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ABSTRACT 

OVer the last 15 years, a number of computer-based, water resources simulation 
and optimization models have been developed by the Planning and Development 
Division of the Department. Descriptions are provided for 29 of these models 
and their associated computer programs. 
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INTRODUCTION 

The Texas Department of Water Resources (TDWR) became engaged in 1968 in a 
research effort jointly funded by TDWR and the Office of Water Resources 
Research, U. S. Department of the Interior, which has resulted in the 
development of a series of computer-oriented planning models and attendant 
usage proced ures which can be used to analyze a variety of water resource 
planning problems and alternatives including many problems identified in the 
Texas Water Plans of 1968 and 1977. These models and techniques have been 
developed so as to be functionally interactive in the planning process. 
Equally important, this research effort has spawned the development of 
associated techniques, funded entirely with State funds, to provide analytic 
capabilities for the total spectrum of problems encountered when planning the 
use of scarce water resources, e. g. , ground water management and environmental 
effects of water resources development. 

The descriptions in this report of these models, their potential applications, 
and their limitations are not intended to be detailed or all-inclusive. 
Instead, they are introductions to the application of these systems analysis 
techniques to water resources planning investigations. More detailed 
information on the models can be obtained from the references cited in the 
model descriptions, or by contacting the Engineering and Environmental Systems 
Section of TDWR. In addition, all of the models used by the Texas Department 
of Water Resources are not discussed in this summary. 

The models described are classified into several categories of simulation 
capabilities. Same of the models are interactive with other models in 
different categories, and an effort has been made to define in the model 
descriptions all the possible or necessary model interactions. 

The programs described in this document are written in FORTRAN and were 
generally developed on a UNIVAC 1100 Series Computer. Some difficulties may 
be enountered with running these programs on IBM computers since the UNIVAC 
system automatically sets all core storage to zero prior to execution while 
IBM equipment does not. It is therefore suggested when executing these 
programs that all core storage locations be set to the number zero prior to 
execution if the operating system does not do so automatically. 

A further description of the application of a number of these models to the 
analysis of a complete water resources system is provided in TDWR Report 183 
and Report LP-75. 

The Information Systems and Services Section of TDWR acts as the clearinghouse 
for the dissemination of all TDWR computer software, data files, and related 
information. Further information pertaining to the availability of all 
programs and related documentation described herein may be obtained by 
contacting the Information Systems and Services Section (Tel: 1-512-475-2661). 



Technical Questions pertaining to the computer programs or models should be 
directed to the Engineering and Environmental Systems Section of the Planning 
and Development Division (Tel: 1-512-475-4344). 
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River Bas i n  Analys i s  



PROGRAM 

INPUT DATA 
REQUIRE MENTS 

S IMU LATION MODE 

NUMERI CAL SOLUTION 

CORE REQUIREMENTS 

INTERFACE 
REQU I REMENTS 

PROGRAM DESCRIPTION 

S I MY LD- I I  i s  a mul t i -reservo i r  s imul ati on model 
capabl e of s imul at i ng the movement of water 
through a system of ri ver reaches , pump canal s ,  
reservoi rs and non-storage ri ver j uncti ons . 
Water demand to be made on the syste·m can be 
appl i ed to ei ther the s torage or non-storage 
j un ctions and the opti on i s  avai l ab le  to enter 
these demands as month l y  val ues or as a total 
annual demand  whi ch wi l l  be reduced to monthly  
demands accordi ng to a set  of  user suppl i ed 
demand di stri buti on factors . SIMY LD- I I  a l so 
offers the ab i l i ty to set pri ori ti es for meeti ng 
water demands and mai n ta i n i ng reservoir storage 
at each reservo i r .  An addi tional capabi l i ty 
a l l ows these pri ori t ies to change when the hy
drol ogi c state of the reservoi r system changes 
between wet , dry , and normal condi tions . 

A second purpose of S IMY LD- 1 1  i s  determi nati on 
of the fi rm yi el d of a s i ngl e reservoi r wi thi n 
a mul ti -reservoi r  water resources system . An 
i terati ve procedure i s  used to adjust the demands 
at the sel ected reservo i r  i n  order to converge 
on i ts maxi mum fi rm yi e l d  at a gi ven storage 
capaci ty ass umi ng total systems operati on . 

Ri ver bas i n  descripti on 
Reservoi r maximum , mi n imum , and s tarti ng 
capaci ti es 

Reservoi r area-capaci ty data 
Reservo i r  i nfl ow data 
Reservoi r demand data 
Reservoi r  evaporati on data 

·: Dynami c or stati c 

The transfer of water through the l i nks i n  a 
reservoi r system i s  representati ve of a typi cal 
network fl ow p'robl em .  In  S IMY LD-I I  the optimum 
a l l ocat i on of network fl ows i s  accompl i shed 
through use of the out�of-ki l ter al gori thm . 

60 K words of s torage . 

S IMY LD-II i s  a stand-al one model . 
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MODEL DEVELOPMENT 
AND DOCUMENTATI ON 

S IMYLD- I I  was devel oped by the Systems Engi neer
i ng and Devel opment Di vi s i on of the Texas Water 
Development Board . The network fl ow a l gori thm 
was devel oped under contract to the Texas Water 
Devel opment Board by Dr . Fred Gl over , Dr . Darwi n 
Kl i ngman , and Mr. Ri chard Barr. 

The S IMYLD-I I Program Documentati on and Userls 
Manual i s  ava i l ab l e through the Texas Water De
vel opment Board . 

' 
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Mul ti bas i n  Simu l ation and Optimi zation 



PROGRAM 

DESCRI PTION 

INPUT DATA 
REQU I REMENTS 

S I MULATION MODE 

NUMERICAL SOLUTION 

CORE REQU IREMENTS 

PROGRAM DESCRI PTION 

AL-V 

AL-V i s  a genera l hydrol og ic  optim.i iation 
model to be used for ana l yz i ng surface water 
resource systems . I t  i s  des i gned to ana lyze 
the s imul ated mul ti -peri od operation of any 
i nterconnected confi guration of reservoi rs ,  
pump cana l s and p i pel i nes. The capabi l i ti es 
of the AL-V model i nc l ude the abi l i ty (1 ) to 
fi nd the m in imum cost operati ng pl an for a 
system of reservoirs , r i ver j uncti ons , canal s 
and river reaches , ( 2 )  to find the mi nimum 
cost s i z i ng of i nd i v i dual  reservoi rs ,  canal s ,  
or c l osed condu i ts ,  {3) to determi ne reservoi r  
operating ru l es for use i n  rel ated s imul ation 
model s and ( 4 ) to determi ne the min imum cost 
constructi on s i z i ng and sequenci ng of a number 
of water storage and conveyance projects i n  a 
mu l ti p l e  purpose river bas i n  system. 

System configurat i on data 
Reservoi r and cana l cost data 
Reservoi r  water demand data 
Reservoi r  net evaporation rate data 
Water import data 
Economic  data 
Hydroel ectric  power generati on data 
Constrai nts on fl ows and storage 

Steady state for seasona l or monthly periods 

AL-V uses a genera l i zed network optimi zat ion 
a l gori thm, with a success i ve l i near approxi 
mati ng techn i que,to sol ve for optimal  fl ows 
i n  a l i nk-node confi gurati on that i s  representa
tive of a phys ical  system . Thi s  a l gori thm 
i ncorporates network theory i n  the sol ution 
techn ique wi th extended capabi l i ti es to i ncor
porate consi derat i on of water l oss  mechani sms 
whic h  are fl ow dependent . 

6 0K words of storage .  
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INTERFACE 
REQU IREMENTS 

MODEL DEVELOPMENT 
AND DOCUMENTATION 

AL-V i s  a stand-al one model . 

AL-V i s  an improved vers i on of AL-IV whi ch 
was i tsel f  an  enhancement of AL- I I I  origi nal ly  
devel oped by Water Resources Engineers , Inc . 
under contract to the Texas Water Devel opment 
Board . Al l improvements and modif ications to 
AL- I V  were made by Quenti n Marti n .  The net
work fl ow a l gori thms were devel oped by 
Dr . Pau l  Jensen and Dr . Gora Bhaumi k of the 
Uni vers i ty of Texas at Austin .  

Documentation : "Surface Water Resources 
Al l ocation Model - AL-V , Program Documentati on 
and User ' s  Manual " ,  by Quenti n  W .  Martin ,  
TDWR , October 1 98 1 . 
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PROGRAM 

DESCRIPTION 

INPUT DATA 
REQUI REMENTS 

S IMULATION MODE 

NUMERICAL SOLUTION 

CORE REQUI REMENTS 

PROGRAM DESCRIPTION 

DPS IM-1 , Optimal  Capaci ty Expans i on Model for 
Surfa ce Water Resources Systems 

The DPSIM-I model i s  a computationa l pro cedure 
util ized in determi n i ng the min imum- cost 
capacity expans ion of a general s urface water 
s upply sys tem .  Thi s  program acts as a s creen
ing tool to  select from a number o f  deve l opment 
pol icies , a most l i kely optimal pol i cy .  Such 
a strategy speci fi es  the capaci ty s i z i ng and 
construct ion sequenci ng of  reservoi rs , pump 
canal s ,  and p i pel i nes i n  a water supply sys tem . 
The water requ i rement and hydrol ogi c condi ti ons 
wi thi n a mul ti -reservoi r system are taken to be 
subdi vi ded i nto a seri es of di screte expans i on 
periods , wi th expans ion i n  capaci ty being di c
tated at the begi nni ng of ea ch peri od . 

Des cri pt i on and locat ion of reservoi rs ,  demand 
poi nts , ri ver reaches , cana l s  and pi pel i nes ; 
reservoi r area-capaci ty tabl es ; reservoi r and 

. juncti on i n flows , demands and evaporation rates ; 
'constructi on cos t- capaci ty curves for reservoi r ,  
canal and pi peli ne projects ; precedent-order 
rel ations h i ps for project sequenci ng ; user-de
s ignated cons trai nts on project capaci ty comb ina
tions ; allowabl e dis crete cappci ty s i zes for 
projects ; economi c parameters . 

Steady state over  each operati on si mulati on 
peri od, but dynami c over each staging period . 

A dynami c programmi ng ( DP )  formul ati on i s  used 
to optimally time and s i ze the constructi on 
of new fa ci lities over the vari ous di s crete 
stagi ng i nterval s .  Embedded wi th i n  the DP 
procedure i s  a mi nimum- cost  fl ow ci rculati on 
network model whi ch i s  uti l i zed to establ i sh 
l ower bounds on the operati ng costs of ea ch 
of the vari ous al ternati ve devel opment strate
g ies . Thes e l ower bounds are computed by 
sol vi ng ti me-aggregated network fl ow models 
cons i s ti ng of b i -yearly operati ng peri ods 
spann i ng each staging i nterval. 

60K deci mal words of storage on a UN IVAC 1 1 00 
Seri es Computer System . One temporary storage 
fi l e  (tape or di s c  mass storage devi ce )  i s  
requ i red .  
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INTERFACE 
REQUI REMENTS 

PROGRAM DEVELOPMENT 
AND DOCUMENTATION 

The model can perform as a stand-al one procedure ; 
however,  DPSIM- I i s  des i gned to i nteract wi th 
the AL- IV model wi th i n  the framework of  an 
optimal ca�aci ty expans i on al gori thm. Thi s  
i n teraction is i n  the form of i n di rect i nput/ 
output trans .fers . 

DPS IM-I was devel oped by Dr . Quenti n  Marti n of 
the Systems Engi neeri ng and ·Devel opment Div i s i on 
of  the Texas Water Devel opme'nt Board . Docu
mentation is ava i l ab l e  i n  the fol l owing  publ i cation : 

''Optimal Capaci ty-Expans i on Model for Surface 
Water Resources System, 11 Systems Engi neeri ng 
Uvis i on ,  Texas Water Devel opment Board , Austi n ,  
Te�:as , Jun e  1975 . 
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PROGRAM 

DESCRIPTION 

INPUT DATA 
REQU IREMENTS 

SIMULATION MODE 

NUMER ICAL SOLUTION 

PROGRAM DESCRI PTION 

S I M-V 

S I M-V i s  a computeri zed procedure des i gned 
to s i mul ate the operat ion of a l arge comp l ex 
surface water storage and transfer system. 
The S I M-V computer routi ne all ows indiv idual 
network system el ements to be i ntroduced at 
any poi nt in the s i mu l ation t i me-span . Thi s 
capabi l i ty provi des the opt ion of i nvesti ga
ti ng various  patterns of construction schedul es 
i n  order that  the l east costly can be sel ected 
for i mpl ementation . Thi s capabi l i ty al so 
a l l ows S IM-V to be used ei ther as a stand-al one 
procedure or as an exten s i on of any stag i ng 
ana lys i s .  I n  S IM-V capi tal  costs are entered 
i nd i v idual ly for each system el ement (cana l 
and reservo ir ) and system operating costs are 
computed by the model . In  general , the movement 
of water v ia  the transfer l i nks wi l l  be done 
at a cost whi ch i s  a known function of the 
quant i ty of water fl owi ng and the pumping l i ft . 
I t  i s  the funct ion of S I M-V to meet system 
storage requi rements , water demands , and hydro
power generation target whi l e  min i mi z i ng the 
cost of transporting water wi thi n the system. 
No water wi l l  be spi l l ed from the system i f  
storage capaci ty rema ins i n  the reservoirs .  

System confi guration data 
Reservoi r  and canal cost data 
Reservoi r  i nfl ow data 
Reservoi r  water demand data 
Reservoi r  net evaporati on rate data 
Water i mport data 
Economi c data 
Hydroel ectric  power generati on data 
Constra i nts on fl ows and storage 

Steady state for monthly ti me peri od 

Performs the pri mary task  of fi nd ing a mi n i mum  
cost sol uti on to  the probl em of  fl ow a l l ocation 
in a capaci tated network . In  S IM-V the opti mum  
a l l ocation of  network fl ows is  accompl i shed 
through u se of general i zed network opti mization 
a l gori thms coupl ed wi th a success ive l i near 
approxi mation procedure . 

11 



CORE REQU IREMENTS 

INTERFACE 
REQU IREMENTS 

MODEL DEVELOPMENT 
AND DOCUMENTATION 

60K words of storage . 

S IM-V 1s a stand-a 'l one model . 

S I M-V 1s a s i gn i ficantly i mproved version of 
S I M-IV whic h  was devel oped i n  ·1 972 by the 
Systems Engineeri ng and Devel opment Divi s i on 
of the Texas Water Devel opment Board . The 
network fl ow al gorithms were devel oped by 
Dr . Pau l  Jensen of the Uni vers i ty of Texas  
at  Austin . 

Documentation : "Mu l ti reservoi r Simul ation 
and Optimi zation Model - SIM-V, Program 
Documentation and User • s  Manual .. , by 
Quent i n  W .  Martin,  TDWR, December 1 98 1. 
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Reservoi r Operati ons 
Ana lys i s  



PROGRAM 

DESCRIPTI ON 

NUMERICAL SOLUT I ON 

INPUT REQUIREMENTS 

CORE REQU I REMENTS 

I NTERFACE 
REQU IREMENTS 

MODEL DEVELOPMENT 
AND DOCUMENTAT ION 

PROGRAM DESCRI PTION 

RESOP-II,Reservoi r Operating and Qual i ty Routing  
Program 

RES OP-IIwas devel oped to cal cu l ate the fi rm 
yiel d of singl e reservoi r s i tes . It s imu l ates 
the month l y operation of a reservoi r on a hypo
theti cal basi s  for a gi ven time peri od. Enti re 
ri ver bas i ns may be operated for fi rm yiel d 
analys i s  by seq uenti al  runs wi th spi l l s added 
to the i nfl ow of downstream reservo i rs .  The 
program can al so s imul ate the trans fer of con
servati ve mi neral s through a reservo i r .  The 
program i s  currently  dimens i oned to hand l e  
5 0  years o f  data . 

The program al lows the user to operate a reser
voi r wi th one of three opti ons : Forward Operation,  
Reverse (i terati ng forward ) , or Forward Operati on 
wi th Qual i ty Routi ng. The Forward Operati ons 
requi re an annual y i el d as i nput and s i mul ates 
the reservo i r  operati on for that y ie l d.  The 
Reverse Operati on a l l ows a gross es timate of the 
annual yi el d  and then i terates unti l sol uti on con
vergence cri teri a are met - the res u l t  bei ng the 
fi rm annual yi el d.  

Control cards for run parameters , monthly di stri 
b uti on factors for annual demand ,  strai ght- l i ne 
segments of the area vs . capaci ty curve , ups tream 
spi l l s ,  evaporati on data (or l at. and l ong . for " 
Texas r.eservoi rs ) ,  and i nfl ow da ta .  Qual ·ity data 
i s  a l so req ui red i f  q ual i ty routi ng i s  des i red. 

Program is essenti al ly  machi ne i ndependent and 
requi res approxi matel y  30 ,000 words of storage. 
One i nput devi ce i s  needed i f  the evap. data i s  
not read i n  from cards . 

Stand-a l ong program 

The program was devel oped by TWDB personnel for 
reservoi r fi rm yiel d determi nati on.  Documentati on 
i s  avai l ab l e  i n  the fol l owi ng publ i cati on :  

11 Reservo i r  Operati ng and Qual i ty Routi ng 
Program - RESOP-II, . . Lewi s E. Browder, 
Report UM- 2 0, TDWR, August 1978 . 
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I rri gation Demand S i mul ation 



PROGRAM 

DESCR I PTI ON 

NUMERI CAL SOLUTI ON 

. 

. 

PROGRAM DESCRI PTI ON 

DEMAND-I I ,  I rri gat ion ,  I ndustri al  and Muni ci pal 
Water Demand Model 

The program DEMAND- I I  computes mun i c i pal and 
i ndustri a l  water requi rements for up to ten 
mun i c i pa l  and i ndustri a l  d i stri cts , and 
i rri gati on requi rements for up to ten i rri 
gation d i stri cts . 

The needs of a p l ant  for water are di rectl y 
proportiona l to the amount ·of evaporati on . 
Crop water requ i rements are cal culated by 
mul t iplying the pan evaporati on by a constant 
termed 11consumpti ve use coeffi ci ent11 wh i ch 
refl ects the water need$ of a parti cul ar 
crop duri ng a parti cul ar month for optimum 
phys iol ogi cal p l ant growth . The di fference 
between thi s raw requi rement and the amount 
of rai nfall i n  that month gi ves the amount 
of water i n  the ground that must be avai l ab l e  
to the ol ant . The water avai l ab l e  i n  the 
soi l depends on the porosi ty of the parti cul ar 
soi l in whi ch the crop is pl anted , and the 
root depth by the poros i ty g i ves a fi gure 
whi ch represents an effecti ve 11soi l  reservoi r11• 
Each combi nation of soi l and crop under con
s i derati on has associ ated wi th it a soi l 
reservo i r. If there i s  more rai n  than the 
crop needs , the surpl us wi l l  go i nto the soi l 
reservoi r ,  and when the reservoi r  i s  fi l l ed 
to capaci ty a l l excess wi l l  be l ost to the 
crop . When the reservoi r  drops be l ow one-ha l f 
capaci ty ,  i rri gati on water i s  then cal l ed to 
fi l l  i t .  The total i rri gati on demand for one 
month i s  the aggregate of the month ly demands 
of the i ndi vi dua l reservoi rs .  The program 
a l so ca l cul ates total reg ional demands for 
muni ci pal and i ndustri a l  needs based on month-·  
ly fracti ons of annual demands for each di stri ct .  

The program ca 1 cul  a tes effecti ve ra i nfa 11 
from actual ra infa l l by us i ng a second-order 
pol ynomi al  predi cti ve equati on.  Demands are 
cal cul ated  by doi ng a mass bal ance of the system 
and compari ng res ul ts wi th crop requi rements 
throughout the growi ng season , and wi th muni ci pa l  
and i ndustri al  req ui rements . 
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DATA REQUI REMENTS 

CORE REQU I RE MENTS 

INTERFACE 
REQU I REMENTS 

PROGRAM DEVELOPMENT 
AND DOCUMENTATI ON 

Data requi red by the model cons i s ts of rai nfa l l ,  
evaporation,  and runoff seri es ; muni ci pal and 
i ndustri al  demands ; i nformation on type of crop 
per acre , rotation patterns , and consumpti ve 
use coeffi c i ents . 

4,000 decimal words . 

Program performs as a s tand-al one model . 

DEMAND- I I  was devel oped by the Systems Engi neeri ng 
Di vi s i on ,  Texas Water  Devel opment Board . The 
program i s  documented i n  the fol l owi ng publ i ca
ti on :  

Texas Water Deve l opment Board, "A Completi on 
Report on Stochasti c Optimi zati on and S imul ation 
Techni ques for Management of Regi onal Water 
Resources Systems ," Vol ume liD, Demand I I  
Program Descri ption, December 1 970 . 
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PROGRAM 
. 

DESCRIPTI ON 

INPUT DATA 
REQU I REMENTS 

SIMU LATI ON MODE 

NUMERICAL S OLUTION 

CORE REQUIREMENTS 

PROGRAM DESCRI PTI ON 

DES , Dynami c Economi c S imu l ati on Model 

The Dynami c Economi c Simul ati on Model i s  a 
methodol ogy for s imul ati ng the demand for 
and use of i rri gation water by several com
peti n g  users i n  the face of h i gh l y  vari ab l e  
ra i nfal l ,  evapotranspi ration ,  and water 
supply .  The procedure cons i s ts of three 
i nterl i nked s ubmodel s :  A dynami c program
mi ng mo�l that establ i s hes the optimal 
economi c returns and dec i s i ons  for schedul ing  
the i rri gation of one crop i n  one soi l ,  a 
l i near programming mode l that sel ects the 
optimal cropp i ng patterns for v�ri ous amounts 
of soi l moi sture and water avai l ab i l i ty, 
and a dynami c s imul ati on of the changing  
status of crops and farmer's deci s i ons 
throughout the growi ng season . The output 
of the former two model s serves as i nput 
i nto the l atter one . 

H i stori c monthly rai nfal l and evaporati on, 
yi el ds and consumpti ve water use requi re
ments for crops, farm water use effi ci enci es , 
farm irrigation and crop ti ll age costs . 

Probab i l i sti c and dynami c over a growi ng 
season . 

The maximum expected val ue pol i cy for schedul 
i ng the i rri gati on of one crop i n  one soi l i s  
determi ned by sol v i ng a stochasti c dynami c pro
grammi ng ( DP }  probl em .  The measures of the 
condi t ion of the system a -re crop yie l d potenti al , 
soi l mo i sture and quanti ty of water avai l ab l e  
over the remai nder o f  the growing season . The 
max imum benefi t cropp ing  pattern i s  estab l i s hed 
by sol vi ng a l i near programmi ng ( LP }  prob lem 
formulation . The dynami c s imul ation of a 
growi ng season i s  executed by interfaci ng the 
LP and DP sol uti ons wi th the surface water 
quanti ty s imul ati on model SIM-IV. 

The DES model cons i s ts of a number of stand-a l one 
computer programs , al l of which may be executed 
wi th under 65K decimal words of storage on a 
UNIVAC 1100 Seri es Computer System. At mos t  
two external mass  storage devi ces are needed to 
store the program ' s  outputs . 
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I NTERFACE 
REQU IREMENTS 

PROGRAM DEVELOPMENT 
AND DOCUMENTATI ON 

Interacti on i s  requi red between the vari ous 
programs i n  the DES Model . The SIM- I V  s urface 
water s imul at ion model i s  needed i n  the fi nal 
dynami c s imul ati on phase . 

DES was devel oped by Dan Sa l cedo of the Systems 
Eng i neeri ng Di vi s i on of the Texas Water Devel op
ment Board . Documentation i s  avai l ab le.i n  the 
fol l owi ng publ i cation:  

" Dynami c Economi c Simul ation Mode l - DES Program 
Descri pti on ,  .. Systems Engi neering Di vi s i on ,  
Texas Water Deve lopment Board, Austi n,  Texas , 
July 197 2 .  
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Ground Water Bas i n  Si mul ati on 



PROGRAM 

DESCRI PTI ON 

INPUT DATA 
REQUI REMENTS 

NUME RICAL SOLUTI ON 
TECHN IQUES 

CORE REQU IREMENTS 

MODEL DEVELOPMENT 
. AND DOCUMENTATION 

PROGRAM DESCRIPT ION 

CARI ZO, Carri zo Aqui fer Di g i ta l  Model 

: CARI ZO s imul ates the change i n  water level s 
or p i ezometri c heads throughout the Carri zo
Wi l cox Aqui fer system over time . The program 
can operate i n  ei ther the s i mul ati on or the 
veri fi cati on mode . In the veri fication mode, 
h i storical recorded piezometri c surface el eva
tions are i nput , compari sonsare then made to 
the appropri ate s imul ated heads to determine 
errors (di fference between s imul ated heads 
and recorded heads ), and stati s ti ca l  parameters 
are computed. In the s imul ati on mode, the draw
down from the  base year are determi ned at each 
node for each year i n  the s imul ation peri od. 
As the model i s  presently structured, i t  can 
s imul ate up to a maximum of ten years per run . 

CARI ZO uses as i nput, val ues of transmi ss i bi l i ty, 
storage coefficients , top of aqu i fer el evati ons, 
base of aqu i fer el evations, in i ti al water tab l e  
el evations or pi ezometri c heads , pumpi ng rates , 
and recharge rates . 

CARI ZO uses an i terati ve al ternati ng directi on 
impl i ci t  procedure to sol ve the fin i te di fference 
approximati on to the di fferential  equati ons for 
two-dimens i ona l nonsteady fl ow of a compress i b l e  
fl u i d  i n  a porous medi um. 

CARI ZO requi res approximately 58000 decimal words 
of machine  storage . 

CARI ZO i s  based on a program ori gi nal ly devel oped 
by George Pi nder of the U. S .  Geo l ogi cal Survey . 
Documentation i s  ava i l ab le  i n  the fol l owi ng 
publ i cati on: 

11Program Documentation and User's Manual , Cari zo 
Aqui fer Di gi ta l  Model ,11 Texas Water Devel opment 
Board, Austi n ,  Texas, September 1 973 . 
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PROGRAM 

DESCRIPTI ON 

INPUT DATA 
REQUIREMENTS 

NUMERICAL SOLUTI ON 
TECHNIQUES 

CORE REQUIREMENTS 

MODEL DEVELOPMENT 
AND DOCUMENTATI ON 

PROGRAM DESCR IPT I ON 

GWS IM,  Groundwater Simul ation Program 

GWSIM  i s  a di gi ta l  model whi ch s i mul ates the 
water l evel s  of p i ezometri c heads i n  a aqui fer 
system at the end of a gi ven t ime peri od . The 
GWS IM  program was developed for s i mul ati ng 
the E dwards (Bal cones Fau l t  Zone)  Aqui fer i n  
Texas , but  the program i s  very general  and cou l d  
b e  appl i ed to other aqui fer systems . The pro
gram a l lows s i mul ati on of a confi ned aqu i fer , an 
unconfi ned aqu i fer ,  or a aqu i fer conta i n i ng both 
types of groundwater condi ti ons. The aqu i fer 
may be heterogeneous , in terms of s torage and 
permeabi l i ty and heterogeneous , ani sotropi c 
permeab i l i ti es may be used i n  the s i mul ati on . 
The output from the program i s  a des cri pti on 
of the water l evel s or p i ezometri c heads 
throughout the aqu i fer after a period of ti me. 

GWSIM uses an i nput , val ues of permeabi l i ty ,  
storage coeffi ci ent , top of aqui fer elevation , 
bottom of .aqui fer el evation , aqui fer th i ckness , 
l and surface el evation , i ni ti al water tabl e or 
pi ezometri c head elevation , and pumpi ng and 
recharge rate. 

GWSIM uses an i terati ve al ternati ng di recti on 
impl i c i t  procedure to sol ve the fi nite di fference 
approximati on to the di fferenti a l  equation govern 
i ng the non-steady state , two dimens i onal flow 
of groundwater in a nonhomogeneous an i sotropic'  
aqu ifer. 

GWS IM requi res approximately 58,000 decimal  
words of  mach i ne storage. 

GWSIM i s  based on a program wri tten by T. A. 
Pri ckett and C .  G. Lonnqui st of the Il l i no i s  
State Water Survey. Documentation i s  avai lab le 
i n  the fol lowi ng pub li cation:  

11 Program Documentation and Users Manual, GWSIM , 
Groundwater Simulation Program , 11 Texas Water 
Development Board , Aus ti n ,  Texas , May 1974 . 
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PROGRAM 

DESCRI PTION 

I NPUT DATA 
REQU I REMENTS 

SIMULATION MODE 

NUMERI CAL SOLUTION 

CORE REQU I REMENTS 

I NTERFACE REQUIREMENTS 

P ROGRAM DE VE LOPMENT 
AND DOCUMENTA1ION 

PROGRAM DESCRIPTION 

IMAGEW-I , Wel l Fi el d Drawdown Model 

The IMAGEW -I computer model i s  a methodol ogy 
for eval uating  the drawdown i n  water l evel s  
produced from pumpi ng from one o r  more wel l s  
1n a wel l fiel d l ocated i n  ei ther a confi ned 
or unconfi ned homogeneous aqui fer .  Th i s  draw
down can be eval uated at vari ous l ocati ons · 

i n  the aqui fer for vari ous e l apsed t imes fol l ow
i n g  the start of pumpi ng .  

The model �ssumes that each aqui fer i s  homo
geneous an d i nfi ni te ;  i t  i s  therefore accurate 
for only a rel ati vely smal l geograph i c  area 
surroundi ng the wel l  fi el d .  Image-wel l theory 
i s  uti l i zed to s i mul ate the effects of gee
hydrol ogic boundari es . 

Aqu i fer  s torage and transmi s s i bi l i ty coeffi ci ents , 
pumpage and recharge rates over  t ime ,  wel l  spat i a l  
l ocat ions , aqui fer characteri sti cs (artes i an ,  
water tabl e ,  l eaky ,  non l eaky ) , i n i ti al water 
l evel s .  

Steady state i n  a s i ng le  time peri od  and dynami c 
between peri ods . 

The IMAGEW- I model al l ows the hydrol ogi s t  three 
opti ons when sol v i ng for i n di vi dual wel l draw
down . Opt ion 1 i s  the nonl eaky arte s i an aqui fer 
sol uti on deri ved b y  Thei s .  Opt ion 2 uti l i zes 
the nonl eaky artesi an sol uti on wi th a water 
tabl e corre ct i on deri ved by Jacob i n  order to 
s i mul ate pumping  and wel l drawdown under water
tab l e  condi ti ons wi th no recharge . Opti on 3 
uti l i zes the modi fied steady-state sol uti on 
deri ved by Wal ton i n  order to s imu l ate pump i ng 
and we l l  drawdown i n  water-tabl e conditi ons 
wi th  untform annua l recharge . 

2 1 K  dec imal  words on a UNI VAC 1 1 00 Seri es 
Computer System . 

IMAGEW- I  i s  a stand-al one program . 

I MAGEW-I was devel oped by W i l l i am A .  Whi te of 
the Systems Engi neeri ng Di vi s i on and B i l l  Kl emt 
of  the Water Avai l abi l i ty Di vi s i on of the Texas 
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Water Deve l op ment Board . Documentati on i s  
avai l abl e i n  the fol l owi ng publ i cati on 11Wel l 
Fi el d Drawdown Model - IMAGEW- 1 , 11 Texas Water 
Devel opment Board, Austin,  Texas , February 
1973 .  
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PROGRAM 

DESCRI PTION 

NUME RI CAL SOLUTION 

PROGRAM DESCRIPTION 

DOSAG- 1 ,  Stream Qual i ty Routi ng Model 

The purpose of DOSAG- 1 i s  to cal cul a te the b io
chemi cal oxygen demand and the mi nimum di ssol ved 
oxygen concentrati on in a parti cul ar s tream 
sys tem. I f  des i red , the mi n imum di ssol ved 
oxygen concentrati on i n .  the stream system may 
be checked aga i ns t  a pre-speci fied target 
l evel d i sso l ved oxygen concentrati on .  I f  the 
mi n imum di ssol ved oxygen l evel i s  bel ow the 
target d i ssol ved oxygen l evel , the program wi l l  
compute the requi red amount of fl ow augmentati on 
to bring the di ssol ved oxygen l evel up to the 
target l evel i n  the enti re system. The user of 
the program speci fies the l ocati ons wi thi n the 
stream system at which di l uti on water i s  avai l ab l e  
for fl ow augmentation . The program i s  des igned 
to be run for varyi ng cl i mati c  and hydrol ogi c 
condi ti ons duri ng a twel ve month peri od . Thus , 
i t  i s  poss i b l e  to enter up to twel ve di fferent 
temperatures and correspondi ng di scharges to 
each of the headwaters wi thi n the s tream sys tem 
bei ng model ed.· Deri vati ves i n  time representi ng 
the carbonaceous and ni trogenous b i ochemi cal 
oxygen demand decay rates and the atmospheri c 
reaerat�on are combi ned and i ntegrated to obtai n 
the rel ations h i p  between di ssol ved oxygen repl eni sh
ment and decay wi th i n  a stream system.  Other 
sources and s i nks of di ssol ved oxygen may be 
important i n  vari ous stream systems , but these 
are not i nc l uded i n  DOSAG- 1 .  

A LaGrangian sol uti on techni que i s  used to sol ve 
the di ssol ved oxygen equati on i n  the DOSAG-1 qual i ty 
routi ng model . Thi s sol uti on techn i que i nvol ves 
usi ng a coordi nate system wh i ch moves wi th a 
parti cl e of water i n  i ts path down the stream .  
At  each change i n  reach and  at  every junction a 
s i mp le  mas s bal ance i s  performed to arri ve at 
the b i ochemi cal oxygen demand and d i ssol ved oxygen 
concentrati ons i n  the next reach downstream. 
In this  way , the s tream i s  mode led from i ts 
upper to i ts l ower end recording i ts response to 
a l l  of the pol l uti onal l oads i mposed on i t .  
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CORE REQU I REMENTS 

I NTERFACE REQUI REMENTS : 

INPUT DATA 
REQUIREMENTS 

MODEL DEVELOPMENT 
AND DOCUMENTATION 

4,000 decimal words . 

DOSAG- 1 i s  a s tand-al one program. 

Phys i cal  descri pti on of the stream system ; 
reaction rate coeffici ents and hydraul i c  
properties (depth-vel oc i ty -di scharge rel ati on
s h i ps ) for each reach ; i ncremental ( runoff) 
flow data ; sewage and i ndustri al fl ow data ; 
mean monthly water temperature ; mean month ly  
hea dwater fl ows . 

The bas i c  code was ori gi nal ly devel oped by 
the Federal Water Pol l uti on Control Admi ni s trati on 
and i t  was l ater enhanced by the Texas Water 
Devel opment Board . The prog.ram i s  documented 
i n  the fol l owi ng pub l i cati on : 

Texas Water Devel opment Board , 11DOSAG- 1 ,  S imul ation 
of Water Qual i ty in Streams and Canal s , 11 Program 
Documentation and  User's Manual , September 1 970 .  
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PROGRAM 

DESCRI PT I ON 

INPUT DATA 
REQU I REMENTS 

S I MULATION MODE 

NUMERICAL SOLUTION 

CORE REQU IREMENTS 

PROGRAM DESCRI PTION 

QNET- I ,  Mul ti bas i n  Water Qual i ty Simul ati on 
Model 

The QNET- I water qua l i ty model s i mul ates the 
movement of conservative mi neral consti tuents 
i n  water through any network of reservoi rs , 
canal s  and ri ver reaches . Thi s model uti l i zes 
the hydrol og i c  routi ngs computed by the SIMYLD- I I  
s urface water quanti ty s i mul ati on procedure 
to route mineral  consti tuents through a mul ti 
reservoi r system . I t  uses monthly  time i nterval s 
i n  i ts predi cti on of consti tuent concentrati on 
and can predi ct q�al i ty l eve l s  over any number 
of months.  The model assumes that water in  each 
el ement of a system (reservoi rs ,  canal s ,  and 
ri ver reaches ) i s  compl etely mi xed over a 
month ly peri od and consequentl y ,  of uni form 
qual i ty. 

Output from the S IMYLD- I I  model provi des nearly 
a l l  the inp ut data requi rements vi a a speci al ly 
written output fi l e .  These data i ncl ude re
s �rvoi r contents , s tream and canal fl ows , demands , 
import quanti ties , waste returns , and evaporati on 
l osses . The rema i ni ng i nput data are qual i ty 
rel ated ,  and i ncl ude i n i ti al reservoi r qual i ti es 
and the qua l i ty of unregu lated reservoi r  i nfl ows , 
imported water,  and wastewater di scharge . 

Steady state wi th i n  each month . 

Mass bal ances , over both space and time ,  form 
the fundamenta l set of equations sol ve d  i n  
QNET- I .  I n  each monthly peri od , a set of 
s i mul taneous l i near equati ons are generated 
for end-of-month qual i ty concentrati ons at 
each mode i n  the sys tem. These equati ons 
are sol ved i terati vely by the Gauss -Si edel 
method. 

Approximate ly 1 5K decimal  words of s torage on 
a UN IVAC 1 100 Series Computer System. Two mass  
storage fi l es are needed .  One fi l e ,  asso
ci ated w i th l ogi cal I /0 uni t 1 1 , provi des as 
i nput hydro l og i c  data from the S IMYLD- I I  program . 
Another fi l e ,  des ignated log i ca l  uni t 1 3 , i s  
used to store as output the computed consti tuent 
con centrati ons . 
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INTERFACE 
REQU I REMENTS 

PROGRAM DE VELOPMENT 
AND DOCUMENTATION 

The SIMYLD- I I  model _provi des a storage fi l e  of 
al l requi red hydrolog ic  data for the QNET- 1 
program . 

QNET- 1 was devel oped by staff of the Systems 
Engi neering D ivi si on of the Texas Water Devel op
ment Board. Documentation i s  avai l ab l e  i n  the 
fol l owi ng publ i cati on : 

"Mul ti basi n Water Qual i ty S imul ati on Model 
QNET- 1 Program Descri pti on , "  Systems Engi neeri ng 
D i vi si on ,  Texas Water Devel opment Board , Austi n ,  
Texas, July 1 972 . 
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PROGRAM 

DESCRIPTION 

NUMERI CAL  SOLUTI ON 

PROGRAM DESCRIPTION 

QUA L- I , Stream Qual i ty Model / 

The Stream Qual i ty Model offers sel ecti ve 
capab i l i ti es to s imul ate the spati a l  and 
temporal vari ati ons of several s pec i fi c  
water-qual i ty parameters i n  s treams and 
canal s. The parameters ·s i mul ated by the 
model are:  temperature , carbonaceous 
and ni trogenous b i ochemi cal oxygen demands , 
d i ssol ved oxygen , and up to three conserva
tive mi neral s .  QUAL- I routes these para
meters through a system of streams and 
canal s on an hourly bas i s  for dynami c 
condi ti ons , or on a da i ly bas i s  for steady 
state condi ti ons . It  i s  assumed that the 
major transport mechani sms, advecti on and 
di spers i on ,  are s i gn i fi cant only al ong the 
mai n  di rect ion of fl ow ( l ongi tud inal axis _ 

of the stream or canal ) .  The program al l ows 
for i ncl us i on of mul ti p l e  was te d ischarges , 
wi thdrawa l s , tri butary fl ows , and i ncre
mental runoff . QUAL- I a lso  offers the 
capab i l i ty to compute requi red d i l uti on 
flows for fl ow augmentation to meet any 
prespeci fi ed d i ssol ved oxygen l evel . 

The Stream Qual i ty Model i s  des i gned to begi n 
the routi ng cal cul ations from the poi nts 
farth est ups tream ( headwaters ) .  As i ncre
mental fl ow and was te i nputs or wi thdrawal s  
are encountered, these are entered i nto the 
cal cul ati ons . The res ul t at the end of the 
sys tem i s  a set of s imul taneous equati ons equal 
i n  number to the number of computati onal e l ements 
i n  the system . Th i s  set of equat ions i s  sol ved , 
thus advanci ng the sol ution forward i n  time . 
Thi s  procedure i s  repeated unti l steady-state 
condi ti ons  are reached , whi ch i s  approximately 
the time requi red for a water parti c le  at the 
uppermost po i nt i n  the sys tem to reach the end 
of the system . 

The govern i ng di fferenti al equation i s  sol ved 
by an impl i ci t-fi n i te di fference approximati on 
techn ique under th e assumpt i on that advecti on 
a l ong the pri mary axi s of flow i s  the pri mary 
mode of transport . 
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I NPUT DATA 
REQU I REMENTS 

CORE REQU I REMENTS 

INTERFACE 
REQU I REMENTS 

MODEL DEVELOPMENT 
AND DOCUMENTATION 

Input data consists of the fol l owing  i tems: 
a )  schemati c  diagram of the stream system 
descri b ing the fol l owing  physi cal properti es: 
l ocati on of waste l oadi ngs and wi thdrawal s, 
l ocation of stream and canal juncti ons, and 
l ocati on and i denti fi cation of headwater sources 
ava i l ab l e  for potenti al fl ow augmentati on ; 
b) meteorol ogi cal data ; c )  reacti on rate coef
fi ci ents; d )  i nput water qual i ty data: b i o
chemi cal oxygen demands, d issol ved oxygen 
concentrati ons, temperature , and conservati ve 
mi neral concentrati ons; e )  hydrol ogi c data : 
headwater  i nfl ows, waste di scharges and w i thdrawal s, 
tri butary i nfl ows, i ncremental fl ows {runoff)  
and depth-ve l oci ty-di scharge rel ati onsh i ps. 

35,000 dec ima l  words on a UNI VAC 1100 Seri es 
Computer System . 

QUAL-I performs as a stand-al one model . Inter
faces wi th a reservoi r  qual i ty model or an 
estuari ne ecol ogi cal model , i f  accompl i sh �d ,  
are of an i nput/output nature . 

QUAL-I  was devel oped by F .  D .  Masch and Associ ates 
(�A. Whi te ,  Project Di rector)  i n  cl ose col l a
boration wi th the Texas Water Deve l opment Board .  
The program is  documented i n  the fol l owi ng publ i ca
t ions: 

Texas Water Devel opment Board , "QUAL-I , S imul ati on 
of Water Qual i ty in Streams and Canal s, " Program 
Documentation and User's Manua l ,  September 1 970 .  

Texas Water Deve lopment Board , "Simul ati on of 
Water Qual i ty i n  Streams and Canal s, "  Report 128 ,  
May 1 971 . 
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PROGRAM 

DESCRIPTION 

NUMERI CAL SOLUTION 

I NPUT DATA 
REQUI REMENTS 

PROGRAM DESCRIPTION 

QUAL�I I , Stream Qual i ty Model 

QUAL�I I i s  a one-dimens i onal computer model 
des i gned to s i mul ate the spati al and temporal 
vari ati ons i n  concentration of b i oti c and 
abioti c water qual i ty consti tuents in s treams 
and canal s .  The fol l owi ng  parameters are 
s imul ated : chl orophyl l - a ,  n i trogen ( ammoni a ,  
n i tri te ,  n i trate ) ,  phosphorous , carbonaceous 
BOD , benth i c  oxygen demand , di s sol ved oxygen , 
col iforms , temperature , and three conservati ve 
substances . QUAL- I I  routes these parameters 
through a system of streams and canal s on an 
hourly bas i s  for dynami c condi tions , or on 
a da i ly bas i s  for s teady s tate s i mul ations . 
I t  i s  assumed that the major transport 
mechan i sms ,  advecti on and di spers i on ,  are 
s i gni fi cant on ly al ong the mai n di recti on 
of fl ow ( l ongi tudi nal axi s of the stream or 
canal ) .  The program al l ows for i ncl us i on 
of mul tipl e waste d i scharges , wi thdrawal s ,  
tri butary fl ows , and i ncremental runoff . 
QUAL- I I  a l so offers the capab i l i ty to com-
pute requi red di l uti on fl ows for fl ow aug
mentati on to meet any prespec if ied di ssol ved 
oxygen 1 eve 1 . 

' 

The program i ncl udes the compl ex reacti ons 
and major i nteracti ons of the nutrient cyc les , 
a l gae product ion , benthi c oxygen demand , car
bonaceous oxygen uptake and the i r  effect on 
the behavi or of di ssol ved oxygen . 

The s et of di fferenti al equati ons represent
i n g  the whol e sys tem are sol ved s i mul taneous ly 
for each t ime step (impl i ci t  numeri cal scheme ) . 

I nput data cons i sts of the fol l ow i ng i tems : 
a )  sys tem descri pti on i denti fy i ng numeri cal ly 
the fol l owi ng phys i cal properti es : l ocati on of 
was te l oadings and wi thdrawal s ,  s tream and 
canal juncti ons , and headwaters ; b )  meteorol ogi ca l 
data ; c )  react ion rate coeffi ci ents ; d )  i nput 
water qual i ty data for headwater fl ows and 
di scharges ; e )  hydrol ogi c data: headwater 
fl ows , waste di scharges and wi thdrawal s ,  tri bu
tary i nfl ows , i ncremental fl ows (runoff ) , and 
depth-vel oci ty-di scharge rel ati onsh i ps .  
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53 ,000 decimal  words on a UNI VAC 1100 
Seri es Computer System. 

QUAL- I I  perfonms as a s tand-al one model . 
I nterfaces wi th a reservoi r  qual i ty model 
or an estuari ne ecol ogi c model , i f  accom
pl i s hed, are of an i nput/output nature . 

QUAL-I I  was devel oped by Water Resources 
Engi neers , I nc . , under contract wi th the 
Envi ronmental Protection Agency . The 
program i s  cons i dered an enhanced vers i on 
of  the ori gi nal Stream Qual i ty Model , 
QUAL- I .  The program i s  documented i n  the 
fol l owi ng pub l i cati on : 

Reasner, L . A . , J.  R .  Manser, and D .  E .  
Evenson , 11Computer Program Documentati on 
for the Stream Qual i ty Model QUAL-1 1 , 11 
prepared for the Envi ronmental Protecti on 
Agency, Water Resources Engi neers, Inc . ,  
May 1 973 .  
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LAKECO, Lake Ecol ogi cal Model 

The Lake Ecol ogical Model , LAKECO , is a one
dimensi onal mathemati cal model capabl e of 
simul ating  the spatia l  and temporal .variati ons 
i n  concentrations of 19 water qual i ty consti 
tuents i n  a reservoi r , and i ts respoase  to 
varyi ng meteorol ogi cal  condi ti ons ,  hydrol ogi c  
condi t ions, and to reservoi r  operational rul es, 
The reservoi r i s  segmented i n  hori zontal homo
geneous l a yers of equal depth and the mai n  
dri vi ng forces i n  the model are expressed as 
surface heat exchange , fl ow advecti on , di ffu
sion , and wind  mixi ng . The basi c formul ati on 
of the model i s  based on the conservati on of 
mass and energy pri nci pl es, and the chemi cal 
i nteractions are expressed as fi rst-order 
ki neti c reacti ons wi th temperature dependence . 
The dynami cs of the b iot ic  consti tuents i n  the 
model are subject to temperature and di ssol ved 
oxygen tol erance l imi ts, nutri ent or food 
ava i l abi l i ty and predation . 

Reservoi r  physi cal descri pti on ; physi cal , chemi 
cal , and b i ol ogi cal coeffi ci ents; i n i ti al hydrau
l i c and water qual i ty condi t ions in  reservoi r ;  
and peri odi c  i nput data wh i ch consi sts of:  
weather data , reservoi r water rel eases, i nfl ows 
and qual i ty condi t i ons of i nfl ow waters. 

Dynami c and steady state . 

Parti a l  di fferenti al equations are expressed as 
fi ni te di fference approximati ons and are sol ved 
simu l taneously over the time step (impl i ci t  
sol uti on ) . S imul ation time steps of 1 day are 
used , but i nput for meteorol ogi c ,  hydrol ogi c  
and tri butary l oadi ng condi ti ons can be updated 
w i th as much frequency as every three hours. 

50K words of storage . No other hardware i s  re
qui red except a tape dri ve i f  storage of output 
i s  desi red .  
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INTERFACE REQUIREMENTS: 

MODEL DEVELOPMENT 
AND DOC UMENTATION 

The model performs as a s tand-al o ne mode l . I n
terfaces w·i th a Reservoi r Operations Model and 
a Stream Qua lity Model , if accompl i s hed , are of 
an i nput/output nature . 

The Lake Ecol ogi cal Model was devel oped b y  Water 
Resources Engi neers , Inc . Documentation  1s ava i l 
able i n  the fol l owi ng publ i cations :  

Chen, Carl w. and Gera l d  T .  Orl ob , " Ecol ogic 
Simul ation for Aquatic Environments ," Fi nal  Report 
prepared for the Offi ce of Water Resources Re 
search, U.  S. Department of the I nteri or,  Water 
Resources Engi neers , Inc . , December 1 972 .  

Gaume , A.  N . , Brandes , R .  J. , and James H .  Duke , 
Jr . ,  " Computer Program Documentati on for the 
R"eservoi r Ecol ogi'cal Model TVAECO, " prepared for 
Tennessee Va l l ey Authori ty ,  Water Qual i ty Branch , 
by Water Resources Engi neers , I nc . , February 1 975. 

The Hydrol ogi c Engi neeri ng Center,  U. S .  Army Corps 
of Engi neers , "Water Qual i ty for Ri ver-Reservoi r 
Systems , "  General i zed Computer Program 401-100 , 
September 1 975. 
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OEM , Dynami c  Es tuary Model 

The Dynami c Estuary Model , OEM,  s imul ates 
the unsteady fl ow and di spers i onal charac
teri st ics of both conservati ve and non
conservati ve consti tuents i n  unstrati fi ed 
estuari es . The model cons i sts of two 
separate , but compati b l e  programs , the 
Hydraul i cs Program and the Transport Pro
gram. A hydraul i c  extract program , i n  the 
form of a subrouti ne of the Hydraul i c  
Program , summari zes the hydraul i c output 
and prepares the appropri ate hydraul i c 
i nput to the Transport Program. I n  apply
i ng the OEM,  a network of i nterconnected 
channe l s  and junct ions i s  l ai d  out to re
present the prototype s ystem. The Hydraul i c  
Program computes the e l evat ion of the water 
surface at each junction an d the vel oci ty
and fl ow in each of the channel s enteri ng 
the junction i n  res ponse to pres cri bed 
ti dal exci tation and hydrol ogi c i nputs.  
The Transport Mode l  computes the dynami c 
s teady-state concentrati ons at each juncti on 
res ul ti ng from a speci fi ed set of ti da l  
condi ti ons , i nfl ows , waste di scharges , 
di vers i ons , etc . The model has been appl i ed 
to the Sabi ne Lake estuarine sys tem wh i ch 
i ncl u des Sabi ne Lake , Sab i ne Pass , Port 
Arthur Cana l , Sab i ne-Neches Cana l , and the 
ti dal porti ons of the Sab i ne and Neches 
Ri ver channel s .  

The i n i ti a l  appli cati on o f  the model to a 
new sys tem requi res the speci fi cati on of 
the phys i cal parameters requi red to des cri be 
the channel an d junction network s uch as 
channel cros s-sectional areas , channel l engths , 
junction heads , junction s urface areas , and 
bottom fri ction.  Other data i ncl udes wi nd 
speed and di recti on , preci pi tati on , evapora
ti on , t i dal  con di ti ons at the estuary mouth , 
l ocati on , magn i tu de ,  and q ual i ty of al l i n 
fl ows a n d  w i thdrawal s ,  and consti tuent con 
centrati ons at the ti dal  boundary. 
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The Hydraul i cs Program uses a modi fi ed Runge- Kutta 
procedure to s ol ve the one-dimens i onal equation 
of moti on for each channel and the equati on of 
conti nui ty at each junction. The Transport 
Program uses the resul ts of  the Hydraul i cs Program 
to sol ve the one-dimens i onal mass bal ance equati on 
at  each juncti on . 

The Hydraul i cs Program requi res approximately 
30 , 000 words of mac h i ne storage and the Transport 
Program requi res approximately 25,000 words . 

The Dynami c Estuary Model was devel oped by Water 
Resources Engi neers , Inc .  Documentation i s  
avai l abl e i n  the fol l owi ng publ i cations : 

"Documentation Report FWQA Dynami c Estuary Model , 11 

by Kenneth D .  Fei gner and Howard S .  Harri s ,  
Federal Water Qual i ty Admi ni strati on , U .  S .  
Department o f  the Interi or , Wash i ngton , D .  C . , 
July 1 970. 

"Computer Program Documentati on for the Dynami c 
Estuary Model wi th Appl i cation to Sab i ne Lake 
Estuari ne System . " Fi nal report to Texas Water 
Devel opment Board , by Robert J. Brandes , Al l en 
E .  Johnson, Kenneth R. Iceman , and Frank D .  
Masch , Water Res ources Engi neers , Inc . , Aus ti n ,  
Texas , Apri l 1 975. 
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ESTECO , Estuari ne Ecol ogi c  Model 

ESTECO i s  a mathemati cal model capabl e  of 
s imul ati ng water qual i ty and b i ol ogi cal 
responses o f  certai n  types of  estuarine 
systems under the i n fl uence of di fferent 
external i nputs , i . e . , ri ver tnfl ow 
quant it ies and qual i ti es , · wastewater return 
fl ows and pol l utant-l oadings , l ocal runoff 
characteri sti cs , ti da l  behavi or ,  and meteo
rol ogi cal condi ti ons . The model s imul ates 
the areal d i s tri bution of consti tuent concen
trations i n  a hori zontal pl ane , ass umi ng 
compl ete verti cal mi xi ng .  Hence , the model 
i s  most appl i cabl e to estuari ne systems 
characteri zed by l arge surface areas and 
re�ati vely s hal l ow depths .where wind-i nduced 
mi xi ng i s  preval ent . 

The estuarine ecol og i c  model uti l i zes a two
dimens i onal (area-wise )  Eul eri an mesh  of 
square ce l l s  to descri be the phys i cal character 
of a prototype system . Consti tuent concen
trati ons are determi ned at the center of each 
cel l in the computati onal gri d .  In these 
computati ons , the effects of vari ous phys i cal 
chemi cal and b iol ogi ca l processes are accounted 
for i ncl udi ng convecti ve and di spers i ve trans 
port , i nfl ow/outfl ow , sedimentati on , s urface 
exchange , b i odeqradation , chemi cal transforma
tions ,  photosynthesi s ,  b i ol og i cal uptake , and 
respi ration release . The model s imul ates s i xteen 
b i oti c and abi oti c cons tituents most commonly 
present in the Gul f of Mexi co estuari ne systems . 

Phys i c a1 descri pti on of the estuary s ystem (gri d 
network ) ;  physi cal , chemi cal , and b iol ogi cal 
coeffi ci ents ; i n i ti al hydraul i c  and water qual i ty 
condi ti ons ; and peri odi c i nput data wh i ch con
s i sts of : meteorol ogi cal data , ti da l  net f lows 
acros s each cel l boundary ,  fresh water i nfl ows 
and q ual i ty cond i ti ons of i nfl ow waters . 

The estuari ne ecol ogi ca l  mode l i s  cons i dered 
a l ong-term dynami c model wi th respect to 
t i da l  effects , and i ts primary appl i cati on i s  
to those prob l ems requi ri ng s imul ati on of 
ecol ogi c changes whi ch are l i kely to occur 
oyer a period of severa l  months , or even years , 
rather than duri ng a given ti dal cyc le . 
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Parti a l  d i fferenti a l  equati ons are expressed as 
fi n i te di fference approximations which are 
sol ved w i th an a l ternating-direction impl i c i t  
numerica l sol ution scheme. 

The mach i ne storage requi rements vary dependi ng 
on the si ze of the system bei ng model ed and the 
mesh spaci ng used .  A computationa l gri d of one 
square-mi l e  cel l s  was used to model San Antoni o  
Bay , Texas, wi th a core requirement o f  50 ,000 
decimal words of  memory . 

A simi l arl y-structured and compatibl e tidal 
hydrodynami cs model ( i . e .  ,HYD) fi rst must be 
appl i ed to the estuari ne system to generate a 
matri x of tidal net fl ows ( across each cel l  
boundary )  which i n  turn , are used by ESTECO to 
descri be the convecti ve transport of consti tuents. 

The estuari ne ecol ogi c model was devel oped by 
Robert J. Brandes and Frank D .  Masch through 
a study supported by the Texas Water Deve l opment 
Board and the Offi ce of Water Resources Research .  
Documentati on i s  ava i l ab l e  i n  the fol l owi ng 
pub l i cati ons: 

Brandes, R . J. and F . D .  Masc h ,  " Estuari ne Eco l og i c  
Model for San Anton i o  Bay , Texas, " Report t o  the 
Texas Water Devel opment Board , Water Resources 
Engi neers,  I n c . , Austi n ,  Texas, 1 975 . 

Texas Water Deve lopment Board , "Techniques for 
Eval uat ing  the Effects of Water Resources Devel op
ment on Estuari ne Envi ronments, �� Report to the 
offi ce of Water Resources Research , ( i n  preparati on ) .  
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HYD , Ti da l  Hydrodynami c Model 

The Ti dal Hydrodynami c Model , HYD ,  computes 
temporal hi stori es of ti dal ampl i tudes and 
vel oci t ies i n  each of two coordinate (area
w ise )  d i rections at d i screte poi nts through
out a bay i n  response to prescri bed ti dal 
exci tat ion and hydrol ogi c i nputs . The model 
formul ati on assumes that the bays are verti 
cal ly  wel l -mi xed , and the t i da l ly  generated 
convecti on i n  each of the two area-wi se 
coordi nate di rections can be represented 
wi th vertical l y  i tnegrated vel oci ti es . HYD 
has been appl i ed to four bay systems , San 
Antoni o ,  Matagorda , Corpus Chri sti -Aransas
Copano , and Gal veston . 

Bas i c  i nputs to HYD i ncl ude the phys i ograp�i c 
detai l s  of the bay system s uch as mean sea 
l evel water depths and bay geometry , el evati ons 
wi th respect to mean sea l evel of the p hysi ca l  
features o f  the bays such a s  di kes , spoi l banks , 
i s l ands , s ubmerged reefs and barriers , l ocation 
and magni tude of i nfl ows (ri vers , wastewater 
d ischarges , etc . ) ,  the t ida l  condi ti on at the 
es tuary mouth (or open i ng to the ocean ) ,  an 
es timate of bottom friction , wind  speed and 
di rection , ra infal l ,  and evaporation . 

HYD u ses an expl i ci t  numeri cal procedure to 
sol ve the bas i c  equations of motion and con
ti nui ty over a rectangul ar gri d coordi nate 
system wi th a mesh  spacing whi ch i s  arbi trary 
provi ded a time-step i s  sel ected whi ch res ul ts 
i n  a mathemat ical ly stabl e sol uti on .  

The machi ne storage requi rements vary dependi ng 
on the s i ze of the sys tem bei ng mode led and the 
mes h spac ing  used . The four bay systems on the 
Texas Gul f  Coast whi ch have been model ed requ i re 
35 , 000 to 4 1 , 000 words of memory. The computed 
output can be stored on cards , d isc , or tape 
i f  des i red . 

HYD performs as a " stand-al one " model , but 
the coordi nate gri d sys tem i s  compati bl e wi th 
the Sal i n i ty Trans port Model (SAL ) and the 
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MODEL DEVELOPMENT 

Estuarine Ecol ogical Model ( ESTECO ) and the 
output of HYD is designed to be used as input 
to SAL and ESTECO. 

The HYD model s for San Antonio Bay , Matagorda 
Bay , and Corpus Christi and Aransas Bay were 
devel oped by Frank D. Masch and Associates, 
now with Water Resources Engineers,  I nc .  
Documentation is avail abl e in the fol l owing 
pubH cations: 

"Tidal Hydrodynamic and Sal inity Model s for 
San Antonio and Matagorda Bays, Texas, .. by 
Frank D .  Masch and Associates, Austin , Texas, 
report to the Texas Water Devel opment Board , 
June 1 971 . 0 

• 

"Ti da l  Hydrodynamic and Sal inity Model s for 
Corpus Chri sti and Aransas Bays, Texas, " by 
Frank D .  Masch and Associates, Austin , Texas, 
report to the Texas Water Devel opment Board , 
September 1 972 . 

The HYD Model for Gal veston Bay was devel oped 
for the Texas Water Qual ity Board by Tracor ,  
Inc . Documentation is ava il abl e  in the fol l ow-·  
ing publ i cation : 

" Gal veston Bay Project ; Hydraul ic Model User • s  
Manual , "  by L .  A .  Hembree , Jr . ,  G .  H .  Ward , Jr . , 
A .  J. Hays, Jr . ,  Richard Chen , submitted to 0 

Texas Water Qua l i ty Board ,  Tracor Document Number 
T72-AU-9562-U , Apri l 1 974 . 
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R IVT I D ,  Ri ver/Ti dal Hydrodynami c Model 

The Ri ver/Ti da l  Hydrodynami c Model , RI VTID ,  
i �  capab l e  of s imul ating the hydrodynami c 
res ponse under fl ood- fl ow condi t ions  of 
ri ver/ti dal  systems s ubject to unsteady 
downstream control s .  Thi s model cons i ders 
the d i s tri buti on of fl ood fl ows i n  two 
spatial  (area-wi se )  dimens i ons , and i t  
accounts for i nundation of t i dal fl ats and 
marsh areas , and roadway embankments . 
RI VTID i s  capab le  of i n terfacing wi th the 
Texas Water Devel opment Board ' s  estuari ne 
ti da l  hydrodynami c model s and can be used 
to 11 bri dge the gap" between these model s 
and the more convent ional one-dimens i onal 
ri ver fl ood-routi ng  model s .  The model has 
been appl i ed to the Lavaca- Navi dad Ri ver 
system i ncl udi ng the l ower ti dal reaches 
of the Lavaca and Navi dad Ri vers and a 
portion of upper Lavaca Bay . I t  has al so 
been appl i ed to the Guadal upe-San Antoni o  
sys tem i ncl udi ng the network o f  channel s ,  
canal s ,  and l akes downstream of the con
fl uence of the Guadal upe and San Antoni o· 
Ri vers i n  the v i c i n i ty of upper San Anton i o  
Bay . 

The data requi rements for appl i cati on of 
RIVTID to a ri ver/ti dal system i ncl ude the 
phys iograph i c  deta i l s  of the area , the 
ti da l  condi tions at the downstream boundary ,  
magni tude o f  ups tream i nfl ows , an es timate 
of bottom fri ct ion , w ind apeed and d i rec
tion , and evaporati on . 

RIVTI D uses an expl i ci t  numeri cal procedure 
to sol ve the bas i c  equati ons of mot ion and 
cont i nu i ty over a rectangul ar gri d coordi nate 
system wi th a mesh spacing wh i ch i s  arbi trary 
provi ded a time-step i s  sel ected wh i ch re
sul ts i n  a mathemati cal ly  s tabl e sol uti on . 

The mach i ne s torage requi rements vary dependi ng 
on the s i ze of the system bei ng model ed and 
the mesh  s i ze .  The Lavaca-Navi dad Ri ver system 
and the Guadal upe-San Antoni o  system each 
requ i re approxi mate ly 35 , 000 words of memory . 
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RI VTID  performs as a 1 1stand-al one11 model 
b ut RI VTID  i s  capabl e of i nterfaci ng wi th  
the HYD Model . 

The Ri ver/Ti dal Hydrodynami c Model was 
devel oped by Water Resources Engi neers, 
I nc .  Documentati on i s  avai l ab l e  i n  the 
fol l owi ng pub l i cations: 

11 S imul ation of Flood":"Fl ow Hydrodynami cs 
i n  Ri ver/Ti da l  Systems, . .  by Robert J .  
Brandes and F .  D. Masch , report to  the 
Texas Water Deve lopment Board , Water Re
sources Engi neers, I nc . , Austi n ,  Texas, 
May 1 973 .  

11 R IVT ID  Program Documentati on by R .  J. 
Brandes and R .  B .  W ise ,  report to the Texas 
Water Deve lopment Board , Water Resources 
Engi neers , Inc . , Austi n ,  Texas , May 1 973 . 

11 Extens1 on and Refi nement of the RIVTID  Model , 
Simu l ation of Fl ood-Fl ow Hydrodynami cs i n  
Ri ver/Ti dal Systems , .. by Rfchard B .  Wi se 
and R .  J. Brandes , Suppl emental report 
Texas Water Deve l opment Board , . Water Re
sources Engi neers , I nc . , Austi n ,  Texas , 
March 1 974 . 
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SAL , Sa l i n i ty Transport Model 

The Sal i ni ty Transport Model , SAL , uses the 
output generated by HYD to compute verti cal ly 
averaged sa l i n i ti es ( or any conservative 
consti tuent ) at the same discrete poi nts over 
the enti re bay system i n  response to i nfl ow 
concentrati on , evaporation , and rai n fal l .  
The model formul ati on assumes that the bays 
are verti cal ly  wel l -mi xed , the t i dal ly  generated 
convection i n  each o f  the two area-wi se coor
di nate d i recti ons can be represented wi th ver
ti cal ly  i ntegrated vel oci ti es , that mol ecul ar 

' d i ffus i on i s  negl i g i b l e  wi th respect to 
turbul ent d i ffus i on ,  and di spers i on coeffic ients 
can be used to represent the compos i te effects 
of turbul ent d i ffus ion and di fferenti al convecti on .  
SAL has been appl i ed to four bay sys tems , San 
Antoni o ,  Matagorda , Corpus Chri s ti -Aransas -
Copano , and Ga l veston . 

The bas i c  i nput to SAL i ncl udes source concentra
tions general ly measured as  total di ssol ved 
sol i ds (TDS ) , the net convecti ve vel oci t ies 
for each cel l generated by HYD , di spers i on 
coeffi ci ents for each cel l , and net evaporati on 
or preci pi tation . The bas i c  output of SAL i s  
the concentration o f  sal i n i ty o r  TDS i n  each 
computational cel l for a g i ven set of i nputs . 
Th i s  data can then be reduced to poi nt or bar 
graphs or to i sopl eth maps . 

SAL uses a semi - impl i ci t  numeri cal sol uti on 
s cheme to sol ve the convecti ve-di ffus ion equati on 
wh ich  i s  based on the pri nc ip l e of mass conserva
tion . SAL uses the same rectangul ar gri d 
coordi nate system as HYD .  S i nce the transport 
model uti l i zes net vel oc it ies di rectly from the 
hydrodynami c model , the gri d networks in each 
mode l must be i denti cal . 

SAL requi res approxi mately 25 , 000 words of memory . 
The exact s i ze depends on the system being mode l ed 
and the mes h spacing used.  The computer output 
can be stored on cards , di sc , or tape i f  des i red . 
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SAL can perform as a "stand-al one" model , but 
i t  requi res convecti ve i nput at every computa
tional  cel l . Si nce th i s  i nput i s  not usual ly  
avai l ab l e  from data col l ecti on programs , i t  
must be generated by HYD . 

The SAL model s for San Antoni o  Bay, Matagorda 
Bay , and Corpus Chri sti and Aransas Bay were 
devel oped by Frank  D .  Masch and Associ ates , 
now wi th Water Resources Engi neers , Inc . 
Documentati on i s  avai l ab l e i n  the fol l ow ing 
publ i cati ons : 

11Ti da l  Hydrodynami c and Sal i n i ty Model s for 
San Antoni o  and Matagorda Bays , Texas , 11 by 
Frank D .  Mas ch and Associ ates , Austi n ,  Texas , 
report to the Texas Water Devel opment Board , 
June 1 971 . 

1 1Ti dal Hydrodynami c and Sal i n i ty Model s for 
Corpus Chri s ti and Aransas Bays , Texas , 11 by 
Frank D .  Masch and Assoc iates , Austi n ,  Texas , 
report to the Texas Water Devel opment Board , 
September 1 972 . 

The SAL Model for Gal veston Bay was devel oped 
for the Texas Water Qual i ty Board by Tracer , 
Inc . Documentation i s  ava i l ab l e  i n  the fol l ow
i ng pub l i cati on : 

11 User ' s Manual for the Sal i ni ty Model of the 
Ga l veston Bay System , .. by L .  A .  Hembree , Jr . 
and Ri chard Chen , s ubmi tted to· Texas Water 
Qual i ty Board , Tracer Document Number T72-AU-9561 - U ,  
Apri l 1 974 . 
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DELTA , Ri ver Del ta Hydrodynami c and Water 
Qual i ty S imul ati on Model . 

DELTA i s  a one-dimensi onal , section-mean model 
capab l e  of s imul ati ng the bas i c  hydraul i c  and 
water qual i ty characteri sti cs  of compl ex del tai c 
systems . Predi cated on the approach of Dronkers 
for the cal cul ati on of t i des i n  estuaries and 
ti dal ri vers , the model assumes that the momentum 
of fl ow patterns are concentrated i n  the l ongi tudi 
nal components of the channel s .  The model further 
assumes that when i nundated areas serve pri nci pal l y  
as  vol ume storage and carry rel ati vely l i ttl e 
l ongi tud i na l  momentum . Through the appl i cati on 
of the princi pl es of conservation of l ongi tudi nal 
momentum and contun i ty ,  equations are devel oped 
that yi e l d  hydraul i c  and water qual i ty i nformation 
i ncl udi ng water surface el evati on , channei fl ow , 
average channel vel oci ty ,  adj acent marsh area 
i n undat i on ,  depth of marsh i nundati on , and total 
ti me of marsh i nundat ion , as we l l  as the concentrati ons 
of sel ected conservative and nonconservati ve water 
qual i ty parameters ( se l ected by the user) at any 
l ocati on wi th i n  the segmented del ta .  

User i nput requi rements i ncl ude phys i ograph i c  data 
such as segment l engths , depths , cross-secti oned 
areas , bank el evati ons , and Manni ng ' s  roughness 
parameter. In addi t ion the user must  supply 
hydraul i c  data such as fres hwater i nfl ow hydrographs 
and exci tati on ti des pl us i n i ti al condi t ions for 
water qual i ty parameters . Reacti on rates for non
conservati ve water qual i ty parameters may be 
changed to accommodate the spec i fi c  needs of the 
system . 

Tempora l ly and spati a l ly dynami c .  
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• 

The govern i ng phys i ca l  equati ons are sol ved by 
the so-cal l ed 11 l eepfrog 11 method of fi n i te d i fferences 
where by water depth i nundated surface area , l ateral 
channel d i scharges and water qual i ty consti tuent 
concentrati ons  are determi ned at the center of each 
segment wh i l e  l ongi tud i na l  fl ow quantit i es  and 
vel oci ties  are determi ned at the segment boundari es . 
Th i s  sol uti on techni que has proven to be qu i te 
stab l e  under the wi de vari ety of  s i mul ati on condi 
ti ons to wh i ch th i s  type of modef 'must be s ubjected . 

Core requi rements are a function of the approximately 
53K decimal  words of core storage are requi red 
for executi on on a UNIVAC 1 1 00 Series Computer 
Sys tem . 

DELTA i s  a stand-al one program. 

The DELTA Mode l was devel oped by Espey , Huston and 
Assoc . , Inc .  wi th the cooperati on of the Texas 
Department of Water Resources . Documentati on i s  
avai l ab l e  i n  the fol l owi ng publ i cati on : 
11 User • s  Manual for Hydrodynami c-Mas s Trans fer 
Mode l of Del taic  Sys tems , .. Document No . 781 5 ,  
Espey ,  Huston & Assoc . , Inc . , Aus ti n ,  Texas , 
August 1 978 . 
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FILLIN-I  was devel oped to improve data bases 
by us i ng  a procedure whi ch 11 fi l l s i n 11 or 
augments i ncompl ete data sets of various 
types of hydrol ogi c data . Cri teri a deri ved 
from numeri ca l analys i s  and vari ance reduc-
tion techn i ques are used for data augmentati on . 
The procedure i s  a mul ti -si te data fi l l - i n  . 
techni que wh i ch wi l l  ana lyze monthl y  time-seri es 
data (e . g .  s treamfl ow , ra infal l ,  or evaporati on 
data } ,  and fi l l  i n  mi ss i ng porti ons of i ncom- · 
pl ete record . The program wi l l  handl e up to � 

25 data sets of up to 50 years of monthl y  data 
each . 

The program extracts the stati sti cal parameters 
whi ch characteri ze the mul ti - s i ze data set 
( i . e .  seasona l means , seasonal standard devi a
t ions , s i ng le  l ag-one corre l ati ons , and mul ti -s i te · 
s patia l  corre l ations ) ,  and creates a fi l l ed -
data set . Th i s  procedure i s  des i gned to pre-
serve i n  the fi l l ed- i n  portion of the records 
the stati sti cal parameters observed above that 
exi s ted between the ori gi nal unfi l l ed porti on$ 
of the mul t i - s i te data set . 

Control cards for run parameters , data type and 
s i te names , and the raw data set for each s i te .  
Vo i ds i n  the ori gi nal data sets must be set td 
- 1 . 0  for proper handl i ng by the program . 

Program i s  essenti al ly  mach i ne i ndependent ana 
requi res approxi mately 45 , 000 words of s torage . 
A tape dri ve i s  a l so needed i f  an output tape i s  
des i red . 

Stand-a l one program . 

The F ILL IN- 1 program was devel oped by Water Re
s ou rces Engi neers , I nc . , wi th the cooperati on 
of the Texas Water Deve l opment Board . Documentati on 
i s  avai l ab l e  i n  the fol l owi ng pub l i cati on : 

Texas Water Deve lopment Board , 11A Compl eti on Report 
on Stochasti c Optimi zati on and S imu l ati on Techn iques 
for Management of Regi onal Water Resource Systems , .. 
Vol ume l iB- Fi l l i n - 1  Program Documentati on , December 
1 9 70 . 
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MOSS- I V ,  Monthly Streamfl ow Simul ati on 

MOSS-IV  i s  a modi fi ed vers i on of the General i zed 
Computer Program HEC-4 devel oped by the Hydrol ogi c 
Engi neering  Center of the U .  S .  Army Corps of . 
Eng i neers . The program i s  des i gned to fi l l  i n  
hydrol ogi c data a t  a number of s hort record 
l ocati ons and to generate syntheti c  hydrol og i c  
data sequences preservi ng i ntercorrel ati on and 
pers i s tence characteri sti cs , as wel l as seasonal 
vari ations , and other s tati sti ca l  characteri stics 
of the data . Many types of data , s uch as evapora
tion , water demand , streamfl ow , base fl ow can be 
processed al one or i n  combi nati on . 

Up to 1 0  runoff , rainfal l and/or evaporati on s i te 
gages wi th a maxi mum record l ength of 50 years . 

MOSS- I V  i s  a Markov cha i n  type model wi th - a · trans 
ferri ng function of a l og Pearson Type I I I  di stri 
b uti on to an approximately Gauss i an normal di s 
tri buti on ; estimati on of  the fi rst three moments 
of the di stri buti on ; devel opment of i ntras i te 
cros s and seri al correl ati ons ; use of these cor
rel ati ons for fi l l i ng gaps i n  hi stori cal records 
or for generati ng s tochas ti c sequences ; and re
vers i ng the in i ti al transformati on to obtai n the 
fi l l ed or generated hydrol ogi c records . 

60K words of storage . Three l ogi cal s to rage 
devi ces for i ntermedi ate operati onal storage 
and an addi ti onal opti onal l og ical un i t  for 
card punch or  tape output .  A Fortran Compi l er 
wi th very l arge symbol and l abel tabl es i s  al so 
requ i red .  

The mode l performs as  a stand-al one model . 

The model MOSS- IV  was devel oped by the Hydrol og i c  
Eng i neeri ng Cente r ,  Corps o f  Engi neers ,and l ater 
modi fi ed by the Center for Research i n  Water 
Resources , Uni vers i ty of Texas at Austi n ,  for 
the Texas Water Devel opment Board . Documentati on 
i s  ava i l ab l e  i n  the fol l owi ng publ i cati on . 

Leo R .  Beard , 1 1Trans fer of Streamfl ow Data Wi th i n  
Texas , 1 1 CRWR No . 1 04 ,  Center for Research i n  
Water Resources , Un i vers i ty o f  Texas at Austi n ,  
Augus t 1 973 . 

51 



PROGRAM 

DESCRIPTION 

INPUT DATA 
REQUIREMENTS 

NUMERI CAL SOLUTION 

CORE REQUIREMENTS 

PROGRAM DESCRIPTION 

SEQUEN- 1 ,  Sequence Analysi s  Program 

SEQUEN- 1 analyzes time seri es sequences of 
hi s tori c fi l l ed-i n and s tochasti c hydro l ogi c 
sequences . I t  computes vari ous seasonal and 
stati sti cal parameters for each hydro l og ic  
seq uence . These parameters i ncl ude the mean , 
the s tandard devi ation , the standard error of 
the mean , the standard error of the s tandard 
devi ati on , and autocorrel ati on coefficients 
for vari ous monthly l ags . A 10% segment 
frequency analys i s  of the data in the sequence 
i s  performed an a monthly and annual  bas i s .  
The program a lso  deos a trend analYs i s  and a 
Fourier seri es analys i s , for any number of 
harmoni es des i red . 

Fi l l ed- i n  or generated sequence or  h i stori cal 
month ly hydrol ogi c data . 

The trend analys i s  i s  done by performi ng a 
l i near regress i on analys i s  on the data set 
ass umi ng that al l the data poi nts are equal ly 
spaced i n  the record . The method of l east 
squares i s  used to fi t an equation of the form 

xt = a � bt 

to the observed sequence . 

The harmoni c analys i s  fi ts the data wi th a 
model of the form 

m 
x = x + E ( A1. Si n ( iwt ) + B1. Cos ( iwt ) )+rt i +l 

The model can be fi t to the data set us i ng l east 
squares regress i on analys i s  techni ques once any 
time-dependent l i near trends have been removed .  
The ass umpti on of equal ly spaced data poi nts 
res ul ts i n  a speci al case and permi ts a s i mpl e 
sol uti on method to be used to sol ve for the 
harmoni c  coeffi ci ents . 

30 , 000 deci mal words . 
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Stand-al one or can be interfaced with MOSS- I I I . 

Program was devel oped by the Systems Engineering 
Division , Texas Water Devel opment Board . The 
program is documented in the fol l owing publ ica
tion : 

· Texas Water Devel opment Board , "Stochastic Opti
mization and Simul ation Techniques for Management 
of Reg ional Water Resource Systems , Vol . I IE , "  
January 1972 . 
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CAPEX- I , Pump Stati on Capaci ty Expans i on Model 

The CAPEX- I computer model i s  a procedure 
des i gned to determi ne the min i mum present 
val ue cost pl an for i ncreas i ng the output 
capaci ty of a pump s tation faci l i ty over 
time . The model sel ects the optimal number , 
s i ze ,  and i nsta l l ation time of pumps and 
motors and the s i ze of hous i ng s tructures 
for the s tation . Restri cti ons i mposed upon 
the s ol ution are as fol l ows : ( 1 ) al l de
mands for pump ing  water must be met ; ( 2 ) a  
speci fi c s i ze o f  pumps mus t  produce more 
than a gi ven  percentage of the total output ; 
and ( 3 ) the pumps and accessori es i nstal l ed 
must not exceed the s i ze o f  the b ui l di ng ; and 
s houl d there be an advantage i n  s taged con
struction of the b ui l di ng ,  th i s  advantage wi l l  
be detected and adopted . 

Pump and motor fl ow capaci t ies , power s i zes , 
and uni t cos ts ; time hori zon and time i n
crements for deci s i ons ; economi c di s count 
rate ; pump station s i ze and cos t ;  requi red 
rate ; pump station s i ze and cost ; requi red 
flow del i very schedu l e  over time .  

Stati c for each time i ncrement b ut dynami c 
between ti me i ncrements . 

The pump i n sta l l at ion and s i zi ng prob l em i s  
represented a s  a l i near i nteger program . 
A general i zed brand-and-bound al gori thm 
devel oped by Bal as was uti l i zed as the 
so l uti on techni que .  

Approximate ly 35K decima l  words of core 
s torage are requi red for executi on on a 
UN IVAC 1 1 00 Seri es Computer System. 

CAPEX-I  i s  a s tand-al one program.  I t  i s  
i ntended to be uti l i zed to refi ne the de
s i gn and associ ated costs of  a s i ng le  pump i ng 
stati on . 

CAPEX-I  was devel oped by s taff of the Systems 
Engi neeri ng Di vi s i on of the Texas Water 
Devel opment Board . Documentati on i s  avai l ab l e  
i n  the fol l owi ng publ i cati on : 
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" CAPEX- 1 Program Description , "  Systems Engi neer
i ng Divi s ion , Texas Water Devel opment Board , 
Austi n ,  Texas , January 1 972 . 
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P IPEX- 1 ,  Optimal Capaci ty Expans i on Model 
for a Water Conveyance Pi pel i ne 

The water pi pel i ne des i gn model PIPEX- 1 
i s  an  automated procedure for determi ni ng 
the l east-cos tly eng i neeri ng des i gn of a 
water s upply pi pel i ne .  · I t  can be uti l i zed 
to estab l i sh for both a fi xed or time-varyi ng 
flow reg ime , the most  economi cal combi nation 
of ava i l ab l e  pi pe di ameter ,  pi pe pressure 
cl ass , number of pumpi ng s tati ons , and i n
stal l ed pumpi ng capac i ty .  The pi pel i ne 
route i s  represented by a seri es of adja-
cent p iece-wi se l i near segments each havi ng 
a constant el evation s l ope . Bounds are 
requi red on the water vel oci ti es and press ures 
a l ong each section . The program may be exe
cuted i n  the fol l owi ng modes : 

( l ) 

( 2 )  

Stati c Des ign : A time- i nvari ent 
fl ow condi ti on is speci fi ed al ong 
each p i pel i ne secti on . The mi n imum
cost s tati c des i gn of a di vergent
branched pi pel i ne sys tem ( conta i n i ng 
no pi pe l oops ) ,  havi ng i ntermedi ate 
fl ow di vers i ons and i ntakes , wi l l  be 
obtai ned . 

Dynaml' C  nor .; gn •  n e ; ngl o  ·Hmo- uar"i ng &,.1 \.; J t l t .a f t  oJ I  I • - V l f l "" 'i J ' ' 

set of non-decreas i ng fl ows are speci fied 
al ong al l pi pel i ne secti ons . The mi n imum
cos t des i gn over time of a l i near 
( non-branch i ng )  pi pel i ne system ,  wi th 
no i ntermedi ate fl ow di vers i ons or i ntake , 
w i l l  be obta i ned .  

Pi pel i ne el evation-di s tance data ; pi pel i ne 
route segmentati on ; l ocation and ava i l ab l e  
s i zes of exi sti ng and potenti al pump stati ons ; 
ava i l ab l e  p i pe di ameters , pressure c l asses , 
and cos t ;  maxi mum and mi n imum water pressure 
and water vel oci ties ; economi c parameters ; 
i n i ti al p i pel i ne system faci l i ties . 

Steady-s tate condi ti ons i n  a gi ven time peri od , 
but vari abl e flows over the vari ous time 
peri ods . 
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The stati c and dynami c design prob l ems are 
sol ved as  dynamic programming formul ations . 

Approximately 50K decimal  words of core 
s torage are requi red for executi on on a 
UNIVAC 1 1 00 Series Computer  System . Fou r  
scratch storage fi l es for i ntermedi a te 
cal cul ations.  

P IPEX- 1 i s  a s tand-al one program. 

P IPEX-1 was devel o�ed by Quenti n Marti n of 
the Sy stems Engi neeri ng and Devel opment 
Di vi si on of the Texas Water Devel opment 
Board . Documentati on i s  ava i l ab l e  i n  the 
fol l owi ng  publ i cati ons : 

11Mi n imum-Cost Capaci ty Expans i on of a Li neal 
Water Conveyance P i pel i ne ,  .. by Quenti n Martin , 
Texas Water Devel opment Board , presented at  
the Joi nt National TIMS/ORSA Meeti ng , San 
Franci sco , Ca l i forni a ,  May 1 0 ,  1 977 . 

11 Pi pe l i ne Des i gn Model - P IPEX- I Program 
Descri pti on and Documentati on , .. by Quenti n 
Marti n ,  Texas Water Devl eopment Board , 
Report UM-3 , Oct . 1 981 . 
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CANAL- I ,  Optimal Canal Routi ng and Des i gn Model 

The canal routi ng and des i gn model CANAL-I i s  an 
automated procedure for determi ni ng the l east
costly route l ocat i on and engi neeri ng des i gn 
of  a water supply canal . I t  can be uti l i zed to 
determi ne , for a fi xed - fl ow del i very rate , the 
most economical l ocati on and comb i nation of  
open channel s ,  embankment dams , pi pel i nes , pump 
stati ons ,  and canal structure s .  The canal route 
consi sts of a se ries of route secti ons and j uncti ons 
and i s  represented by a d i rected network . The 
program computes the optimal  steady-state des i gn 
and route from an over-speci fied set of potential  
routes and al te rnati ve fac i l i ties .  

E l evati on , water sut·face , and pressure s l opes 
are req u i red to be constant along i ndi v i dual 
route secti ons . Fl ow i s  assumed to be del i vered 
to a si ngl e termi nal j uncti on at a prespeci fied 
rate . 

Constrai nts on the des i gn i ncl ude upper and l ower 
l i mi ts on water-surface el evati ons , water vel oci ty 
and f low rates ; conservation of energy and mass ; 
and subcri ti cal fl ow i n  open channel s .  Upper and 
l ower bounds on water depth , bottom wi dth and 
water-surface s l ope for open channel s must al so 
be sati sfied . P i pe di ameters and pressure cl asses 
are restri cted to avai l ab l e  di screte s i zes . 

The optimal sol uti on s pec i fi cs , al ong each route 
secti on havi ng a pi pel i ne ,  the di ameter,  pressure 
cl ass , and number of paral l el l i ne of p i pe i n
stal l ed .  Open-channel route secti ons have speci fi ed 
the water depth , bottom wi dth , and type of l i n i ng 
of the pri smati c channel . 

59 



I NPUT DATA . 
REQU IREMENTS 

S I MULATION MODE 

NUMERI CAL SOLUTION 

CORE REQUI REMENTS 

INTERFACE 
REQU I REMENTS 

PROGRAM DEVELOPMENT 
AND DOCUMENTATI ON 

. 
• Route el evati on-l ength data ; l ocation and 

avai l ab l e  s i zes of potenti al  pump stati ons 
and embankment dams ; l ocati on of potenti al  
p ipel i nes and open channel s ;  avai l ab l e  types 
of . l i n i ngs for open channel s and the i r  
characteri stics ; avai l ab l e  pi pe d i ameters and 
pressure cl asses ; maximum and mi n imum water 
surface-el evati ons , water pressures , and water 
vel oci ties by secti on and system ; economi c 
parameters ; constructi on cost data for p i pel i nes , 
open-channel s ,  and canal structures ; avai l abl e 
s i zes  of drop structures , spi l lways , and 
bri dges . 

Steady-state ( time i nvari ant} condi t ions corres
pondi ng to condi ti ons under ul timate (maximum) 
del i very rate of water . 

Dynami c programmi ng and network opti mi zati on . 

Approximately 65K deci mal words of core s torage 
are requi red for executi on on a UN IVAC 1 1 00 
Seri es Computer System. Four scratch storage 
fi l es for intermedi ate cal cul ations . 

CANAL-I  i s  a stand-al one program. 

CANAL-I  was devel oped by Quenti n Martin  of the 
Engi neeri ng and Envi ronmental Systems Secti on of 
the Texas Department of Water Resources . Documenta
t ion i s  avai l abl e i n  the fol l owi ng publ i cation : 

"Water Conveyance Canal Des i gn Model - CANAL- I " ,  
by Quenti n \� . Marti n ,  Texas Department of Water 
Resources , Users Manual -21 , Apri l ,  1 979 . 
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ECOSYM , Economi c S i mu l ati on Mode l 

ECOSYM i s  a dete rmi n i sti c economi c s imul at i on 
mode l whi ch makes use of i nters ectoral re
l ati ons h i ps of i nput-output mode l s  and rel a tes 1 
reg i onal  cons umption to producti on -an d  p ro- · 

ducti on to res ource u s e . The model s i mu l ates 
i ndus tri al  s ector output , popul ati on , empl oymen t ,  
unempl oyment , pers onal i ncomes , s a v i n gs , and 1 
taxes , and sel ected natura l  resource use . The 
model i s  u sed to anal yze economi c i mp acts of a 
set o f  water resource deve l opment proje cts . 
Res ource constra i nts are brought to base i n  
a ny t i me  p eri od by a set of l i near con strai nts 
i n  a L i near Programmi ng formul ati on . S i mul ati ons 
are on an annual bas i s  and the prog ram handl es an 
i nput-ou tput transaction tabl e wi th a maxi mum of 
fo rty-e i gh t  p roces s i ng se ctors , twe l ve househol d 
s ectors , s i xteen pri mary resources ( twel ve l abo� 
g roups and fou r  natural reso urces ) ,  a.nd twel ve 
capi ta l p roduci n g  sectors . 

The economi c s i mul ati on model ut i l i zes a n  i nput
output model framework to des cri be the i n te r
re l at i on sh i ps between vari ous i ndus tri es w i th i n  
a reg i on .  The i np ut-output model p rovi des the 
l i nk  between p rodu ct i o n  and con sumpti on demand .  
Consump t i on demand cons i s ts of househol d ,  govern
ment , i n vestment , and export demands . I n come 
el as ti ci ty coeffi ci ents and past i ncome p rovi de 
th e l i n k to the l eve l and d i stri buti on of house
hol d cons umpti on i n  the current t i me peri od . 
Res ou rce use coe ffi ci ents provi de th e l i n k  
between pri mary res o urces ( l abo r ,  water , l and , 
crude petro l eum , and natural gas ) and the 
p roduci n g  i ndus try whi ch uses them . I nves tment 
demand i s  l i nked to proj ected f i na l  demand 
through expans i on cap i ta l  coe ffi ci ents . 

Gi ven aggregate demand i n  any t i me peri od , the 
s o l uti on fo r output l evel s ,  res ou rce use , and 
i ncome payments i s  ca l cu l ated by sol v i n g  a set 
of s i mu l taneous eq uat i ons wi th l i near constrai nts . 
I n  addi ti on , the s i mul ation mode l s o l ves a s e ri es 
of cons ump ti on ,  i n ves tmen t ,  emp l oyment , and 
product i o n  equati ons whi ch re l ate a vari abl e i n  
the cu rrent t i me peri od to one or more vari abl es 
i n  pas t t i me pe ri ods . 
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For each househo l d  g roup i n  the mode l , the 
fol l ow i n g  i nfo rma t i on i s  nece s s a ry :  cons umpti on 
coe ffi c i en ts ; natura l  pop u l ati on g rowth rate ; 
l on g- te rm  unempl oyment facto r ;  ten years of 
personal  di sposab l e  i ncome ; popul a t i on , l abor 
ava i l ab l e ,  and l abor requ i red from each group i n  
the ba se yea r ;  and taxes . I n formati on for the 
s ecto rs i ncl ude : expan s i on cap i ta l  matri x ,  
res ou rce matri x ,  el as ti ci ty coeffi ci en ts matri x ,  
transacti ons matri x ,  a nd final  deman d  for p roducts 
of each s ector . 

35,000 dec i mal  words . 

ECOSYM requi res i nterfaci ng wi th an i np u t-o utp u t  
model . 

ECOSYM was deve l oped by the Systems Engi neeri n g  
Di vi s i on , Texas Wate r Devel opment Board , parti a l l y  
s uppo rted wi th fun ds provi ded by the Offi ce of 
Wa ter Resou rces Research , Department of the I nteri o r �  
The p rogram i s  documented i n  the fo l l ow i n g  pub l i ca 
t i on : 

Texas Wate r  Deve l opmen t  Board , 1 1Techni ques fo r 
Eval uating Ma rket and Non-Market Benefi ts and 
Co sts of Wate r Resources Sy stems - Economi c S i mu
l at i on Model - Program Des cri pti on , .. Apri l 1 974 . 
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PROGRAM 

DESCRI PTI ON 

• 

NUMERI CAL SOLUT I ON 

I NTERFACE 
REQU I REMENTS 

P ROGRAM DESCRI PTI ON 

PE P ,  Parameter Esti mati on Program 

The pri mary purpose of the Parameter Estimati o n  
Program i s  t o  i mp rove t h e  accu racy a n d  rel i a
b i l i ty of mathemati cal model s  th rough better 
cal i b ra t i on . PEP automati cal ly e sti mate s  model 
parameters to mi n i mi ze the e rror between s imu
l ated vari ab l es and fi e l d meas urements . The 
paramete r e s t i mati on a l gori thm uses mathemati cal 
programmi n g  to compute model parameters from 
ava i l abl e measurements of the vari abl es s i mu
l ated . The cal i b ra t i on probl em is  expressed 
as a constra i ned mi n i mi zat i on prob l em .  Parameter 
esti mates a re s e l ected by the program so as  to 
mi n i mi ze a " l east squares 11 error perfo rmance 
functi on deri ved from the compari son of meas u red 
ve rs us s i mu l ated val ues . The Parameter Es ti 
mati on P rog ram was des i gned to be appl i ed to the 
ca l i b rati on of parametri c mathemati cal mode l s  
o f  phy s i ca l  sys tems whose output vari abl e s  are 
fun cti ons of e i ther one or two s pati a l  d i mens i ons  
and t i me .  Howeve r ,  the program can be appl i ed 
to a ny computeri zed mathemati cal procedure w h i ch 
compu tes any vari ab l e  as a functi on of any 
paramete r .  The on l y  req ui rements a re that the 
program dimens i on a l i ty l i mi tati ons and the data 
man i p u l a ti n g procedures be compati b l e  w i th the 
mode 1 . 

The mi n i mi zati on prob l em s ubj ect to i neq ual i ty 
con s trai nts i s  s o l ved by a non l i near programmi n g  
techn i q ue . T h e  techni que used i s  a modi fied 
cons tra i ned deri vat i ve a l gori thm. The change 
i n  the i ndependent vari abl es from i terati on to 
i te rat i on i n  the a l gori thm i s  constra i ned by 
us i n g  the Levenberg ' s  con stra i n t  techn i que to 
l i mi t the search reg i on to a hypers ph ere about 
the cu rrent s o l uti on .  

The p rocedure of paramete r  es t i mati on i s  done 
between execut i ons of a phys i cal s i mul ation 
model . There fore , it  i s  requi red that a l i n ka ge 
between PEP and the s i mu l at i on p rog ram be ac
comp l i shed i n  order to do the s ucces s i ve runs 
requi red to meet the conve rgence cri teri a e s tab l i sh
ed by the user . User mus t  provi de th ree s ub
routi nes neces sary for transfer of i n formati on 
between the s i mu l a ti on program and PEP . 
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Data req u i rements of PE P are : l ocati on i n  
t i me and s pace of the meas ured val ues of th e 
vari abl e  or vari ab l es to be used by the 
p rog ram i n  est i mati ng parameter val ue s ; 
range of v a l ues for each parameter to be 
cali b ra ted ; control val ues speci fy i ng type 
o f  mode l to be cal i brated and convergence 
cri teri a for sol uti on . 

Core requ i remen ts vary dependi ng on the core 
req ui rements of the model bei ng cal i b rated . 
The appl i cat i on o f  PEP to the Lake Ecol ogi cal 
Model , LAKECO , to make s imu l taneous es t i ma t i on s  
of th ree paramete rs req u i red 55 ,000 deci ma l  
words . 

The Parameter Es t i mati on Program was devel oped 
by Water Resources Engi neers , I nc . , under 
contract w i th the Texas Water Deve l opment 
Board.  The p rog ram i s  documented i n  the 
fol l owi n g  pub l i cat i o n :  

Evens on , D .  E . , and A .  E .  Johnson , 1 1Pa rameter 
Es t i mati on Program , .. Program Documentati on 
and User ' s  Manual prepa red for Texas Wate r  
Deve l opmen t Board , Water Res ources Eng i neers , 
I nc . , December 1 97 5 .  
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