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COMMUN/BLKG/REFE(3Z,431)

ROC0Z2890

DIMENSION QU531 sCUS) 4SEL{242)9S1{5:2)REILZ) yREZ(Z2)sAL{5:5) +A(361,RROC0Z900

11(513RZ(5)yRC36) yRUIS)AE(S)

OVERLAND FLOW MODEL

ST=STARTING TIME

MAP=1 FOR A STRIP NOT CONTAINING A FLOOD-DETENTION STRUCTURE
MAP=2 FOR A STRIP CONTAINING A FLOUD-DETENTION STRUCTURE
AO=INITIAL CROSS SECTIONAL AREA

QO=INITIAL FLOW

SL=LENGTH OF A STRIP

TTWD=TUTAL SUM OF WIDTHS OF STRUCTURE DRAINAGE AREAS
QST=TOTAL FLOW RELEASED FROM ALL STRUCTURES IN AN ELEMENT
TAVE=AVERAGE WIDTH OF AN ELEMENT

AE=AREA OF ELEMENT

TWD=WIDTH OF A STRUCTURE DRAINAGE AREA

VOL=CALCULATED STORAGE IN A RESERVUIR

AAD=CALCULATED AREA OF FLOW INTO THE RESERVOIRS
QD=CALCULATED FLOW INTO THE RESERVOIRS

MPTS=NUMBER OF POINTS DEFINING STORAGE AND FLOW FROM STRUCTURE
F=FLOW FROM STRUCTURE DEFINED

STO=STORAGE IN RESERVOIR DEFINED

RI=RAINFALL EXCESS IN INCHES/HOUR

VK=VELOCITY OF FLOW

FR=FROUDE NUMBER

WK=KINEMATIC WAVE NUMBER

RQ=RAINFALL EXCESS IN CFS/ONE FOOT LENGTH

AA=CALCULATED CRUSS SECTIONAL AREA

Q=CALCULATED FLOW

QU=0VERLAND FLOW OUTPUT IN CFS/FT

RH=HYDRAULIC RADIUS

QOUT=OVERLAND FLOW INTO CHANNEL

ST=0.0

ROCO0Z910
ROCG2920
ROCO2930
RUOL0O2%40
ROCO2950
ROCOZ960
ROCUZT
ROCG298G
ROCO2990
RGC 03000
ROCO301G
ROCU3G20
RGCO3030
ROCT3040C
ROCO3050
RACO3060
ROCO3070
ROCO3080
ROCO3G90
ROCO3100
ROCO3L10
ROCO3120
ROCO3130
ROCG3140
ROCG2150
ROCG3160
ROCO3170
ROCO31680
ROCO3190
ROCO3200
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36 CONTINUE

MAP=1 ROCO3Z10
HARN=1 ROCO3220
NE=NES (K]} ROC03230
AN=NNS (K} ROC03240
DO 100 I=1.NN ROC0O3250
AQLI)=0.0 ROCO32460
QUIT) =00 ROCOB270
100 CONTINUE ROCO3280
WRITE(&420) ROCO3290
20 FORMAT{//726XYSTRIP NUMBERY} ROCO3300
HRITE(E425IK ROCO3310
25 FORMAT(2BX,15} ROCG3320
WRITE(GL30) ROCG33320
30 FURMATU/4Xy "ELEMENT NUY 5K, YLENGTHY 95X "AVG . WIDTHY 35X YSLUPLE® o+ 5XsROCU3340
LYMANNINGS N} ROCO3350
SL=0.0 ROCO33260
TTWO=0.0 ROCOU3370
WET=00 ROCO3380
00 32 I=1eNE ROC0O3390
SL=SL+XL{T} ROCO3400
32 CONTINUE ROCO3410
DO 45 I=1NE ROCO3420
TAVE(I =TI} +T{I+1 3} /2.0 ROCO3430
WRITE(G2Z5 L4 XLUI Y TAVELL} +SOLTT4RN(I) ROCO3440
35 FURMAT(ILIO096XsF10e0 430 sF 10092 XsF10393X,F 103} ROCOG3450
AECLII=TAVECL}*XL{L} ROCO3460
IF(KODE(TI ) «NELZIGD TO 45 ROCO3470
MAP=Z ROCO2480
DO 36 L=14HD ROCG3490
TWOLY=AR(L,L /50 ROCO3500
TTWO=TTWO+THD L) ROCO2510

ROCG3520
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dpdy
46

a7
48
&9

1060

5 CONTINUE

IF{MAP JNEL2 60 TO 1000
DO 46 L=1eND

VOLIL) =00
AADLL Y =040
GDIL)=0.0
READ(S 444 INPTS (L)
FORMAT(IS}
CONTINUE

20 4% L=1.KD
MPTS=NPTS{L)

DU 4B J=2.MPTS
READ(S ¢4 TIFIL s J o STUOLL o}
FORMATI(ZFI0.0]
CONTINUE

CONTINUE

RND=0 0

SOD=0.0

TAVED=G.0

OO 52 I=1.KE
RND=RND+RN{1}
SUD=S0D+50(1)
TAVED=TAVED+TAVEL L)
CONRTIRUE
RN{1)}=KND/NE

ST =50D/NE
TAVELL I=TAVED/NE
TAVE(L )=TAVELL)-TTWD
AL{ii=50L

MNE=NES {K)
JESTA2600.0+1
L=NSEL #NE

ROCO3530
ROCG3540
ROCO3550
ROCO3560
ROCG3570
ROCO3580
ROCO3590
ROCO3600
ROCO3610
ROCO3620
ROCG3630
ROCOZ640
ROCO3650

ROCO3660

ROCO367G
ROCO3680
ROCO3690
RGCO3700
ROCO3710
ROCO3720
ROCO3730
ROCO3T40
RGCO3750
ROCO3760
ROCO3TTO
ROCO3780
ROCO3T90
ROCU380T
ROCO3810
rROCO3820
RUOCO3830
RUCO3840
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90
'

2000

iGs

IF(MAP EQ 2 INE=L
IFIREFE(L s J«EQ.TL0360 TO 2000
GMAX=REFE(Ly JIFSL/43200.0

HK= {GMAKRRN(NE ) /(1. 49% {SOINE)} 1R%0 .53} ) ¥k0.0

VK =UMAX/HK
FR=EVK/SGRTIGHHK]
WR=SO(NEYFSLFC/VKFSZ .U}
IFIFRGT LB 160 TO &0
IFlWK«LT100)360 TO 60
G0 ¥O 95

WRITE(G62 70}

FURMAT (/5 o YTIMEY o3X s *FRUOUDE NUMBER® 25X *KINEMATIC WAVE NUMBER®)

WARN=Z
WRITE(6530)SToFRy WK
FORMAT(F10.053XsF10.3913X,F10.2)
NE=NES (K)

DO 105 I=1.NE

J=ST/3600.0+1

L=NSEL+I
RG(I)=(REFE(LJ)/43200.0)¥TAVE(L)
CONTINUE

IF (MAP JNE.2)60 1O 115

L=NSEL+NE
RQUII=(REFE (L33} /43200.0)%TAVE (1)
NE=1

NN=Z

GO TO 115

W DO 110 I=1sNN

Qifimséﬁ
CONTINUE

ROCO38350
ROCO3860
ROCO3870
ROCO3880
ROCG3890
ROCO3900
ROCO3910
ROCU3920
ROCO3930
ROCO3940
ROCG3950
ROCO3960
ROCO3970
ROCO3980
ROCG3990
ROCO4000
ROCO4010
ROCO&4020
ROCO4030
ROCU4040
ROCO4&050
ROCO4060
ROCO40T70
ROCO4080
ROCO4090
ROCO4L00D
ROCO4L1 10
ROCO4120
ROCO4130
ROCO4140
ROCO&150
ROCO4160
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5 DU 120 I=I14NN

Rifi}:ﬁ'§
RZUI)=0.0

O CONTINUE

DO 125 I=1,NN
DO 125 J=1,2
SI1(1,31=0.0

- CONTINUE

SEI{151)}=2.0/3.0
SEI{ls2)=1.0/3.0
S§i£§¥§}x£§1{§;22
SEL(Z242)=5E1(141)

M=0

M=pM+3
REI(LI={QU{M+ 1) ~QUIMIIA{XL{M) )
REL(ZI=RELI{L}
REZ2{1)=RaiM)
REZ(Z)=REZ(L)}
RI(M)=RL{MI+REL(L)
RI(M+LI=RI(M+II+RELI(Z}
RZ(MI=RI(MI+REZ(L)

R2(M+ L J=RZIM+LI+REZ(2]
SE(MeL)=51 (M1 14+5E8{1,1)
S1{MeZ 1m0 MeZ)+5E1(1:21}
SIC(H+L ¢1)=30 (M1 L) #5EL{2+2)
IF{MLTNEIGD TO 130

DO 140 I=leNN
AL(TI,I}=81(1+1)

J=I+l

IF(JLGTNNICO TO 145

Al {LsdI=S1{1,2)
ALCJe I =R}

ROCO4170
ROCG4180
ROCG&419C
ROCG4ZT0
ROCO42 10
ROCO4220
ROCO42 30
ROCG4240
ROCO4250
ROCG4Z260
ROCO4270
ROCO42E80
ROCO4290
RGC04300
ROCG43 10
ROCG4320
ROCO4330
ROCO4340
ROCG4350
ROCU43 60
ROCG43T0
ROCO4380
ROCO4390
ROCO4400
ROCO4410
ROCO4420
ROCO4430
RUCO4440
ROCO4450
ROCG4460
ROCO447T0
ROCG4480
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135
140
145

ot
47
)

st
o
W

160

165

RK=J+1

IF{AKLCTLRNIGD TO 140
DO 135 L=NK,NN
AL{I+L}=0.0

gg‘h’l 1=0.0

CONTINUE
CONTINUE
ST=8T+D7

RO 158 I=ieNN

SUM=0.0

D0 150 J=14NN
CUII=ALIL,J) A0S} /DT
SUM=SUM+C ()

) CONTINUE
RC(I)=SUM#RZ(II-RI(I)
5 CONTINUE

LL=0
LC=0

DU 165 I=1+NN

LL=LL+]
LB=z

IF{ LeECetelRe IEGJNNILE=T )

LESLL+LB

LC=LL+1

A(LCI=AL{I+d)

CONTINUE

CONTINUE

CALL GELB{RCsAsNRs1slsleB5,.0E~7+1IER)
DU 170 I=LeNR
AALLI=RO(II*ODT

ROC 04490
ROC 04500
ROCO4510
ROCO45 20
ROCO4530
ROCO4540
ROCO4550
ROCO4560
ROCO45 TG
ROCO4580
ROCO4550
ROCO46 00
ROCO4610
ROC04620
ROCO4630
ROC04640
ROCO4650
RGCO4660
ROCO4670
ROCO4680
ROCO46$0
ROCO4TCO
ROCO4TLIO
ROCO4720
ROCO4730
ROCO4T40
ROCO4750
ROCO4760
ROCO4TTO
ROCO4T80
ROCT4TIO
ROC 04800
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170

irz

4000
5000
6000

CONTINUE

DO 175 I=l4NE

Q11=0.0

GR{LI=0.0
TF(AA{TI+1 ) LTG0 Q{I4+1)=0.0
IF(AATI+1) LT 0060 TU 5
RH(I+LI=Aal{ 1+ 13/T{1+1}
GlI+il={i. @?$&wﬁ¥€3uti}i*&ﬁ(i*i)#*6~a?}f&wii}*ﬁﬁtf*ii
QU{I+LI=QUI+L)/T{I+1}

IF{MAP JHELZIG0 TC L

CHLL STRUCT L DT sND ST Jd T+ NDT QST SLeNE)

CONTINUE

IT=5T/0T+0.5

JT=IT

GUOUTIK o JT e NI =QOINBI+{OST/TIRNY}
00 180 I=1¢KN

AOCTI=AALLY

GUELI=Q{L}

CONTINUE

TI=51/3600.0

NI=T1

IF({RI.CELHNHIGO TO 5000
TF{NI-TI V40004 100044000
TF{ST-T5) 2000500045000
IF{ST=FT 3000460006000
NSEL=NSEL+NE

RETURN
END

SUBROUTINE

COMMON/BLKL/XL(5) ySO(5) 4RNIS5) s TAVE(S) ,NES(10)

GSTeSLeNE)

ROCU4610
ROCO4820
ROCO4820
ROCO4840
ROCO485C
ROCO4860
ROCO4870
ROCO4AB80
ROCO4890
ROC 049060
ROCO4910
RGCO4920
ROCO4930
ROCO4940
ROCO4950
ROCO4960
ROCO49TC
ROCO4980
ROCC4%90
RGCO5000
ROLCGSGLIO
ROCG5020
ROCOS5030
ROCO5040
ROCO5050
ROCO3060
ROCO5070
ROCUB080
ROCOUS090
ROCG51006

COMMON/BLKS/RI(S) sAAD(O) 4 QD{6) s TWU(E) 2 VOLU L) s NPTS(6 1 9STU(S+20) o FLEROCU51LD

is20}

ROCO5128
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43

50

Fan

6O
70

OIMENSION QS(6]) ROCO5130
GS=CALCULATED FLOW FROM DAM ROCUB140
DO 18 L=L4ND ROCO5150
AADALI=AADILI~(DT*{QDILI/ZSL)~(IRI(1) /743200. 0% TWD(LI 1 } ) ROCGE160
QOULI={149%SURTESULI Y R {{AADILIZTHO{L ) )R G &7} JZRN(L Y AADIL) ROCOSLITO
VOLIL Y =VOLIL}+(GD L I*DT) ROCO5180
CONTINUE ROCOS190
DO 5O L=14ND ROCO5200
MPTS=NFTSIL) ROCOS5210
00 20 J=Z2MPTS ROCO5220
FLsll=00 ROCO5230
STO{L,13=0.0 ROCO5240
IF(VOLALI-STO(L$J 114043020 /OCO5250
CONTINUE ROCOS260
GSILI=FlLsJd) ROCO5270
GO TU 50 ROCO5280
GOLI=FlL s ) ~(F (L yd i~F{LoJd=11 PE(STOLL»J)}-VOLLI) /(STOULL , J)-STOI L, JROCOB290
1~1}} ROCOS5300
CONTINUE ROCOB310
ST=0e0 ROCO5320
00 60 L=1.,ND ROCO5330
VOLIL I =VOLILI-(QS {L}*DT) ROCUB3240
SST=R5T+03(L} ROCO5350
CONTIRUE ROCO5360
RETURN ROCO5370
END ROCO5280
SUBROUTINE CHANLINSDT,G) ROCO53%0
COMMON/ZBLRKLI/ZXLA(E) «SOUE) +RN(S )+ TAVE(S) NES( 10} ROCU5400
COMMON/BLKZ/RHIG) s TLO sALLG I yAA(C] 2 R0 (6 ) 400( 6T o NNS(10]) ROCOB410
COMMON/BLRG/QUUTULO,T20 3580 (72043) ROCO542¢

UIMENSION QUo)slUB)+SEL(24219S1(642)14RET(ZYZREZ(2)9A1L(646)9A(36) 4RROCO5430

IL(GTsREZ(ETSREISB0) sBIIS ) 9B2(6) 1 B3LH) 2HWIL 6y W2L6) 9y WI (6] 4RUS)

ROCOS440
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CHANNEL FLOW MODEL

ST=5TARTING TIME

TCS=TI®L OF CALCULATION

CL=LERGTH OF CHANKEL

NE=NG OF ELEMENTS

MN=ND OF RODES

RL=LENGTH OF ELEMENT

S=SL0FE OF ELEMENT

EN=MANNKINGS N FOR CHANNEL

KPTS=N0 OF PUOINTS DEFINING CHARRKEL CROSS SECTION
B=AREA OF CHAKNNEL CROSS SECTION UDEFINED
W=TORF WIDTH OF CHANNEL CRUOSS SECTION DEFINED
AU=INITIAL AREA

GU=IRITIAL FLOW

EO=INPUT TO CHAKNNEL FROM OVERLAND FLOW
AL=CALCULATED AREA

RH=HYDRAULIC RADIUS

G=CALCULATED FLOW

GL=FLUH AT THE CONFLUEBNCE OF THE CHANKELS
ET=0.0

WRITE(Ge LU}

FUORMATIA/Z/LE5K o *CHARRKREL NUMBER®)
HWRITE(G&4L5IN

FORMAT{L8X 415}

READIB30ITCS s Lo NE $ NN

FORMATIZFI0 LU 4215}

READ(B,50145

; FORMAT (I5)

WRITE(6960}

FORMAT(/4X s "ELEMENT NO 35X *LENGTHY 52 *SLUPEY ¢ 5Xy *MANNINGS NY)

DO 90 K=14NE
READ{S yTOIKLIKY »SOK I oRN(K ]

ROCO5450
ROCGE5460
ROCOB470
ROCO54860
ROCO5490
ROCOS500
ROCOS510

ROCOB520

ROCO5530
RUCO55 40
ROCO5550
ROCOB560
ROCO55T0
ROCO5580
ROCO5590
ROCO5600
ROCO5610
ROCG5620
ROCO5630
ROLCO5640
ROCO5650
RUCO5660
ROCUS67T0
ROC05680
ROL05690
ROCGSTO0
ROCOET1C
ROCOB720
ROCO5T30
ROCO5740
ROCOBTS0
ROCO5T60
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FORMATIFIO00sFLUa54F10.4%)

WRITE( G280 Ky XLIK ) ¢ SOTK I 4RNIK])
FORMAT{ILO0XyFLlUeUsFLU. 243X F L0 3)
CONTINUE

WRITE(&,85)

G5 FURMATI(//TXsYTINEY o 16X YOISCHARGEY)

DO 95 I=Z,NN

READ(S 93 IBIUI)sWIMTI 82T W2UT),B2(1),W3(1)

FORMAT(6FL02)

» CONTINUE

00 100 I=1eNN
AG(1)=0.0
CONTINUE
ST=3T+0D7

IT=ST/DT+0.5
JT=1T
LS=JS/2

GO 105 I=1sLS
REUIF=QUUT{Z2%I~1 o JT+NI+QUUTIZ%®L,dT 4N}

3% CONTINUE

DO 120G I=14NN
RI(II=0.0
RZ(1)=0.0

20 CONTINUE

DO 125 I=l.NN

DU 125 J=1¢2
El{i;jfxﬁtﬁ
CONTINUE
SEL{L.1=Z.0/3.0
SEL(152)=1.0/340
SEI(Z,1}=8E1{1+2}

ROCO5770
ROCOS5780
ROCOSTSC
ROCOS800
ROCGS5810
ROCO5820
ROCOS58 36
ROCO5840
ROCOS850
ROCO5860
ROCOS870
ROCO5880
ROCO5890
ROCO5900
ROCGS9LO
ROCO5920
ROCO5930
ROCOS940
ROCO5950
ROCO5960
ROCO5970
ROCG5980
ROCG5990
ROCO6GGO
ROCGE010
ROCO6G20
ROC06030
ROCO6040
ROCO6050
ROCU6060
ROCO4GTO
ROCO6060
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SEL(Z2,2)=3EL(1,1)
M={

0 M=M+1

REI(EI={QU(H+11-Q0IMIIA{XLIKY)
REL(ZI=REL{1}
REZ{1y=Ra(#)
REZ{2I=REZ(1)
RI(M)=R1I{M}I+REI(L}
RI(M+II=RI(M+LI+RETI(Z)
Rz{Mi=Rz(MI+REZ{L}

RZ{M+ L )=RIIM+LI+REZ{Z)
S1iMy11=01{Ma145E1{1,1)
S1{ M2 =81 (My2)+8F {142}
SItH+L L1 =81{M+14 1} +S5E1 {22}
IFIMaLTSNEIGD TO 130

30 140 I=1sHN
AL{Is1)=5201Is1)

J=I+1

IF{JGTNRIGOD TO 145
AL{Isd)=581{1,2)
ALfdr T )=A1{T4d}

Nik=J+1

IF{NKLGTNNIGD TO 140
DO 135 L=NK NN

AL{TI+L =00

CONTINUE

CONTIRNUE

DO 185 I=lgNN

SUM=0.0

DO 150 J=i.NN
C{JI=a {1+ 33%A0UJIA0T

ROCO6090
ROCO6100
ROCU611L0
ROCO&6120
ROCO6130
ROCO6140
ROCO6L50
ROCG6LED
ROCO61TD
RGOCO6180
ROCO61%0
ROCGE2Z G0
ROCO&210
ROCOe220
RUCG6220
ROCO6240
ROCO6250
ROCO&2460
ROCO627T0C
ROCO6280
ROCO62%90

ROCO6300

ROCO6310
ROC06320
ROCO6330
ROCO6340
ROCO6350
ROCO63 60
ROCC63TO
ROCO6380
ROCO6390
ROCOH400
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150

155

ot
o
&

165

174G

200
260
281
252

SUM=SUM+C({J)

CONTINUE

RC{1)=SUM+RZ (I)-R1(I}
CONTINUE

Li=0

LC=0

DO 165 I=1,NN
Li=LL+1

LB=2
IF(EoEQe 1aORe ToEQ.NN)LE=L
LE=LL+LE

DO 160 J=LLsLE
LC=LC+1
A(LC)=ALLTsd)
CONTINUE
IF(1.EQe1)LL=0
CONTINUE

CALL Qﬁig{gﬁfgtﬁﬁ¥lsigiyﬁ.ﬁﬁ”?}lﬁﬁ}
DO 170 I=1.8KR

AALEI=RCLLIRDT

CONTINUE

DO 270 I=2,NN
IF(AALT) LT 001 )}=0.0
IF{AALT} LT 0.0)C0 TU 270
IF(AA(II-BI(TI})2409240,250
TLIb=wi i xlAALEIZ81(1))

GO TU 260
IFLAACTI-BZLI)12514251+4252
TORI=WIlii 2. 0% {LAALT BT A W2{E))
GO 10 260

ROCCH410
ROCO&420
ROCG6430
RUOC06440
ROCOE450
ROCO6460
ROCOH4TG
ROCO&480
ROCCE490
ROCO65006
ROCO6510
ROCQE520
ROCO6530
ROCO06540
ROCG6550
ROCO6560
RUOCO65 TG
ROCO0&580
ROCO6590
ROCO6600
RGCCHSH LU
ROCO&620
ROCO&630
ROCO6640
ROCO6650
ROCU6L60
ROCOGHTY
ROCO66B0
ROC 06690
ROCUGTOC

FOL =Wl i+Z . 0% UB2(1I-BR(I /W (D) I+ (U3 (T )~ W2 (T) )R (AA(L)}-B2(1 )} IR0CO6TIC

/{B3{I)-B2L(1}}

ROCO6T20
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IFUTUI ) eEQeCLO0YG {1 =060

IFITUI) eEQ QUG TO 270

RH{IY=&A{1}/T{1}

G L I={ 1 SOFSORTISO(I-1) FRETIREQ LTI /RN{ I -1 %AA (1}
CONTINUE

G{LI=0.0

IF(REQIIGU{ L) =00 {JT 1} +QCEIT, 2}

QC T NI=LINNT

TI=S8T/18G0.0

KI=TI

IF{NI-TII310,42904310

WRITE(H+IDOUIETLO(NNY

WRITE{GeSOUISTOtNNY »0{2)40(3) +0(4)0(5B]}
WRITE( G BC0ISTUINN s DOUT(L s JT o 31 QUUT( 29373}
FORMATIZX s F 100y 13X 4F10.210

O FORMAT(2XsF10.0s13XyF104254F10.2)
G FORMAT(ZX9F10.0513XsF10.252F1044)

DO 320 I=1¢NN
AG(I)=AA(I)
QO(I)=0L1)

) CONTINUE

IF(ST-TCSI1000,2000,1000

; RETURN

END
SUBROUTINE GELB(R gAsMsNsMUD yMLD yEPS,IER)
DIMENSION R{36),4(36)

TEST ON WRONG INPUT PARAMETERS

IF{MLD)4T 11

IF(MUD)}4T 2242

MC=1+MLO+MUD

TE(MC+1~M~M 1333447

PREPARE INTEGER PARAMETERS

ROCO6T20
ROCO6T40
ROCO6T50
ROCO6TE0
ROCOETTO
ROCO6TEO
ROCU6TIO
ROCO68C0C
ROCO&B10
ROCO6820
ROCO&830
ROCO6840
ROCO&850
ROC0O6860
ROCO&8T0
ROCOGEEO
ROCG&6ET0
ROCG&900
ROCOE91C
ROCG6920
ROCO6930
ROCO6940
ROCO6950
ROCO&6960
ROCO6970
ROCO69EC
ROCO6990
ROCOTOCO
ROCOTGIQ
ROCOTOZO
ROCOTO30
ROCOTO40
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5

MC=NUMBER OF COLUMNS IN MATRIX A
MU=NUMBER OF ZERUS TU BE INSERTED IN FIRST ROW OF MATRIX A

ML=NUMBER OF MISSING ELEMENTS IN LASY ROW OF MATRIX A
MR=INDEX UF LAST ROW IN MATRIX A WITH MC ELEMENTS
MZ=TUYAL NUMBER OF ZERUS TU BE INSERTED IN MATRIX A

MA=TOTAL NUMBER OF STURAGE
NM=NUMBER OF ELEMENTS IN MATRIX R

IF (MC~M35,5 44
MC=H

MU=HC ~MUD-1

ML =MC~MLD=1

MR =M~ML
MZ={MUS(MU+1])/2
MA=
Nt

M

MUVE ECLEMENTS BACKWARD AND SEARCH FUR ABSOLUTELY GREATEST ELEMENT
{NOT NECESSARY IN CASE OF A MATRIX Wi

1ER=0
PIV=0

IF(MLD) 1491446
JJI=MA

J=MA-MZ

KST=J

D0 9 K=1,KST
TE=ALJ)
A(JS)=TE

TB=ABS (T8B)
IF(TE~PIV)8 4847
PIV=TH

J=4-1

Jo=dd-1

C—{MLE{ML+L )} /2

OCATIONS NECESSARY FOR MATRIX A

THOUT LUOWER CODIAGONALS)

INSERY ZEROS IN FIRST MU ROWS (NROT NECESSARY IN CASE MZI=0)

ROCOTO50
ROCGT060
ROCOTCTO
ROCOTO80
ROCOT0%0
ROCCO71G0
ROCOT1LIO
ROCOTLZO
ROCOT130
ROCOT140
ROCOT7150
ROCOTLI&EE
ROCOTLITO
ROCOT180
ROCOT7190
ROCOT200
ROCOT21C
ROCGT220
ROCOT230
ROCOT240
ROCOTZ50
ROCOT260
ROCOUTZTO
ROCOTZ280
ROCQT7290
ROCOT200
ROCOT310
ROCOT320
ROCOT330
ROCOTI40
ROCOT350
ROCOT360

=¢le-
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10

i3

iz

i3

14

is
ié

17
is

IFIMLY 14,414,410
Ji=1

J= 1Mz

IC=1+MUD
DG 13 I=1.My
DO 12 K=igeMC
ACdd =0
IF(R~ICIi1e11422
A{ddI=ald}
J=Jd+1
Jd=ddel

IC=1IC+1
GENERATE TEST VALUE FGR SINGULARITY
FOL=EPSHPIV
START OBCOMPOSITION LDOP
KET=1

T0RST=MC
IC=MC~1
DO 38 K=1.4
IF{K~MRE~L)16: 16415
I0ST=1DST~1
IG=105Y
TLR=K+MLD
IF{ILR-MYite 18,107
TLR=H
IT=K5T

PIVOT SEARCH IN FIRST COLUMM (ROW INDEXES FROM I=K UP TU I=ILR)

PIV=0
DU 22 I=K,ILR
TE=ABS (A(I1)}
IF(TB=PIVI20520,19
PIV=TB

ROCQO7370
ROCGT380
ROCCT39C
ROCOT400
ROCOT4L0
ROCOT420
ROCOT430
ROCO7440
ROCOT450
ROCOT460
ROCQ7470
ROCOT4B0
ROCO7490
ROCOT50G0
ROCOT510
ROLCOT520
ROCOT7520
ROCOT540
ROLCOT550
RUOCOT560
ROLOT5 70
ROCOTS80
ROCOT590
ROCOTH00
ROCTT610
ROCOT620
ROCOT630
ROCOT640

ROCOT650

ROCOT7660
ROCGT670
ROCOT6BO

=€Le-
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J=1I
JJ=11

IF{I-MRIZZe22421
10=I0~1

1I=11+10

TEST ON SINGULARETY
IF(PIVI4T4T423
IF{IER 264244926
IF(PIV-TOL}IZ5 425426
IER=K~1
Piv=le/a(ddl

PIVOT ROW REOUCTION
I0=d-K

DO 27 I=KsNMM
Ti=I+10
Te=PIV#R{IL}
R{EIXII=R{I)

R{1i=T8

PIVUOT ROW REDUCTIOR
Ii=KSY

J=JdJd+1iC

DO 28 I=sdJded
To=pIv*a(l}
AtL)=A(1L}

ACLII=TE

Ii=1i+1

ELEMENT REDUCTION
IF(K=1LR 129334434
IG=KST

II=K+1
MU=KST+1
ML=KST+IC

AND ROW INTERCHANGE IN RIGHT HAND SIDE R

AND KUW INTERCHANGE IN COEFFICIENT MATRIX A

ROCOT690
ROCOT700
ROCOTTIC
ROCOTT20
RQCOTT30
ROCOT740
ROCOTT5C
ROCOTT60
ROCCTTTO

- ROCGTT780

ROCGTT90
ROCOTBOO
ROCO7810
ROCOT82Z20
ROCO7¥830
ROCOT840
ROCOTESD
ROCOTE860
ROCGT87T0C
ROCOTE80
ROCO7890
ROCGTIGO
ROCO79140
ROCOT920
ROCOT930
ROCOT940
ROCOT950
ROCOT960
ROCOT7970
ROCGF980
ROCOTI90
ROCGE000

~vLi2-
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Eab 4ab
L

W
o

L L
o

0 W
0w

G0 33 I=I1.1ILR
IN MATRIX A

ID=1D+MC
JJ=I~MR~1

IF(JI)314531,30
3 ID=I0—-Jd4
. PIV==A(1ID)

J=I0+1

0 32 JITHUSMZ
ALI=1)=A LI +PIVEA (JJ)

d=del
A(J=1)=0

iN MATRIX R

J=K

DO 33 Jd=1sNM.M
ROJII=REJJI+PIVERR (U}

NERL S

KST=KST+MC
IF{ILR-MR}I36435,35

IC=iC-1
ID=K-MR

IF(IDY38438,37
KET=KET-1D

CONTINUE

END OF DECOMPOSITION LOUOP
SACK SUBSTITUTION
IF(MC~1)46546,439

IC=2

KRS T=MA+ML~MC+2

11=H

D0 45 I=Z M
KST=KST-ML

ROCOB010
ROCGBOZ0
ROCOBO3O
ROCOB040
ROCO8B050
RUCGE06D
ROCOBOTC
ROCOB0EC
ROCO8BGI0
ROCOB1G0O
ROCO8BLLO
ROCOBLZ20
ROCG8130
ROCO8140
ROCC8150
ROCOB16D
ROCOUBLTO
ROCO8180
ROCCE190
ROCUBZ00
ROCO8B210
ROCO8220
ROCCE230
ROCOE240
ROCO8250
ROCGEZ60
RACE8270
ROCOB8ZE8O
ROCOE290
ROCOE3GO
ROCO8310
ROCO8320
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41

42
43
44
45
46

47

I1=iI-1

J=II-MR

LF (141541440
KST=KST+J

DO 43 J=I1,NM,M
T8=R(J)
MZ=KST+IC~2

1n=J

DO 42 JJ=KST MZ
ID=10+1
TB=TB~A(JJI*R (1D}
R{JI=TB

IF(IC—MC) 4av45 145
IC=IC+1

CONTINUE

RETURN

ERROR RETURN
IER=—1

RETURN

END

ROCC8330
ROCO8340
ROCQE350
ROCOB360
ROCOE370
ROCO8380
ROCO8B390
ROCOB400
ROCCEB410
ROCOB420
ROCO8430
ROCGB440
ROCGB450
ROCOE460
ROCGB4TO
ROCCGB4EE
ROCO849%0
ROCOB500
ROCO&5 10
ROCGE520
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Appendix F - Water Quality Module - Program Listing

Fokde ke ko % ok ok ok % ok ¥ ok MODULE 2 % % % ok ok ok %ok F oo F ok X &

WATER QUALITY MODULE
SIMPLE INTEGRATED MODULAR WATERSHED PLANNING MODEL

- THE WATER QULAITY MODULE COMPUTES THE DISSOLVED OXYGEN
LEVEL AND BIGCHEMICAL OXYGEN DEMAND FOR ANY NUMBER OF
MENTS IN THE RIVER. THE OBJECTIVE OF THIS MODULE IS TO
PROVIDE AN INDICATOR OF WATER QUALITY BY MEANS OF SIMPLE

"EASILY DETERMINED INDICATORS.

THE QUTPUTS FROM THE WATER QUALITY MODULE ARE USED IN
CONJUNCTION WITH MODULE 3, TOPAZ.

F&H % Aok ok ok ok ok ok ok ok od o ook % %k ok o% ok ok ok F % ok ok ok ok Xk
WATER QUALITY SECTOR OF WATERSHED MODEL
DIMENSION DAY{50),B0D5(50),SEG(50),T{50),RESRI50)
DIMENSION PHLIS50)4PLRIS0),RO2150),CL{5013,P02{50) "
DIMENSION RKI{50),RK2{503,TEMPI50) ,QUWI50)
DIMENSION VS{50),Vd{50),AS{50),AH{50),DOH{50) ,BODW{50)
DIMENSION AA{50)},8B{503,CC{50),DD(50),TDD{50),TPO2{50)
DIMENSION DN{50),D0OS{50),B0ODS(50)
DIMENSION AB{50),BOD{50),8B0DRI50)
REAL K1(50),K2(50)
N=19
Q5=.935
DNR=5.00
BR=4%,
BI0O=10.
B8ODN=3.80

*

#

WO
Wa
Wo
WO

WA

WO
Wwe
WQ
we
W
He
WG
Wo
W

We
We
wa
Wa
WQ
W
We
We

WQ
WO
WO
Wo
We
WQ
WO
WQ
Wo

20020
00030
00040
80050
00060
00070
00080
00090
00100
00110
00120

00130
30140

00150
00160

00170

00180
00190
00200
00210
00220
00230

00240
006250

00260

00270
00280
00290 .

00300

00310 .
Q0320

00330

-112-



N — NUMBER OF SEGMENTS INTOD WHICH THE RIVER IS5 DIVIDED

=5
¥ — NUMBER OF DAYS BOD CALCULATION IS CARRIED QUT FOR EACH SEGMENT
FURMATIF10.44F11.34F11.0,F11.2,F11.0}
VS —~ STREAM VELOCITY {FT/SEC)
Vi — VELOCITY OF WASTE FLOW (FT/SEC)
AS — CRUSS SECTIONAL AREA OF STREAM {350 FT)
A — CROSS SECTICNAL AREA OF WASTE CONDUIT (S5Q FT)
DOW ~ DISSDLVED OXYGEN LEVEL GF WASTE (MG/L)
DGS — DISSOLVED OXYGEN LEVEL OF STREAM {MG/L)
BODW — BIOCHEMICAL OXYGEN DEMAND OF ¥WASTE {(MG/L)
BODS — BIDCHEMICAL OXYGEN DEMAND OF STREAM {(MG/L)
CORRECTION OF K1 K2 K3 FOR TEMPERATURE
SEG — LENGTH 0OF RIVER SEGMENT FOR RESIDUAL COMPUTED {MILES)
READ{S, 8 PHL{J) 2 3=1s N} (PLR{J) yJ=12 NI, (RO21{J )y d=1,N),
T{CL{J) 4 d=14N)}, LPG21J)},J=1,N)
READ(5,26){RK11J) 3Jd=1 4 NI, {RK2TJI 3 J=1 4 NY L ITEMPL U] 3 J=14N},
LUSEGTJ) s d=1N)» {1GHIJY »J=1,N)
26 FORMAT(S5X s F6a29F52295X92F6.2,11X,F11.3)
READ{S5,1831VSIJ}+d=13N)
1{DOW{J) 3 J=14N3 5 (DOS{I)9Jd=1,4N) , {BODH{J} 3 J=1,N}
1, {(BODS{J) s J=1.H)
18 FORMAT(FS5. 218X 4F6.2)
DG 30 J=1,N
QS=QS+Qk{J}
DNR=({DOW{JIF0WI{J I H{DNRFQSIIZIQWIJI+QS)
BODN={{BODW{J}*QUW{J) I+ (BODN®QSII/L1QWIJI+QS)
IF(TEMP{J).EQ.20.) B 70 185
KI{Iy={RKI{ D) PRI L. 047X {TEMP{JI)-20.) )
K2{J1={RK2{J))*{ 1. 04T7T*={TEMP{J)}-20.1)
T{J ={{SEGLJI}I*5280.)/VS5{J))/186400.1}

slsRaNelololaNaRalal NN o)

)
wa
WQ
W
WQ
WQ
WO
Wo
We
WQ
wQ
WO
Wo
Wo
WO
We
WR
W
Wa
Wa
WO
WQ
W
o
Wo
Wo
W
Wo
Wo
W
W
WO

00340
00350
00360
00370
00380
00350
00400
50410
00420
00430
00440
00450
00460
00470

00480

00490

00500

03510
00520

00530

00540
00550
04560

00570

00580

00590

00600
00610
00620
00630

00640

00650
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2EaRslolasNalaleEeRaNales R sl el

sRulel

WRITE(6599) TILJ).
FORMATIF20.5)
16 CONTINUE
Ki{J)=RK1{J)
K21J¥=RK21J)
DN — INITIAL OXYGEN DEFICIT
BODN — INITIAL BOD LEVEL
P — RATE OF BOD ADDITION TO DVERLYING WATER 8Y BENTHAL DEPDSITS (MG
PHL — INITIAL PHOSPHDRUS LEVEL IMG/L)
PLR — PHOSPHORUS LOADING RATE {MG/L/DAY)
CL — CHLOROPHYL LEVEL {G/SQUARE METERS)
D — OXYGEM DEFICIT
DG — DISSOLVED OXYGEN LEVEL
BOD ~ BIUDCHEMICAL OXYGEN DEMAND
T - TIME IN DAYS
K1 - DEOXYGENATION RATEIMG/L)
K2 — REAERATIOGN RATE (MG/L) -
K3 — RATE OF BUOD SETTLING 1MG/L/D)
P02 ~ OXYGEN PRODUCED {MG/HR/G/SQUARE METER) COF CHLORYPHYL
TPO2 — OXYGEN PRODUCED BY PHOTOSYNTHESIS (MG/L/D)
TPO2{J)=CL{JI*PO2{J ) ¥a41%24
PHLIJISPHLEJIHLIPLRIJIFT IS I Z71QWIJI+QS) )
IFIPHL{J)a6T.1) GO TC 1
RESR — 2 CONSUMPTION DUE TO RESPIRATION (MG/L/D)
RESR — RESPIRATION RATE :
RG2 - 02 CONSUMPTION DUE TO RESPIRATION (MG/L/7MG BRIDMASS/HR)
GO TO 7
1 RESR{JII={BIO*RO2{1J)*24, ) *BR
BR — MULTIPLIER FOR RESPIRATION RATE UNDER BLOOM CONDITIONS

COMPUTE RESPIRATION RATE FOR CRITICAL LEVEL OF .01 MG/L PHGSP%QRB&NQ

GO TO 66
7 CONTIMUE

WQ
#O
KQ
WO
Wo
Wo
WQ
Wo
We
Wo
WO
Yo

WQ

Wwo
WO
WO
Wo
W0
We
%o
Wo
WQ
W
WQ
HQ
WO
WO
Wo
W

WEQ
W

DD&EE0
DO6TC
00680
06690
00700
40710
00720
00730
00740
00750
007&0

00770 .

0p780
00790
30800
00816
00820
00830
00840
00850
00860
00870
00880
08390

00900
00910

00920

00930

00940
00950
20960
00970

=642~



RESRIJ)={BIO*RO2(JI*24.)

L COMPUTATION OF OXYGEN DEFICIT BY STREETER PHELPS METHOD

£6
15
£ 71
20
21
4
30

CONTINUE

ABL{J)=K1{J ) +BODN/{.30-K1tJ}}

BB =01/ 1105 K2{0I*T{III ) )= L7010 {K1{JI%T L)) )}
CCT{JI=DNR*{ L/ {10%*{K2{JIFT{JI}) )
DD{J)=ABLII*BR{J)+LCCLI)

WRITE{6,15)
FORMAT{10Xs"DAY?,15X"BODY 13X, *PHLY 13X, TDD? 4, 13X, TDDY ,15X,
1*BODRYY

— TOTAL OXYGEN DEFICIT
TODLJI=DDLJI-TPO2{JI+RESRLJ)

IFITDD{ el Te—%.) G0 TO 20

60 10 21

CONTINUE :
BOD{J)=BODN¥{1-1/{10. %% { K11 JI%TL{I} )}
BODR(J)=BOD(JI+BODN
WRITE(6,4)T{I)yBOD{J) s PHLIJ) DD IS TDDL I} s BGDR{J)
FORMAT{10XyF4.143X%X,5F10.2)

CONTINUE

PHL{J}=0

STOP

END

Ho
Wa
wQ
WQ
WO
WO
WO
Wa
WQ
We
WQ
WQ
We
WQ
Wo
We
WQ
WQ
We
WO
We
Wa

wQ

Wo

00980

00990
1000
01010

01020
01030

01040
01050

01060

01070
01080
¢l1080
201100
01110
01120
011306
61140

01150
01160

01170
01180
011%0
01200

01210
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CAslk % % % % Kk &k & %

C
C
C
C
C
C
C
C
C
C
C
C
C
L

ook sk % % 3%

SIMPLE

COMMON
COMMON
COMMON
COMMON

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

INTEGRATED
% % ok sk
ACTS{10,103,EXIST{10,10)A{10),8(10)4C{105103,4X%X{10,10)
ESTCST{12,12,12),CC{(10,10),TOTESC{10,10)ESTAB(10,10) "
MeNACTS NECTCM,yNL ,NLDOP, NZP,NUN
G9S1452,T,7T2

TOPAZ

GIVEN A LAND USE DEVELUPMENT PATTERN,
ZATION WHICH RESULTS IN AN IDENTIFICATION OF COSTS AND

& ok ok K %k

F ook s % & ok

LAND USE, INFRASTRUCTURE LOCATION AND CGSTS

%

F % MODULE 3 % % s 3 % oF o & ok o ok F ok % F &

¢ TECHNIQUE FOR THE OPTIMUN PLACEMENT OF ACTIVITIES IN ZONES
SIMPLE INTEGRATED MODULAR WATERSHED PLANNING MODEL

MCDULE 3 PERFORMS AN OPTIMI

Fod % sk g ok osk oko¥ %k

COMMON DLINK{(1542),DIST(10+10},CCC{18), ATTRC&ilB)q?RBDﬁ?%iﬂ)

COMHON
COMMON
COMMON
COMMON
DIMENSICON
DIMENSION
DIMENSION
DIMENSION
DIMENSIOCN
DIMENSION
REAL LAND

TITLE(18)

LETTER{18)
FLOWI{Z23,10), TOTFLO(3D), LINKI(23,10}, ALT{23,5,3)
FACT10), PRCNTI23,103}, ZCOS5T123,10), CONSTI12,2)

LAND{23,10)

REAL*8 TITLE

PR{10),AT{12)4SA(10),TRIPS(10,10),BB{(10,10),FTA{12,12)
NQ,L2{10,10%
COSTS{6,10)TOTCLCTLE)
PPULS)APUILB) ,RATICI(S ), RPINIS)
ENTRSTI(6)ySERLIF{5)

S#HS00010
SMS00020
SMS0D0030

SMS00040
SMS0D050 ¢

SMS00060
SMSO00070
$M500080
SMSO009D0
SMS00100
SMS00110
S$¥500120
SMS001390

SM500140

SMS00150
SMS00160
SMS00170
SM500180
SMS00190
SMS00200
SM500210
sSMsS00220
SMS500230
SMS00240
SMS00250
SMS00260
SMS00270
SMS00280
SMS00290
SMS00300
SMS00310
SMS00320
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alelsEsNoNale

& 0 Ut =

C
1009
1005
1002

1500

(3kzRals

INTEGER AA,ZZ,LCC
INTEGER X4L4A,8,C0ST

SMS00330
SMS00340

SMSD0350

SMS500360

MAIN PURPOSE OF THE MAIN PROGRAM IS TO READ INPUTS » DO SOME PRELISMSOO037C

CALCULATIONS » AND CALL SUBROUTINES IN THE ITERATIOGN

desedopo okl gkt dokogeoleot ot ek
WRITE HEADING

LK=25

DD 8 LKK=1,LK
READUB.5)(LETTER(L),L=1,18)
FORMAT{18A4}

WRITEAG6) LLETTER{L)»L=1,18)
FORMATILH ,18A4)

WRITEL6,9)

FORMAT{1H1)

ook dalokok ok ook dok ok ok salok dokolakoakokok ok Aok
FORMAT (10X 2H% o 1Xy10114,42X))
FORMAT{73(1t),/)
HWRITE{6,1002)

FORMAT({ 20X, "TCPAZ APPLICATIDN CONTRDL PARAMETERS')

READ{8,1000) M NACTS,NECTLM,NL,NLOGP
FORMAT (514}

PROCESS .

ENTRSTII)=THE INTEREST RATE ASSUMED FUOR COST COMPONENT (1)

SERLIF({I)}=THE EXPECTED LIFE OF COST COMPONENT ({1}

READ(By 1I{ENTRSTII) +I=1,NALCTS)
READ{B, 2¥{SERLIF{I),I=1,NACTS])
FORMAT(6F3.2)
FORMATI6F3.0)

SMS500380
SMS500390
SMS00400
SMS00410
SMS00420
SMS00430
SM500440
SMS500450
SMS00460
SMSD04T0
SMS00480
5M500490
SMSDO500
SMS0D510
SMS00520
SMS00530
SMS00540
SHMS00550
SMSD0560
SMSD0570
SMS00580
SMS00590
SMSD0600
SMS00610
SMS00620
SMS00630

SHSD0640
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(aXaNe

s EaKe

WRITE{(6,1005)
WRITE(6,1093) MyNACTS,NECTCMsNLNLODP
1092 FORMAT{10X, *"M=NUMBER OF ZONES =1,15,/,
10Xy "NACTS= NUMBER OF ACTIVITY TYPES =',13,/,
10Xy *NECTCM= NUMBER OF COST COMPONENTS =%,13,/7,
10X+ *NL=MUMBER OF LINKS IN HIGHWAY NETWORK =%',13,/,
10Xy "NLOOP=NUMBER OF ITERATIONS IN "TRNSPTH SUBROUTINE =',13)

SET ITERATION LOOP COUNTERS

NLP=1
NQ=1
WRITE{6£,41005)
WRITE{6,1008)"
1008 FORMATI/.1X " ZONE NO. ?42H% 210X, "EXISTING ZONAL ACTIVITIES?')
WRITE{6,1005) .
WRITE (6510093 (1,1I=1,NALTS)
WRITE(6,1005)
DO 24 J=1l.M
READ{8,2000) (EXISTLIJ),I=1,NACTS)
2000 FORMAT{5X,10F4.0)
24 WRITE(H,1010) Jy{EXISTI{IJ)I=1,NACTS)
1010 FORMATI4X,1244X92H% 5 10{1X,F5.00})
HWRITE(6,1005)
DO 508 K2=1,NECTCH
DC 508 I=1,NACTS
DO 507 J=1.M
507 ESTCST{IsJ+K2)=0.
508 CONTINUE

SM500650
SMSO0B6D0
SM500670
SMS00680
SMSO0069D
SMS00700
SMS00710
SMS00720
SM5007306
SMS00740
SMSGOT50
SM500760
SMS00770
SMS00T80
SMS00790

SMSO00800

sSMsoosl1e
SMS00820

SMS00830

SMS00840
SM500850
SMS00840
SMS00870
SMS00880

SMS00830

SMS00900
SMS00910
SMS00920
SMS00%30
SM5D0940

READ TITLES {CON CARDS) FOR ESTABLISHMENT COST OR BENEFIT COMPONENTSMSO0950

SHMS00960

-£8¢-



DO 10 K2=24NELTCM
DO 503 I=1,4
C 1 = =NUMBER OF ACTIVITIES
503 READ(8,8990) £5TCST{I,1,K2)
8990 FORMATIFT7,0)
DO 504 1I=1,4
£ I=1,NUMBER OF ACTIVITIES
DG 504 J=2,M
504 ESTUSTIIJ.K2)=ESTCSTII,1,K2}
501 CONTINUE
735 CONTINUE
10 CONTINUE

slaNalel

DC 9990 K2=1,NACTS

SM500970
SMS00980
SMS00990
SMS01000
SMS01010
SM501020
SMS501030
SMS01040
SMS01050
SMS01060
SMS01070
S¥MS01080
SMS01690

CALCULATE THE CAPITAL RECOVERY FALTOR, RPINIKZ2)y FOR COST COMPONENT{SMS01100
AM INTEREST RATE OF ENTRST{KZ2) AND A SERVICE LIFE DF SERLIF{K2)

SM501110
SM501120
SMS01130

RPINIKZ2I=ENTRETIKZ2)*{ {1, +ENTRSTIK2) ) **SERLIFI{K2))I/{{ 1. +ENTRST{K2) )} SM501140

PeESERLIFIK2)-1.)
DO 9990 I=1,NACTS
DO 9990 J=1,#

9990 ESTCSTII9JsK2)=ESTCSTII 9 JoK2)ERPINIKZ)
CALL ALCATE
DU 1530 JI=1,NL
READ{(B+2006){DLINKIJIZKI)4KI=1,2)"

2006 FORMAT(19X3F341,F4.0)

LINK LENGTH DATA INPUTTED IN INCHES ON 800 SCALE MAP ., THE Q.
CONVERTS THESE INCHES TD MILES .

YYD

DLINK{JT, 1 )=DLINK{JI,13%,03787
1530 CONTINUE

SMS501150
SMS01140
SMS01170
$MS01180
SM501190
SMS01200
SMSC1210
SMSe1220
3MS501230

1575 FASMS01240

SMS01250
SMS01260
SMS01270
SM301280

~¥8¢-



RECOBNIZED IN TOPAZ {ZERDS ¥WOULD MESS UP GRAVITY MODEL)

e alsEsEelnl

DO 5324 AA=1,M
DO 5323 Z1I=1,¥
DISTIAALZZ)=9.999
5323 FTA{AA,Z7)=8.888
5324 CONTINUE
DU 4001 Kd=1445
KJ — 1,MUMBER OF MINIMUN TIME PATHS BETWEEN ZONES

ﬁ‘ﬁsT:& IN G;{QER ‘Y Foﬁ»? 1"13 1‘—2} E NI W R R 61"61

E3 Ve &

READ{8,4003) AA,ZZ,1CCC1JIY»Jd=1,18)"
4003 FORMATIA4X,13,.13,1813)
FTIAT=0.0

C
C COMPUTATION OF MINIMUM TIME PATHS AND CORRESPONDING DISTANCES .
C

ADIST=0
DO 4111 JJ=1,18

C JJ=1,NUMBER OF MINIMUM TIME PATHS BETWEEN ZONES
IFICCCIIII.EQ.0IGD TO 4111
JKLM=CCCIJI) |
IF{DLINK{JKLM,2).1E.1.) GO TO 4111
FTAT=FTAT+DLINK{ JKLM,1)%60. /DLINK{JKLM,2)
ADIST=ADIST+DLINK{JKLH,1) .

SMS01290

FOR THUSE ZONES NOT INCLUDED IN THE TOPAZ , THE INTERZONAL DISTANCESSMS01300
TRAVEL TIMES HAVE ARBITRARILY BEEN SET = 9.9999 AND 8.88838 RESPECTIVESMSO01310
ANY POSITIVE VALUES ARE ACCEPTABLE HERE , AND THEY ARE NOT ACTUALLY SMS01320

$SM501330
SMS01340
SMS01350
SMS501360
SMS01370
S$M501380
SMS$13290
SHMSD1400
SMS01410
SMS01420

FOR EACH ZONAL PAIR , THE MINIMUM TIME PATH HAS BEEN IDENTIFIED BEFOSMS014320
THE CCC{JJ1'S ARE THE LINK NUMBERS ON EACH MINIMUM PATH . KEEP ZOME SMSO144C

SMS01450
SHS01460
SMS01470

5M501480

SM501490
SM501500
S5MS01510
SMS01520
SHS01530
SMS01540
SMS01550
SMS01560
SMSO1570
$MS015890
SMS015%0
SMS01600

~48¢-
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C

C
C

C

4111 CONTINUE
FTA{AA,ZZ)=FTAT
DISTIAALZZZ)Y=ADISY
4001 CONTINUE
DO 7501 LN=1,10
LN= 1, NUMBER OF ZUNES
DG 7501 LK=1N,10
L= LNyNUMBER 0OF ZONES
DISTILK LNI=DISTILN,LK)
FTA{LK LN)=FTAILN,LK)
7501 CONTINUE
READ(8, 2525 {PRODCGII)yI=1,NACTS)
2525 FORMAT{10F4.1)
READIS, 2525 (ATTRCO(TI) » I=1 4 NACTS)
S¥=1
SKIP WATER AND SEWER MODEL IF SE=0.
CHANGE S5W TO RUN WATER AND SEWER MUDEL.
IF{SH.NELDIGD TO 279
READ(8,278})
278 FORMAT{108{/}))
GL T 700
279 CONTINUE
L1=23
L= NUMBER OF LINKS IN SEWER SYSTEM
NZ=10
NZI= hNUMBER OF  ZONES
READI{B, 280 {FACII)I=1,NACTS)
280 FORMAT{10F4.2)
DO 284 K3~”~=112
284 READ(B,211){C0ONST{I,K3)30=14M)
211 FORMATIIDF5.0)
DC 285 NL=1,23

5¥501810
SMS01620
SM501630
SHS01640
SMS01650
SMS01660
SM501670
SM501680
SMS01690
SMS0G1700
SMS501710
SMS01720
SMS01730
SMS01740
SMS01750
SM501760
SMSO01770
SMS01780
SMSO1790
SMS01800
SMS01810
SMS01820
SM501830
SMS01840
SMS0185¢C
SMS01860
SMS0187¢C
SM501880
S$MS01890
SMS01900
SM501910
SMS01920

=98¢~
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e R aEaRnl

NL=

NI=

285

NL=

601
281

Lp
602
282

391
283

ADDITION OF ALL ESTABLISHMENT UNIT COMPUONENT C83TS

1, NUMBER OF LINKS IN SEWER SYSTEM
DG 285 NI=1,10

1,NUMBER DF ZODNES

PRONT (NLsNI}=1.0

DG 601 NL=1,23

1,NUMBER OF LINKS IN SEWER SYSTEM
READ{8,281) (PRONTINLNI)JNI=14,NI}
FORMAT{10F4.2)

DO 602 NL=1,s1L

DG 602 LP=1,3

= 1y NUMBER OF ALTERNATIVE PIPES
READ{85282) {ALTINLLP4NLC})yNC=1,3)
FORMATIF9.04,2XsFT40492X4F2.0)

DO 391 Ni=1l,LlL

READ{8,283) (LINK{NL,NI) NI=1,NZY -
FCRMAT{1012)

oF $) .

99 TOTESCII,J)=TCTESCI{I,JI+ESTCSTI{I,J,K2)71000000.

100

LHECK TO SEE IF ANY INTERZONAL TRAVEL TIME HAS
ZERD {WHICH WOULD MESS UP GRAVITY MGDEL)

DO 100 I=1,NACTS
DO 100 J=1+M
TOTESC{I,J}=0.

DG 99 K2=1,NECTCH

CONTINUE

KE=0

DO 805 J=1,#

AND BENEFITS {IN

SMS01930
SM501940
SM50195D
SM501960
SMS01970
SMS01980
SM501990
S5M502000
5MS02010
SMS02020
SM502030
SMS502040
SMSD2050
SMS02060
SMS02070
SMS02080
SMS02090
SMS02100
SMS02110
SMSp2120

5MS02130

SMS02140
SMSD2150
SM502160
SMS0217¢
$MS02180
SM502190

BEEN INADVERTENTLY SESMS02200

$MS02210
SMS02220
SMS02230
S$MS02240

-18¢-



3737

805

sl s BN NelaEsEeEaleRaloeRatnNsRaRe el

START OF ITERATIONS USING YRNS??‘f?RANS?SR?AEEQN PROBLEM) o INITIAL
BLOSTED" FIRSTY

15

DO 804 K=J,M
IFIFTA{J K)o LE.D.DD1) GG TO 3737
GG TO 804
HRITE(643747) Js
3747 FORMAT{* FYA ZER0O CHECK
804 CONTINUE

CONTINUE

-»

T4y Z2X+154,15}

SM502250

SMS02260
SMS02270
SM3502280
SME02290
SMS02300
SMS02310
S$M502320
SMS02330
SMS502340

skt e sk ool s s sfeote skl sk st stk sl sk e s sfeste e e s de skt el otk sk ok otolofok sk ek Aok okl kR R Rk SMS 02350

SEWR COSTS DETERMINED.

FACU{I)=WEIGHT FACTOR OF AlI) FUR SEWERAGE NEEDS.

NL=LINK NUMBER

PRONTINL,J)=PERCENT OF J FLOWING INTO NL.

ALTI{NL,LPy ‘1 2 OR 3)=ALTERNATIVE PIPE FOR NL.
1=CAPACITY,

OF SEWAGE FROM J INTO LINK NL.

TOTFLO(NLI=TOTAL SEWAGE FLOW THROUGH NL.

LINK{NL,NI)=TRIBUTARY AREA OF LINK NL BY ZONES.

ZONE {OR ZDNES) IN TRIBUTARY AREA OF

ZCOSTINL,JY¥=COST OF NL ATTRIBUTABLE TO ZONE J.

150 DC 610 J=1,10

J=1, MUMBER OF ZONES

DG 610 K3=1,10

K3=1,NUMBER OF ZONES

FLOW(NL »J)=FLOW

NI=NUMBER OF THE

K2=K3+2

ESTCST(4,4,K2)=0.

DG 610 I=1,2
610 ESTCST(I,J4K2)=CONSTUJ,1)

EXTENDS TO STATEMENT 699

2=C08T,

SMSD2360
SHMS02370
SMS02380
SMS02390
SM502400
SMS502410

LP IS TH PIPE USED.SMS02420
AND 3=51ZE OF PIPE.

SMS02430
SMS02440
SMS502450

SMS02460

SMS02470
5MS02480
SMS02490
SM502500
SMS02510

SMS02520

SMS02530
SMS02540
SMS02550
SMS502560

-88¢-
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e

C

NL=

Ni=

620

604

603
611
605

251

DO 620 NL=1,23 :

1aNUMBER OF LINKS IN SEWER SYSTEM

DO 620 NI=1,10
1,NUMBER OF ZONES
LANDINL oNI )=0D.
FLDW{NL 4sNI1)=0.
K2=3

DD 690 NL=1,LL

IF {NL.GT.4) K2=4
BSUM=0.

DO 603 NI=1,NZ
J=LINK{NL,NI)

IF {J.ER.0) GG TG 511
PLUS=0,.

51}?@313 »

DO 604 I=1,NACTS

PLUS=PLUSHIEXIST{I J)+ACTS{I,J)IRFAC(I)

SUM=PLUS*PRCONTINL 4NI?
LANDINL ,NI)=PLUS
FLOW{NLyNI}=5UM*4400.
BSUM=BSUM+FLOWINLSNI) .
TOTFLO{NL)=BSUM

LP=0

LP=LP+1

IF (LP.GTa.4) GO TO 4
GO TG 252

WRITE(6,251) NL.NI
FORMATIIX,215,*T0O0 BIGY)
LP=1
ALT{NL,LP,2)=100000.
F=9999399%9,

GO 7O 679

SM502570

SM502580
SMS02590
SMS02600
SMS02610
SMS02620
SMS02630

SM502640

SHMSD2650
SMS02660
SMS02670
S¥M502680
SMS02690
SMS02700
SMS02710
SM502720
5M302730
SM502740
SMS02750
SMS02760
S¥MS0277¢0

$MS02780

SMS02790
SMS502800
SMS02810
SMS02820
SMS02830
SMS502840
SMS02850
SMS02860
SMSD287C
SM502880

~68¢-



252

679

£08
&07

689
690

699
598
700

612

LCONTINUE

iF (LP.EQ.1) GO TO 608
F=ALTUINL, L, 1)+ALTINL,LP,1) .
IF {TOTFLOI(NL).GT.F) GO TC 605

GO TO 607

IF {TOTFLOINL) .GT.ALT{NL,LP+13) GO TO 605
DG 690 NI=1,NZ

J=LINK{NL,NI)

IF (J.EQ.Q) GO TO 690

IF {TOTFLO{NL).EQ.Qa) GO TO 689

K3=K2~2

ZCOSTINL NI)=FLOWINL NII*ALT{NL,LP,2)/TOTFLOINL)

G0 TO 690

ZCOSTANL NI )=D.

CONTINUE

$M502890
SMSD2%00
SM502910
SM502%20
SMS02930
SHS02940
SMS02950
5MS029560
SM¥S02970
5MS02980
SMS0299D
SMS03000
5M503010
SMS03020
SMS03030

3y 33 e ol sk ol e e 39 e ok e e e e e e sl ol e ofeale sk sl ool ol e o e e e sk stk ok ok ok dokok ok kR k SMS D3040

K2=3

DO 698 NL=1,L01
IF INL.GT.3)
DG 699 NI=1,NZ

J=LINKINL,NT) .

IF {J.EQ.0) GG TG 698

IF {LANDINL,NI)-EQ.D.) 60 TO 698

D0 599 I=1,NACTS

ESTOSTUI 9 J9K2)=ESTCSTIT 3 JoK2I+ZCOSTINLyNIJFFAC{IIJLANDINL,NTY)

CONTINUE
CONTINUE

DO 612 K2=394
DO 512 I=1,NACTS
DO B1l2 J=1. M
ESTCST I J s K2)I=ESTCSTLI y JK2¥ERPINIK2)
ek e ke e o sfedi ok ke ek ek eskeok

3¢ ek sfe e e e sfesfe e etk e e e o sk ool e ofe o sk

SMS03050
SHMS03060
SMS03070
SMS03080
SMS03090
SMS03100
SMSO3110
SHMS03120
SMS03130
SM503140
SM503150
SM503140
SMSU3170
SMS503180
SMS03190

ek ok kR SMSDR200

=062~
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NOTE:

If DESIRE IS TO MAXIMIZE , THEN USE

e e R e 3o e e e e e e sdeaesfs oo ool sk e ok el e ot ko ol ok ok ok kool ook ekl kR xRk SMS 03210
CALL AMNITY(NLP)

LALL ESTIM
CALL SUMMRY

DG 820 J=1,M
DD 820 I=1,NACTS

820 C1li,J31=C211,J31%1000000.
INF=214T7483646

500

50

THIS SUBRCUTINE READS IN OR CALCULATES THE AMOUNT DOF EACH ACTIVITY

CALL TRNSPTIMNACTS,M, INF,10,103

DD 600 I=1,4NACTS
D0 600 J=1,¥
ALTS1{I,30=X{1,4d) "
IFINLP.EQ.NLOCP)

NLP=NLP+1
GG TO 700
STGP

GG TO 50

DEBUG INIT,SUBCHK

END

SUBROUTINE

ALCATE

THE C{1,J)'S SHOULD BE SCALED UP SO AS TC BE VERY LARGE SINCE
IMTEGERS IN SUBROGUTINE TRNSPT o {CUSTS LESS THAN 1 ARE ROUNDED GFF)

820 C{I+J)=-C211,J)*1000000C .

TO BE ALLOCATED AND THE AMOUNT OF LAND AVAILABRLE FOR DEVELOPMENT.

A1) =

PINCR = PUOPULATION INCREASE
RATIOLI) =
HOUSING TYPE {I)

FUTURE AMOUNT GF ACTIVITY (1) TO BE ALLOCATED.

PERCENTAGE OF POPULATION INCREASE THAT WILL DEMAND

SMS503220
SM803230
SMS03240
SM503250
SMS03260
SMS03270
$M503280
SM50329¢0
SMS03300
5MS03310
S¥S03320
SMS03330
SMS03340
SHS03350
SMS03360
SMSO3370
SM5063380

SMS03390

SMS03400
SMSD3410

SMS03420

SKS03430
SMS03440
SMS03450
SMS03460
SHS0347C
SMS03480
SMS03490
SMS03500
SMS03510
SMS03520

-l6¢-



C
c
C

L

c

APULT)
PPUI(I}

it

COMMON
COMNMON
COMMON
COMMON
COMMON
COMMON
L OMMON
COMMON
COMMON

ACRES/UNIT OF HOUSING TYPE (1}.
PEOPLEJUNIT OF HOUSING TYPE {1}.

ACTSI1D0,10),EXIST{LI0,100,A010),BL10),0{10,10),X{10410}

ESTCSTI12412512),CC120,10)TOTESC{10410),ESTAB{10,10)

My NACTS ,NECTCHy ML NLODOP o NZP o NUM
G9p51252,T,72
DLINK{15,2),D15T{10,103,CCCL18)yATTRCG{10),PREDCOILC]

PR{10)ATI12),5A1103,TRIPS{10,10),8BB110,10),FTAL12,12)"

MO C2{10,13)
LOSTSI6410),TOTLLTES)
PPUIB)yAPUIS) JRATIDIS ) 4RPIN(S) -

INTEGER A,VACNT,B

1005 FORMATIT73(1HX),/}

1009 FORMAT{10X,2H% ,1Xy10{1442X))
WRITEL6,1012)

1012 FORMAT{/,5X,"AMOUNT OF FUTURE ACTIVITIES OF EACH TYPE TO BE ALLOCASMSO3690

*TEDY)

WRITE(6,1005)
READI8B,2001)1{AL11)41I=2,NACTS)

2001 FORMATI(TX,314)

READ(B,20D0)PINCR -
2000 FORMATIFT.0)
DG 2006 I=24.4
I=2, NUMBER OF ACTIVITIES , THIS EXCLUDES HOUSING
2006 A{1)=A{1)*PINCR/12000
DD 2003 I=1,1
I=1, NUMBER OF TYPES OF RESIDENTIAL
A{I)=0.0
2003 R%ﬁﬁf%,2002}RATZG{I),P?U{I3,APU§I3
2002 FORMATIFT.44F5.24F542)
WRITE(6+444)

SMS03530
SMS03540

SMS03550 .

SMSDA560
SMS03570
SM503580
SM303590
SMS503800
SMS503610
5M503620
SMS03630
SMS03640
SM503650
SM503660
SMS03670
SM503680

SMS503700
SMS03710
SMS03720
SMS03730
5M503740
SMS03750
SHMS03760
SMSD3770
SMS03780
SMS03790
SMS03800
S$M503810
SMS03820
SMS03830
5MS03840

=262~



444 FORMAT{10X, *TEST2') .
DO 2999 I=1,.1
€ I=1,NUMBER OF TYPES OF RESIDENTIAL
2999 A{I}=PINCR*RATIO{IN/PPULI}XAPULT) .
WRITE(62445)

4 FORMAT{10X,*TEST3') .

Wi

EXISTING AMGUNT OF UNDEVELOPED LAND BY ADJUSTING A{161,THE FUTURE
ACRES OF UNDEVELOPED LAND, IF IT IS NECESSARY.

VACNT AND ISUM ARE DUMMY VARIABLES USED FOR ACCUMULATING EXISTING
ACRES OF UNDEVELOPED LAND AND FUTURE ALLOCATIONS OF ACTIVITIES

1 ~15,RESPECTIVELY.

IO OO b

VACNT=0
DG 2004 J=14M
2004 VACNT=VALNTHEXISTi{4+J1
C EXISTINUMBER OF ACTIVITIES,J)
ISUN=0
DG 2005 1=113
L 1I=1,NUMBER OF ACTIVITIES MINUS ONE
2005 ISUM=ISUM+ALL)
Al4i=VYACNT—ISUM
£ AINUMBER OF ALTIVITIES)
WRITE(S,1016) {A11),I=1,NACTS)
1016 FORMATISX, *A{1)=FUTURE ACRES OF 5 FAM AND PUD ="v,184/,
#BXy "A{2)=FUTURE ACRES OF APARTMENTS, TOWNHOUSES=%,18,/,
*BXy VA{3)=FUTURE ACRES OF MOBILE HOMES =7,18,/,
*BXe *A{&)=FUTURE AG AND [PEN =%,IB)
HWRITE{6,41005)
IP=PINCR
DO 70 J=1,4

SHS03850
SM503860
SM503870
SMS03880
SMS038%20
SM502900
SM503910

MAKE SURE THAT THE FUTURE AMOUNT OF ACRES ALLOCATED ARE EQUAL TO THESMSO03920

SMS03930
SM503940
SMS03950
SMS03960
SM503970

S5M503980

SMS503990
S5M504000
S5MS04010
SMS04020
S¥S04030
SM504040

SMS04050

SMS04060
SMS04070
SMS04080
SMS04090
SM504100
SMS04110
SMS04120
SMS04130
SHM504140
SM504150

SMSO4160

-€6¢-
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70 BLJI=EXIST{4,3)
EXISTINUMBER DF ACTIVITIES,J)

SMS0417C
SMS04180
SMS5041%90

IN ALL ZONES THE AMOUNT OF LAND PRESENTLY VACANT IS SET EQUAL TO THASMSD4220
AYAILABLE FOR FUTURE DEVELOPMENT . THIS MAY NOT ALWAYS BE DESIRABLE SMS04210

REMEMBER THAT SUM A(I) MUST = SUM Bld).
WRITE{6,1029) '

*S TO ZONES?)
WRITE(6,1005) ‘
WRITE{641009¥11,1I=1,NACTS}Y
WRITE{6,1003)
DO 73 J=1.+M
73 READ{S,10313{ALTS(I,.J)51I=1,NACTS)

1031 FORMATI(S5X,10F4.0)

STATEMENT NUMBERS FROM 1034 70 1038 CHECK TO SEE IF THE CORRECT
AMOUNT OF EACH ACTIVITY HAS BEEN ALLOCATED IN THE INITIAL SOLUTIDN,.
IFf THE INITIAL SOLUTICN IS INCORRECT, ADJUSTMENTS ARE MADE 7O
CORRECT 1IT.

SM504220
SMS04230
$M504240

1029 FORMATI/+2X"Z0NE NOL ' 37X 'INITIAL ALLOCATIONS — FUTURE ACTIVITIESMSD4250

SMS04260
SM504270
SMS504280
SMS04290
SMS04300
SMS04310
SMS04320
SM504330
SMSD4340

SM504350 .

SM504360
SMS504370

ITACT = DUMMY VARIABLE USED TO ACCUMULATE THE ALRES OF A PARTICULAR SMS504380

ACTIVITY (I) THAT HAS BEEN ALLOCATED TO ALL 61 ZONES.

SMS04390

ICHNG = DIFFERENCE BETWEEN THE TOTAL AMDUNT OF AN ACTIVITY THAT MUSTSMSO04400

BE ALLOCATED, AlI), AMD THE AMOUNT THAT HAS ACTUALLY BEEN ALLCCATED
TO THE ZONES, ITACT.

SMS04410
SMS504420
SMS5044320

IF DESIRED THE PROGRANM WILL GENERATE AN INITIAL SOLUTION IF THE FOLLSMS04440

STATEMENTS ARE INSERTED AT THIS POINT IN THE PROGRAM.
DG 5000 J=1,M
DO 5000 I=1,15
ACTS{1645d1=ACTS{16,J)+ACTS{I,J)

- SMS04450
SMS504460
SMS04470
SMSO4480

~v6¢-



C 5000 ACTS{I,J)=0.0 SMS04490

-G6¢-

C SMS04500
1034 DO 1033 I=1,.NACTS SMS04510
ITACT=0 SK504520

DO 1032 J=1,M SMS04530

1032 ITACT=ITACT+ACTS{I,4) SMS04540
ICHNG=A{I)-ITACT SMS04550

C NE. NUMBER OF ACTIVITIES SMS04560
IF{ICHNG.EQ.0)60 TO 1043 SMSG4570
IF{I.NEL41G0 TO 1043 SKS04580
WRITE(641040) SMS04590

C SMS04600
C 'FLAG — ALLOCATION PROBLEM' INDICATES THAT THERE IS AN INCONMSISTENCYSMSO04610
C BETWEEN THE TOUTAL AMOUNTY TO BE ALLDCATED, A(I), AND THE TOTAL AMOUNTSMSO04620
C THAY WAS ACTUALLY ALLOCATED,ACTS(I,J)y IN THE ADJUSTED INITIAL SMS04630
C SOLUTION. ' ‘ SMS04640
C SMS04650
1040 FORMATI/,10X,? FLAG-ALLOCATION PROBLEMY) SHS045660
GO TO 74 SMSD46TC

1043 IF(ICHNG)I1037,1033,1035 SMS04680
1033 CONTINUE ‘ SMS 04690
GO 10 74 SMS04700

1035 DG 1036 J=1,M SMS04710
IF{ACTS (4, J) AT ICHNG)IGO TO 1039 SMS0472C

€ ACTS{NUMBER OF ACTIVITIES,d) SMS04730
ACTS{I,JI=ACTS{I4J)+ICHNG SMS504740
ACTS{44J)=ACTS14,43)~-ICHNG SMS04750

GO TO 1034 SMS04T760

103239 ACTS{I,)=ACTSL1,J)+ACTS{4,J) . SM504770
ICHNG=TCHNG-ALTS{4,J) SMS04T780
ALTS{44J1=0.0 SMS04790

1036 CONTINUE SMS04800



VGO OGO OO

GO TGO 1034

SMS04810

1037 DO 1038 J=1,M SMS04820
IFLACTS{I J).LT.IABSLICHNG)IGD TO 1041 SMS04830
ACLTS{14J)=ACTS(1,J)+ICHNG SM504840
ACTS (49 J)=ACTS14,;JI-1ICHNG SMS043850
G0 TO 1034 SM504860

1041 ICHNG=ICHNG+ACTSII,J) SMS04870C
ACTS (44 J1=ACTS(4,J)+ACTS I ,J) SMS0488Q
ACTS{T+40=0.0 SMS504890

1038 CONTINUE S5MS504500

T4 DO 72 J=1yM SMS04910
72 WRITE(H1010) JHylACTSIIJ)I=1,NACTS) SHM504920

1010 FORMATIAX,1244X2H% ,10{1X.F5.0}) SMS04930
WRITE{641005) . SHS0B4940
RETURN SMS04950

DEBUG INIT,SUBCHK SMS04960

END SES{4970
SUBROUTINE AMNITY{NLP) . SM504980
SM504990

THIS SUBROUTINE
FOR THIS COMPONENT,

DETERMINES THE AMENITY BENEFIT COST COMPONENT FOR EASKS05000

#HICH IS EASED ON ASSESSED LAND VALUE, THE COST SMS05010

BENEFIT IS THE SAME FOR ALL ACTIVITIES IN A PARTICULAR ZICNE. SMS0Q5020
NLP=ITERATION OR LUODP COUNTER SMS05030
ZIK9J)=THE VALUE OF REGRESSION EQUATION VARIABLE K IN ZONE J. SMS05040
Z{1,J)=INVERSE OF DISTANCE FROM CBD{ZDNE 50) TO ZIONE Ja. SMS05050
Z{25J)=PROPORTIGN OF LAND IN ZONE J ALLOCATED TOU COMMERCIAL ACTIVITSHMSO5060
Z{24,3)=PROPORTICON OF ZONE J ALLOCATED FOR MULTI-FAMILY HOUSING SMSO5070
Z{4,J)Y=PROPORTIGN OF ZONE J ALLOCATED FOR SINGLE FAMILY HOUSING. SMS05080
Z{5,J)=FUTURE PUOPULATION DENSITY{(PEOPLE/ACRE) IN ZONE J. SMS05090
USE{IJI=EXISTING + FUTURE AMDUNT DOF ACTIVITY 1 ALLOCATED TO ZDNE J.SMSO5100
TOTLND(JI=TOTAL AMOUNTY OF LAND{ACRES) IN ZONE J. SK3505110

CONSTHN=CONSTANT IN THE LAND VALUE REGRESSION EQUATION. 5MsS05120

=96¢-



POPL{JI=EXISTING POPULATIDON IN ZDONE J.

D

2020

3002
3006
3000
3008
3009

3010
C

IST{J,50)=DISTANCE FROM ZONE J TO THE CBDIZONE 350).

C
C APOP{J)I=FUTURE POPULATION IN ZONE J.
C
C

COMMON ACTS{10,10),EXISTLI0,10)5A110)9B{1034C110,10)X{10,10) .
COMMON ESTCSTI124512:12)5CC1104,103,TOTESC{104103,E5TABIL10,10)
COMMON MaNACTS,NECTCMyNL sNLGOP s NIP yNUM

COMMON G951+582+7,72

COMMON DLINKI1521sDISTL{10,101,CCCTU18,ATTRCO{LI02,PRODLCGILLI0) .
COMMON PRILD) JATIL12),5A110) 2 TRIPS{10,10).8B{10,10),FTAL12,12)
COMMON NQ,C2{10,10}

LOMMON COSTS{6410),TOTLLT(6)

CUOMMON PPU(SISAPULS)RATIOIB)ZRPINIS)Y

SMS05130
SMS05140
SMS0515¢
SMS05160

SMS05170
SM505180

SMS05190
SMS05200
SMS05210
5MS05220
SMS05230
SM505240
SKMS05250

DIMENSION Z{5410),USE{10,10),TOTLND{10) COEF{5),VALUE{1G),POP{10},5M505260

1APOP{10)

D 3020 K=1,5

D0 3020 J=14M

Z{Ksd)=0.0

DC 3002 I=1,NACTS

DL 3002 J=1.:M

USE({I 9Jd)=EXIST{1,J)
IF{NLP.NE.13IGO TC 3011

DO 3000 J=1:8

TOTLNDI ) =0.0

DO 3000 I=1,NACTS
TOTLNDIJ)=TOTLNDISI+EXISTLI )
READ(E,3009)CONSTNy {ICOEF{IK) 3K=1,5)
READ(8,30103{P0OP{J),,Jd=1,M)
FORMAT{6F10.2)

FORMAT{15F5.0) ©

SMSO5270
SMS05280

SMS505290

SMS05300

5M505310
SMS05320
SMS05330
SMS05340
SMS05350
SMS05360
SMSD5370
SMS05380
SMS05390
SMS05400
SM505410
SM505420
SM505430

C CALCULATE THE ESTIMATED FUTURE POPULATION IN ZONE J. THE CALCULATIONSMSO5440
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c BASED ON THE EXISTING POPULATION AND THE ALLOCATION OF FUTURE HCUSINSMS05450

C ACTIVITIES TO ZI0NE J. SHS05460
C SMSO05470
2011 DO 3012 J=1,M SM505480

APOPLI)=PCP(I) SMS05490

DO 3012 I=1,1 SM505500

C I=1,NUMBER OF TYPES OF RESIDENTIAL SMS05510
3012 APCPLJ)I=APOPIJI+ACTSLI L JIRPPULTIY/APULTIY SM505520
HWRITE{6+446) ‘ SMS05530

446 FORMAT{10X,'TEST1Y} SM505540
DO 3013 I=1,NACTS SM50555¢

DO 3013 J=1,M SMS05560

3013 USELIJ)=USEAT,J)+ALTSIT ) SMSO5570
c SMS05580
C DETERMINE THE VALUE OF EACH REGRESSION EQUATIDN VARIABLE FOR IZDNE J.SMS05590
C SMS505600
3007 DU 3001 J=1.M SMS05610
WRITE{64448)DIST(Jy2) SMS05620

448 FORMAT{10X,F20.10) SMS05630
IF{EXIST(4,J).EQ.0.360 TO 3001 SM305640

C EXISTINUMBER OF ACTIVITIES,Jd) SMSO5650
Z{i,1)=1./1.22 SM505660
Zl1423=1.71.75 SMSO5670
Z{143)=1./1.40 SMS 05680
Zil94)=1a/.595 SMS05690
Z{145)=1.7/.875 SMSO5700
Z1i1463=1./.70 SMS05710
Z{1573=1.7.28 SMS05720
Z{1+83=1./7.53 SMS05730
Z11410)=1a.7.35 SMS05740
WRITE(64447) SM305750

447 FORMATI10X, YTEST4) SMSO5760
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C
C
C

G GMITY YOI Oy

C

3005

Z424J)=USE{2,J) /TOTLNDL I}
Z134J)=USE{ 244} /TOUTLNDLI)
2149 J)1=APGP LI /TOTLNDLD)

3001 CONTINUE

CALCULATE THE LAND VALUE OR AMENITY BENEFIT IN EACH ZONE.

DO 3003 J=1.M
VALUE(J}=0.0
IF(EXIST{4,0)-EQ.0.360 TD 3003
VALUE{J)=CONSTN
D0 3004 K=1l,4

3004 VALUE{JI=VALUELJ)+COEFIK)*Z (K, d)

IF THE LAND VALUE IS LESS THAN © IT

IFIVALUE(J) «1T. 0. )IVALUELJ)=0.

IS SET EQUAL 10O 0.

- SMSOBTT0

SMS05780
SMS05790
SMS05800
SMS05810
SM505820
5M505820
SM505840
SMS05850
SM505860

SMS505870

SMS05880
SMS05890
SM505900
SMS05910
SMS05920
SMS05930
SMS505940

LAND VALUATIONS IN THIS CASE WERE ASSESSED AT 20% OF MARKET VALUE S0O3SMS05950

CONVERSION WAS NECESSARY,

THE LAND

VALUES CR

AMENITY BENEFITS

VALUE{J)=—VALUE{J)} /.20

3003 CONTINUE

DG 3005 I=1,10

I=1, NUMBER OF

ZONES

DG 3005 J=1,M

DO 3014 J=1,M
TOTESC{I,J)=0.0
DO 3015 K2=1,NECTCH

ESTCST(I,d,1)=VALUELJ)*RPIN{1) .
DC 3014 I=1,NACTS

ARE GIVEN A NEGATIVE VALUE.

AL ST SINCE THEY ARE A NEGATIVE COST COMPONSMSOS5960

SMS05970
SMSO5980
SMS05990
SMS06000
SMS06D10
SMS06G20
SMSD6030
SMS06040
SMS0&6050
SMS06060C
SMS06070
SMS06080
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C

IsNalele

OGS YO

THIS

RETURN

DEBUG INIT,SUBCHK

END

SUBRODUTINE ESTIM

COEFFICIENTS FCR

3015 TOTESC{IHJI)I=TOTESCII,J)I+ESTCST{1,J,K2)/71000000.
2014 CONTINUE

THE TRNSPT SUBROUTINE .

COMMDON ACTS{10,10),EXISTI10,10)9A110),8{10),C{10,10),X{10,10}
COMMONM ESTCSTI12512412),CC(10510),TOTESC{10,10),ESTABL10,10)

COMMON MyNACTS NECTOMyNL oNLOOP,NZP,NUM
COMMDN G951452,T7T,712

COMMON DLINK{15523,DI5T{10410),CCCHL18),ATTRCOU10),PRODCO{1D)}
COMMON PR{L1D)AT(12),S5A(10),TRIPS{10,10),88{10,10),FTA{12,12)

COMMON NQ,C2110,10)

COMMON COSTS(6,.102,TOTCCTIB)
COMMON PPULS),APUIS) JRATICI{S Iy RPINI{S)

NACMUL=NACTS-1

AT(11)=53
AT{12)=6

DD 922 J=1,¥

SA{J)=0.

START CALCULATIONS FOR GRAVITY MODEL .

ELIMINATION OF VACANT LAND {LAST ACTIVITY NUMBER)} IN CALCULATIONS .

SMSD6090
SMS06100
Smso6110
SMS06120
SMS06130
SMS06140
SMS06150

SUBROUTINE PLOSTS QUTY ALLOCATIONS {INCLUDING USE OF GRAVITY MOSMS06160
SETS UP ARTIFICIAL LOST

SMS06170
SMS06180
SMS06190
SMS06200
SMS06210
SM506220
SM506230
SMS06240

S5M506250

SMS06260
SMS06270
SM506280
SHS062S0
SMS0&300
SMS06310
SMS06320
S5MS06330
SMS06340

SMS06350
SMS06360
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AT{J)=0. SMS06370
PRIJ)=0. SMS06380

DO 922 I=1,NACMUL SMS06390
PR{JI=PR{J) +PRODCCI IV {ACTST{ T4 JI+EXIST{ I,J)) SHS06400

922 AT(JII=AT{JI}+ATTRCO(IIIS(ACTSII J)+EXISTI{ I1,41) SMS06410
DO 9999 J=1,10 SMS06420

¢ I=1, NUMBER OF ZONES SMS06430
' DO 9999 L=1,12 SMS06440
C L=1,NUMBER OF LINKS IN THE TRANSPORT NETWORK SMS06450
FTA(J3L)=405 SMS06460
SALJ)=SAII)+ATILIHI 1. ) /7 LLa%%2) SMS06470

9969 CONTINUE SMS06480
¢ SMS06490
C CC{J,K) IS PARTIAL CONTRIBUTIDN GF GRAVITY MUODEL TO TRNSPT COST CSMSO06500
c ‘ SHMS06510
DO 940 J=1,M SMS06520

DG 940 K=1,M SMS06530
CCiJd,KI=0.0 SMS06540

940 CONTINUE SMSD6550
DO 89%9 J=1,10 SMS06560

C  J=1, NUMBER DF ZONES SMS06570
DO 8999 K=1,4 SMS06580

€ K=1, NUMBER OF ACTIVITIES SMSDE6590
COUJeKI=ATUKIRI {14/ 1.%%2))/SA0d) SMSO6600

8999 CONTINUE SMS06610
c SMS06620
C CHECK TO INSURE THAT IF NGO EXISTING ACTIVITY (INCLUDING VACANT) AT ASMS06630
€ ZIONE , NO COST OF TRAVEL TO OR FROM THAT ZONE 1S CALCULATED . SMS06540
C SMSDE650
DO 88 J=1,4 SMSD6660

DO 88 K=J,M SMSOBLTO

BLAHL=0.

SMS06680
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DG 80 I=1,NACTS
BLAHL=BLAHI+EXIST{I.J)
80 BLAHZ=BLAHZ+EXIST{I,XK)
BBlJsKI=0
IF{BLAH1.EQ.0.) G0 7O 88
IF{BLAH2.EQ.C.) GO 7O 88

C

CC CALCUALTION OF TRAVEL COST{$ MILLIONS). ASSUMED THAT EACH DAILY
C TRIP FROM GRAVITY MUDEL WILL BE REPEATED 200 TIMES PER YEAR

C

BBlJIsKI=DISTI(I,KI*D. GﬁﬁgzﬁﬁaflGOOQOQ.
88 BBIK,J)=BB{Jd,K}

CALCULATION OF ARTIFICIAL CCGST FODR TRNSPT
££CtﬁﬁﬁﬁﬁtCﬁﬁﬁC@ﬁCﬂCﬁCCﬁﬁﬁﬁ£€£Cﬁﬁﬁﬁﬂﬁﬁﬁ£ﬁﬁ££ﬁﬁ££@ﬁ££

C
C
C
C
C
C QUICK AND DIRTY ADDITION TO INITIALIZE TOTESC
C
CCCCCCLCCCCOCCOCCCCCOLCCLLLOCCCCLCLCOCCCCCCCCCLOLCC Ll

DG 87 I=5,10

DO 87 J=1,10

TOTESC{I,J}=1.0
87 CONTINUE

DO 950 I=1,M

DO 9850 J=1.M

C2{1,J1=D.

SMS056690
SMS06TOO
SMS06T10
SMS06720
SMS06730
SMS06T740
SMS0&750
SM506760C
SMSOATTO

SM506780 -

SM506790
SM3056800
S5MS06810
SMS06820
SHSD6830
SMS06840

SHS06850
SMS 06860
SMSD6ETO
SMS 06880

C

€ IF TRAVEL COST IS NOT TCO BE CONSIDERED, ELIMINATE NEXT FOUR STATEMENTSMSO06890
C  CHANGE STATEMENT 950 TC READ: 950 C211,J)=C211,J)+T0OTESCII,J) » ONLY SMS06900
C

TWO ITERATIONS GF TRNSPT {NLGCOP=2) UNDER THESE CIRCUMSTANCES.

SMS06510

-¢0¢-



c SMS06920
950  C2{I+d)=C2(1,J) + TOTESCII.J) SMS06930
$2=0. SMSD6940

C | SMS06950
C CALCULATION OF INTERZOMAL PERSON TRIPS, TOTAL TRIPS, AND TOTAL TRAVELSMS06960
C SMS06970
T=0. SMS06980

DO 926 J=1,M SM506990

DO 926 K=1,M SMS07000
TRIPS{J,K)1=0.0 SMS07010
TRIPS(J,K)=PREJIEATIKI {1 ) ZIFTALI,KIE%2) ) /SALJ) SMS07020

555 T=T+TRIPS{JsK) | SMS07030
S2=S2+4TRIPS{J,KI*BB{J,K) SMSOT040

926  CONTINUE SMS07050
C SMSOT060
C CALCULATION OF TOTAL ESTABLISHMENT COMPONENT COSTS AND TOTAL OVERALLSMSOT0T0
C  SCLUTION {$ MILLIONS) . SMSOT080
c SMS07090
DO 704 K2=1,NECTCM SMS07100
TOTCCTIK2)=0. SMSO7110

DO 704 J=1,M SMS07120
COSTS{K2,yJ)=0. SMSOT130

DO 705 I=1,NACTS | SMS0T140

705 COSTS{K2,J)=COSTS{K2,J)+ACTSIIJIRESTCSTII,J4K2) SMSO7150
704 CONTINUE SMSOT160
DO 706 K2=1,NECTCH SMS07170

DO 706 J=1,M SMSO7180

706 TOTCCTIK2)=TOTCLTIK2)+COSTSIKS ,d) SMSOT190
T2=0. SMS07200

DO 707 K2=1,NECTCM SMS07210

707 T2=T2+TOTCCTIK2) /1000000, SMS07220

G=T2+52

SMS07230
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RETURN SMS07240
DEBUG IMNIT,SUBCHK SMS0725%0

END SMS07260
SUBROUTINE SUMMRY SM307270

' SMS07280

THIS SUBROUTINE IS FOR PRINTING OUT RESULTS OF CALCULATIONS WITH RESSMSO07290
EACH SCOLUTION . INTERZOGNAL TRIPS ARE PRINTED DNLY FOR INITIAL AND LASMSO7300
SOLUTION . SMSO7310
SM507320

COMMON ACTS{10,103EXIST{10,10)+A010),8{109,0(10,103,X{10,10} SMS07330
COMMON ESTCSTI12,12912)9CC{10,10),TOTESC(10,10),ESTABI10,10) SMS07340
COMMON MoaNACTS,NECTCM NLNLOOP,NZPNUM SMS0T350
COMMON G9514524T472 SMS0T7360
COMMON DLINK{15,23,DI57T{10,10),CCC{18),ATTRCOL10) ,PRODCOILO) SMSOT7370
COMMON PRULID)JATI1Z2)5A(10) ,TRIPSI10,103,8B110,10),FTA{12,12) SMS0T380
COMMON NQyC2{10,10) SMS07390
COMMON COSTS(6410),TOTCLTLE) SMS07400
COMMON PPUIS)APULS)RATIOIS5),RPINIS) . SMS07410
1005 FORMATIT73{1H*),/) SM507420
1009 FORMAT(10X,2H% 41X,1001442X}) " SMS07430
1010 FORMATI{4AX,1244X92H% ,1011X,F5.0)) SMS07440
IFTING.GT-1).AND.{NR.EQ.3}IG0 TO 51 SMS0T450
WRITE{H,9007) NQ SMS0T7460

9007 FORMATIL///,10X,IDESIGN LOOP? ,15,//) SMSOT7470
WRITE(6,43505) SHS07480

3505 FORMAT{//,10X,'TOTAL COSTS - BENEFITS ($M)") SMS07490
WRITE(6,1005) §MSO7500
WRITE(6,43510) T2,52,6 SMS07510

3510 FGﬁM&T(lOXa’TGTAL %ST&BLiSH%EmT COSTS — BENEFITS ='4F16.4,/, SMS07520
*10X, ¥ TOTAL TRAVEL COSTS =1,F16.4474 SMS07530
*10X, ! SUM TOTAL COSTS ~ BENEFITS =',F16.4) SMSQT540
HRITE(6,5,1005) SMSDT7550



WRITE(6,3712) , SM507560
3712 FORMATI(//7+10X92H% 10X, 'COMPONENT COSTS AND BENEFITS IN EACH ZONE SHNSOT7570

* [($)) MSO7580
WRITE{6,1005) SMS075%0
WRITE(6,3713) SMSOT7600

3713 FORMATIIX, "ZONE NDe ?92H% SIX'BENEFITS ' 2Xy"BLD UNIT?,2X,"WATERT, SMS0T610
¥5 Xy "SEWER?T 23Xy ' STREETS Y 96Xy "ELECT) SHMS07620
WRITE(6,41003) SMS07630

DO 372 J=1,M. : SMSOT7640

372 WRITE(S43714) JoICOSTS{KZ2yd) #K2=1,NECTCHM) SMS07650
3714 FORMATI{1X,1296X,6F10.0) SMS07660
WRITE(H,1005) SMS07670
WRITE(E,3T715MTOTCCTIKZ) 3K2=1,NECTCH) SMS075680

3715 FORMATIZ2X, "TOTALS?,1X,6F10.0% . SMSDT7690
WRITE{(6,1005) SMSOTT700
IFINQ.EQ.1IGE TO 51 SMS07710
WRITE (6,35158) SMS07720

3515 FORMAT(J//7+1X,'Z0NE NO. "92H¥ 510X, YALLOCATICNS OF FUTURE ACTIVITIESMSO7730

*S TO ZONES?) SMSD7740
WRITE{6+1005) SMSOT7750
WRITE{6451009){1,I=1,NACTS) " SMS07760
WRITE(6,1005) ' SMS07T70
DG 20 J=1,M SMS507780

20 WRITE(6,1010) Jo1lACTSII,,J)1I=1,NACTS) SMS07790

WRITE{&,1005) SMSO7300

51 Ne=NQ+1 SHMS07810

IF{NQ.EQa4) GO TO 450 » SMS07820

RETURN SMS07830

450 CONTINUE SM507840
RETURN

DEBUG INIT,SUBCHK SMS507850

END SM507860
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SUBRUOUTINE TRMSPT{M,N, INFsM1,N1)

COMMON ACTS{10,10),EXIST{10,10),A€10),8{10),C{10,103,X110,10)
COMMON ESTCST{12,124123,CC{10,10),TOTESC{10,10),E5TAB{10,10)
COMMON MMyNACTSNECTUMsNLyNLOOP,,NZPyNUM

COMMON G9S5S1+52,7,72

COMMON DLINKU15,23,DIST{10,103,CCCI18),ATTRCO{10),PRODCO{10]}
COMMON PR{1O),AT(121,54{10),TRIPS{10,10),BB(10,10),FTA{12,12)
COMMON NQ,(2(10,10}

COMMON COSTS{6,10),TOTCCTL{S) |

COMMON PPU{5),APU(5) ,RATIOI{5),RPINIS) .

DIMENSION V{10),X5J{10),5{103,R{10},
FLISTVILIO) U103, XI5{10)sD{10),6{10},LISTUL10)4XB{10D,10})
INTEGER COSTHCaXyAE

INTEGER PaHyYoTyVeXSJySaReLISTVUsXISHD#GLISTU

LOGICAL XB

THE PARAMETERS ARE C{I,J) — ARRAY OF COS5TS
All) - QUANTITIES AVAILABLE
B{J)  ~~ QUANTITIES REQUIRED
Izlao%ns% E 3"—‘1—;»»;»3"3

SuM OF A(I) = SUM OF B{O)

SMS0787¢C
SMS07880
SM507890
SMS0T7900
SMS07910
SM507920
S$MS07930
SMS07940
SMS07950
SMSOT7960
SMSQ7970

SMS07980

SM507990
SMS08000
SM508010
SM508020
SM3508030
SMS08040
SMS08050
SMS08060
SM508070

— INF — HAS TO BE THE GREATEST +VE INTEGER WITHIN MACHINE CAPACITYSMS08080

ALL QUANTITIES HAVE TC BE INTEGER

THE FLOWS * X{I,J) * ARE COMPUTED BY THE PRIME-DUAL-ALGORITHHM
CITED IN HADLEY.G. LINEAR PROGRAMMING , READING,LONDON, 1962.
THE PROCEDURE FOLLOWS THE DESCRIPYION GIVEN ONM P357.

MULTIPLE SCLUTIOGNS ARE LEFT QUT COF ACCOUNT.

ARRAY — XBIl1yJ) ~ FUR NOTATION OF CIRCLED CELLS.
— LISTULI) - AND — LISTVIJ) ~ LISTS OF LABELED ROWS AND COLUMNS
OTHER NOTATIONS FOLLOW HADLEY.

SMS08090

SMS08100

SMS08110
SMS08120
SM508130
SM508140
SMS08150
SMS08160
SMS08170
sMs08180
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10
20

30

40
50
&0
70

30

90

100

DG 10 I=1,M
XIS{I¥=At1Y

BO 20 J=1.N
XS3{4i1=8{J)

DO 70 I=1,M
H=INF

DG 30 J=1,N
Xi:{sd}:{)

P=C1I,4)
CONTINUE

Ui{i)=H

DD 60 J=1,N

IF {C{I+J}.EQ.H) GO TO 40
GO 1O 50
XB{lI,Jd3=,TRUE,
GOTE 60
XB{IyJ}=.FALSE.
CONT INUE
CONTINUE

DU 120 J=1,N
H=1INF

D3 100 I=1.,¥

IF (XB{I,J3) G0 TO 80
60 TO 90

v{Ji=0

GLTO 120
D(I)¥=ClI,3)-UL1)
P=C{I,J-U(I)

IF (P.L7.H) H=pP
CONTINUE

SMS08190

SMS08200
SMS08210
SMS08220
SMS08230
SM508240
SMS08250

SMS508260

sMso0827¢0
s$MS08280
SM508290
SMS08300
SMS08310
SMS0832¢0
SMS08330
SMS08B340
SM508350
SMS08360
SMS08370
SM508380
SMS08390
SMS508400
SMS08410
SMS08420
SMS08430
SMS08440
SM508450
SMSO8460

SMSOB4TO

SMS08480
SMS084%0
SM508500

-L0€-



110
120

136

140
150

180
17¢

-180
150
200

210
220

230

Vidi=H
DG 110 I=1.M

IF (DIIYL.EQ.H) XB(I,J)=.TRUE.

COMTINUE

CONTINUE

DO 130 J=1,N
LISTVIJY=D

DO 140 I=1,M
LISTUL(TI)=D

DC 210 I=1,M

DO 200 J=1.,N

IF {(XB{I,J3) GG TO 150
G0 TG 200

IF (XSJi1d)LLE-XIS{I}) 606 TG 170

GG To 180
H=XSJ{J)
X{1,Jd)=XS414)
GOTO 19C
H=XIS(1)
X114d3=XI8{1)
XSJ{J)=XSJ{J)-H
XIS{I)=XIS{1)-H
CONTINUE
CONTINUE

ISUM=0

D0 221 J=1,N
ISUM=TSUM+XSJL)
IF {ISUM.EQ.0) GOTD 610
DG 230 J=1,N
R{JI=0

S{J)=0

H=0

SMS08510
SMS08520
SMS08530
SMSD8540
SMS08550
SM508560
SMS08570
SMS08580
SMS08590
SMS08600
S¥508610
smMsogs20
SMS08630
SMSO8640
SMSO08650
SHS0B660
SM508670
SHMS08680
SMSO869D
S5MS08700
SM308710
SMS08720
SM508730
SMS08740
SMS0B750
SMS08760
SMSO8TTO
SMso8780

SM508790

SMS08800
5M508810
S#MS08820
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240

250

260

270
280
290

300
310

320

K=1

DO 300 I=1,M

IF {XIS{1).6T.0) GO TO 250
GG TO 290

D(1)=XIS(1}

G1)=2%N

DO 280 J=1,N

IF (XB{I4J).AND.R{J).EQ.O)} GO TO 260
GO TO 280

S(4)=pl1)

R{JI=I

LISTVIK)I=J

K=K+1

IF {X5J{J).CT.H} GO TG 270
GO TC 280

H=XSJ(J)

p=J

CONT INUE

GOTO 300

DII)=0

6{11=0

CONTINUE

IF (K.EQ.1) 6070 440

L=1

DO 370 K=1,N

J=LISTVIK)

LISTVIK)=0

IF (J.EQ.O0) GOTD 380

DG 360 1=1,M

IE {XB{I,J) 2AND.X(14J).6T.0.ANDLG(I).EQ.0) GO TD 320
60 TO 360

If (X{14J).LE.S(J)) GO TO 230

SMS08830

SMS08840

SHS08850
SM508860
SM508870
SM508880
SM508890
SM508900
$MsS08910
SM508920
SM508930
SMS08940
SMS08950
SHMSOB8960
SMS08970
SM508980
SMS08990
SMS09000
SMS08010

SMS0%020

SMS09030
SMS09040
SMS09050
SMS09060
SMS09070
SMS09080
SMS09090
SMS09100
SMS09110
SMS09120
SHS09130
SMS0914D
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340
350

360
370
380

390

400

410
420
430

0 TU 340
Dtiy=X(1,3)

GOTD 350

DII)=3514}

Giil=J

LISTUlL)=1

L=L+1

CONTINUE

CONTINUE

IF {(L.EQ.1) GOTD 440

K=1

DC 420 L=1.#
=LISTU{L)

LISTULLI=D

IF {1.EQ.0) GOTS 430
DG 410 J=1,N

IF {XB{I,J) AND.R{J}.EQ.D) GO TO 390

G0 70 410
54J3=D113}
RiJ)=1
LISTVI{K}=J
K=K+1

IF {XS5J{3).GT.H) 60 TO 400
GO TO 410
H=XSJ{J}
CONTINUE
CONTINUE
GOTO 310

END OF LABELING PROCESS

SM509150
S$M509160
SMS09170
SMS09180
SMS09190
SMS09200
SMS509210
SM509220
SM509230
58509240
SM509250
SHS09260
SMS09270
SM509280
SM509290
SMS09300
SMSD9310

SHMS09320

SMS509330
SMS0%340
SMS0935¢C
SMS09360C
SMSO9370
SMS09380
S$MS09390
SMS09400
SM509410
SM509420
SMS09430
SMS09440
SM509450
SMS094560
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440 IF (H.GT.0) 60 TO 490 5MS09470

GO TC 460 SMS09480
460 ISUM=0Q SMS09490
DO 461 J=1,.N SMS09500
461 1SUM=ISUM+XSJ{d) SMS09510
IF (ISUMLEQ.D) GO TO 610 SM509520
G0 TO 530 SMS509530
490 K=P SMS092540
IF (S{K}.LT.X5J{K}) GO TO 500 SMS09550
G0 TO 510 SMS0S560
500 H=3S1{K) SM509570
GUTD 520 SMS09580
510 H=XSJIK} SMS09590
520 Y=R{K) SMS09600
XiY 4 KI=X{Y,K JI+H S$NSO9610
XIS{Y I=XIS{YI-H SM509620
XSJIK)=XSJ{KY-H SK509630
T=6G{Y) SMS509640
IF (T.EQ.2%N} GOTC 220 SM509650
X{Y,T)i=X{Y,Ti-H EMS509660
XIS{Y)=XIS(Y)+H SMS0S6TD
XSI{Ti=XSJ{TI+H SMS09680
K=T SMS509690
GGTOD 520 SM509700
530 H=INF SMS09710
DG 560 I=1l,M SMS09720
DO 550 J=1,N SMSD9T30
IF {GlI)WNED.ANDLR{J}.EQ.O0) GO TO 540 SH509740
GG TG 550 SHMS509750
540 P=C{I.Jd)-uil)-VviJ} SMS09760
IF (P.LT.H) H=P SMS09770

550 CONTIMUE SMS09780
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560
570

580

590
600

610
620

630

CONTINUE
DG 570 I=1,M
IF (G{I).NELOY ULI)=ULI)}+H
CONTINUE
DC 580 J=1,N
IF {(RIJ).NELO) V{JII=VII)-H
CONTINUE
DO 600 I=1,M
DO 590 J=1,.N : :
IFIC{I,J)NELULTI+V{J)) 6O TO 590
XB{I,Jd)=sTRUE.
CONTINUE
CONTINUE
G TC 220
L05T=0
DG 620 I=1,M ,
COST=COST+ALTII®U{T})
DG 630 J=1,N
COST=COST+B{JI%V{I}
RETURN

DEBUG INIT,SUBCHK
END

SMS09790
SMS09800
SM509810

SMS09820

SMS09830
5M509840
SMS09850
SMS09860
SMS09870
SM509880
SMS09890

SMSC9%D0

SM509910

SM309920

SMS09930
SM509940
S¥509950
SMS09960
SMSD9%T0
SMS09980
SMS09990
5#M510000
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Appendix H - Goal Programming Module - Program Listing
kkk ok k & k %k % ¥ % % %k % MODULE & % % % % & % % % % % % % % % % %

*

* GUOAL PROGRAMMING

£

* STHMPLE INTEGRATED MUDULAR WATERSHED PLANNING MOUDEL

#*

E'S .
THE GUAL PRUGRAMMING MODULE PROVIDES FOR AN EXPLICIT
TREATMENT OF TRADEOFF DECISIONS INVOLVED IN THE ALLOCATION
OF BUDGETARY RESOURCES. THE QUTPUY OF THIS MODULE IS A
DESCRIPTION OF THE EXTENT TO WHICH PARTICULAR GUALS ARE
ACHIEVED GIVEN A PREDEVERMINED SET OF PRIORITIES AND
BUDGETARY CONSTRAIRTS.

k-3

%

wikd ok F o ok ok ok ok ok % % F ok ofF k % % ok ok ok ok & & ok ok ok ok ok ok R R R Kk
DIMENSTON KEPT{140)
DIMENSION RHS(140)
DIMERSIUN VALY(140,10)
ODIMENSION RHSI(140)
DIMENSION Y(1401,PROTIL40)
DIMENS IUN AMT(144G)
DIMENSION ZVaL{(ig}
DIMENSION C{140,140])
DIMENSION DOD(140),DUDLL4A0)
CIMENSION VALX(10,140)
DIMENSION X140}
DIMENSION RVLX(104140]
DIMENSION DU1404140)
C GOAL PRUOGRAMMING
CALL START{NsMsLyCoyVALXJ VALY yPRUTHRHSLsKPCK 4KEPTHTEST)
BO 21 J=1.M

GP
GP
GP
&P
6P
GP
GP
GP
GP
GP
6P
&P
GP
GP
&P
GP
G

GP
GP
&P
GP
CF
GP
GP
G

GP
6P
GP
GP
GP
GP
GP

00010
00020
00030
00040
00050
00060
GOO0TO0
00080
06090
06100
00110
00120
00130
00140
08150
00160
00170
00180
0019G
00200
00210
00220
00230
00240
00250
00260
QoZTo
00280
00290
00300
00310
00320
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20
15
id

B
153

4o e G L
[ac SUNIS I S

50

&G

A=y

DO 20 I=1,N

Y(I)=1

FORMAT (13F12.2)
FORMAT (LOF8.3)
FORMAT (3F%.0)

DO 25 K=1,L

DO 25 I=1.N

VALY (T4K)=VALX(K 1)

> CONTINUE

ITAB=0
BRING IN NEW VARIABLES
ITER=0

CALCULATE NET CONTRIBUTION OF EACH VARIABLE (RVLX{Ksd))
L1=0
2 K3=L-L1

IF(K3-1) 800+40s40

DO 60 K=14K3

D0 66 Jd=1+M
SUMP=0

00 B I=l+M
P=VALY{IK}*C (1}
SUMP=SUMP+P
CONTINUE

RVLX(K ¢ J=SUMP-VALXI{KsJ})
CONTINUE
ITER=ITER+}

BRING IN X{K2)
ZHMAK={ .

GG 90 J=1+8
IF{KS~LY 927070
KézKied

GP
GP
eGP
GP
GP
&P
P
GP
GP
GP
GpP
P
GP
eGP
GP
GP
GP
GP
GP
GP
&P
GP
GP
GP
GP
GP
P
GP
oGP
oGP
GP

Gk

0G330
G0340
00350
G360
00370
00380
00320
GC400
00410
00420
00430
CU440
Q0450
00460
00470
00480
00490
00540
00510
00520
0530
GUS40
00556
00560
00570
04580
00590
00600
GO6 10
00620
QU630
00640
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91
70
80

@0
95

ééééé

DO 91 K=Kasl

IF(RVLIX{Ksdi) 90+91,491

CONTINUL

IF(RVLXIKIZ 9 J 1 —ZMAX]) 90,90480
CHMAX=RVLX{K3y J)

Kez=Jd

CONTINUE

IFLZMAX) T90,T90s 100

WHICH VARIABLE IS REMOVED FROM THE BASIS
CALCULATE LIMITING AMT FOR EACH BASIS WVARIABLE
DU L50 I=lsN

IF(PROTCI}) 11041204120

WRITE(G6413) PRDT(I)

GO TO 830

IFICUE K21 13051304140

AMT(1})=-1.

60 TO 150

AMTLII=PROT(II/CULIsKZ)

CONTIRUE

SELECT SMALLEST POSITIVE LIMITING AMT
I=1 i
IF(AMTULIN) 1704210210

I=+}

IF(I-M) 16041604180

- WRITE(G:13) AMTIN)

GO TGO 830

210 ZMIN=AMT (L)
Ki=1
226G I=I+1
IF(I=N) 230,230,300
230 IF(AMT(I)) 220,240,240
240 IF(ZMIN-AMT(I}) 220,220,210

GP
GP
GP
GP
GP
GP
oGP
eGP
GP
GP
GP
GP
opP
&P
s

GP
GP
GP
GP
GP
GP
GP
GP
eGP
GP
eGP
6P
GP
GP
GP
GP
GP

00650
G660
00670
006380
00690
00700
Q0710
QU2
GOT30
00740
00750
0760
COTT0
GOT60
Qo790
0oBGO
00810
00820
Q0830
00840
GG850
0G860
cuBTG
ouBBo
Go89G
00900
G0210
06920
GG936
094G
00950
Qo960
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L
o
o]

12
ot
-

,,F\
o3

w
Gt
£

520

REMOVE YKL}

p YIK1)=X{K2}

DO 310 K=i,l
VALY{K3,KI=VALX(K K2}

CONTINUE

CALCULATE NEW RIGHT-HAND SIDES
DO 400 I=14N
PROT(II=PROT(LI-ZMINAC(I4K2)

 CONTINUE

PROT(K1)=ZMIN

CALCULATE NEW SUBSTITUTION RATES
DO 560 J=1.M

DO 500 1=14N

D(Igdi=ClIad)~CUKLyJI*{CLTKZI/CIKL,K2))

- CONTINUE

DO 510 J=1¢4M
DKL JI=CIRKLyJI/CIKL K2}

» CONTIRUE

DO 520 J=1.M
DO 520 I=leN

ClIsd)=Dl1sd)

CONTINUE

WRIVE ALL TABLES OR JUST OPTIMAL TABLE
EFCITAB) 404.40,600

WRITE EACH TABLE

DO 610 I=1.N

WRITE(6,13) Y(I)ePROT(I)

3 CONTINUE

DO 620 I=IsN
WRITE(6512) (C(Tsd}ad=k,M)

O CONTINUE

GG 10 40

Gp
GP
&P

GP
GP
GP
GP
Gp
GP
oGP
GP
GP
GP
GP
GP
oP
&P
GP
&P
GP
GP
GP
Ge
P
&P
GP
GP

GP
oGP
G

00970
64980
D090

01000

01010
61020
01030
01040
01050
01060
031070
01080
01090
01100
01110
01120
01130
01140
01150
01160
01170
01180
01190
01200
01230
01220
01230
01240
01250
01260
01270
01280
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820

MOVE TO NEXT LUWER PRIORITY LEVEL

- Li=L1+]

60 TO 32
WRITE FINAL RESULTS

} WRITE(G.1014) ITER

WRITE{&S10L5)
FORMAT(1HL)

?QR%&‘E{E{}XV ‘1?&%%?}:{3%3&&..*0&.tcawu "Eﬁ}

WRITE{S45000)

O FORMAT(S5Ks *THE SIMPLEX SOLUTION' 235X 4*PAGE 03')

WRITE(G,5001)

FORMAT(® THE RIGHT HAND SIDEY)
DU 810 I=1eN :
WRITE(Gs13) Y{IJs PROT(I)

} CONTINUE

WRITE(645002)

FORMAT(® THE SUBSTITUTION RATES?)
B0 812 I=1i,N
WRITE(6512)(C(Tad) sd=l,M)
CONTINUE

WRITE(6y5003)

FURMAT(* THE ZJ-CJ MATRIX' )

D0 814 K=1.L

WRITE(6212) (RVLX{Kyd)s J=1sM)
CONTINUE

EVALUATE OBJECTIVE FUNCTION

DO 820 K=1,L

ZVAL(K)=0.

DO 820 I=14N

IVALIK)=EVAL (KJ+PROT(T) #VALY (1 ,K)
CONTINUE

WRITE(655004)

GP
GP
GP
GP
GP
GP
GP
GP
GP
GP
GP
GP
GP
GP
GP
GP
GP
GP
GP
P
GP
&P

GP
GP
GP
GP
GP
P

£
A=

GP
GP

012%0
01300
0l310
01320

01230

01340
01350
01360
01370
01380
01390
01400
041410
61420
01430
01440
01450
01460
1470
01480
01490
61500
01510
01520
01530
01540
01550
01560
01570
01580
01590
01600
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5004 FURMAT( ¥ AN EVALUATION OF THE OBJECTIVE FUNCTION®) GP Q1610
DO 821 K=1sL GP 01620
KK=L-K GP 01630
TF{ITEST.EQ«L10)60U TG 89 GP 01640
KK=KK+1 GP G1630

89 WRITE(6,15) KKIVALIK] GP 01660
621 CUNTYINUE GP 01670
CALL FINISH(RHSIyPRUTyVALY Lo KPCKa YN KEPT$TEST) P OL6E0

E3C STOP , _ GP 01650
END GP C1700
SUBRUUTINE STARTINRUWSyNVARJNPRTSCoVALX s VALY oRHS +RHSLWKPCKHKEPT, TGP 01710

REST) GP 01720

C THE START SUBROUTINE IS DESIGNED TO TAKE INFORMATION IN A SPEC-GP 01720
C IFIED FORMAT AND TRANSFORM IT INTO A SERIES OF USABLE MATRICES.GP (01740
{;".Q‘“"QlQl"ﬂ"*ﬁﬂ.‘.&@.“*"#“"‘&‘Q‘ﬂ‘*@ﬁi"i.Qf‘.eﬁ"‘""ﬂ“"t’"Oﬁ‘.*’ﬂ.’:‘."“‘tG‘P ﬁ}g?g%}
REAL NEG GP 01760

REAL L ‘ : GP 01770
NV=312 P 01780
NR=250 GP CGLT90

1 FORMAT(A4,313) GP 018060
DATA PUSSNEG/YPUOS 's'NEG Y/ GP OL81C

DATA DATASYDATARY/ GP Q1820

UATA GBJ/%GBI Y/ GPp 018306

DATA PROB/YPRUEY/S GP 01840

DATa B /viv/ &P 01850

DATA EG L/ Et Gy "LY/S GP 01860
DIMENSION RHAS(140) GP 01870

ODATA RGHI/'RGHTY/ &GP 01820
DIMENSION VALY(140G,10) GP (189%C
DIMENSION Cl140s140) 4 VALXTLIG,140) GP UL19CG0
DIMENSION CQUALSCLAU) 4RVLRLLI0140) GP OL19LC
DIMENS [ON KEPTI140) GP 01520
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OGIMENSION RHII(1I40) oGP
TEST=0 0 GP

C GP
C GP
C &P
C ’ GP
C READ THE PROBLEM CARD FUR THE NUMBER OF RUWS.VARTIABLES, AND opP
gf"%Q"Q’&fﬁl'*&QQQQ‘G*&“*Q.Q&G*Q&.“G‘GQQ.“‘&‘O%‘G‘.‘O“Q*G.’ﬁ"“““"‘@p
10 READ(DS 41 ) ANAME JNROWS 4 NVAR ¢ NPRT P
LISP=NPRT+L &P
IF{NVARLLELG)Y GU TO 1020 GP
IF{NPRT.LELO) GO TU 1020 GP
IF(NROWS.LELCG) GO TO 1020 &P
IF(ANAMELNEPROBY GO TO 901 G¥

C GP
c GP
C READ THE SIGN CARD. GP
c IT WILL CONTAIN ONE OF THE FOLLOWING LEVTERS FOR EACH ROW Gp
C FOR EQUALS E P
C FOR LESS THAN OR EQUAL TO L GP
C FUR GREATER THAN OR EQUAL TO & GP
C FOR BUTH DEVIATIONS 8 oF
E:.ﬁ&'&%&'@&ﬁ.#&‘iﬁ“t#*‘tl‘"t*~&l‘&‘&ﬁQQ*G'“Q‘G“&‘P“"“G'tt&"l‘ﬁ“ﬁ*."'.ﬁ&?
REAU(S 411 {EQUALS{I}4I=1NROWS) oGP

11 FORMAT(BOAL} GP

c GP
C GP
NART=0 cP

C COUNT THE NUMBER OF POSITIVE SLACK VARIABLES oGP
Q“‘Q*U&G“&ﬁ'ﬁﬁfﬁ‘&&ﬁ'll"*“.‘»ﬂl‘f‘.‘&‘“*C’G&““.%"‘G.f“"O"""l"."‘.'..t'.'{ﬁspv
NFLDS=0 BP

B0 12 I=1.NROWS GP

01930
01940
CL95G
01960
01970
01980
GL990
GZ000
02010
G2020
02020
02040
G2050
02060
0o
02080
GZ0%¢
GZ2100
02110
(48 Pl
0zi3¢
02140
02150
02160
Q2170
02180
G2190
62200
62210
02224
02230
02240
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IF(EQUALSI) +EQBINFLOUS=NFLOS+1 &P

12 IF(EQUALSTL) EQGGINFLDS=NFLDS+L GP

C GP
C GF
¢ TeEST FOR SILE oGP
{:&QQ#‘G&‘&ﬂ“&*ﬂ“#“““&“"'ﬁ‘.".#.G“Q'&QGGG%Q*"C‘QQ“‘.‘**ﬁ**&ﬁ‘.&&“ﬁﬁ?
NSIZE=NFLUS+NRUWS+NVAR GP
IF(NROWS.0T«NR} GU TO 911 GP

C &P
£ GP
C GP
C CLEAR ALL MATRICES (23 4
{:.‘0“‘IQ‘~ﬁ~ﬂlt~i‘G..“'.*"&“‘ﬁﬁ‘.“..""G“Q&'Ei*‘»‘iﬂ"‘650‘.’.‘"‘*"’.*“‘{;?
KDUU=NPRTFL GP

00 16 J=14NSTZE GP

DO 16 I=1+NRUWS GP
KEPT{L)=0 GP
IF(I.GTLKDUD) GG TO 17 GP

K=l GP
RVLX(K ¢y ) =G0 GP
VALX(K 9 J)=0.0 GP

17 IF(I.GTJd) GU TU 99 GP

99 Clled)=1.0 &P
VALY(14K)=0.0 : GP
IF(INEd) ClIsdF=0.0 eGP

1¢ CUNTINUE GP
KPLK=0 GP
K=KOUD GP

c GP
C &P
c ADJUST THE SLACK VARIABLES AND OBJECTIVE FUNCTION TO MEET THE GP
C REQUIREMENTS OF THE SIGN GP

02250
G2260
02270
02280
02290
02300
02310
Q2320
2330
02340
G2350
02360
$2370
GZ2380
Q2394
GZaGo
02410
Q2420
G430
02440
GZ450
Q2467
02470
Ge&ul
Q2490
Q254G
Q2510
02520
02530
02840
02555
G2560
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C’.r&i.‘f&'ﬁ....OGG.O&Qﬁt&i"&t&‘&‘#ﬂ*i&ﬂﬁ&&ﬁ.‘ttt‘l‘l.‘t‘.'IIQ&&‘\"Q‘&‘GU“{;?

C
C
c
C

i4

oo
(%3]

DO 13 I=1.NROWS
IF(EQUALS{T).EQE] GU TO 14
IF(EQUALSTI) EQ.GY GO TO 15
IF{EQUALSTT)JEQLLY GO TO 13
IF(EQUALSIT }EQ.BIGL TU 18
GU To 9i¢

Jd=1

VALX(K yd 1=1.0

NART=NART+1

TEST=1.0

G0 TO 13

KPCK=KPIK+1

J=NROHS+KPLK

:.: € i 13}&"3 0

KEPT(L}=d

J=1

VALX(K yd ) =1,

MART=NAKRT+1

TEST=1.0

G0 T 13

KPCR=KPCR+L

JEK PORK+RNROWS

{:‘ }:!é} ﬁ”'iw@

KEPT{L)=d

. CONTINUE

READ THE UBJECTIVE FUNCTION

oGP
GF
GP
oGP
GP
GpP
GP
GP
6P
GP
P
GP
&P
&P
GP
GP
GP
GP
GP
GP
GP
&P
GP
P
GPF
GP
GP
GP

“**.““‘F“.&Q‘““"'**“‘"‘*&."“’#“‘r“..“‘.”".‘"‘*‘-"...\.ﬁt.""’..‘"‘..‘SF

19

READ{D 21 TANAME
I=0

oGP
&P

02570
02580
02550
02600
02610
02620
02630
02640
02650
02660
92670
02680
02690
02700
02710
02720
02730
02740
02750
02760
02770
02780
02790
02806
02810
02620
02830
02840
0ZB50
02860
02870
02880

A%



CHes Oy

20

IF(ANAME.NELORJ) 6O TO 920
IF(ANAME LEQLOBJ)Y GO TO 2C

U READ(S 421 JANAME s L yM o TEMP

IF (ANAME.EQ.DATA) GO TG 30
IF(M.LE.Q) 6O TO 1022
K=LISF~M
FORMAT{A%,215,F1640)
IF(JLE.G) GO TO 1022
IF(K.GT.NPRT) GO TO 1024
IF (ANAME.EQ.NEG) GO TO 26
IF (ANAMELEQ.PUS) GO TO 25
60 10 27

J=i

VALX(K 9 ) =TEMP

G0 1O ZO

 J=KEPTL)
IF (KEPT(L)«EQ.T) GU TO 1026

VALX(K y J)=TEMP
G0 T z2¢
IF(TEMPIZZ264204926

READ THE DATA MATRIX 1IN

READ(S ¢ 21 YANAME L9 J s TEMP
IF{ANAME LEQ RGHTY GO TO 40
IF(I.LE.O} GU TO L1090
IF{J.EQT} GO TO 109G
JEKPORKANROWS+J

CCIsJi=TEMP

GO TG 3¢

GP
&P
GP
GP
&P
GP
GP
&P
GP
GP
GP
GP
GP
GP
GP
GP
GP
GP
GP
GP
GP
GP
GP

- Q@Wﬁ:"t‘Q'ﬁ&‘&‘”*Q.*““*.ﬁ%‘ﬁﬂ&&U'ﬂ’ﬂ!’""‘l’G&&ﬁl&‘ﬂt.“Q‘-"Q‘&.t.iw"‘a.ﬁ

GP
GP
6P
P
GP
&P
P
&P

02890
029060
2910
02920
02930
02940
02950
QZ9e0
Q2970
(2980
02990
Q3000
G2010
03020
03030
03040
03450
03060
03070
03080
03090
G310G0
03116
03120
63130
03140
33150
uBled
0317G
63180
03190
G3200

X445



¢ eGP
< READ THE RIGHT HAND SIODE GP
i" S EREE B DEECECEBEEREBEN EEEECEREREEESEEECERTETEREREREER “‘IO‘G‘&Q'.‘.‘**‘ﬂ"".t{;?
40 READ(Z 4443 (RHS({1) + I=14NROWS) GP
4 FORMATI(SF10.0} GP

c GP
C : GP
C WRITE THE ABOVE RESULTS GP
C"O‘ﬁl*r";l‘l!‘ﬁ-ﬁ‘ﬁﬁﬁﬁ‘&‘&*&'f“.‘*“%ﬁ&l“&“'&ﬁﬁf“"ﬁ‘(ﬁ.“‘-&“&‘&‘&‘0‘@&&‘.‘.'&?
WRITE(&,5015) GP

5015 FORMAT(SSX'THE RIGHT HAND SIDE-INPUTY+33X.'PAGE CL1*) GpP
D0 41 I=1,NROWS GP
IF(RHS(I) 941442443 GP

42 RHSA{I}=.0000% &P

45 RHSL(I)}=RHSI(I]) GP
WRITE(G,1311) 1RHS(I) GP

1111 FORMATULOX$I3,2XsF15.5 ) GP
41 CONTINUE GP
WRITE{ 64620} GP

620 FORMATIIHL) GP
WRITE{G645016]) oGP

5016 FORMATUEGEXs "THE SUBSTITUTION RATES-INPUTY,18Xs*PAGE 027} GP
OU 1112 I=1.NROWS GP
WRITE(G,2519) 1 oP

2519 FORMAT(LIX,'ROW'415} ‘ GP
1112 WRITE(G1R13){CET+d)sJ=14NSILE} P
1L FORMAT(IOFB.31] GP

WRITELE4620) GP
HRITE(&,50GL7) &P

S5G17 FURMAT(EEXYTHE GBJECTIVE FUNCTION-INPUT 19X, *PAGE (3%} GF
OO 11314 K=14NPRT GP
M=LESF-K &P

03210
03220
03230
03240
03250
03260
03270
03280
43290
03300
03310
03320
03330
03340
03350
03360
03370
03380
03390
03400
03410
03420
03430
03440
03450
03460
03470
03480
03490
03500
03510
03520

1%



WRITE(642150) M GP

2150 FORMAT(* PRICRITYY*,15) G
L1114 WRITE(GsILIZ)(VALX(KyJ) o JI=14NSTZED} GP

WRITE(64620) ep
WRITE(6,5018) cp

5018 FORMATISS5X, YSUMMARY OF INPUT INFORMATION *,L19X,'PAGE®,* 04') Gp
NVAR=NSIZE GP
WRITE(692017) NROWS JNVARNPRT4NART GP
2017 FORMAT (10X, *NUMBER OF ROWSceesecenae¥pi5,/510X, "NUMBER OF VARIABLESGP
Feuaal 1155/310X s *NUMBER OF PRIGRITIES..+%9I5,/,10X,*ADDED PRIORGP
2ITIES cocnana®sI5) 6P
IF(NARTWGT.0)  NPRT=NPRT+1 GP
RETURN . 6P

910 WRITE(6,914) GP
$140FORMAT (*PRUGRAM CONTAINS AN ERROR EITHER IN THE NUMBER OF ROWS PUNGP
ICHED OR IN THE SIGN CARD.THE VALUE IS SOMETHING OTHER THAN WE®,wgwGp
Zy0RELHY) Gp

GO 10 999 GP

1090 WRITE (651091} &P
1091 FORMAT(Y  IMPROUPER DATA COLUMN OR ROW DEFINITION®) GP
6O TO 999 6P

920 WRITE(6,9211) &P
GZ1UFORMAT(Y AN CBJECTIVE CARD WITH THE VALUE®;F16.3,¢ iGP
1S FOUND BUT INSTRUCTIONS AS TO WHICH DEVIATION HAS BEEN NEGLECTED.GP

G
ZEXAMINE YOUR DATA %) &P
0 TO 999 GP
1G20 WRITE (6410211} GP
1021 FORMAT(® NUMBER OF RUWSs VARIABLES, UOR PRIORITIES CANNOT BE EQUAGP
1L TO ZERU UNDER ANY CIRCUMSTANCES®) ' oGP
GO ¥O 999 GP
1022 WRITE (6410623} GP
1023 FORMAT(F COLUMN VALUE OR PRIORITY VALUE IS5 EQUAL TO UR LESS THANGP

03530

3540
63550
03560
03570
03580
03596
03600
03610
03620
03630
03640
03650
03650
03670
03680
03690
03700
03710
G3T20
03730
03740
03750

3760
03770
03780
03790

03800

03810
G3820
03830
3840

4%



[N

1ZERU v} &GP 03850

GO 10 999 GP 03860

G111 WRITE(6,912) P 03870
YLZOFORMAT(* THE NUMBER OF VARIABLES NEEDED TO COMPUTE THIS PRUGRAM®'IGP (3880
GO TO 999 GP 03890

1026 WRITE(G1027) GP C3%900
1027 FURMAT(Y ATTEMPT IS5 MADE TO MINIMIZE NON EXISTANT POSITIVE DEVIAGP (3910
ITIONY) : ' GP G3920

G TQ 9%9 GP¥ 02930

1024 WRITE(6,1025) GP 03940
1025 FORMAT(Y OBJECTIVE FUNCTION PRIORITY EXCEEDS STATED %LM%ER OF PRIGP 03950
IGRITIESY) GP 03960

GO T4 9%9 GP 02970

FCL WRITE(H,9C2) GP 03980
G022 FORMAT(Y PROUBLEM CARD MISSING OR MISPURCHEDY) GP 02990
GO TO 999 GP 04000

G26 WRITE(64927) GP 04010
P27 FURMATUY A CARD IN THE OBJECTIVE SECTION ﬁ&Fi%EQ SOME YALUE FOR'YIGP 04020
S41 WRITE{&s942) GP 04030
942 FORMAT(® KEGATIVE VALUES ARE NOT ALLOWED ON THE RIGHT HAND SIDE. GP 04040
i CJRQ CT PRUBLEM BY MULTIPLYING ENTIRE CONSTRAINT THROUGH BY MINU GP 04050

25 ONEe Y} GP 04060

GO TO 999 &P 04070

eyg STUP GP 04080
END GP 04090
SUBROUTINE FINISH{RHSIJHHSE S VALY JNPRTJKPCK s Yo NROWS 4KEPTHTEST) &P 04100

REAL NEGSLK P 04110
DIMENSION KEPT(L40) 4RHS1(140) VALY (140,140) GP 04120
DIMENSION ZVAL(140) GP 04130
DIMENSION RHS(1401+¥(140) GPF 04140
RHS1 IS THE RESERVED VECTUR GF RHS VALUES FRUOM THE BEGINNING. GF 0415C

THE CNDING RHS VALUES ARE SUBTRACTED FROM THE BEGINNING ONES &P 04160

-GZc~
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AND THE RESULT IS PLACED INTO THE APPROPRIATE SLACK COLUMN.

GP

THE REMAINDER OF THE VALUES ARE PRINTED ON PAGE TWO OF THE RE-GP

SULTS.

SLACK ANALYSIS

WRITE(6521)

FURMAT(LHL 2 L20X+ YPAGE (06%// 50X, *SLACK ANALYSISY)

FORMAT(////}
WRITE(691)
WRITEL648)

FURMAT (10K *ROWT 46X "AVATLABLE s 12X+ YPOS SLK*412X, *NEG SLK*)

WRITE(&,1)

DO 19 I=LsNROWS
NEGSLK=U.C

POSSLK=0.0

DO 11 J=1,NROWS

M=Y (3

IF(I-M} 951049
IF(H-KEPT(1)) 11s12sil

., CUNTINUE

GU TO 13

NEGSLK=RHS (J}

60 TO 13

POSSLK=RHS( J)
WRITE(6y14)IsRHSL(E),POSSLK,NEGSLK
FORMAT (10X 913 93F2045)

CONTINUE

. FORMAT (10X 13+3XsF15.5)

VARIABLE AMOUNTS

GP
GP
GP
cP
GpP
oP
&P
53
GP
GP
GP
GP
GP
GP
GP
GP
GP
GP
GP
oP
&P
GP
G
&P
GP
GP
&P
GP
GP

&GP

04170
04180
04190
04200
04210
04220
04230
04240
04250
04260
04270
04280
04290
04300
04310
04320
04330
04340
04350
04360
04370
04380
04390
04400
04410
04420
04430
04440
04450
04460
04470
04480

=9¢t-



WRITE(G:84)

44 FORMAT(LHI¢LZOXsYPAGE OTFY// 30X *VARIABLE ANALYSISY)

WRITE(6445}
D0 41 I=14NROWS
NOHCK=Y {1 }~KPOR-NROKS
IF{NCHIKI 41941442
47 WRITE(Gs43INOHCK yRHS(T)
41 CONTINUE
WRITE(Gy T2}
FZ2 FORMAT(LIHL)
WRITE{G+50)

AMOUNT ®4//)

GP
GP
GP
GP
GP
GP
GP
eGP
GP
GP
&P
GP
GP

EQ FUORMAT(//+55X o "ANALYSIS OF THE UBJECTIVE' 323X "PAGE 8Y4////+50X 4 PGP
FRICRITY 2 L0Xy "UNDER-ACHIEVERENT Y4/

DO 32 K=1+WNPRT
ZVALIKI=0.0
DO 51 I=1¢NRUKS

51 ZVALIKI=ZVALIK] +VALY({IsK)*RHS{L}

LISP=NPRT+1

KK=LISP=K
IF(TEST.EW.0.0) GO TO 5
KK=NPRT-K

IF(KK.GT.0) 6O T& 52
WRITE(6,78) ZVAL(K)

Pl

T8 FORMAT(/+45X 4 "ARTIFICIALY 53X ,F20.5)

60 TO T7
52 WRITE(6453) KKsZVAL{K)
53 FURMAT(1H0s52Xs12+5K9F20.5}
77T CONTINUE

STOP

END

GP
GP
GP
GP
GP
GP
GP
GP
GP
GP
&P
&P
GP
GP
GP
GP
oP
GP

G4490
24500
04510
34520
04530
04540
04850
04560
04570
04580
04590
04600
04610
Q4620
4630
04640
04630
04660
C4670
4680
04690
G4TO0
04710
C4T20
0&T30
04740
4750
047560
O4T70
4784
U4T90
0480

A4 N
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AN INTEGBATED MODULAE ¥ATERESHED PLARNING HMODEL APPLIED
TC THE UPPER SOCUTH RIVER WATERSHED,

FAYNESBORO, VIRGINIA

by

Charles ¥. Stegsr, JTr.

{ABSTRACT)

The problems associated with urbar development and its
resultant effects op environmental gnality present increas-
irgly complex decisions for slected and %Qéhﬁical officials.,
Current approaches to modaling often result in the develop~
ment of nmodels whick are too complex to be undserstood and

require such long time periods tco be modified that by the

‘,wh

*

time the model is operational the problem has changed.

A mnmodular modeling framework is proposed which considers
land use, runoff, and water guality and connects these Ffac~
tcrs te a budgetary functicon, In addition, the modular con-
figuraticn facilitates the process of wpodifving components

of the mrodel in response to a changing problem environment,



feasibility of the proposad modeling

&

E]

In order to test th
approach, the model is applied to the Uppsr South River wat-
srshed, Waynesboro, Virgimia.,kThe; following three alterna-
tive development plans are evaluated:
1. To permit no additional population growth and pre-
serve the area for agriculiure and recreation.
2. To parmit concentrated development in the form of
two new commpunities sach with a population of +Lthres
thousand persons.
3, To increase the population by thres thousand per-
sons but to allow develcpment to continus to follow the
existing pattern of urban sprawl.

The study concludes by stating that if zoning crdinances and

4

2

ent

if

copprehensive plans focus on consclidating develops

e

A

within the framework of sxisting water and sewsr networks
the cost of providing the sewer network for Alternative 2
will be ten million dollars less  than Alterrative 3 for the

sare increase in population.





