
DO l=l,NN 
lL=lL+l 

.1.0R .. l 

A( (I,J) 
CONTINUE 
IF(I.EQ.llL 

lLB=l 

,1'tl~1,5 II ) 

ROC 04660 
ROC 04670 
ROC:04680 
ROC046S·0 
ROC04700 

ROC04750 
ROC04760 
ROC04770 
ROC04780 
ROC04190 

I 
N 
0"1 
.j:::I:o. 
I 



HUE 
l=l,NE 

{1'=0.0 
(1)=0.0 

1Ft (I+IJ.LT.O.O)QCI+l)=O.O 
IFIAAtI+l).LT.O.OIGO 
RH( 1 (1+11/1(1+1) 

(I ) 1.49*SQRTrSO(IJ CI+l} ) ( I) *AA ( 1+ 1 ) 
(1+11 (I+l)/T(I+ll 

IFf ) TO 175 
CI,DT~ND.ST,JT.NDT • ) 

&1 .• 
I~~ 

IF' 
1Ft » 

4000 1Ft ) 
5000 IF(ST-FT) 

bOOO NS 

)+( tNNl) 

t J1", NOT,. • SL. ) 
(5).TAVE(S),.NESCIOJ 

( 6) , 1'140 ( 6) f VOL ( (6),. (6 

ROC04830 
ROC04840 
ROC 04850 

ROC05040 
ROC05050 
ROC05060 
ROC05070 

ROC05090 
ROC05100 

),F(6ROC05110 
ROC05120 

I 
N 
m 
<.n 
I 



c 

18 

30 

Q 

l=l 
lJ!? ttl 

,.'''iPl'S 
F(L,l)::::::O.O 
STO{l,l)=O.O 
IFf CL)-STO(L.JI140 

O)*rWD( Jl} 
67})/RNll) It) 

,20 

ROC05130 
ROCD5140 

L,JJ-(FIL,J)-FCL,J-l))*( 

50 

( l ,J ) -VOL t l i ) / ( l.,J i-STO( l, 

10 
ROC05320 
ROC05330 
ROC05340 

.0 
l=l,ND 

VOL(l)=VOlCl)-( Il ) 

R 
END 

(l) 

(N,OT,G) 
(51, (S),RN(S), (5),NES( 

'lIto) ,AG(6) ,AA(6) ,QO(6} (IO} ROC05410 
,720,3}, ( .3) ROC0542.0 

(bl, (2,21,S1 ,2J,RE1(2J (Z),Al(6,6},A(36),RROC05430 
),81(6), (), (6),Wlt6), (J,W3(6J,RQ(6) ROC05440 

I 
N 
en 
en 
I 



c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

1 

.50 

t ) 

NO' f " 

F 

., " ',5X,' Nt) 

ROC 
ROC055 
ROC05540 
ROC05550 
ROC05560 
ROC05510 
ROC05580 
ROC05590 

ROC05640 

ROC05660 
ROC05670 
ROC05680 
ROC05690 
ROC05100 
ROC 057 10 
ROC05120 
ROC05730 

I 
N 
m 
.......... 
I 



90 

85 " ,'DISCHARGE'} 

111) 1(IJ~B2(1),W2(I),B3(I) II) 
93 .2. 

.. 

.1. 

1 

I=l t NN 
AO{IJ=O. 

(1)=0. 

.J ftU~U~7LU I 

I ~ 
(I-l,JT,NJ ( J 

I=l.NN 
Rl(I)=O.O 

(I) 

Sl(I,J 

fiN 
J=1~2 

UE 
1{1,1)=2 
1(1t2)=1. 
1(2,1) l(l,l} 

ROC 060 00 
ROC06010 
ROC06020 
ROC06030 
ROC06040 
ROC06050 
ROC06060 
ROC06010 
ROC06080 

~ 
~ 
co 
I 



140 

fl., 

lfll:( ( i f }}/(XlCM)} 
RE 1 t 2 » ::R E 1 ( 1) 
R (1) » 
R 12i (1) 
Rl(M)=RlIMJ lIlt 
R 1 , M+ 1 } 1 ( M ... 1 ) 1 t 2) 
R2(M) (J (I) 
R2 ( M+ 1 ) ( M+ 1 ) t 2: J 
SIt 1 l(M,l) (1.1) 
51(,2.1 (,2) tl,Z} 

(1, 1IM+l,) (2,2) 
(.ll' • 

no I' 

A 1 ( I ,. I) =5 1 C I, 1 ) 

IF(J ) 
Al{I,J) 1(1,2) 
Al(J,I)=Al(!,J) 

.NN j TO 14,0 
L=NK,NN 

( 1, tl }::O.O 
Altl,I)::O.O 

J=l,NN 
C(JJ::Al(I,J) (JJ 

10 

ROC06330 
ROC06340 
ROC06350 
RQC06360 
ROC 0637'0 
ROC06380 
ROC06390 
ROC06400 

I 
N 
0) 
\..0 
I 



1 

155 

160 

1. 

2 

~HJ l"f.T \.& ( J) 

LC=O 
00 ItNN 
Ll=LL+l 

I. .NN) 

DQ 0 
lC=LC+l 
f.d LeI ::;,Al (1 ,J) 

( ,NN.l.l.l,5. ,I) 
l,NN 

(1)*OT 

t 

(l).lT 
IFf (l}.tT •• ) 
1Ft (I)-BIll) 
T(I)=Wl(I (AA(!) 

TO 
IFtAA(li 
T (1 ) =\'i 1 t I IT' 4 • 

UO 
I) ) 

TCII=WlII) .O*(lB2(IJ-Bl(I))/WZ(I))+(( 
1/(B3(rl (1) 

(I) (I»*(AAtI) (Il)} 

ROCO 642: 0 
ROC 06430 
RO CO 6440 

ROC0649'O 

ROC06670 
ROC06680 
ROC 

I 
N 
"""'-1 
o 
I 



IF(T(I).EQ.O.O)Q(I)=O.O 
IF(TtI).EQ.O.01GO TO 270 

260 RH{I)=AACI)/T{I) 
(~\ (I )=( 1.49*SQRTt SOt I-I) l*RH (I) *-*0.6 -') /RNC 1-1) *AA (I) 

27'0 CONTINUE. 
'1(1)=0.0 
I F ( l';J *' EQ ... :3 ) Q ( 1 ) =QC « Jl.l) +Q C ( J T t 2 ) 
QC (JT ,N) =Q(f\tN) 
1"1:$1/1800.0 
NI:TI 
IF(NI-TI)310,Z90,310 

C 290 WRITE(6,300)ST,Q(NNJ 
290 WRITE(6,300)ST,Q(NNI,Q(Z),Q(3),Q(4),Q(5J 

C WRITE(6, )ST,Q(NNJ,QOUTfl,JI,3J,QOUT(Z,JT,3) 
C 300 FORMAT(2X,flO.O,13X,FlO.2J 

300 FORMAT(ZX,FIO.O,13X,FIO.2,4FIO.Z) 
C 300 FORMAT(2X,FIO.O,13X,FIO.2,2FIO.4) 

310 DO 320 I=l,NN 
AO(Il=A.A(I) 
QO(I}=Q(I' 

320 CONTINUE 
lFIST-l"CS)100Q, .1000 

2 RETURN 
END 
SUBROUTINE GELB{RtA~M,N.MUO,MLDtEPSfIER) 
DIMENSION R(36},At36J 

C TEST ON WRONG INPUT PARAMETERS 
I F( Fill) )47, It 1 

1 IF ( f-iiUO)4'"1' f 2 t 2 
2 l'tlC=l+MlD+l~UD 

IF ( l'4C +·1-M-11.i ) 3,3,4'1 
c PREPARE INTEGER PARAMETERS 

ROC06730 
ROC06740 
ROC06750 
ROC0676.0 
ROC06770 
ROC06180 
ROC06790 
ROC.06800 
ROC 068 10 
ROC06820 
ROC06830 
ROC06840 
ROC06850 
ROC06860 
ROC06870 
ROC06SaO 
ROC06890 
ROC06900 
ROC06910 
ROC06920 
ROC06930 
ROC06940 
ROC06950 
ROC ()6960 
ROC06970 
ROC06980 
ROC06990 
ROC07QOO 
ROC 010 10 
ROC07Q20 
ROC01030 
ROC07040 

I 
N ...... 



c 
c 
c 
c 
c 
c 
c 

C 
r v 

c 

3 
4 
5 

6 

NM=N*~t 

l14,14.6 

J=MA-MZ 

9 , 
=A(J) 

A(JJJ=TB 
TB=ABS{ 
1F( 

A 

7 PI 

9 
IN FIRST MU ( 

ABSOLUTELY 
WIIHOUl LOWER 

IX .14 

) 

A 

ROC {flO SO 
ROC 07060 
ROCQ7010 
ROC07080 
ROCG7090 
ROC 071 
ROC071 

ROC071 
60 
70 

J 
N ....... 
N 
J 



c 
r 
"" 

c 

IF( ) ,14,10 
1 JJ 

l+Ml 
IC=l+MUD 

13 I=l,MU 
K=l,MC 

A(JJ)=O 
IF(K-IC)11,11, 

11 A{JJJ=AtJ) 
J=J+l 
JJ=JJ+l 

KST=l 
IOST:MC 
IC=MC-l 
00 38 K=l 
IF( ) ,15 

16 

17 
18 

19 

IOST=I 

p 

f 

FIRST 

,20,19 

S I Pl\.7V1...M.n. 

( I=K LR) 

80 
90 

ROC07420 
ROC01430 
ROC07440 
ROC.0'14S0 
ROC07460 
ROC0741"O 

00. 
ROC 075 10 
ROC07'520 
ROC07530 
RQC07540 
ROC07550 
RQC07560 
ROC07S-fO 
ROC015S0 
ROC07590 
ROC07600 
RQC076 

R(lC076 

I 
N 
""'-l 
W 
I 



c 

c 

r .... 

c 

21 

24 

J=I 

PIVOT 
I 

) ,22,,21 

s 

DO l:K,NM, 
11=1+10 

V*R( II) 
Rill) II 

27 R(Il=11) 
PIVOT ROW 
II 

Ie 
2B .J 

(I) 
A(I)=ACII} 
AlII) 
I 1+1 

IFf 

lI=K+l 

AND IN R s R 

I IXA 

ROC077 10 
ROC07720 
ROC07730 
ROC 01740 
ROC07750 

ROC07190 
ROC01800 

10 

ROC07850 
60 

ROC 078 SO 

ROC0791 

ROC07930 
ROC07940 

ROC07990 

I 
N ....... 
..,:::. 
I 



DO 33 I=II,ILR 
C IN MATRIX A 

10= 10+ ftt1C 
JJ=I-r~R-l 
If (JJ)3-1,31,30 

30 IO=ID-JJ 
31 PIV=-A(ID) 

J=IO+l. 
DO 32 JJ=MU, 
A.(J-l)=A(J)+PIV*A(JJl 

32 J'=J+l 
A(J-l)=O 

~ ~N MATRIX R 
J=:t( 
DO JJ=I~N~'lfM 
RtJJ)=R{JJ)+PIV*R(J} 

33 J=J+'M 
.34 KST=KST+MC 

IF"(ILR-MR.}36,35,35 
35 1(=1:C-1 
36 ID=K-MR 

1Ft IOl38,38,3J 
37 KST=K.ST-ID 
38 CONTINUE 

C END OF DECOMPOSITION lOOP 
C BACK SUBSTITUTION 

IF ( fie -1 ) 46,46.39 
39 lC=2 

KS 1=f;1P~ +Ml-MC+ 2 
I I =t'l 
DO 45 I=2,p'i 
KS l;:;.-;KST-J~C 

ROC08010 
ROC08020 
ROCOS030 
ROCOS040 
ROC08050 
ROC08060 
ROC08070 
ROCOS080 
ROC08090 
ROC08100 
ROC08110 
ROCOB120 
ROC08130 
ROC08140 
ROC08150 
ROC08160 
ROC08170 
ROC-OSl80 
ROC08190 
ROC08200 
ROC08210 
ROC08220 
ROC08230 
ROCOS240 
ROC08250 
ROC08260 
ROC08210 
ROC08280 
ROC08290 
ROC08300 
ROC.08310 
ROC08320 

I 
N 
'-J 
U1 
I 



c 

II 
J=I 
IF (J )4,1 ,41. 

4;0 "-f+J 
00 43 J=II" 

(J) 

1 

43 D(J','), ,(JJJ*R~'(I"~" f'\ ::;:-'1'8 ' t.), 

IF ( )' 
44 I 

Uf 
46 

ROC08340 

06400 
ROC08410 

ROCOS5 

I 
N 
-.....J 
0'1 
I 



* C 
C 
C 
C 
C 
C 
C 
C 

Appendix F ~ Water Quality Module - Program Listing 
'* * * * ** * * * * * MnnUilF 2 ** * * *** * * '* ** * * '* 

QUAL} TY MOOULE 

SI~!PLE INTEGRATED MODULAR WATERSHED PtA 

WATER QUlAITY COMPUTES THE O.ISSOl OXYGEN 
l AND BlOC OXYGEN DEMAND fOR ANY NUMBER OF 
S IN THE RIVER. OBJECTIVE OF THIS E IS TO C 

C 
C 
C 

PROVIDE AN I WATER QUALITY BY OF SIMPLE 
EASILY DETERMI S. 

C THE OUTPUTS 
C CONJUNCT 

QUALITY 
TOPAZ. 

us IN 

C 

c*** * * * * * * ** * * ** * ** * * * • '* • * * * ** * * * * * 
C WATER QUALITY SECTOR OF WATERSHED ~100EL 

DI.t4ENS DAY (SO) ,BODS( 50}, SEGt 50) "It 50} ,RESR (50) 
DIMENS PHL(SO),PLR(SO),R02( 1,CL(SOJ.P024S0). 
DIMENSION (50),RK2150J,TEMP(SOl.QW(SO) 
DI I VS(SO},VW(SO),AS(SOI r50J,DDW(50)~BODWI50) 
Dl AA(501,BB(501.CC{), 150} . .,TDD(501,TP02(50) 
01 501,DOS150J () 
DI AB(50),BOD(SOI J 

) (50) 
N=19 
Q • 
DNR=5.00 
BR,=4. 
810=10. 

3.80 

00020 
00030 
00040 
00050 
00060 
00010 

WQ 00080 
WQ 00090 

00100 
00110 
00120 
00130 
00140 
00150 
00160 
00110 
00180 

WQ 00190 
we 00200 
WQ 00210 
WQ 00220 
~lQ 00230 
WQ 00240 
WQ 00250 

00290 

00310 . 
WQ 00320 
WQ 

I 
N 
......... 
......... 
I 



C N - NUMBER OF I WHICH THE RIVER IS DIVIDED 
C 

M=5 
C M - NUMBER OF DAYS BOO CAl.CUlAT IS CARR lEO OUT FOR. EACH SE 
8 FORMAT(FIO.4, Fll.3.fll.O.Fll.2,Fll.O) 
C VS - STREAM VELOCITY 1FT/SEC) 
C VW - VELOCITY OF WASTE FLOW 1FT/SEC} 
C AS - CROSS SECTIONAL AREA «Fl) 
t - CROSS SECTIONAL AREA CONDUIT (SQ FYI 
C DOW - DISSOLVED OXYGEN (MG/l) 
e S - DISSOLVED OXYGEN ( Il) 
C snow - BIOCHEMICAL , 
C - B CHEMICAL OXYGEN « 
C ION Of Kl K2 
C - LENGTH RIVER S COMPUTED «MILES l 

15 f BttPHltJ),J=1,Nlj (Jl,J=l, IJ),J=l,NI, 
1 ( ( J ) t J= 1,"'0,( P02 ( J ) ~ J= 1 t N} 

READts, J'RKIIJ),J=I,N),CRK2IJJ MPIJljJ=l,Nli 
It (J),J=l,N),(QWIJJ,J=l,N) 

26 C5X, ,F5.2,SX,2F6.2,11X,fll.3) 
(5,18)'VStJlf~=1,N)f 
(jJ=l,NJ,{OOSIJ),J=l,NJ,( (Jt,J=l,NJ 

(J) ,.J=l,N) 
18 AT( 2,18X,4F6.2J 

J=l,N 
(J) 

tJ) «J) ) +(ONR*QSJ ) I (QW( JI +QS) 
snON=' ( {J )*Ql~'.J) »+, BODN*QS) ) It (J) +QS) 
IF(TEMPtJl. 20.) GO TO 16 
Kl(Jt~(RKl(J»*{1.047**(TEMPtJ)~20.) 
KZ(Jl=(RK2IJ»)·dl.041**(TEMPIJ)-20.1) 
TfJ}=(SEG{JI BO.)/VS(J»)/I86400.) 

WQ 00340 
\-JQ 00350 
WQ 00360 
WQ 00370 

00380 
00390 
00400 
00·410 
00420 
00430 
00440 

o 
00460 

WQ 0 
o 

00520 
o 

00540 
WQ 
WQ 00560 
liQ 00570 
WQ 00580 
WQ 00590 
\OlQ 00600 
WQ 00610 
WQ 00620 

00630 
00640 
00650 

I 
N 
......... 
co 
I 



WRITEI6,99} TCJ} 00660 
99 (F20.51 00670 

16 CONTINUE 00680 
Kl(J)~RKlIJ) 00690 
K Jl=RK2(JJ 00100 

C ON - INITIAL DEfICIT 00110 
C - INITIAL lEVEL 00720 
C P - RATE OF BOD ADDITION TO RlYING WATER 8Y BENIHAL DEPOSITS 'MS WQ 00730 
C PHl - INITIAL PHORUS LEVEL (MG/l) 00140 
C - PHOSPHORUS LOADING RATE (MG/t/DAY) KQ 00750 
C - CHlOROPHYl LEVEL , E METERS) 00760 
C D - OXYGEN DEF IT 00110 
C - DISSOlV OXYGEN LE WQ 00180 
C - Bl ICAl OXYGEN MAND 00790 
C T - TIME DAYS 00800 
C Kl ,- DEOXYGENATION RATEtMG/1.) WQ 00810 
C K2 - REAERATION RATE (MG/l) . WQ 00820 
C K3 - R.ATE SEITlI( MG/l/O) WQ 00830 
C - OXYGEN PROOUCED( HR/G/SQUARE R10f CHL WQ 00840 
C BY PHOTOSYNTHESIS (MG/l/D) WQ 

{JJ*P02 (JI *.41*24. WQ 
PHlIJ (J)+((PLR(Jj*T(J1J/1 CJ)+QS))' WQ 00870 
I F ( P Hl ( J l. GT ,..1:) GO 1 WQ 00880 

C RESR- 02 CONSUik1PT ION DUE TO RESPIRATION (MG/l/O) WQ 00890 
C RESR- IRATION RATE WQ 00900 
C R02 - CONSUMPTION TO RESPIRATI (MG/ll lOMAS ) WQ 00910 

1 WQ 
1 RESRfJ}=(BIO*R02fJ} WO 00930 

C BR - J4Ul T1 I ER FOR ITIONS wg 
C COMPUTE RE SP IR'AJ ION .01 MG/l PHOSPHORUSWQ 

GO TO 66 WQ 
7 CONTI WQ 00910 

I 

'" ......... 
1..0 
I 



IJ)#24 •. ) 
C DEfICIT BVSTREETER l HOD 
66 

If.30-KlfJl J 
{Jl*TtJ»)J-(l/flO**(Kl(J)*T(J)})) 

J .) *T t J) ) ) ) 
{J) 

15 ,-SOD',13X,'PHL1,13X,'DD f fl .'JDO',15X, 
It 

C TO-
TDDCJI J (Jl 
Iff (J)~l 20 
GO TO 21 

20 TODI J ) ;:-9. 
21 CONTINUE 

BOO(J)=BODN*{l-l/llO •• *CKltJJ*T(JJ)JJ 
BOOR(J)=BOO(J) 
WRITEt6,41TCJ), {J}, (J). tJJ,TDDIJ).aODR(J} 

4 FORMATIIOX,F4.1 y 3X, 10.21 
30 CONTINUE 

PHlIJ):O 
STOP 
END 

WQ 00980 
WQ 00990 
WQ 01000 
WQ 01010 

01020 
01030 
01040 
01050 
01060 
01010 
01080 

WQ 01090 
01100 
01110 

WQ 01120 
01130 

WQ 01140 
WQ 01150 
ltlQ 01160 
WQ 01170 
WQ 01180 

01190 
01200 
01210 

I 
N 
co 
o 
I 



* c 
c 
c 
c 
C T HN 
C 
C 
C 
C 
C 
C 
C 

SI 

* * 
Appendix G - Land Use Module (TOPAZ) - Program Listing 

* * * * * * * M001JLF 3 ** * * * ** *'* *. * * * •• 
E" I E lOCATION COSTS 

TOPAZ 
FOR I PLACEMENT OF ACTIVITI IN s 

ATED ~'AT ERSHEO PlANN 

LAND USE DEVELOPMENT PATTERN, 3 PE 
RESULTS IN AN IDENTIfICATION 

C SIMPLE INTEGRA.TEO 

I 

c*** * * * * 
COMf;JjON * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

ACTS(lOJIO).EXISr{lO.lOJ,A(lO.,B{10)~C(lO.lO),X(lO,lO) 
COMMON 

COMMON 
COMMON 

ESltST(12,12,12),CC{lO,lO),TQTESC(lO,lO},ESTA8tlO,lO) 
rt,NAcrS, NECICM,Nt, ,HlP , NUt!fl 
G,Sl,S2,T,T2 
fJlINK{ 15,2),01 5T« 10, lO} (18l,ATTRCO{ 10) ,PRontO' 10) 
PR(lO),AT(12)~SA(lOJ, IPS(lO,lO),B8{lO,lO),FTA(12,12) 
NQ,C2flO,lO) 

~u"nun (05TSI6,10) 6) 
COMMON PPU(51,APU(5J,RAT (5t,RP (6) 

SIGN ENTRST(6),S Ibl 
TITLEll 
l (18) 
FlOWf23,lO), ( ,10), ALTI23,5,3) 
FACllO), 123,10), CONST(12:r2l 
LAND(23,lOl 

DIMENSION 
DIMENSION 
DIMENSION 
DIMENSION 
REAL LAND 
REAL*8 TITLE 

SMSOOOIO 
SMS00020 
SMS00030 
SMS00040 
51'4500050 
SMS00060 
SMS00070 
SMS00080 
SMS00090 
SMSOOIOO 
SMSOOIIO 
S"1500120 
Sr-1S00130 
SMS00140 
SM500150 
5M500160 
SMSOOI10 
SMSOOI,80 
$M500190 
St~S00200 

5M500210 
51"1500220 
SMS002.30 
S~1S00240 

00250 
o 
o 

5 
SMS00300 

o 
o 

I 
N 
co 
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I 



I AA", StJlS00330 
I )C,C,A, T SMS 

C SMS00350 
C SMS00360 
C PROGRAM IS TO PREliSMS00310 
C CALL SUBROUTINES IN • 5M500380 
C 5"500390 

C ************************** S~"S00400 C WRITE I SMS00410 

C 

10 

lK=25 
DO 8 lKK= 1, lK 

1 R (S,S)(LETTER{Ll,L=l,lS) 
5 {18A4l 
8 (6,6JIlETTER{LJ,l=1,lS) 
6 (lH ,18A4) 

TE(6,9) 
'9 AT t IH1) 

09 
************************************** 

, 1. 0 X ,2H* ,IX 11 10« I 4 ,2 X} » 
F ORM AT { 73 ( 1 H* ), I) . 

TE(6,l002} 
{ZOX, 'TOPAZ APPLI 

(8,1000) M,NACTS. 
1000 

C 
(SI4) 

C 
C 
C 

E INTERE RATE 
S EXPECTED LIFE 

READ'8,1)(ENTRST(Il~I=1, ) 
READ(S,2tISERlIf{I),I=l,NACTSJ 

1 FORMAT(6F3.2J 
2 fORMAT(6F3.0} 

p I ) 

(I ) 

S~1S00lt20 
SMS00430 
5f4S00440 
S~~S00450 

SMS00460 
SMS00470 
SMS 

S 
S 

00610 
$M500620 
5MS00630 
SMS00640 

I 
N co 
N 
I 



TE{6~ 5) 
WRITE(6, 3) y S, CTCM,Nl,NlOOP 

1093 FORMAT( lOX, 'M=NUMBER lONES =' t 15,1, SMS00670 
*lOX,' ACTIVITY TYPES =',13,/, SMS00680 
*lOX,' OF COST COMPONENTS =-,13,1, SMS00690 

Of LINKS IN HIGHWAY ::;1,13,1, 5M500100 
ITERATIONS IN I =',13) 5M500710 

C SMS00720 
C SET I TERAl I lOOP COUNTERS SMS00730 
C SMS00140 

HLP=l SMS00150 
NQ:::: 1 5M500760 
WRI (6, 5"500110 

TE(6, 180 
f 1,IX,' NO .• t ~2H* ,lOX,' ISTl ACTIVITIES.) 
WRITE(6, ) 

(6,l009){I,I=1,NACTSI 
TE(n,,) 

J=l 
( 8 f ) . ( E X I Sf' I f J) ,I } 

2000 (5X,lOF4.0) 
(6,lOlO) J,(EXIST(l,J),I=l, 51 

10 T(4X,I2,4X,2H* ,10(lX, .0» 
WRI (6,1005) 
DO 50B K2=1,NECTCM 00890 

508 I=l,NACTS S 00900 
507 J=l,M 5MS00910 

501 ESTCSTII,J,K21=O. 5M500920 
508 CONTINUE SMS00930 

C SMS00940 
C R TITLES (ON) ISHMENT COST OR BENEfIT MS00950 
C SM500960 

I 
N 
OJ 
W 
I 



c 

DO 10 K2=2,NEtTCM 
DO 503 1=1,4 

I = =NUMBER OF ACTIVITIES 
503 READ(8,8990) eSTCST(I,l,Kl) 

8990 FORMAT(f1.0) 
DO 504 1=1,4 

C I=l,NUMBER OF ACTIVITIES 

SMSOOCJ70 
SMS00980 
S~1S00990 

51"1501000 
SMSOIOIO 
St~S01020 
SMSOI030 
SMSOI04-O 
SMSOI050 
SMSOI060 
SMSOI070 
SMSOI080 

c 
c 
c 
c 

C 
C 
C 
C 

DO 504 J=2,M 
504 ESTCST(I,J,K2)=ESTCSTII,l,K21 
501 CONTINUE 
735 CONTINUE 

10 CONTINUE 
St~SOl090 

CALCULATE THE CAPITAL RECOVERY FACTOR, RPIN(KZ), FOR COST COMPONENT{SMSOIIOO 
AN INTEREST RATE OF ENTRST(K2) AND A SERVICE LIFE OF SERLIF(K2) SMSOIIIO 

SMSOl120 
DO 9990 K2=1,NACTS SMSOl130 
RPIN (K2)=ENTRST' K2) * ( ( 1 .• +ENTRST( K2)} **SERllf (K21-) 1« (1. +ENTRST (K2) )SMS01140 

1**SERlIf(K2)-1.) SMS01150 
00 9990 I=l,NACTS SMSOl160 
DO 9990 J=l,M SMSOl170 

9990 ESTCST(I,J~K2)~ESTCST(I,J,K2)*RPIN'K2) . SMSOIIBO 
CALL ALCATE SMSOl190 
DO 1530 JI=l,Nl 5MS01200 
READ{8f2006)(DlINK(JI,KI)~KI=1,2) SM501210 

2006 FORMAT(19X,F3.1,F4.0) SMS01220 

LINK LENGTH DATA INPUTTED IN INCHES ON 800 SCALE MAP. THE 0.1515 
CONVERTS THESE INCHES TO MILES • 

DLINKIJI,lJ=DlINKfJI,lJ*.03781 
1530 CONTINUE 

SMS01230 
FASMS01240 

SMS01250 
S",1501260 
SMS01210 
SMS01280 

I 
N co 
..j::::. 
I 



c 
c 
c 
c 
c 
c 

24 

01290 
E ZONES THE TOPAZ, INTERZONAL DIS! 01300 

TIMES HAVE BEEN seT = 9.9999 8.888 RESPECTI 1310 
ITIVE VALUES ACCEPTABLE HERE , E NOT ACTUAllY 5M501320 

flED IN TOPAZ S WOULD t4ESS UP AVITYMODEl) 5M.501330 

00 5324 AA=l,M 
5323 ZZ=l,M 

01 (AA.ZZ)=9.999 
FTA(AA~IZ)=8.888 

INUE 
DO 4001 KJ=l 

S~~S01340 
SMS01350 
SMS01360 
SMS01310 

C KJ - ItNUMBER DF M I T PATHS s 

01380 
1390 
1400 

51'-1S01410 
C 
C 
C 
C 
C 

c 
c 
c 

c 

S~'S01420 
EACH lONAl PAIR, THE NIMUM 11 HAS BEEN I MS01430 

THE CCCIJJ)'·S THE LINK NU,1\1BERS ON MINll\lUM PATH. lONE S~1S01440 
DATA IN OROER ,E. ,,1-1, 1-2, •••••••• t 61-61 51'4S01450 

READIS,4003) AA,Zl, (CCCtJJ) ,JJ=l, 1.8) 
4003 FORMATI4X, 13,13, 1 3) 

FTAT=O.O 

All Of MUM TI~iE PATHS 

ADlST=O 
DO 4111 JJ=1,18 

JJ=l,NUM R NIMUM TIME P 
IfICCC(JJI. O'GO TO 4111 
J KLji.i=CCC{ JJ) 

EN ZONES 

I F { D lIN K ( JK LM., 2 .~ .l E • 1 ... ) GO TO 4111 
FTAT=FTAT+DlINKtJKlM,I)*60.IDlINKtJKlM,2J 
ADIST=ADIST+DlINK(JKlM,lJ 

s ,. 

Sr~S01460 
S~-1S01410 
5"'1$01480 
SMS01490 
5,.,1S01500 
514501510 
514501520 
S 1 0 
SMSOI 
SMS01550 
514£S01 0 
SMS01510 
SMS01580 
SMSOI 
SMS 

I 
N 
00 
<..TI 
I 



4111 CONTINUE 
FTA{AA,ZZ)=fTAT 
DIST(AA,lZ)=ADIST 

4001 CONTI ~tUE 
00 7501 Lf\j:=1.10 

C LN= 1, NUMBER OF ZONES 
DO 7501 lK=lN,10 

C LK= tN,NUMBER Of IONES 
DIST{LK,lN)=DIST'lN~LK) 
FTAllK,lN)=fTA(lN,LK) 

1501 CONTINUE 
R EAD{ 8,2525) (PROOCO( I 1 J .1=1, NACTSl 

2525 FORMAT{IOF4.1) 
REAOfB,2525)(ATTRCO(Il,l=l,NACTS) 
SW=l 

C SKIP WATER AND SEWER HODEL IF SW=O. 
C CHANGE SW TO RUN WATER AND SEWER MODEL. 

IF(SW.NE.O)GO TO 279 
REAO{S,218) 

278 FORMATtI08(/)) 
GO TO 100 

2 79 CONT:t NUE 
lL=23 

C ll= NUMBER OF LINKS IN SEWER SYSTEM 
NZ=lO 

C NI= NUt-tBER Of ZONES 
REAO(8 t 280)(FAC{I).I=1,NACTS) . 

280 FORMAT(lOF4.2J 
00 284 K3=l,2 

2 84 REA 0 ( 8, 211 ) (CON S r { J " K 3 j .; J= 1 , M} 
211 FORMAT(10F5.0) 

DO 285 NL:: 1, 23 

SMS01610 
SMS01620 
SMS01630 
5M501640 
S~1S01650 
SMS01660 
St.iS01610 
SMS01680 
51'4S01690 
SMS01700 
SMSOl'110 
5MS01120 
$1'4501730 
$1\1501740 
51>1S01750 
StJtS01760 
S~'S01770 
S~'S01780 
SMS01790 
511501800 
SMS01810 
SMS01820 
Sr-1S01830 
SMS01840 
S~1S01850 

S.MSOIB60 
SMS01870 
SMS01880 
SMS01890 
SMS01900 
SMS01910 
SMS01920 

I 
N 
ex:> 
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C Nt=!, NUMBER Of LINKS IN SEWER SYSTEM Sr"1S01930 
DO 285 NI=l,lO SM501940 

C NI=l,NUMBER OF ZONES 5"501950 
285 PRCNT(Nl,NI}=l.O 5M501960 

DO 601 NL=1,23 $M501910 
C Nl=ltNUMBER OF LINKS IN SEWER SYSTEM 5M501980 

601 REAO{8,281)(PRCNT'NL,NI)~NI=1.NZJ SMS01990 
281 FORMATCIOF4.21 5M502000 

DO 602 Nl=l,lL 5M502010 
00 602 lP=l,3 SMS02020 

C lP = 1. NUMBER OF ALTERNATIVE PIPES 5''''1502030 
602 READIS,282) [AlT{NL,LP,NC},NC=1,3) SM502040 
282 fORt<1AT(f9.0,2X,F1.0,2X.F.2.0) St.!tS02050 

DO 391 Nl=l,Ll 5M502060 
391 READ(B,283)(LINK(Nl,NI1,NI=1,NZ) SMS02070 
283 FORMATIIOI2) SMS02080 

C 5M502090 
C ADDITION OF ALL ESTABLISHMENT UNIT COMPONENT COSTS AND BENEFITS (IN 5M502100 
C OF $) • SMS02110 
C SMS02120 

DO 100 1=1, NACTS .5M50.2130 
DO 100 J=l,M SMS02140 
TOTESC( I ,Jl=O. S~1S02150 
DO 99 K2=1,NECTCM SMS02160 

99 IDTESt'( I, J ) =TOTESC( I, J l +ESTCST (I, J ,K2) 11000000. SMS02110 
100 CONTINUE SMS02180 

C 5M502190 
C CHECK TO see IF ANY INTERZONAL TRAVEL TIME HAS BEEN INADVERTENTLY SESMS02200 
C ZERO (WHICH WOULD MESS UP GRAVITY MODEL) • 5M502210 
C SMS02220 

KK=O SMS02230 
DO 805 J=ltM SMS02240 

I 
N 
co 
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3737 
3141 
804 

805 

804 "M 
IFffTA(J,K).lE. OOlJ 
GO TO 804 

{6, )J~ K 
(I FTA I 

E 

GO TO 3731 

'"2X,,I5,I5) 

S I ART 0 FIT US :I NG TR N SP T (IR. AN ON PROBLEM ). I NIT I At 
IS FIRST. 

SMS02250 
SMS02260 
SM502210 
SMS02280 
SMS02290 
SMS02300 
SMS02310 
SMS02320 
SMS02330 
SMS02340 

C 
C 
C 
C *****************************************************************SM502350 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

c 

c 

SEWR DETERMINED. MODEL EXTENOS Et"lENT 699 

F (II fACTOR Of AlII S OS. 
Nl=LINK NUMBER 
P {,Jl=PERCENT Of J FLOW! 
A ,L?, 1 2 OR3J=ALTERNATI NL. lP IS TH PIPE US 

l=CAPACITY, 3=SIZE OF PIPE. 
OF SEWAGE J N:l. 

OF THE 
(NL,J}=COST 

610 J=l~lO 
OF ZONES 

DO 610 K3;ltlO 
1,NUMBER OF ZONES 
K2=K3+2 
ESTCST(4,J,K2)=O. 
DO 610 1=1,2 

SEWAGE 

610 ESTCST(I,J,K21=CONSTtJ , I) 

OF Nl. 

• 

SMS02360 
51-4S02310 

02380 

o 
SMS02500 

5MS02520 
530 

SMS02540 
SMS02550 
SMS02560 

I 
N co 
co 
I 



c 

c 

DO 620 1,23 
NL=l.NUMBER OF LINKS 

00 620 NI=l,lO 
Nl=l, Of S 

LANO(Nl,NI}~O. 

620 FLOWCNl.NI)=O. 
1<2=3 
DO 690 ,ll 
If(NL.GT.4)K2==4 
<JI _,n .. ' ,-.- O. 
DO 603 NI=l 
J=ll N K« Nt, N I ) 
If (J. 0) GO TO 611 
PlUS=O. 
S • 
DO 604 1=1, S 

SEWER SYSTEM 

PLUS=PLU$+I IST(I,JJ (IfJJ (11 
604 S RCNYINl,NIJ 

LAND ,NIJ=PlUS 
FlOW'Nl,NI)~SUM*4400. 
BSUM=BSUH+FlOWINl.NI) 

603 TOJfLOlNl}= 
611 lP=O 
605 lP=LP+l 

IF (lP.GT.4J GO 4 
GO TO 252 

4 WRITEt6,251J Nl,NI 
251 AT{lX,2I5,tTGO BIG') 

l p::: 1 
AlT{Nl,LP,2)=100000. 
f=999999999. 
GO 'TO 619 

SMS02580 
SMS02590 
S~S02600 
SMS02610 
StJlS02620 
SMS02630 
SMS02640 
SMS02650 
SMS02660 
SMS02670 
SMS02680 
SMS02690 
SMS02700 
SMS02710 
SMS02720 
5,.1502730 
SMS02740 

150 
S 02760 
SMS02110 
SMS02780 
51'4502790 
SMS02800 
SMS02810 
SMS02820 

02830 
SMS02840 
SMS02850 
SMS02 
SMS02810 

02880 

I 
N 
co 
\0 
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c 

252 CONTINUE 
IF (lP.EQ~l) GO TO 608 
F=AlT{Nl,l,lJ+ALT(NL.lP,lJ 

679 IF ITOTFlO(NL).GT.f) GO TO 605 
GO TO 601 

608 IF ITOTflO(NL}.GT.ALT(NL,LP,l) .GO TO 605 
601 DO 690 NI=l,NI 

J=lINKINL,NI) 
IF (J.EQ.O) GO TO 690 
IF (TOTfLO{NL).EQ.O.J GO TO 689 
K3=K2-2 
lCOSTtNl,NI)=flOWINL,NI)*AlT(Nl,lP,Z)/TOTFLO(NL) 
GO TO 690 

689 ZCDST(NL,NI)=O. 
690 CONTINUE 

SMS02890 
SMS02900 
SMS02910 
S,.'502920 
SMS02930 
SMS02940 
SM502950 
SMS02960 
SMS02970 
SMS02980 
SMS02990 
SMS03000 
St4lS03010 
SMS030l0 
Sr.1S03030 

*****************************************************************5M503040 

699 
698 
700 

612 

K2=3 
00 698 Nl=l,lL 
IF (Nl.GT.3) K2=4 
00 699 NJ=l,NI 
J=LINK{Nl,NI) 
IF (J.EQ.O) GO TO 698 
If (lAND{Nl,NI).EQ.O.) GO TO 698 
DO 699 I=l,NACTS 
ESTCST(I,J,K2)=ESTCSTII,J,K2'+ICOST{NL,NIJ*fACtI)JLANO(NL.NIJ 
CONTINUE 
CONTINUE 
DO 612 K2=3,4 
DO 612 I=l.NACTS 
DO 612 J=l,M 
ESTCST(I.J,K2)=ESTCST(I,J,K2)*RPIN(K2} 

5M503050 
5M503060 
SMS03010 
SMS03080 
SMS03090 
SM503100 
5"S03110 
5M503120 
SMS03130 
5M503140 
5M503150 
SMS03160 
5MS03170 
SMS03180 
SMS03190 

c *********** •• ****************************************************SMS03200 

I 
N 
~ 
o 
I 



c **** .";::**** ***** **** ***************-** ** ********* **** ************** SMS 0321 0 

c 
c 
c 
c 
c 
c 

c 

c 
c 
c 
c 
c 
c 
c 

CALL AMNITV (NlP) 
CALL EST 1M 
CALL 

820 J=l,M 
820 1=1, S 

NOTE: THE CCI,J)'S SHOULD BE SCALED UP SO TO BE LARGE SINCE 
INTEGERS IN SUBRUUTINE lRNSPT • (COSTS 55 THAN 1 ARE ROUNDED ) 

If DESIRE IS TO MAXIMI t THEN USE 820 CfI,Jl=-C2(I,JJ*lOOOOOO • 

8 CII,J) (I,JJ*1000000. 
I NF=21~, 646 
CAll TRNSPTtNACTS,M, ,10.10) . 
DO 600 I=l,NACTS 
00 600 J::l'l pi! 

600 ACTSII,J)=XCI,J) 
IffNLP. NlOOP) 50 
NlP=NlP+l 
GO 100 

50 STOP 
DE INIT, HK 

END 
SUBROUT I NEA1.Cft,TE 

S OUTINE RE IN OR CALCULATES THE A 
GeATED AMOUNT OF lAND AVAIL 

:: fUTURE ACTIVITY tIl TO BE 
= POPULATION J REASE 

IO(IJ = PERCENTAGE OF POPULATI INCRE 
HOU NG TYPE (.I) 

ACTIVITY 
T. 

• 

WILL DE 

03220 
03230 

SMS03240 
03250 
03260 
03270 

SMS032BO 
51\'1503290 
SMS03300 
SMS03310 
SMS03320 
51'4503330 
SMS03340 
5,.1·$03350 
SMS03360 
SMS033'70 
SMS033BO 
SMS03390 
SMS03400 
SP-1S03410 
SMS03420 
S'~S03430 
SMS03440 
Sr-~S03'450 
SMS03460 
51"'503410 
SMS03480 
SMS03490 
SMS 

I 
N 
\.0 ...... 



c 
c 
c 

APU(I) = ACRES/UNIT OF I TYPE Ill. 
PPUII) = PEOPLE/UNIT OF HOUSING TYPE 'II. 

COMMON 
COMMON 
COMMON 
COMMON 
COMMON 

COMMON 

AClS(lO,lO}fEXIST{lO.10J,A{lO)~B{lO)fC( ,10',X{lO,lOl 
ESTCST(12,12~12}tCC(lO,lOl,TOTEStllO,lO},ESTABllOflO) 

M,NACTS" f\JL ,NLOOP, NZP ,NUM 
G,Sl,S2.T,T2 
DLINK(15t2)~OI '10~10J~CCt(18J, (lO},PRODCOllOI 
PRel , C12J,SA'10J,TRIPS(lOtl0J,BBllO,lOJ~FTA{12,12J 

,e211e,1 
lSf lOl,TOTCCTI6l 

COMMON PPUIS), (S),RATIOCS),RPIN) 
INTEGER At ,8 

1005 FORMAT(13(1 ),/1 
1009 fORMAT{lOX, ,lX,lO(14,2X)) 

"'JRITE (6,1012) 
1012 FnRJI.'AT(/,5X,I,A~lOUNT Of FUTURE ACTIVITIES OF EACH TYPE TO 

*TEO' ) 
WRITE to, 10(5) 
READ(B,2001)(AfI),I=2,NACTS) 

2001 FORMAT( ,314) 
REAO(S,20001P 

2000 F (F1. 0) 
2006 2,4 

SMS03550 
SMS03560 
5M503510 

3580 
SMS03590 

03600 
503610 

03630 
03640 
03650 

SMS03660 
SMS03610 
SMS03680 

C 1=2, ER ACTIVITIES, THIS .ING 

AllOCASMS03690 
St4S03700 
SMS03110 
SMS03720 
51'1S03730 
SMS03140 
StJ}S03150 
Sft~S03760 
SMS03170 
SMS03'180 
SMS03190 
SMS03800 

2006 A(!)=A(I}*PINCR/12000 
I=1,1 

C 1=1, NUM R TYPES Of RESIDE tAL 
A(I}=O.O 

2003 R { 2002JRATIO(Il,PPutll?APUIIJ 
2002 F {f7. 4 t f5. 2,F5 .• 21 . 

ITE(6,444} 

SMS03810 
S~iS03 0 
51'4503830 
SMSQ3840 

I 
I'\.) 
1...0 
I'\.) 
I 



·4·44 FORMAT(lOX,' SI2'). 
DO 2999 l~l 

C l=l~NUMBEROF TYPES OF RES1 
ACI)=PI (IJ/PPUIIJ 

TE(6, 
FORMATflOX,'TEST3 t ) 

E SURE THAT THE FUTURE OF ATED 
EXISTING OF UNDEVE LAND INS A(16),THE 
ACRES OF VELOPEO LAND, IF IT IS NECESSARY. 

SMS03850 
SflilS03860 
SMS038'70 
SMS03880 
S}\1S 

51'4503910 
TO THESMS 

SMSO 

c 
c 
c 
c 
c 
( 

VACNT AND ISUM ARE DUMMV [ABLES USED ACCUr'"1ULATING EXISTING 
SMS03940 
SMS03950 
SMS03960 ACRES OF VELOPED AND FUTURE ALLOCATIONS OF ACTIVITIES 

c 
c 

1 -15, liVELY. 

VACNT=O 
DO 2004 J=l.M 

2004 V +EXISTI4.J) 
C EXIST( Of ACTIVIT ,J) 

I SU lli\ = 0 
00 2005 1=1,3 

C I=l,NUMBER Of ACTIVITI MINUS ONE 
2005 I ISUM+AIIJ 

A(4 VACNT-iSUM 
c A(I\lUMHl::K IVITI ) 

W (6,1016J IA(I)fI=l~NACTS) 
1016 F (aX,'AII ACRES OF S 

*aX,'A(2J=fUTURE OF APARTMENTS, 
*8X,'A(31=FUTURE ES OF MOBILE HOMES 
*aX,'A(4)=FU1URE AG AND OPEN =',18) 

(6"l005) 
IP=PI NCR 

70 J=I, r.., 

PUD :',18,1, 
',18,/., 

;:',18,/" 

SMS03910 
S 

SMS04030 
04040 

5M504050 
5M504060 
SMS04010 

04080 
5M504090 
SMS04100 
SMS04110 
SMS04120 
SMS04130 
SMS04140 
SMS04150 
SMS04160 

I 
N 
1..0 
W 
I 



c 
c 
c 
c 
c 
c 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

70 B'J)=EXIST'4~Jl 
EXISTINUMBER OF ACTIVITIES,J} 

SMS04110 
SMS04180 
Sr"~S04190 

IN All IONES THE AMOUNT OF LAND PRESENTLY VACANT IS SET EQUAL TO THASMS04200 
AVAILABLE FOR FUTURE DEVELOPMENT • THIS MAY NOT ALWAYS BE DESIRABLE $M504210 
REMEMBER THAT SUM ALII MUST = SUM SIJ). SMS04220 

WRITE(6,1029) 
1029 FORMAT{/,2X,'ZONE NO. ',7X,'INITIAl 

13 
1031 

*5 TO ZONES') 
\iRITE (6, 1005) 
WRITEI6.,l0091tI,I=1,NACTS} 
WRITEC6,lOOS) 
DO 73 J=l,M 
READ { 8 , 103 1 ) I At r s ( I t J ) , 1= 1, N ACT S • 
fORMATf5X , 10F4.0) 

SM504230 
SMS04240 

ALLOCATIONS - FUTURE ACTIYITIESMS04250 
SMS04260 
SMS04270 
S,.,S04280 
SMS04290 
5t·1504300 
SMS04310 
S!\-1504320 
514504330 

ST.ATEMENT ~1Uf"'BERS fROf\rl 1034 TO 1038 CHECK TO SEE IF THE CORRECT SMS04340 
At~OUNT Of E.4CH ACTIVITY HAS BEEN ALLOCATED IN THE INITIAL SOLUTION. SMS04350 
If THE INITIAL SOLUTION IS INCORRECT, ADJUSTMENTS ARE MADE TO SMS04360 
CORRECT IT. 5MS04370 
ITAeT = DUMMY VARIABLE USED TO ACCUMULATE THE ACRES OF A PARTICULARSMS04380 
ACTIVITY (I) THAT HAS BEEN ALLOCATED TO ALL 61 lONES. 5M504390 
ICHNG = DIFfERENCE .BETWEEN THE TOTAL AMOUNT OF AN ACTIVITY THAT MUSTSM504400 
BE ALLOCATED, At I}., AND THE AMOUNT THAI HAS ACTUALLY BEEN AllOCATED SMS04410 
TO THE ZONES,ITACT. SMS04420 

S~lS0·4430 

.IF DESIRED THE PROGRA14 WIll GENERATE AN INITIAL SOLUTION IF THE fOLtS~lS04440 
STATEMENTS ARE INSERTED AT THIS POINT IN THE PROGRAM. SMS04450 

D13 5000 J= 1, t-'1 SMS04460 
DO 5000 1=1,15 SMS04410 
ACTS(16,JJ=ACTSf16,J'+ACTS(I,J) 5M504480 

I 
N 
~ 
+::a 
I 



c ACTSfI"Jl=O.O 
C 

1034 1=1,NAcrs 

J=l,M 

5""$04490 
St4S04500 
SMS04510 
Sf..lS04520 

c 

c 
c 
c 
c 
c 
C 

c 

1032 

• VITIES 
.0IGO TO 1043 

10/t3 

SMS04530 
SMS04540 
S14504550 
SMS04560 
St.ltS01t570 
StJlS04580 
SMS04,590 
S~~S04600 

1 FLAG - PROBLE1Ji' INDICATES THAT THERE IS AN INCO ISTENCYSMS04610 
BETWEEN THE TOTAL 
THAT WAS ACTUAllY 
SOLUTION. 

AMOUNT TO BE AllOCAT AlIl, AND THE TOTAL AMOUNTSMS04620 
ALLOCATED,ACTSCI,J), THE ADJUSTED INITIAL 5MS04630 

1040 FORMAT(!,lOX,' FLAG-ALLOCATION IJ 
GD TO 14-

1043 IF(ICHNG)l 1033,1 
1033 .lNUE 

TO 74 
DO 1036 J=l,M 
IFtACTS(4,J)~ TO 1039 

TS (NUr"lBER Of 
ACTS{I~J)~A S(I,J)+ 
ACTS(4.J)=ACTS(4,J)-ICHNG 
GO TO 1034 

1039 ACTS{ I"J)=ACTStI , Jl+ACTS(4,J) . 
ICHNG=ICHNG-ACTS(4,J) 
A ;CT S ( 4, J) := 0 .. 0 

1036 CONTINUE 

SMSO't640 
SMS04650 
SMS04660 
SMS04670 

04690 

SMS04160 
SMS04710 
SMS04780 
SMS04790 

I 
N 
\0 
01 
I 



GO TO 1034 SMS04810 
1031 DO 1038 J=l~M 5M504820 

IF(ACTSII,JL.ll.IABS(.ICHNG»)GO TO 1041 5M504830 
ACTS! I"J)=ACTS( I, Jl+lCHNG SMS04840 
ACTS (4, J)=ACTS{ 4~ J)- ICHNG SMS04850 
GO TO 1034 SMS04860 

1041 ICHNIG=.ICHNG+ACTS( I,J) SMS04870 
AClS(4,J)~ACTS(4,J)+ACTS(ItJ) SMS04880 
ACTSII,J)=O.O 5MS04890 

1038 CONTINUE 5M504900 
14 DO 72 J=l.M SM504910 
12 WHITE(6,lOlO) J,{ACTSII .J] ,J=l,NACTS} SMS04920 

1010 FORpilAT (4)(, 12,4X,2H* ,lOt lX,F5. 0») SMS04930 
WRITE (6,1005) SMS04940 
RETURN 5MS04950 

C DEBUG INIT,SUBCHK SMS04960 
END SM504970 
SUBROUTINE AMNITY{NLP) SMS04980 

C SMS04990 
C THIS SUBROUTINE DETERMINES THE AMENITY BENEFIT COST COMPONENT fOR EASMS05000 
C FOR THIS COMPONENT, WHICH IS BASED ON ASSESSED LAND VALUE, THE COST SMS05010 
C BENEfIT IS THE SAME fOR ALL ACTIVITIES IN A PARTICULAR lONE. SMS05020 
C NlP=ITERATION OR lOOP COUNTER SMS05030 
C ZlK,-J)=THE VALUE OF REGRESSION EQUATION VARIABLE K IN lONE J. SMS05040 
C Zll,J)=INVERSE OF DISTANCE fROM CBDllONE 50) TO ZONE J. SM505050 
C Z{ 2.J)=PROPORTION OF LAND IN ZONE JAllOCATEO TO COftlMERCIAl ACT IVITSMS05060 
C Z(3,Jl=PROPORTION OF lONEJ ALLOCATED FOR rllUlTI'-F,AJ"1IlY HOUSING SMS05070 
C I (4, J) =PROPORTION OF ZONE JAlLOCAT£O FOR SINGLE FAMILY HOUSING. SMS05080 
C Z(S,JJ=FUTURE POPULATION DENSITYtPEOPLE/ACRE} IN lONE J. SM505090 
C USEII,JJ=EXISTING + FUTURE AMOUNT Of ACTIVITY I ALLOCATED TO ZONE J.SMS05100 
C TOTLNO(J)=TOTAL AMOUNT OF LANO(ACRES) IN ZONE J. SMS05110 
C CONSTN=CONSTANT IN THE LAND VALUE R,EGRESSION EQUATION. StJlS05120 

I 
I'\,) 

1.0 
0) 

I 



c 
c 
c 
c 

C 
C 

POPIJ)=EXI ING POPULATION IN ZONE J. 
APOPIJ1=FUTURE ION IN lONE J. 
DISTIJ,50) E FROM E JTG THE CBDlI 50). 

3000 
300B 

3009 
3010 

At T S ( 10" I 0 , t EXT ( 10 'f 10 ) ,A ( lO) ., 8 { 10 ) :t C C , 1 0 ) 't X ( 10 , 1 0 1 S 
COMMON ESTCSTI12,12,121.CCtlO,lOJ,TOTESC(lO,lOl,ESTAB(lO,lO) SMS05 
COMMON M,NA tHE M,NL,NLOOP,NZP,NUM SMS05 
COMMON G,Sl~S2~Tt SMS05 
COi'-1MON OLINK{15.2l. STCIO.,10),CCCt181,.ATTRCOC10),PROOCOIIO). SMS052 
COMMON PRtlO),AY(12),SAtlO),TRIPSllO,lO),8BCIO,lOJ,FTA(12.12) 5M505220 
COMMON NQ,C2tlo,lO) SMS05230 
COMMON COSTSf.6,lO) ,10TCCT(6) SMS05240 
COMMON PPU(Sl,APU(S),RAT (5JiRPIN(6) 5M505250 
DIMENSION Z(5,lO) IIO,lO"TOTlNOIIO)jCOEfI5J, (10),POP{lO)~SMS05260 

lAPOP(lO) 5M505210 
DO 3020 K=195 5M505280 
DO 3020 J=l~M 5M505290 
Z(K,J)=O.O SMS053DO 
DO I=l,NACTS SM505310 

3002 J=l,M SMS05320 
(I,J)=EXlST(I~JJ SMS05330 

IFINlP.NE.l)GO TO 3011 SMS05340 
DO 3000 J=l~H SMS05350 

J)=O.O SMS05360 
3000 I=l,NACTS SMS05370 

(J) =TOTlND( J) +EXISTI I, 51'4505380 
READ (8,3009 )CONSIN, (COE!=(K):; K=1,5) 5MS05390 

,( 8 9 3010) (POP{J), J=l f Ml SMS05400 
( 10.2) SM505410 
(I 5.0) 5M505420 

SMS05430 
(AleUL ESTIMATED FUTURE POPULATION IN J. ECAlCUl IONSfViS05440 

I 
N 
(,,0 
........ 
I 



C EXISTING POPULATION AND THE OF E 
C J. 
C 

11 DO J=l,M 
(J) 

1=1,1 
C OF S RESIDENT IAL 

30 IJ':APOPfJ}+ACTSII,J)*PPU(I}IAPUCIJ 
TEt6,,446) . 

446 fORMA·T (lOX 'f 'TEST 1" ) 
3013 1= 1, NACTS 

00 3013 J=l,M 
3013 USE(IfJ);USE{I,J)+ACTS{I~J) 

C 
C DETERMINE THE VALUE OF E.ACH REGRESSI VARIABLE fOR lONE 
C 

3007 3001 J=l,M 
WRITE(6 f 44S1DIST{J,2J 

448 FORMAT(lOX,F20.10) 
IFlEXIST{4,Jl.EQ.O.JGO 

C ISTINUMBER OF ACTIVITIES,J) 
Zll,ll=I./1.22 
Ztl,2)=1./l.15 
Z ( 1 , 3 }:.:: 1./1.40 
Ztl,4)=1.1.595 
Ztl,5)=1.1.815 
Z{1,6)=1./;.70 
Ztl,7):1./.28 
I ( 1,8) = 1.1 • .53 
lll,lOl=1.1.35 
WRITE (6,447) 

447 FORMAT(lOX,'TEST4 t J 

INSMS05450 
SMS05460 
SMS05470 
SMS05480 
SMS05490 
SMS05500 
5M505510 
5M505520 
S~lS05530 
5M505540 
SMS05550 
St1S05560 
Si\>1S05570 
SMS05580 

J. St1S0 5590 
SMS05600 
SMS05610 
SM505620 
5"'1505630 
St4S05640 
SMS05650 

I 
N 
c..o 
co 
I 



C 
C 
C 

ZI2.J)=USE{2 7 JtfTOTlNO(JJ 
Z(3,J)~USE(2,J)/TOTlND(J) 

Z{4,Jl PiJ)/TOTLND(J) 
01 CONTINUE 

E THE LAND 

DO 3003 J=l,M 
VALUetJJ=o.O 

OR 

IF{EXI (4~J}.EQ.O.) 3003 
VALUE (J)=CONSTN 
00 3004 K=l,4 

ITY IN EACH ,. 

SMSO 
SMS051BO 
SMS05190 
SHS05800 
SMS 10 

05 

3004 
C 

VALUE(JJ=VAlUEIJ) tK)*Z(K.~) 

SMS05860 
SMS05870 
SM505880 
5M505890 
SMS05900 
SMS05910 C 

C 

c 
c 
c 
c 
c 

c 

IF THE l VALUE IS L o IT.IS I EQUAL TO O. 

IF( E(J).lT.O.J IJl=O. o 
05940 

LAND VALUATIONS IN IS CASE WERE AS AT 20% OF KEY VAL 05950 
CONVERSION WAS NECESSARY. ALSO SINCE THEY ARE A I COST COMPONSMS05960 
THE VALUES OR ITY BENEFITS ARE GIVEN A NEGATIVE VALUE. SM505970 

(J)=-VAlUE(J) 
I 

00 3005 1=1,10 
I=l,NUMBER Of S 

00 3005 J=l,ft:l 
3005 ESrCST (1,J·, l)=VALUE( J )*RPINf 1) 

DO 3014 I=l,NACTS 
DO 3014 J= I, ~l 
T ctI,J)=O.O 
DO 3015 K2= I, 

5M505980 
SMS05990 
5"506000 

06010 
SMS06020 
SMS06030 
SMS06040 
5M506050 
5M506060 
5M506010 
SMS060aO 

I 
N 
1..0 
1..0 
I 



3015 TOTESt( ItJ)~TOTESC( I ,J )+ESTCST( 1.J .K2'/IOOOOOO. SMS06090 
3014 CONTINUE 5M506100 

RETURN SMS06110 
C DEBUG INIT,SUBCHK 5M506120 

END SMS06130 
SUBROUTINE EST]M SM506140 

C SMS06150 
C THIS SUBROUTINE "COSTS aUl u ALLOCATIONS (INCLUDING USE OF GRAVITY MOSMS06160 
C SETS UP ARTIfICIAL COST COEfFICIENTS fOR THE TRNSPT SUBROUTINE. SMS06170 
C SMS06180 

COMMON ACTS(10,lO),EXIST(lO,lO).A{lO)~B(lO)tC(lO.10}tX(lOtlO). SMS06190 
COMMON ESTCSTI12,12t12)rCC(lO~lO},TOTESC(lOtlO),ESTAB(lO,lO) $M506200 
COMMON M,NACTS,NECTCM,Nl,NLOOP,NZP,NUM 5M506210 
COMMON G,Sl.S2,T,T2 5MS06220 
COMMON DlINKI15.2),OIST{lO,lOl,CCC(lB),ATTRCOflO),PRODCOllO) SMS06230 
COMMON PR'lO),Alf12),SA(lO)~TRIPS(lO,lO)JBB(lO,lO)ffTA(12,12} 5M506240 
COMMON NQ,C2(lO,lO) 5M506250 
COMMON COSTS(6,lOl,TOTCCT(6) 5M506260 
COMMON PPU(SJ,APU(S),RATIOIS),RPIN(6) 5M506270 

C 5M506280 
C ELIMINATION Of VACANT LAND (LAST ACTIVITY NUMBER) IN CALCULATIONS. SM506290 
C SMS06300 

NACMUL=NACTS-l 5M506310 
C SMS06320 
C START CALCULATIONS FOR GRAVITY MODEL • 5M506330 
C SMS06340 
C 
C 

AT(11)=5 
AT(lZ):6 
00 922 J=l,M 
SA(J}~O. 

SMS06350 
SMS06360 

I 
W 
o 
a 
I 



c 

c 

AT{Jl=O. 
PRL.J};:;:O. 
DO 2 l,NACMUL 
PR(J)=PRtJ) (1 l*tACTSt I,J)+EXIST( I,J)} 

9 ATCJ}~Al(J)+ATTRCO(I}*{ACTS(IfJ)+EXIST(I.J}) 

00 9999 1,10 
1, ZONES 

DO 9999 L= 1, 12 
l=lt IN THE 

05 
(Jt+ATIlJ*(1.J/tl.**2) 

~999 

C 
C 
C 

c 

c 

CC(J,K) IS PARTI 

DO 940 J=l,M 
00940 M 
CC(J ,KJ =0. 0 

940 CONTINUE 
00 8999 J~l,lO 

J=l, NUM S 
DO 8999 1<=1.,4 

K=1, NUMBER OF ACTIVITIES 

BUTION OF lTV ~~Of)El 

8999 
C 

CC(J,K)~AT(K)*lI1.1/(1.**2J)/SA(J) 
CONTINUE 

C 
C 
C 

CHECK TO INSURE THAT IF NO ISTING ACTIVITY {INCLUDING VACANT) AT 
ZONE , NO COST OF TRAVEL OR fROM THAT ZONE IS CALCULATED • 

DO 88 J=l.f'<il 
DO 88 K=JtM 
Bl.r\Hl=O. 

S~tS06370 
SMSQ,6380 
5M506390 
5M506400 
51\1S06410 
SMS 0642 0 
5M506430 
5MS06440 
514506450 
SMS06460 
5MS06410 
SMS06480 
SMS06490 

CSMS06500 
SMS06510 
SMS06520 
SMS06530 
SMS06540 
SMS06550 
SM506560 
S~~S06570 
SMS06580 
SMS06590 
SMS06600 

06610 
SMS06620 

I 
W 
o 
--I 



c 

BlAH2=O. 
DO 80 1=1, 

=BlAHl (I~J) 
80 BlAH2=BlAH2+EXI CI,K) 

BBtJ.KJ=O 
IFIBLAHl.EQ.O.) TO 88 
IFCBLAH2.EQ.O.) GO TO 88 

CC C.AlCUAL r ION COST t $ MIll ). ASSUl\t THAT EACH Il Y 
C T P FROM EL WILL REPEATED 200 TI PER YEAR 
C 

BS (J" K) =DIST(J,I() *0. 065*200./ 
88 B J)=BB(J,K) 

c 
C CAL ION Of I tIAl COST fOR TRNSPT 
C 
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
C 
C QU ItK DIRTY ADOIT TO INITIAL E TOTESt 
C 
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 

c 

00 87 ,10 
DO 87 ,10 
T CtI,J}=1.0 

87 CONTI 
DO 950 I=l,M 
DO 950 J= 1-,M 
e2( I t J } =() • 

C IF TRAVEL IS NOT TO CONSIDERED. I NATE NEXT 
C CHANGE 950 TO READ: 950 C2{I,J)= I,JJ+TOTE 
C ITER TRNSPT ( ) UND CIRCU ,. 

SMS 
SMS 
$M506710 
5M506720 
5M506130 
$M506140 
5MS06750 
5MS06160 
SMS06110 
5M506780 
SMS06190 
SMS06800 

06810 
SMS06820 
5M506830 
SMS06840 I 

W 
o 
N 
I 



C 
950 C2II,J) {I~J}'" (I,J) 

S o. 
c 
C CALCULATION Of INTERZONAL TRIPS, TOTAL TRIPS, AND TOTAL 
C 

T:O. 
00 926 J=l,M 
DO 926 K=l,M 
T PS1J,K}:;:O.O 
TRI (J,K)~PR(J)*AT(K)*(ll.J/( IJ,KJ**2»)/SAtJ) 

555 T=T+T (J,K) 
S2=S (J,K)*BB(J,K) 

926 .i 
C 
C CAlCULATI C NT COSTS 
C SOLUTI (S ) • 

C 
00 704 1, 
T,UrCCT (K2) =0. 
DO 704 J=l,M 
COS1S( K2, J 'J :::;:0. 
DO 105 i=l,NACTS 

705 COSTS(K2,J} (K2,JJ+ACTSfl,Jl ST(I,J,K2) 
704 CONTINUE 

00 706 K2= 1, 
706 J=l, M 

106 TOTCCTIK2) )"'COS'TStK2,J) 
T2=0. 
00 701 1<.2=1, 

7 T +TOTCCT( 
G=T2+S2 

06950 
TRAVEL SMS 06960 

S 06910 
SMS 
S 

OVERAllSMS07010 
5M501080 
5M507090 
5M507100 
SMS01110 
SMS01120 
SMS07130 
SM501140 
SMS07150 
SMS01160 
SMS07170 
5M501180 
SMS07190 
5M501200 
SMS07210 
SMS07220 
5M507230 

I 
W 
o 
W 
I 



c 

c 
c 
c 
c 
c 

RETURN 
DE 

END 
SUBROUTINE 

, HK 

THIS SUBROUTINE IS PRI OUT l TS OF CALCULATIONS \<JITH 
EACH SOLUTION • INTERZ 
SOLUTION • 

TRI ARE PRJ ONLY FOR INITIAL AND lASMS01300 

10 
1009 
1010 

90 

COMMON ACTSIIO~lO)tEXlST{lO~lOl.AllO)tB(lOI,C{10,lO}tX(10,10) 
COMMON ESICSTI12,12,12J,CC(lO,lO), SC(lO.lO),ESTAB(lO,lO) 
COMMON f\-1,NACl'S~ NECTCM,Nl ,NlOOP.P, 
COMMON G,Sl,S2,T,T2 
COMMON DLI NK( 15,2), DX Sf« 10,101 ,eee (I a), ATTReO( 10) f PRODCC{ 10) 
COMMON PR(lO),ATI12),SA(lOJ,TRIPS{lO,lO), IIO,lOI,FTAI12.12) 
COMMON NQ,C2(lO,lO) 
C COSTSI6.10).TOTCCYI6J 
C PPU(S),APU(S),RATIOI5},RPIN(61 
F JI13flH*},/) 
FORMAT ( lOX t 2H* 'f 1 X, 10 (I 4,2X' ) 
F (4X,I2,4X,,2H* ,lO(lX.,f5.0}) 
If'( GT.IJ.AND.(NQ.EQ.3))GO TO 51 

(6, 7) 
IIII,lOX,JDESIGN lOOP' ,15,11) 

TE(6, 5) 
(1/,1 ,I COSTS - BENEFITS ($M)') 

TE(6, OS) 
\i 

3510 F 
OX, 

*1, 

(6,3510) ,S2"G 
(lOX,' 

t 

ISHMENT COSTS -
TOTAL 

SUM TOTAL COSTS -

·:·,f16.4,1, 
=' ,Fib I, 
:·,f16.41 

(6,1005) 

SMS07310 
SMS07320 
SM507330 
SMS07340 
SMS07350 
SMS07360 
SMS07370 
St.1S0'1380 
SMS07390 
SMS01 l tOO 
S,.1507410 
SMS07420 
S"~S07430 
SMS07440 
SMS07450 
SMS07460 
SMS01410 
SJ~S01480 
SMS07490 
SMS07500 

07510 
SMS01520 
SMS07530 

S01540 
SMS01550 

I 
W 
o 
...J:::::. 
I 



WRITE(6,3112} 5M501560 
3112 FORMAT{II.I0X~2H* ~lox,tCOMPONENT COSTS AND BENEFITS IN EACH ZONE 5MS07570 

it 14:\" .. , "fill # ' • SMS07580 
WRITE(6.1005) SMS01590 
WRITEt6.3713) SMS01600 

3113 FORMAT(lX~ 1 lONE NO. ',2H* ,IX, 'BENEfITS',.2X, JBtO.UNIT' ,2X,'WATER', SMS07610 
*5X,ISEWERt~3X.1STREETS·t6X,'ElECtJ 5M507620 

WRITEt6,lOOS) SMS07630 
DO 312 J=ltM SMS07640 

372 WRITE(6,3714) J,(COSTSIK2,J},K2=1,NECTCM) 5M507650 
3714 FORMAT(lX,12,6X,6flO.O) 5M507660 

WRITE(6,lOOS) SMS07670 
WRITE{6 , 371S){TOICCTlK2J ;K2=1,NECTCM) SMS07680 

3115 FORMATC2X,lTOTALS',lX,6FIO.Ot 5M507690 
WRITE(6,lOOS) SMS07700 
IF{NQ.EQ.I1GO TO 51 SMSOT710 
WRITE (6,3515) SMS07720 

3515 FORMATCII.IX,'ZONE NO. '~2H* ylOX,tALLOCATIONS OF FUTURE ACTIVITIESMS07730 
*5 TO ZONES'] SMS07740 

WRITE( 6, lOOS} Sl"'lS07750 
WRITE (6., 1009) ([, I=l.NACTS) S~lS01760 

WRITE(6~l005) 5M507770 
DO 20 J=l,M 5M507780 

.20 WRITE (6.101 O) J, IACTSII, J),I=l ,NACrS) St"1S01190 
WRITE(6,lOOS) 5M507800 

51 NQ=NQ+l SMS07810 
IFINQ.EQ.4) GO TO 450 5M507820 
RETURN $M501830 

450 CONTINUE SMS01840 
RETURN 

c DEBUG INIT,SUBCHK 
END 

SMS07850 
51'-1507860 

I 
W 
o 
(J1 
I 



c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

SUBROUTI TIM,N,INF,Hl,Nl) 
COMMON ACTS'lO,lO),EXIST(lO,lO)~A{ ),BCIO),C(lO,lOI,XIIO,lO) 

(12,12.12}.CC(lO,lO), 'lO,lOJ,ESTAB(lO,lO) 
,NECTCM,NL,NlOOP, 

,r,TZ 
,2),0.15T(10,10) CIS}, (lO),PRODC 1 

PRelO) (121,SAIIO},TRIPS( ,lOJ,8Btlo,lO),FTAC12,12) 
{IO,IO) 

COMMON 51 lOJ,JOTCCT(6) 
COMMON PPU(S), (5),RATl0(S),RPINI6) 
DIMENSION V'lOl,XSJ(lO),S(lOl~RtlO), 

*LISTV(lO)tU(lO)tXIS(lO)~DIIO)~G'10)tll (lOI,XBCIO,lO) 
I NTEGER COST ,C ,X, A,8 
INTEGER P,H,Y,T,V,XSJ,S,R,llSTV,U,XIS,D,G,lISTU 
LOGICAL XS 

THE PARAf4ET E C(I,JI- ARRAY OF 
All) - QUANTITIES AVAIL 
B(J) - QUANTITIES RED 

l, •••• M , J=l, •••• N 
S OF Atl) = Of 8(J) 

- HAS TEST +VE I WI 
ALL QUANTITIES INTEGER 

N I 

THE FLOWS * X(I.Jl * COMPUTED BY THE PRj l-Al.GORITHM 
C IN HADlEYtG. PROGRAMMING ,READI ,LONDON, 1962. 
T PROCEDURE FOl SCRIPTION GIVEN • 
MULTIPLE SOlUTI ARE lEFT OUT OF ACCOUNT. 

ARRAY - XB(I~J) - FOR ON OF CIRCLED CELLS. 
- lISTUll) - AND - lISTVtJ) - LISTS Of LABELED ROWS AND COLUMNS 

R. NOTATIONS FOllOW HADLEY. 

SMS01870 
S~1S07880 
SMS01S90 
51'4501900 
SMS01910 
S~4S07920 
SM507930 
SMS07940 
SMS01950 
S~'S07960 
SMS01910 
SMS07980 
SMS07990 
SMS08000 
SMS08010 
5M508020 
SMS08030 

100 
110 
120 

SMSOB130 
SMS08140 
SMS08150 
SMS08160 
SMS08170 
SMSOS180 

I 
W 
o 
en 
I 



C 5M508190 
00 10 1=1 t SMS08200 

10 XlS{I):::A(ll SMS08210 
DO .20 J=l, 08 

20 X SJ ( J ):: B « J ) 
DO 10 1=1,M 
H=INf 
DO 30 J=l,N 08260 
X(I~J)=O 5MS08210 
P=C(I,J) SMS08280 
IF (P.lT.H) H=P SMS08290 

30 CONTI SMS08300 
U I I )=H S 310 
DO J=l,N S 08320 
If leI I "J} ,. .H) 40 08330 
GO 8340 

40 XBIIwJ)=.TRUE~ 8350 I 

GOTO 60 SMS08360 w 
0 

50 X8(I,J)=.FALSE. 5t11508370 """"'" I 

60 CONTINUE 5M508380 
70 INUE SMS08390 

DO 120 J=l.N 08400 
5M508410 

l=l,M SMS08420 
(XBtlfJ)) 80 SMS08430 

90 $1'1508440 
80 V(J)=O S~iS08450 

GOTD 120 SMS08460 
90 O(II=CII,Jl-U(lJ Sf\1S08410 

(I,J)...;.U{ 11 S~'S08480 
IF (P.LT.HJ SMS08490 

1 C INUE SMSO 0 



V(J):H 
00 110 I=l,M 
IF (OII).EQ.H) X8{I,J)=.TRUE. 

110 CONTINUE 
120 CONTINUE 

DO 130 J=I,N 
130 LISTV{J)=O 

DO 140 1=I,M 
140 lISTU{I)=O 
150 DO 210 l=l~H 

DO 200 J:l~N 
IF (XB(I,J)} GO TO 160 
GO TO 200 

160 IF (XSJ(J).lE.XISCIJ) GO TO 110 
GO TO 180 

110 H=XSJ{J) 
XtI,J)=XSJ(JI 
GOTO 190 

·180 H=XIS(I) 
xtI~J)=XIS(I) 

190 XSJ(J)=XSJIJ)-H 
XIS{I)=XIS(I)-H 

200 CONTINUE 
210 CONTINUE 
220 ISUM=O 

00 221 J=l,N 
221 ISUM=ISUM+XSJIJ) 

IF tISUM.EQ.O) GOTO 610 
DO 230 J=ltN 
RtJJ=O 

230 stJ)=O 
H=O 

SMS08510 
SMS08520 
SMS08530 
S~4S08540 

SMS08550 
SMS08560 
$M508510 
SMS08580 
SMS08590 
SP.'S08600 
SMS08610 
SMS08620 
SMS08630 
SMS08640 
SMS08650 
51·'508660 
SMS08670 
Sr~S08680 
S~lS08690 
SMS08100 
SMS08110 
SMS08720 
SMS08730 
Sf4S08740 
SMS08150 
SMS08760 
SfJlS08770 
5M508780 
SMS08190· 
SMS08800 
SMS08810 
S1JiS08820 

I 
W 
o 
co 
I 



SMS08830 
SMS08840 
SMS08 
SMS08 
S 
Sf4!SO 0 
SMS06890 
StJlS08900 
SMS08910 
SMS08920 
SMS 0 
SMS08940 
SMS08950 
sr~SOB960 

09030 

9070 
S'<1509080 
SMS09090 
SMS09100 
SMS09110 
SMS09120 
St-1S09130 
SMS09140 

I 
W 
o 
1..0 
I 



c 

GO 340 
3 30 0 t :I ) ::: XCI, J ) 

G 350 
340 0 « I ) = S ( J ) 
350 GII)=J 

lISTUfl)=I 
+1 

360 .INUE 
3 I 
380 If CL.EQ.IJ GOlD 440 

K=l 
420 l=l,P.' 

I ISTU{l) 
lISTUfl)=O 
IF (I.EO.O). 
00 410 J=1. 
IF (XB(I,J) .RfJ}.EQ.O) 
GO TO 'tl0 

390 5{J)::;0(1) 
R(J)=1 
llSTV (t(J =J 
K=K-+l 
IF (XSJ'(J) .GT .H) GO TO 400 
GO TO 410 

400 H=XSJ(J) 
P=J 

410 CONTI 
420 CONTI 
430 GOTD 310 

C END DF lABELI PROCESS 
C 

390 

SMS09150 
SM509160 
S1'4509110 
SMS09180 
SMS09190 
SMS09200 
St.iS09210 
SMS 
SMS09230 
SIt1S09240 
SMS09250 
SMS09260 
S~1S09210 
SMS092S0 
514509290 
$M509300 

10 

SMS09310 
SMS09380 
SMS09390 

09400 
SMS09410 

09420 

S'~S09440 
514509450 
SMS09460 

I 
W 
--' 
a 
I 



440 IF fH.GT.O) GO 490 
GO 460 

460 I SUM=O 
DO '+61 J=l.N 
I SUM=: I XS·J (J) 
IF (ISUM. .01 GO TO 610 

TO 530 
490 K=? 

IF {S ( • L T .X S~J « K i) GO TO ,500 
GO TO 510 

500 H=S(K) 
520 

510 H=XSJ(K} 
520 Y=RIK) 

XlY,Kl=X(Y.K )+H 
X IS -IV)= Sf Vl-H 
XSJ(K) (K)-H 
T=G(Y) 
IF (J.EQ.2*N). 220 
X(Y,T);::X(Y,T 
X (Y)=XIS(Y)+H 
XSJ(Y XSJ (T) +H 
K=T 
GOTO 520 

5'30 H=INF 
o 1= 1 ,M 
o J=l,N 

I f ( G ( I ). N E • o. (J ) • EO,. 0 l (;'0 TO 540 
GO TO 550 

5 P=CII,J) I)~vtJ) 

IF (P.lT.H) 1i--1' 
550 INUE 

.s~lS 09410 
SMS09480 

09490 
SMS09500 
514509510 
SMS09520 
SMS09530 
S~'S09540 
514509550 
SMS09560 

09570 
SMS09,580 
SMSQ9 
SMS09600 
SMS09610 
SMS09620 

SMS09640 
sr~S09650 
SMS09660 
SMS09610 
SMS09680 
SMS09690 

09700 
SMS09110 
5M509720 
St4S09130 
SMS09140 
SMS09150 

09160 
S 09770 
51'1509180 

I 
W ...... ...... 



CONTINUE 
570 1=1. 

IF (G(IJ.NE.O] U(l'=U(I)+H 
5 CONTI 

DO 580 J:l,N 
IF (RlJ). .OJ V(J)~VIJ 

580 CONTINUE 
DO 600 I=l.M 
00 590 J=l,N 
IFtCtI,Jl.NE.U(I)+V{J)1 TO 590 
XfH I, J)=. • 

590 CONTI 
600 CONTINUE 

GO TO 220 
610 COST=O 

DO 620 1=1. M 
620 COST=COST+AtIJ*utI) 

00 630 1,N 
630 IJ)*VCJJ 

RETURN 
C INIT,SU8CHK 

END 

SMS09790 
SMS09800 
S 810 
S 09820 
SMS09830 
SMS09840 
SMS09850 
SMS09860 
5MS09810 
SMS09880 
SMS09890 
SMS09900 
514509910 
SMS09920 
SMS09930 
SMS09940 
Sl-'1,50995 0 
SMS09960 
SMS09910 
SMS09980 
SMS09990 
SMSIOOOO 

I 
W ....... 
N 
I 



Appendix H - Goal Programming Module - Program Listing 
**** *' * * *' '* * "* ** * * f'10DULE 4 * * * ** * * * * * * * * * * * 
* * GOAL PROGRAMMING 
* 
* SIMPLE INTEGRATED MODULAR WATERSHED PLANNING MODEL 

* 
* 

'* 
* 

'JHE GOAL PROGRAliU4Ii;,}G r-iOOULE PROVIDES FOR AN EXPLICIT 
l'REP.T!~ENl' OF TRADEOFf DEC ISIONS INVOLVED IN THE ALLOCATION 
OF BUDGElARY RESOURCES. IHE OUTPUT OF THIS MODULE IS A 
DESCRIPTION OF THE EXTENT TO WHICH PARTICULAR GOALS ARE 
ACHIEVE()GI~IfEN A PREDEIERt4INED SeT OF PRIORITIES AND 
BUDGETARY CONSTRAINTS. 

**** * * * * * * * * * * * • * * * * * * * * * • * * * * * * * * * * * DIMENSION KEPT(140) 
DIMENSION RHS(140) 

ION VALY( 140, 10) 
DIMENSION RHSl( 140) 
OIf4ENS ION Y ( 14'0,) f PROT ( 140) 
DIMENSION AMT(140) 
DIMENSION ZVAlCIO} 
DIMENSION C(140,140) 
DIMENSION DOD(140),OUI)( 140) 
Dlt4ENS ION VALX (10,140) 
DIMENSION X (140) 
DlfJiENS ION RVLX C 10 ~ 140) 
DIlvtENS ION D (140.14,0) 

C GOAL PRfJGRAfilMING 
CALL START(N,M,l,C,VAlX,VALY,PRDT,RHSl,KPCK,KEPT,TEST} 
DO 21 J=l"M 

GP 00010 
Gil' 00020 
GP 00030 
GP 00040 
GP 00050 
Sf.> 00060' 
GP 00070 
GP 00080 
GP 00090 
GP 00100 
SF 00110 
GP 00120 
GP 00130 
Gf 00140 
G? 001.50 
GP 00160 I 

GP 00170 
w 
---I 

(;P 00180 
w 
I 

GP 001.90 
GP '00200 
GP 00,210 
GP 00220 
GP 00230 
GP 00240 
GP 00250 
GP 00260 
GP 00270 
GP 00280 
GP 00290 
GP 00300 
GP 00310 
Gf' 00320 



c 

C 

XlJ)=J 

Y(I)=I 
( 

FORMAT ( 

,N 

13 ( 

00 1=1 
VALY (I.K}=VALXIK,Il 

31 
K3=L-'l 
IF(K3-1) 800t 

) *c. ( I.J ) 

50 
RVlX(K.J)=SUMP-VALX(K,J) 

60 
TER+l 

C BR IN XCK2) 
ZMAX=O. 
00 
IF(K3-l) , t 

K4=K3+1 

E ( (K.J)) 



00 91 K:::.1( i t..,L 
IF(RVlXtK,J)} 90,91,91 

91 CONTINUE 
10 IF(RVLX(K3.JJ-ZMAX) 90,90,80 
80 ZMAX=RVLXCK3,J) 

K2.=J 
90 CONTINUE: 
95 IF(ZMAX) 790,790,100 

C WHICH VARIABLE IS REMOVED FROM THE BASIS 
C CALCULATE LIMITING AMT FOR EACH BASIS VARIABLE 

100 DO 150 I=l,N 
IF(PRDTtI)) 110,120,120 

110 WRITE(6,13) PRDTtI) 
GO TO 830 

120 IF(CCI,K2») 130,130,140 
130 A~1T (I) =-1 .. 

GO TO 150 
140 AMT(I)=PRDTCI)/CII,K2) 
150 CONTINUE 

C SELECT SMALLEST POSITIVE LIMITING AMT 
1:1 

160 IF(AMT(I») 170,210,210 
170 J:=Ii'l. 

IF { I-N} 160,160,180 
180 WRITE(6,13) AMlIN) 

GO 10 830 
210 ZJJt IN:::.tH41 (I) 

Kl=I 
220 1=1+1 

IF (I'-N) 230,2.30,300 
230 IF(AMYlI») 220,240,240 
240 IF(lMIN-Af"lT(I) 220,220,2:10 

GP 00650 
GP 00660 
GP 00610 
GP 00680 
GP 00690 
GP 00700 
GP 00710 
GP 00120 
GP 00730 
GP 00740 
GP 00750 
GP 00760 
GP 00770 
G.p 00780 
SP 007'90 
GP 00600 I 

GP 00810 w 
-.I 

G,P 00820 01 
I 

GP 00830 
GP 00840 
GP 00850 
GP 00860 
GP 00810 
GP 00880 
GP 00890 
GP 00900 
GP 00910 
GP 00920 
GP 00930 
GP 00940 
GP 00950 
GP 00960 



C REMOVE ytKl) 

c 

c 

c 

c 

300 Y (K IJ =X(K2) 
[JO 31 K=l"l 
VALY( 1 J=VALX(K ) 

PRD T t K 1):: 2M IN 
CA NEW 
DO J=ltM 
DO 500 1 

SIDES 

(I, ) 

(I,J)=C(I,J.)-C(Kl,JJ*{C(I,K2)/C( ,K2)) 

600 

610 

510 J=l.M 
D{Kl,JJ (Kl,J) 'Kif ) 

1=1 
C(I.J)=D(I,J) 

lAst 
J 40,40 

TABLE 
1=1 

(6, ) Y(I), 

JUST 

(I) 

TABLE 

GP 

·GP 
Sf> 
GP 

GP 

00980 

01000 
() 

01050 
01060 
01070 

GP 011 
GP 011 

01120 
130 

011 
GP 01 
GP 

GP 
GP 012.30 
GP 01240 

I 
W 

0"1 
I 



c 

c 

c 

1 5 
14 

801 

810 

811 

8 

5 
8 

8 

HOVE 
Ll=Ll+l 

K=l,l 
ZVAL(KJ=O. 

,N 

IV LEVEL 

ONS ••••••••••••• ·, ) 

ION' ,'PAGE'} 

SIDE') 

(I) 

I' ) 

,M) 

IX' ) 

(K,Jl, J=l,M) 

f J+PRDTII) (I.K) 
HUE 

WRITEC6, ) GP 



5 

89 
1 

( . t.:: Of 
'tL 

.1.CH 

u< } 

(R 1. rrUJ J f 

l("u,vn~ 

OBJ , ) 

,L,KPCK,y,N, tT } 

,C,VAlX, 

GP 
GP 
GP 

01610 
01620 
01630 

0161Q 
GP 01680 

01690 
GP 0 

1,KPCK, TGP 

C THE IA.KE 01730 
C IF! A SERI 01740 
C •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

1 
','NEG '/ 

II' 
/'B" 

,G,L/aE',·G','Lt/ 
( ) 

J 
(10, 
tlO, 

GP 01760 
GP 
GP 

GP 

GP 

GP 

I 
W 
--' 
00 
I 



r .... 
c 
c 
c 
c 

It ) 

ER 

GP 

GP 

GP 

• , AND GP 
c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• GP 

c 
c 
c 
c 
c 
c 
c 
c 

,~ .. ROWS ,NVAR .NPRT 

.0) GO TO 1020 
.lE.O) TO 1020 
.lE.O) GO TO 1020 

l'~nH·'1,"H ..... NE .PRCYrl. }GO TO 

fOR 
E 
t. 
G 

FOR EACH 

GP 
GP 

Gf' 

c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• GP 

c 
c 

c 

11 
.vft~~(IJ7I, » 

SLACK VARIABLES 
c ••••••••.•••.•.•••••••••••••••••••••••••••••••••••••••••••••••••••••••• GP 

NFlDS:;;;O 
DO 12 I 

30 
GP 02240 

I 
W 

\.0 
I 



c 
c 
c 

If( 
IF ( 

I SIZE 

1 
1 

C •••••••• fi ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

r 
t,.. 

C 
C 
C 

I lE::cNf 
( 1 

ALL 

GP 
GP' 
GP 

023 
GP 02320 

GP 
GP 
GP 

c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• GP 

c 
c 
c 
c 

1 
DO 16 J==l I 
DO l6 1==1 

(1)=0 
IF (I. 

CK.J)=Q 
VALX(K,J) .0 
IFtI. .J) GO 

99 elI.J) .0 
Lye I )=0.0 
( .JJ C(I,J)=O.O 

16 

OF 

02380 

E 



c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• GP 

c 
c 
c 

14 

15 

1·· :;;;~ , "~ 

13 
IF( 
IFt 
F{ 

1Ft 

.0 

'tNRDWS 
(1). 
(I). 

SCI}. 
S'.I). 

.0 

C (I ,J) :-1.0 
KEPTtI)=J 
J=l 

J=~~ 
C (I ~J) 

(I)=J 

REA 

) 

15 

c •.••••••••••.••••••.•••••••••••••.••.•••••.•••••••••••••••...•••••••••. GP 
( 

r" 
!) 1) GP 

02510 

02590 

1=0 GP 02 



c 
c 

21 

IO 27 
26 J=I 

VAlX{K 

IF eKE (I). .0) 
VAlX{KfJ)=TEMP 

IF{ 
20 

1926,2Q 

920 

30 

1024 

GO 

1026 

6 

C IX It.: GP 03110 
c ••••••••••••••••••••••••••••••••••••••••••.•••••••••••••••••••••••••••• GP 

c 

30 (Sy21i .,I,J 03130 
GP 
GP 
GP 
GP 
GP 03180 

TO 30 03190 



c 
c D THE RIGHT 

GP 032 
GP 

c •••••••••••••••.••••••••••••••••••••••.•••••••••••••••••••••••••••••••• GP 

r .... 
c 
c 

(5,44) tRHS(I) t I ) GP 
(8 .0) GP 

GP 
GP 
GP 

c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• GP 
(0,5015) 

5015 (55X.' 
1=;1 

1Ft (I») t 43 
(I )=.00001 
l(I;=RHS(I) 

WRI t6,l )1 
1 ( 

) 

SIOE-I Itt' PAGE 01 t ) 

) 

5016 ITUT" ION t, lBX, I 02' ) 

2 
11 
1113 

5011' 

',1:5) 
){C(I .. J),J=l, 

i 

OBJ 

} 

t ,.19X, I 03 1 ) 

GP 

GP 
GP 

P 
p 

10 

03380 

O~~ 

0 
0 

03510 
03520 

I 
~ 
~ 
~ 
I 



215 
1 

2 

1 

s 

1 1 

1 

'lOX"Nung~ 
* ..•. t ,.,/,1 
21 ES ••••••• ',IS) 
IF( T.GT.OJ 
R 

999 
WRI ( 

( , 

GO TO 999 

1 

AN 

~5~ 
I ) GP 

GP 03560 

I .,19X.' ,. I) 
GP 
GP 

OF 

PRIORITY 

"I., • ER OF VAR 10 

OEF 

PR 

I -(t 
... l 

,,/ ., lOX t 'M ... liJ .... U. 

GP 
GP 
GP 

THAN t "GltGP 

t ) 

s 

GP 

E\iooG~-.~r 

GP 
GP 
GP 

T .... -,"',,·· ... 

03790 

I 
W 
"> 
..j::::. 
I 



1'" 
\.. 

C 

I ) 

GO 
1 WRITE« J 

{ t 

~9 

1026 (6,1 

1. 
1025 

926 

941 

999 

( . 
ITIONt) 

ABLES E 

IS MADE 

S • )GP 
GP 
GP 

03860 
03870 

lIVE AGP 039 
03920 
03930 
03940 

PR TV 0 PH.WH,H:: OF PR 

flit I HI Of) 

J I S 

( 1, , l T .. ,Y', 

It l40) t «140,1 ) 

, ,TEST) 

.. 

GP 03960 
;GP 
GP 

l)GP 
GP 
GP 

GP 
GP 

GP 
GP 

03990 
04000 

04050 
04060 

041 
04120 
04130 

I 
W 
N 
0"1 
I 



c 
C 
G 
c 
c 
c 
c 

r 
\.,. 

c 

21 
1 
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