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FORWARD

This bullerin is published in furtherance of the purposes of the Water
Resources Resecarch Act of 1964, The purpose of the Act is te stimulate, sponsor,
provide for, and supplement preosent programs for the conduct of research in the
field of water and resources which aficoet water. The Act is promoting a more
adequate naticonal program ol warter rescurces research by {urnishing financial
assistance to newa-federal rescarch.

The act provides for establishment of Water Resources Rescarch Institutes
or Centers al Universities through the nation.  On September 1, 1964, a Water
Resources Research Lenter was established in the Craduate School as an inter-
disciplinary component of the University of Minncesota. The Center has the re-
sponsibility Tor sUimalating University research with water resources programs
of tocal, State, and Federal agencies and private organizations throughout the
State; and assisting in training additional scientists for work in the field
ol water resources through rescarch.

This report is number 77 in a series of publications designed to preseat
informat ion bearing on water resources rescarch in Minnesota and the results
of some of the resecarch spensored by the Center.

The study described in this Bulletin i concerned with the many computer
programs and simulation models in the ficld of water resources.

The report vonsists of three parts. The first iy a brief summary of in-
formation in this field and the sources of apecial interest.  The sccond is
a fairly detailed review of 28 programs of special interest and 2 brief
review of & books in the same category. The third section is an annotated
biblicopraphy of aboul 390 computer programs and simulation models.

Bue to the wide interest in this ficld, new programs and models are con-
stantly being developed. A scelection of models is difficult and in the interest
of keeping the report within a reasonable size 1t was necessary to make an
arbritrary seleetion of vomputer programs.  The authors hope that the choice
will be of dinterest and valuce to the reader.

The study was performed at tle St. Anthony Falls Hydraulic Laboratory,
Department of Civil and Mineral Engincering, University of Minnesota under
Office of Water Research and Technology Crant Ne. 14-=31-001-4227, entitled
"Computer Programs and $imulation Models in Water Resourcoes: Scope and
Availabilivy,” (C-5111) (Ticle IT}.
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Computer Programg in Water Rescurces:

Scope and Availability
by

Chung Sang Chu and C. Edward Bowers

I. Imtroduction

The objective of this research study was the review of selected computer
programs in the field of water resources with the aim of assisting in the
application of these program: by potential users. Research and design efforts
in this field have resulted in the development of many computer programs.

Some of these are of primary intercst to those in the research phase of water
resources. Others may be initially of interest to research people but will be
used for design purposes a3 information on and confidence in the programs de-
velop. Other programs are based on well known procedures and as a result have
immediate application to design problems. The second and third types of pro-
grams are of primary interest in this report, but some pregrams of all three
groups have been included.

Concern is frequently expressed by desigun-oriented engineers over the
problem of communication between research and design hydrologists. The de-
signers are actively interested in mathematical modeling of hydrologic processes
but are faced with a difficult choice as to which models to use. 4 solution
to this problem may not be available at this time becausge new models are con-
tinuously being developed and these will require considerable testing and
evaluation before they find gencral acceptance.

Relative to initial applicotions of computer programs in Water Resources,
the late 1950's apd early 1960's are associated with significant developments
in this field. In 1958 the U.S. Army Corps of Engineers embarked on a study
to utilize computer technigues in the water resources field. Working in
cooperation with the National Weather Service, thie led to the development of
the SSARR (Streamflow Synthesis and Reservoir Regulation) Model. In 1959 the
Stanford University Rescarch Program in digital simulation techniques was
initiated by Crawlford and Linsley resulting in the development of the Stanford
Watershed Model series (Appendix 1).

While many organizations, both governmental and private, were developing
computer programs in the 1960'a, the development of the Corps of Engineers
Hydrologic Engineering Center (HREC) is worthy of noting. This organization
produced about 28 programe of interest in the field and also initiated a train-
1ng progran for Corps of Engineers personnel, but also available to others,
concerning computer applications and hydrologic engineering.
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The passing of the Water Resources Research Act in 1964 and the develop-

ment of the Office of Water Research and Techmology and of Water Resources Rescarch
Centers in each of the States resulted in a very active research program in the Water
Resources field and the development of many compubter programs and simulation models.

Other federal agencies active in this field include the Agricultural Re-
search Service, the Scil Conservation Service, the Bureau of Reclamation, the
Environmental Protection Agency, and the U.3. Forest SBervice. The Tennessee
Valley Authority and many state agencies have also made significant contri-
butions.

The initial objective of some of these agencies was the adaption of exisf-
ing methods to digital computer solution techniques. In the process, it was
sometimes possible to introduce much more sophisticated procedures than were
possible with desk top calculators while still retaining the basic principles
associated with accepted design procedures.

Some of the programs prepared by the Corps of Engineers Hydrologic Fngine-
ering Center were based on Corps of Engineers methods, such as unit hydrograph
theory and various "hydrologic routing" procedures. However, in some ingtances
HEC has incorporated features that were not feasible prior to the advent of the
digital computer. For example, a loss-rate routine using four variables has
been used in several programs for hydrograph analysis, in place of the ¥ index.
Another very valuable feature of some of these programs is an optimization
process based on fitting of observed events to aseist in an evaluation of
variables or parameters in the program.

Two of the HEC programs receiving considerable use by both govermmental and
private organizations are HECT ~ Flood Hydrograph Package and HECZ - Water
Surface Profiles.

The HEC programs are well documented relative to the purpose of the program,
identification of variables, and explanation of inmput and output procedures.
However, they often presume a knowledge of Corps ¢f Bngineers design procedures
and this can cause difficulty in the use of some programs.

The Soil Conmservalion Service has also prepared a series of programs that
are well documented and of considerable interest to the applied hydrologist.
One of these, the Th-20 PROGRAM concerns the compuiation, combining, and rout-
ing of hydrographs for a series of the sub-watersheds of a larger watershed.
This has been widely used for both rural snd urban studies. A second program,
DAME2, is for the study of the effect of variations in the nusber and character-
istics of proposed flood retarding structures in the watershed upon flows;
a third is a water surface profile program (WSP2}. The SCS programs use some
basic procedures associated with that agency while utilizing the computer to
the best advantage.

The Bureau of Keclamation has in excess of 50 programs covering a variety
of hydrologies and hydraulic topics, These were originally listed in "Abstracts

of Computer Programs Developed by the Burean of Reclamation", Electronic Com-
puter Programs Abstract Issue No. Ly, May 1966 and Abstract Issue No. 5, Feb-
raary 1969. The latest information received on them congists of loose-leaf
tabulations listing the name, language, CM size and the availability of docu-
mentation. Some of these programs are described in the ammotated bibliography
of Appendix 2. BSeveral programs concerning water guality appear of special
interest.

The National Weather Service has developed a number of computer programs
of interest to the river hydrologist. These include the National Weather
Service River Forecast System (WWSRFS3,k,5)[97] and a “Ceneralized River Fore-
cast Program”, RIVALL, described by R.H. Dickson of the Kamsas City offic.
This ig based in part on the API Model. As noted above, the National Weather
Service collaborated with the Corps of Engineers on the SSARR Model. R.J.C.
Bernash and R.L. Perrol of the National Weather Service and R.A. McGuire of the
California Department of Natural Resources collaborated on "A Generailzed
Streamflow Simulation System” (sometimes referred to as the Sacramento Model).
Of these, the SSARR Model appears to have received the most attention cutside
of the Weather Service. At the University of Minnesota, 8%. Anthony Falls
Hydraulic Laboratory the SSARR and NWSRFS have been implemented and the Kansas
Ccity version of the API Model is currently being implemented.

Several programs developed or sponsored by the Envirommental Protection
Agency (or its predecessors FWPCA or FWQA) have been reviewed. One of -these
is for optimization of water quality in streams and others relate to urban
runoff. The EPA Storm Water Management Model (SvJMM) developed in cooperation
with the University of Florida, the consulting engineering firm of Metcalf and
Bddy, and Water Resources Engineers, Inc. is receiving considerable abtention.
A quality model QUAL-? (Appendiz 1} is widely used.

As noted above, the development of the Office of Water Research and Tech-
nology {formerly Office of Water Resources Research) and the creation of Water
Hesources Research (enters in each of the states has resulted in extensive re-
search funded by the Federal and state governments. Other state and University
research has been funded in part by the National Science Foundation, the Federal
Highway Administration, and the Corps of Engineers. The well-known Stanford
Model LE‘5] spongored in part by NSF and Stanford University and developed by
N.H. Crawford and R.K. Linsley is a particularly noteworthy development in-
volving University and Federal cooperaticn. The computer program associated
with this model was initially written in a form of Algol., It has since been
rewritten in Portran by L.D. James, formerly at the University of Kentucky and
referred to as the Kentucky Model or as the Kentucky-Stanford Model. It has
also been rewritten in Fortran by the National Weather Service, W.L. Moore and
associates at the University of Texas, and V.T. Ricca at the University of Chic.
The second edition of the book, Hydrology for Engineers, by R.K. Linsley, M.A.
Kohler, and J.L.H. Paulhus contains a chapter on "Computer Simulation of Stream-
flow" which includes a discussion of modeling procedures. The Solutions
Marwal for this book ammounced the availability of a Fortran version of SWM
through the firm of Hydrocomp. A copy of this translation was obtained and
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successfully operated. A mew model has been developed by B.J. Claborn and extensive developments have occurred since the book was published, the chapter
W.l. Moore as a result of their work on the Stanford Model. on computers is still of interest. However, of primary interest iz the excel-

lent oversll summary of information on Hydrology and Water Resources countained
A number of reports or papers have been published in which comparisons in the 2% chapters by various authors, including 6 chapters by the Editor-in-
have been made of various compubter progrems on the same subject. Of special Chief.

interest are the following:
Currently, numerous schort courses, seminars, and symposiumg are conducted

"Burv TP A a Surface Frofileg', | i 5. Bickert N . . - . . 4
T [2),1 ey of Frograms for Vater furface Profiles”, by Bill S. Bickert, cacihl year. TProceedings of one such symposium of special interest is Y"Mathe-
S matical Models in Hydrology Symposium, Vols. I, II, 111", Proceedings of the

2. "A Critical Review of Currently Available Hydrol ogi'ic Models for Analysis Warsa
of Urban Stormwater Runoff™, by R.K. linsley, [811.

Symposiun, International Asscclation of Hydrological Sciences, July 1971.

3. "Models =nd Methods Applicabie to Corps of Engineers Urban Studiesr,
; by J.W., Brown, M.H. Walsh, R.M. MoCarley, A.J. Green, Jr., and H.W. PO . ama and o
: West, [17]. An ocutstanding report. IL. Braluation of Programs and Models

L. "Comparative Analysis cf Urban Stormwater Models", by Albin The evaluation of computer programs and models is a very difficult task.
7 s Dy prog 54
Brandstetter, Lﬂl ] The results and vaiue of such evaluations depend on the experience and ability
. . : - . . f the person making the evaluation as well as on the quality of the model and
5. "Urban Hydrological Modeling and Catol t Rescarch e 3 Y, by 2 N ” - ) ;
7 4 gical Modeling and Catomment Rescarch In Lhe U.5.A.", by the data used {or comparison., The more complex modeis require many rung over

M.B. McPherson, |97 . . . D ) X
' [) ] a period ranging rom 2 to 12 months for a person to become familiar with the

stions of the model.

6. "Comparative Evaluation of Three Urban Hunofl Mode Gy by J. Marcalek, performance and Limi
T.M. Dick, F.E. Wisner, and W.G. Clack, [801
Cne method of evaluation, for a runoff model, involves the input of data
for a past storm and the comparison of computed and observed runofi rates.
Frequently, several modcls are compared for the same area and storm. I the
8. “Comparison uf the Georgia Tech, Kansas, Kenbucky, Dtanford, and T.V.A. model does nmot have a self-optimlizing routlme, it is necessary for the user to
Watershed Models in Georgia't, by Alan M. Lumb, |86 moke sulficient xuns to insure an optimum solution. If suificient runs have
9. “Critical Review of Currently Availsble Water Guality Mod not been made, the comparative results may be misleading.

Lomburdo, | 168 |,

7. "an Independent fvaluation of Three Urban Sturmwaber Models™, by D.l.
Heepe and N.G. Mein, 611

|

", by P

In the present study information was assembled on geveral hundred programs.
£ il wan not poecsible to compile and use all of these programs, it was de-
cided to use the following procedure:

Textbooks and reference books containing comparisons ol various

and the principles asgoclated with mathematical simnlation modely include the

following: 1. Oelect zbout 28 programs of special interest for sctual use in the
study. (Appendiz 1)

1. “Computer Dimuiation Yechniques in Tydrology", by Ceorge Fleming,
American Elsevier Publishing Co., 1975 {Appendix ). “e Previde an annotated bibliography of a much lurger (aboui; 3907 list
‘ of programs. {Aippendix )

de VComputer Simulation of Wabter lewources atems?, Mdited by G.g.
VansteenRiste, North Iolland Publishing Co., 1970,

dF of initinal work with some of the urbsan runclf models, 1t became

he a re:

Y. "reatize on Urban Weter Systeme”, Rdited by M.L. Albertson N apparent that mensured urban runoff data were not in a lorm readily usable in
- X ? Y 3 e P ¥ ;
Tucker, and D.O. Taylor, Colorado State Univercity, July 1971, some models. It was then proposed that some datu be assembled and put In a
form such thal potential users could easily use 1t in selected models. This
< USystems Analysis and Waber Quali sragement Ve Thomu - . s L e
b y : I deber duality Management™, by R.V. Themunn, developed into a difficult task. While data were assenbled on four selected
MoGraw-11111, Inc. ¥ \ - . ; ; X
catchments and prepared in a form for use in several models, It was declded to
5. "Stormwater Modeling™, by Donald T. Overten and Michael K. Meadows, omit this information from the report due to space limitations.

Academic Press, 1976, 358 pp.
There is a sericus need for data, particularly in urban areas, in a form
Fhe "llandbook of Applied ilydrology" edited by Ven Te Chow, MoGraw-Hill, 1964, that will permit its use in a variety of models. DMany consulting engineers
containg a chapter on "Applicalion of Blectronic Computers in Hydrology®. While continue to place full reliance on the Rational equation because it is difficult
to use and compare simulation models.
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The American Scciety of Civil Engineers Urban Water Resources Research
Program was developed to coordinate long-range research in urban water re-
sources. Program Director for this program was M.B. McPherson. Spongorship
of portions of the program has been by the Gffice of Water Research and Tech-
nology. These studies have resulted in a very significant contribution to
urban runoff analysis in the form of 2L excellent technical memorandums; some
of these provide information on simulation models and wrban runoff data. The
reporte are available through the National Technical Information Service.

Summary
1. Information on computer applications in Waler Resources has been assembled.

2. Twenty-eight were selected for study and in some caseg operation. Detailed
abgtracts have been provided in Appendix 1.

3. An armotated bibliography on 390 compuber programs in Water Resources has
been provided as Appendix 2.

L4+ Brief descriptions oneight bocks of special interest has been provided as
Appendix 3.

5. A& list of 177 references supplements the Annotated Bibliography.

~
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Section A - Crawford, N. H. and Linsley, Ray K., "Digital Simuiation in
Hydroloqy: Stanford Watershed Model 1V, Stanford Univ., Dept.
of Civil Engineering, Tech. report no. 39, July 1966.

Source: Stanford University

Description:

One of the earliest effarts to provide digital simulation of hydrologic
processes was the research jeading to the well known Stanford Watershed Model.
While physical and analog modeis of hydraulics and hydrologic processes have been
used for many years the Stanford and SSARR models developed in the late 1950s and
APPENDTX 4 early 1960s are classics in this field.
fAbstracts of 29 Programs The Stanford Model was initially written in a form of ALGOL. It was

subsequently rewritten in FORTRAN at the University of Kentucky, Ohio State
University, the National Weather Service, and others.

It was modified and extended by the private firm of Hydrocomp, Inc.
and made available on a commercial basis as the Hydrologic Simulation Program
{(H5P).

A listing of a FORTRAN version of the Stanford Model was also made
available by Hydrocomp.

Precipitation and potential evapotranspiration are the major inputs
to the Stanford IV Model. Caleculations begin from known or assumed moisture
conditions and are continued unt1l the input data is exhausted. Precipitation
is stored in the snowpack and in three soil moisture storages. Upper and lower
zone storages, together with the groundwater storage, combine to represent
variable soil moisture profiles and ground water conditions. Infiltration was
based on a frequency distribution of infiltration capacity.

The Chezy-Manning equation was used to derive a relation between surface
detention, parameters concerned with overland flow, and the runoff from overland
flow. Daily Take evaporation was used as a basis for potential evapotranspiration.

A channel time-delay histogram, based in part on a method developed by
C. 0. Clark was used to route the flow in the channel phase of runoff analysis.

Snownelt was based on a method requiring only temperature as an input.

The model utilized 3 physical parameters, 11 land-surface parameters,
6 channel system parameters and 10 snowmelt parameters.

Figure 1 is an example of observed and simulated flows for one watershed.
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section B - Streamfiow Synthesis and Reservoir Regulation "SSARR Program

DRAFT, "Stream Tlow Synthesis and Reservoir Regulation (SSARR}".
Program Descripiion and User Manual", North Pacific Division,
Corps of Tngineers, Portland, Oreqon, July, 1972,

Source:

Description:

The SSARR {7, 109, 144} s a continuous synthesis simulation model with a
501l moisture accounting system and a runoff analysis besed on a triple set {Surface,
Subsurface, and Groundwater Storage) of conceptual reservoir units.,  The SSARR
wodel can provide mathematicel hydrologic simulation for system analyses as
required for lhe planning, design, operation of water control works, and oper-
ational YIVOY forecasiing.

The program is written in FORTRAN 1V and is designed to operate on a
medium-sized rompuler systen which includes disc storage unit. The swallest
system on which it has operated is an IBM 300/40 with 64K bytes of core storage
and a ravdumaccess disc storage drive.  The prograw has been run with CDC 6600
at University of Minnesota and the required core nemory was 77,700, words., A
tess exte version of SSARR designed for small-to-medium sized”computers
is called "COSSARRY and available from the Novrth Pacific Division, Corps of
Engineers, Portlond, Oreqgon.

Method:

Water available for runoff on cach of several subareas in the basin is
determined frow both rainfall and snow melt as shown in Lhe flow chart of the
SSARR Watershed Model e Fig, 1}, The water is then separated into two
amounts, one that will appear as runoff and one that will be lost to the atmosphere
due to evapotranspiration. The separation for moisture supply is governed by a
Soil Moisture Index {SMI}, which is an indicator of the current moisture condition
uf the soit. A high SMI value would indicate a wet soil and high runoff. The
SMI-runoff relationship is stored as a table; different tables or curves can be
stored for cach watershed and different tables can be used for Winter (snow basin)
and Summer (rain basin}. Fiyg. 2 illustrates typical curves developed by trial-
and-error for parts of Minnesota Zesin.

o
)

Runoff is further divided into three synthetic reservoir system components;
the surface flow, subsurface flow and base flow. The split between these various
phases is coverncd by functions input as tables by the user. The portion of the
total runoff which becomes base flow depends on a Base Infiltration Index (BII)

(See Figq. 3}, The remaining volume, direct runoff, is then divided into surface
?Ud Sz?surfuco components depending on the volume of direct runoff (5-S5 curve,
iy, .

Three synthetie reservoir systems are set up, each corresponding to one
Of_the three phases to transform the volume of runoff into a stream flow hydrograph
using a storage routing approach,
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The computations described above are made for each computation interval
for the total period of the simulation. Subwatershed flows can then be routed
downstream and combined to produce a composite runoff hydrograph for a large
area.

Fig. 5 illustrates the input tables pertaining to SMI, BII, S-SS and ETI
(Evapotranspiration Index) in studies at the University of Minnesota. Fach table
is identified by a four-digit number such as 8005 shown in Surface-Sursurface
Flow Curve. There are usually two numbers for each point; this is indicated by
a 2 following the four-digit table number. Thus the first $-SS table has the
following €701, 8005, 2; 0, 0; .010, .00672; .033, .023; .100, .09; 999.1, 899.05.
These points {separated by semi-colons) can be compared with the solid line in
Fig. 4.

The SSARR can handle snow melt using Degree-Day method or Energy budget
method. The degree-day method is based on the following equation:

Melt = COEF x (TEMP-BASE) o (1)

where TEMP = ysually mean daily air temp, but may be maximum daily or some
other temperature.

BAST = base temperature above which melting occurs.
COEF = melt coefficient which is a function of percent seasonal runoff.

Energy budget method reguires solar radiation, albedo, wind velocity, air
temperature, dewpoinl temperature and other parameters. The basic options available
for determining what portion of the watershed is snow-covered are the elevation

band methoed and the snow cover depletion method. With the snow cover completion
method, the computation may consider runoff from the snow covered area only {one-
basin approach) or runoff from both the snow-covered and snow-free areas {(split-
basin approach). The snow-covered area can be specified by the user in the

SSARR either as a function of time or in relation to the percentage of seasonal
runoff.

Revisions and Options for Midwest

The split-basin snow-cover depleton approach has an advantage for application
to the Upper Midwest, since elevation difference within the individual watersheds
are usually much Tess than one thousand feet.

Some revisions have been made at the University of Minnesote {73) while
implementing the program for the Minnesota River Basin.

1. For the Midwest, it was considered desirable to base the percent of snow
covered area on the water equivalent of the snow pack. A function was used
wherein a value of water eguivalent greater then one inch indicated that
100% of the basin was covered by snow. Alsc the function was made to
decrease linearly to zero for water equivalents of less than one inch.

This function is illustrated by Curve A in Fig. &-c. Curve B shows the
plat of actual field data.

0T

2. Melt coefficient was based on the percentage of the snow pack that had

?glteg é?ce Fig. 6-a) instead of percentage of seasonal runoff (see
"ig. 6-b).

3. Anothgr.method developed and used in the study based the melt
coefficient on a moving accumulation of degree~days.

This ig based 1in part on observations by the National Weather Service river forecaster
for this area to the effect that an accumulation of 60-to-70 degree-days over a
period on the order of 10 days was necessary to start the spring flood.

Discussion

Fig. 7 shows a portion of the graphical output of the SSARR for the Blue Farth
Watershed (2430 square miles) of the Minnesota River Basin for March and April 1965.
This run utilized the accumulated degree-day method of snow melt calculation with a
curve of the type shown in Fig. 6-b. This is the largest flood of record. The

agreement is excellent. It was achieved after a trial-and-e imizi
t%]e parameter tables associated with tehe mofe]. ‘(Ars qghea?nofeqmdbe%mn%etsSnaavi O;Ptge NS

optimizing routine, numerous runs with data for a number of years are necessary for
the user to gain sufficient familiarity with the method to achieve good results.

Fig. 8 shows a comparison of three runs of the SSARR for the Blue Farth
Watershed in 1965 using for snow melt (1) energy budget, (2) degree-day with coefficient
a fgnction of percent snow melt, and (3) degree-day with coefficient a function of a
moving accumulation of degree-days. The energy budget and moving-accumulation-of-
degree-day method appear superior for this watershed. This may not be true for all
watersheds.

Fig. 9 shows the computed and observed flow of seven tributaries and three main
stem Tocations of the Minnesota River for the spring snow melt-rain flood of 1965.
In this set of runs the energy budget method was used to determine snow melt in
watershed 6 through 15, where the main flood occurred. The SSARR appeared to perform
very well when fitted to each of the 15 watersheds of Minnesota Watershed Basin
{16,200 square miles) for 1965

Conclusion

The SSARR model is a continuous synthetic simulation model with soil moisture

Ecggunting system and a runoff analysis basey on a triple set of conceptual reservoir
nits.

The SSARR model has been applied to Minnesota River Basin (16,200 square miles)
for the 1965 spring flood due to snow melt and rain. The model simulated Snow melt
floods very well. As the model has no optimizing routines, it was difficult to fit
to the watershed, but after use with several years' data, fitting could proceed at
a fairly rapid space. The model shows considerable promise for prediction of snow
melt floods in Midwest.
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Section € - HEC-1, Flood Hydrograph Package

"HEC-T, Flood Hydrograph Package, Users Manual™, Computer Program
723-X6-L2010, Jdanuary 1973, The Hydrologic Engineering Center,
Corps of Fngineers, U.S. Aemy, 609 Second Street, Davis, California
55616

source:

Description:

This program is the first in a series of package programs developed
by HEC to incorporate all the basic flood hydrograph computations associated
with a single recorded or hypothetical storm into a single unit. The Jatest
version {Jan. 1973) is the result of the major revision of the October 1970
version of HEC-1. The computational wmethods used by the program remain
hasically unchanged; however, fhe input and output formats have been almost
completely restructured to simplify input requirements and to make the program
output more meaningful ard readable. This package represents a combination
of several smaller programs which have previously been operated independently.
These component programs are still available at the HEC as separate programs.
The program and nunbers and names are:

L2230 Unit Hydrograph and Loss Rate Optimization
12260 Basin Rainfall and Snowmelt Computation
L2280 Unit Graph and Hydrograph Computation
L2310 Streamflow Routing Optimization

L2320 Hydrograph Combining and Routing

L2370 Balanced llydrograph

The capahilities of the HLCC-T include

Optimization of routing parameters.

Optimization of unit hydrograph and Toscs rate parameters.

Generalization precipitation, runoff, routing and combining

operations to simulate the hydrologic response of a water-

shed and its stream network

4. Stream system computation for specified precipitation depth-
area storm relationships for the entire watershed or region.

5. Specialized precipitation streamflow network simulation

relative to multiple flonds for multiple plans of basin

development and the economic analysis of flood damages.

[P

This version has been developed and tested primarily on the UNIVAC 1108
and the Control Data Corporation 6600 computer systems. It was then adapted
for use on the G 400 series computers. Hardware requirvements and running times
are shown in Tahle 7.
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Table 1 Hardware Requirements and Running Times

Fortran IV Compiler

Four tape and/or disk units*
UNTVAC 1108 CDC 7600 GTE 400

Memory {words) 38,700 35,400 32,000
Compilation (CPU sec.) 30
Execution of Test 5** 11 1
(CPU sec.)
Method:

HEC-1 uses "luymped” (temporally and spatially) average precipitation,
The precipitation will then be treated as rainfall or snowfall depending upon
temperature criteria. Excess precipitation is obtained by subtracting Toss
rate from the precipitation. Unit hydrograph technigue is used to generate
runoff hydrograph. This runoff hydrograph is routed by several hydrologic
methods. Self-optimizing routine is included in HEC-1 to find “best” set
of parameters.Included in the process are Clark unit hydrograph parameters,
Toss rate parameters for rain and snow and routing parameters.

1. Precipitation

Lgmped ave. basin precipitation is used in the program. Several
options are available for precipitation input data depending on the
availability of data.

A. Historical storm:

1) Basin average precipitation can be read in directly
2} Recording and non-recording station data

Relative weight and total precipitation of each station
is required.

3) Known temporal and spatial precipitation

Precipitation distribution may also be specified for two
different1y sized areas and the program will perform a
logarithmic interpolation of the two patterns for a specified
area.

May only require two tapes or disks if output hydrographs are not
to be saved or read in from previous jobs.

**  Test 5 is a test problem to compute runoff hydrographs throughout

a stream network listed in HEC-1, user’'s manual.

-3y

Hypothetical storm precipitation

The program provides for automatic computation of Standard Project
Storm (SPS) precipitation using criteria in EMI110-2-1411 (Ref. 141)
and for Probable Maximum Precipitation using criteria in Hydrometeor-
ological Report No. 33.{Ref. 147}and a storm similar to the standard
project storm pattern.

Snowfall and snowmelt

Snowmelt is computed by 1) degree-day method or 2) energy-budget
method depending on the availability of data. Separate computations
can be made in each of up to ten elevation zones, the temperature
in a zone being a function of the base temperature and a specified
lapse rate. Precipitation is assumed to fall as snow if the zone
temperature (TMPR) is less than the base temperature (FRZTP} plus
2 degrees. The required input data for each method is as follows:

Method Data Reguired
Degree-Day Method Base Temperature
Energy-Budget Method Base Temperature, Wind Velocity,
Dewpoint Temperature, Solar
Radiation

For more details about snowmelt, see [M1110-2-1406 (Ref. 142)

Loss rate computation

part of basin average precipitation {rain and/or snowfall) is then
lost by interception, evaporation, depression storage and infiltration
process. Two methods are available in lcss rate computation.

1. Initial and uniform Toss rate

2. Exponential loss rate function
General loss rate function on Snow-Free ground is as follows
{Mlso see Fig. 1}:

AL0SS = (Ak+oLTK) pRepERATN M

AK = STRer/CRTTOL) DT CUML _ (2)
) ML 42

DLTK = .2 DLTKR {1 - prppgd 3

for (CUML/DLTRK) - 1; otherwise zero
where; ALOSS = loss rate in inches (mm) per hour
DLTK = incremental loss coefficient

RAIN = rainfall in inches {mm) per hour
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ERAIN = exponent of the rainfall relative to how storm 4. Routing
occurs over the subarea . . . ) . .
HEC-1 use approximate routing methods, i.e., hydrologic method in which
STRKR = basic Toss index for start of storm in inches continuity equation and simplified version of energy equation are used.
(mm} per hour 1t is assumed in all routing procedures that flow has been steady prior
to the beginning of the flood hydrograph at the flow rate of its first
RTIOL = ratio of the loss coefficient (AK) to that AK ordinate. Parameters involved in each hydrologic method can be specified
after 10 inches (254 mm) more of accumulated as input or optimized in self-optimization routine. Available hydrologic

methods in routing process are:

CUML = accumulated 10ss in inches s . .
1} Modified Puls - Outflow is a function of storage

DKTKR = dincremental loss index . . . .
2} Muskingum - Outflow is a function of prism and wedge storage,

when snowmelt is occurring, HEC-1 assumes initial losses are zero and which are functions of inflow and outflow

the loss rate function becomes: . . . . . .
N 3} Morking R and D - Working discharge is a function of working

ALOSS = AK(RAIN + shupr)ERATN () storage
AK = STRKS/CRTRIOK)'] CuMt {5) 4) Straddle-Stagger - Successive inflows numbering NSTDL {(at least 2)
T are averaged and the average is lagged LAG
where: intervals beyond the middle of the range over

which the flow were averaged
SNWMT = snowmelt in inches {mm} per hour o
5) Tatum - Specifying NSPS (number of reaches) as the number of Tatum

STRKS = basic loss coefficient for snowmelt in inches (nm) steps, setting NSTDL equal to 2 and the lag, LAG, equal to
per hour zZero
RTIOK = similar to RTIOL for snowmelt conditions 6) Multiple Storage - Multiple storage routing using the time-of-storage
coefficient, TSK {expressed in hours) is accom-

In self-optimizing routire in HEC-1, four rain loss rate parameters {STRKR, plished by routing the hydrograph NSTPS successive
ERAIN, DLTRKR and RTIOL) and for snow 10ss rate parameters or coefficients times
{COEF, STRKS, RTIOK and FRITP) can be optimized using univariate gradient . i ! ) )
method {See Addendum 1 of HEC-1, or L2230 unit Hydrograph and loss rate More details on procedures for routing are described in Ref. 19, 110, and 143.
Optimization}.

5. Automatic Derivation of Loss Rate and Unit Hydrograph or Routing Coefficient
3. Unit Hydrograph . . . N
One of the rost attracting feature in HEC~1 package is a self-optimizing

Excess precipitation is then used to generate runoff hydrograph using routine, OPTIM, using univariate oradient method. {See Ref. §}. By
unft hydrograph analysis technique. User can pravide unit hydrograph successive approximation, the  best set of parameters which minimize the
by Clark method to conform to specified Snyder or Clark coefficients. weighted root-mean-square errors between computed and observed flows could
The Clark method translates incremental runoff from subareas (using time- be found. Clark Unit Hydrograph Coefficient (Tc and R} and loss rate
area curve) within a basin to the basin outflow Tocation accerding to parameters for rain and snow {STRKR, ERAIN, DLTKR, RTIOL, COEF, STRKS,
travel time and then routes this runoff through a linear reservoir in RTIOK and FRZTOP} are optimized in unit hydrograph and loss rate optimization.
order to account for the storage effects of the basin and the channel. In royting optimization, NSTPS, NSTDL, LAG, AMSKK, X and TSK for various
Two parameters in Clark Unit Hydrograph can be optimized. These are hydrologic routing method can be optimized.
1) T_, defined as time between the end of effective rainfall and snowmelt
over“the basin and the inflection point on the recession limb of the surface 6. Other features in HEC-]

runoff hydrograph, and 2} R, storage constant having the dimension of time.
More details about Clark method can be found in Addendum 4 of HEC-1 or
12280 and L2230. Unit graph computation by Clark method taken from HEC-1
is shown in Fig. 2 through Fig. 5. Fig. 2 shows the hyetograph, excess
rainfall, calculated and observed hydrographs, Tc and R of Clark method.
Fig. 3 shows the computation of Time-Area Relation. Fig. 4 shows the
Clark method computation for instantanecus and 2-hour unit hydrograph.

Fig. 5 shows the watershed time-area relation.

HEC-1 also has very useful capabilities such as stream system computation
and multiple plan-ratio analysis with or without economic analysis. “Stream
system" computation could be accomplished by automatically accounting for
decreasing amounts of basin-average precipitation with increased basin size.
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The program alsc computes simultanecusly a number of floods of various
size for each of several plans of development and computes the average
annual damages of various types at all pertinent locations for each plan
for nultiplie plan-ratio analysis.

Subroutine GRAPH is especially designed for the flood hydrograph
package to provide a user-controiled plot of selected output on the

printer.

Discussion

HEC-1 Fleod Hydrograph Package has significant potential for water resources
planners and designers with flood runoff analysis. It employs very simple unit
hydrograph approach for generating runoff and various hydrologic routing methods
can be used. The weakness of HEC-T1 is that loss rate functions have no recovery
feature between rains. Therefore this package is designed primarily for one

sustained runoff event.

Studies to predict spring flood for Upper Midewest Watershed has been made
at the University of Minnesota for last several years (See Ref.75 and Ref.99).
Fig. 6 shows the location of the Minnesota River Watershed relative to Minnesota
and surrounding states. Fig. 7 shows the gaging stations, weather stations,
and subwatershed in the Minnesota River Basin. Fig. & and 9 taken from Ref. 75.
show the performance of HEC-1 for the Blue Earth River and the entire Minnesota
River Basin in 1965 with coefficient optimized for 1965. As shown in Fig. 8§ and
Fig. 9, HEC-1 can be fitted to the observed flows with excellent results. But,
as a forecasting tool, it is necessary to predict the flood using the best
estimate of 6 to 10 coefficients. In many cases it may be necessary to use
average coefficients. Fig. 10 and Fig. 11 indicate that the model would have
performed very well in 1969 and underpredicted in the record flood year of 1965
on the basis of average coefficients. This suggests that information in addition
to the basic coefficients is necessary in very severe flood years. Frost depth,
ice cover and temperature sequence during the melt are important factors to

predict spring flood.

HEC-1 User's Manual is well documented for input data preparation and also
test problems which covers all the program's capabilities are demonstrated to
help the user to run the model. Separate programs listed in description part
are also good reference for details.
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Section [ - Mational Weather Service River Forecast System forecast Procedures

Source: National Oceanic and Atmospheric Administration, National Weather
=" cervice River Forecast Systen Forecast Procedures, NORE TM WS -

HVORO-14, Washington, D.C., December 1972,

Description

This program is a continuous synthesis conceptual wagershed mode1.
based on soil moisture accounting for efficient operational river forecasting.
1t is based in part on the stanford Watershed Model IV. Snowmelt routines
were added later in a second release Ref. 6).

The NWSRFS consists of six programs (See Table 1) for handling and
processing data (HRTAPL, DAILYF, NWSRFS1, NWSRFSZ, MWSRFS6, and SUPERTP) plus
three operational prﬂgramS{NNSRFSB, NWSRFS4, and NWSRFSS5) each involving
numerous subroutines. Table 1 also indicates the primary function of each
program, and Fig. 1 shows the normal flow chart for the main element.

One of the attractive phases of the NWSRFS is the optimization
process. The system uses d “pattern Search” {Ref.96) and “trial and
arror® calibration processes. The NWS recommends that 50 months' data be
used to optimize the parameters. After initial estimates of six parameters,
NWSRFS3 is used to optimize 11 parameters plus four more evapotranspiration
parameters optimized by region. After an initial optimization of these
parameters by NWSRFS3, HWSRFS4 is used to compare the observed and computed
parameters for the calibration period. After inspection of the graphical
output some of the parameters may be adjusted as a result of sensitivity tests
NWSRFS3 would again be used to optimize 11 parameters. This procedure would be
repeated until adequate verification is achieved. NWSRFS5 can  then be used

for forecast purposes.

The programs are written for a large capacity digital computer and are
generalized for use on any river system. Table 2 shows the dimensicns, storage
requirement and typical run times for the NWSRFS.

Methods:
1. Data Reguirement

calibration of the model is based on a record of mean daily discharge.
A continuous record of <ix~hour basin means of precipitation is
required. Average precipitation can be determined using a grid

point system, the Thiessen method or predetermined station weights.
Daily potential evaporation 1S computed by:

EP=F PE e (1)

where PE is the free water potential evapotranspiration for the day
{(input). E is a facter that adjusts free water potential to watershed

potential.

3.

2. Seil Moisture Accounting

Fig. 2 is the flow chart for i i
the soil moisture accounting in NWSRF
€a§1i 31]1%ts the 21 parameters concerned with soil goisture aﬁé
e Uty$ cal range of‘the parameters. The NWSRFS uses a six-hour
upger 23:Qp::g;ﬁ;%gﬁ1og o? all cgmputations except {a) infiltration
r , surface and interflow retention d 1 ’
zone retention, which are computed ho Jeion of e
s urlys (b) perc i ;
from upper zone to lower zone, which is gn é gng-dagliglgz of water

The infiltration analysis is simi
t 0 i S similar to that of the Stanf
?chzgéazgvgqg;?ggéb?ﬁ1on;of—infiltration~capacity curve ?;?gm0§§1.
the effect of different infiltration c Cit
throughout the watershed on runoff and infiltration. AZ E;gzﬁ]g;es

Fig. 3 the value of infiltrati i
t alue on capacit i
zone s0il moisture ratio is definedpas; y a5 a function of lower-

b = b/ (Lzs/Lzsn) OWER ()
where CB = infiltration index (in/hr)

LS = lower zone storage (in.)

LZSN = nominal lower zone storage (in.)

POWER = exponent

Evaporation from stream s
< syrfaces and é i i
water are computed jointly in NNSRFS'evapotranspwratlon from ground

Because of the Tong time interval us i
f g used in NWSRFS, the
;low}rautxng equations of Stanford Model 1V 1nvo1ving 2¥Sgéand
erland flow length, and vroughness are not used. ’

The equation for the amo
> unt of fast re i
channel during each hour is: © respense runoff reaching the

ROST = SRCY © RX e {3)

SRCY s the percent of the water in s i
R s the percent o water in surface detention (RX)

where

EE?i?i:iiithat does not reach the channel 1is available to become
an, upper zone storage, or runoff during the next hour.

Channel Routing

Routing in the NWS i

’ 5 RFS 1is handled by "Lag and K" cha i

i;sggggugz Eg;stigoiedur$ is (1) introduging a tiﬁgd32$;yr??§é?g‘ The
. f ravel time of a wave through th b

(2} simylating wave attenuation using channel gtoragergi?gctgnd
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4. local Runoff
Sl foe TR E N LRSI SIS NS RN U
The eunoff produced in a six-hour period is the first volume S ' )
delivered to the channel system in that period. The first step
in the channel routing is applying a constant lag to this channel
inflow. This is accomplished using a time-delay histogram. Six-
hour time interval is used for routing computations.

Some channel systems exhibit a lag that varies with inflow.
In HWSRFS this can be provided by a constant lag component
plus a variable component. The reservoir storage constant K LT DR
may consist of two parts, a constant plus a variable that is a 2.
function of outflow.

e ador P sneLion

o

Discussion

PATRYY

The NWSFRS was applied to 1100 square mile le Sueur River Hatershed in s hee 1),
Minnesota for April through September 1968, Tig. 4 {a, b, ¢} shows the output
from NWSRES4.  Prior to this run, 11 variables were optimized by NWSRFS3 and IR NI 1.
others adjusted in the trial-and-error process. Initially, the observed and
simulated flows agreed reasonably well (Fig. 4a) until precipitation of

0.58 and 1.32 inches occurred on April 22 and 23, respectively. The simulated -
flow then greally exceeded the observed flow, possibly due to errors in the Data
initial moisture levels. As time progressed, agreement generally increased.
In June and July {Fig. 4b}, agreement is very good. A storm of 3.28 inches
on July 23 resulted in an observed flow of 10,000 CI'S and a computed flow of
8,600 CFS.  In August and September (Fig. 4¢} a storm of 2.66 inches on

Procooningg

[P TN

August 7 followed by 0.45 inch on Aug. 8 produced an observed peak flow of
7050 CFS and a computed value of 8309 CFS which is very close agreement.
Stmulation during the remainder of August and September is excellent. The
parameter for this run are shown in Colunn 12 of Table 4. siininb (oA R U S B SR P P
. N i sl g Pyoio,
The snowmelt routines {Ref.96) were not available for this run. If these s
had been incorporated, it is possinle that the results would have been better, T : TR 1ofee st e
particularly during the first month of the run. It would have been desirable e
to make a complete run over the 50 months pericd if snowmelt routines had been Calits i S R RCI . B -
implemented. Fig.4 {a, b, c) are taken irom “Forecasting Rainfall and Snownelt AR ot I i Lo .
Flood on Upper Midwest Watershed" (Ref. 75). ‘
Verification [N by ouw
peed Tow
Cp e tinn oy Cyr o {0 e Tane L0 V)

Hote 1. Rends mes
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Table 3 Soll Moisturce Parameters in NWSHIS
Typical

Units Range Descripticn

(none) Batio of average precipifation to
precipitation input

Per cont Per rvent of impervious avea

Inchas 0,10 - 0,50 ilaximum amount of interception storage

Inches 0.05 -« 1.2% Hominal wpper zone storage

Incheg L - 10 Nominal lowver zone storage

Incheg /hou‘ 0.05 - 0.75% Infiltration indax

(none} 0.5 wxponeni in infiltration curve

(nomne) 0.25 - 1.25  Interflov index, detemmines ratio of
interflow to surface runoff

Per cent 0 Per cent of grounduater recharge
assigned to deep percolation

Inches 0.28 Bvaporation loss index for the lower
zZone

{none) Ratic of areal evapotranspiration to
input evapotranspiration

(none) 0.9 - 1.2 &Pav'wwtom for computing watershed

none ) 0.1 - 0.6 potential evapotranspiration f‘rum

Julian date) 90 - 200 free water polontial evapobran:

Days 0 - 100 tion

Per cent 0~ 0.20 Per cent of watervhod stream suz
and riparian vegetation

Per cent 0.9 Per cent of surface detention reaching
the charnel each hour

Per cent 0.1 Per cent of interflow detention reach-
ing the channel each & hours

; .25

LIRCE = 1.0 - (TRe)" 7

Per cent 0.05 Per cent of grounduater storase that
reachas the channel when XKV is zero
P e Y 22
LKi6 = (xxzn)"©

(none) 0.7 - 5.0 Jeighting factor to allow for variable
grounduater recossion rates

(none) 0.85 - 0.97 Recession factor for antecedent

srounduater inflov index
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section £ - A Generalirzed Streamflow Simulation System
Conceptual Modeling for Digital Computers

Soyrce: Burnash, Robert J.C., Ferral, R. Larry and McGuire, Richard A.,

- "A Generalized Streamflow Simulaticn System, Conceptual Modeling
for Digital Computers™, cooperatively developed by the Joint
Federal-State River Forecast Center, U.S. Oepartment of Commerce,
National Weather Service, and State of California, Department of
Water Resources, Sacramento, Calif..

Description:

The authors have attempted to produce a conceptually realistic streamflow
simulation system. This model employs soil moisture accounting scheme similar
to the Stanford IV model. The unit hydrograph is used to generate the surface
runaff, and four-layer Muskingum routing method is used for channel routing.
A self-optimizing routine developed by Monro (96) is ysed to find the best set
of parameters to reproduce the known hydrographs.

At present, snowmelt routine is not included. This program is written
in Fortran 1V, and is developed for smaller computer systems such as the IBM 1130.
The range of area which this model has been tested by the authors is from 60 to
1200 sguare miles.

Methods :

This model is based on a system of percolation, soil-moisture storage,
drainage, an evapotranspiration characteristics to represent the significant
hydrologic processes in a rational manner.

Fig. 1 and Fig. 2 show the generalized hydrologic model itself and
components of the model, respectively. As seen from these figures, Upper Zone
is further divided inte Tension Water Storage and Free Water Storage for the
permeable portion of the basin. Tension water is considered as that water
which is closely bound to soil particles. This water is available for evapo-
transpiration based on the upper zone soil moisture. Tension water storage
should be filled up before moisture becomes available to enter free water.
Free water can descend to lower zone by percolation or can move laterally
to produce interflow. Percolation is controlled by the contents of the upper
ione free water and the deficiency of lower zone moisture volume. Fig. 3
shows the percolation demand curve ot various lower zone soil moisture deficiency
$ng]REXP for fixed Z. The definitions of these variables can be found in

able 1.

X When the precipitation rate exceeds the percolation rate and the maximum
Interflow drainage capacity, then the Upper 7Zone Free Water capacity is filled
completely and the excess rainfall will result in surface runoff.

. Lower zone consists of tension water storage and two free water storages.
Again, the tension water is available for evapotranspiration. The two free
Water storages fi1l simultaneously from percolated water and drain independently
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at different rate, giving a variable ground water recession. Direct runoff
from impervious area, surface runoff and interflow contribute to generate
part of channel inflow using unit hydrograph method. Base flow from lower
zone is added to the channel inflow. Four-layer Muskingum channel routing
is used to allow variable degrees of attenuation based on the discharge
hydrograph produced by the unit hydrograph application.

As seen in Fig. 2, the model employs about 21 parameters to
simulate the hydrologic processes. These are soil moisture storage parameters
for upper and lower zone, percolation parameters, basin characteristics, and
et.al. These parameters are listed in Table 1 with units, definition and
typical parameter ranges of the parameter. Some parameters can be estimated
from semi-log plot of discharge or geographic maps of the study area. However,
7 parameters {mostly scil moisture storage and percolation parameters) should be
optimized to reproduce the hydrograph. Nine less sensitive parameters are
optimized in the second round to polish the final results. The optimization
technique developed by Monro is used in the program. The lower and upper 1imits
of the parameters with increment size are described in POSSA (Parameter
Optimization Streamflow Synthesis). The objective function for optimization is:

0pTIM = DSES * Mse V3 » ap

where DSE = (Daily Root Mean Square Error in (FS/sq. mile)

MSE = {Monthly Root Mean Square Error in inches
and
AF = 1 & & {Annual Runoff Errors)

% Annual Precipitation

Input data for this model are; 24-hr precipitation, evapotranspiration demand
estimated at the midpoint of each month, daily mean discharge and 24-hr duration
unit hydrograph. Initial soil moisture content for upper and lower zone should
be read in as input. Fig. 4 shows the optimized simulation result for Napa River
near MNapa, Calif. for Nov. 1964 - Jan. 1965 taken from the report.

Biscussion

This model is conceptual continuous streamflow simulation model employing
soil moisture accounting system. The attractive part of this model is the
optimization technique (Pattern search method developed by Monro and is used in
National Weather Service River Forecasting System)., After initial determination
of the values required for simulation from geographic maps and hydrograph
analysis, a number of trial runs for short time periods that include both high
and very low discharge should be attempted to obtain reasonable initial set of
parameters. Then automatic optimization technique for polishing the system
shoyld be uysed. With the combination of good experienced hydrologists and
optimization technique, a good fit can be obtained. Without a good knowledge
of hydraulic parameters in the system, the optimization scheme is used to fit
the curve .

At present stage, the program does not handle snow melt problems.

r
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TABLE 1

parameters

PCTIM

ACTIM
or
(ADIMP)

SARVA

VZTWM
UZFWM

[174.4

PBASE

REXP

LZTM
LZFSM

LZSK

* Primary parameters to be normall
first run

Unit

decimal

decimal

decimal

inches

inches

decimal

inches

decimal

decimal

inches

inches

decimal

“55—

Estimated
Semi-log plot
of discharge

Semi~log plot
of discharge

Map

Semi-log plot
of discharge

hydrograph
observation

Sequential
running one
or two months
after dry
period

plant growth

hydrograph
analysis

hydrograph
analysis

- Coninue -

Parameters Used In A Generalized Streamflow Simulation System

Definition Parameter Range
Permanently impervious -
fraction

Fraction of the basin -
which becomes impervious

as all tension water
requirements are met

Fraction of area covered (40-100% of

by streams, iakes and PCTIM)
riparian vegetation

Upper Zone Tension Water 2-7 inches
Maximum

Upper Zone Free Water T inch

Max imum (174 -3 172)
The fraction of upper A0 (.18 - 1.0}

zone s0il moisture
which 1s drained as
interflow

The saturated percclation
rate when all aquifers
are full

The proportional increase
in percolation from sat-
urated to dry condition

The Exponent in the
percolation equation

1.8 (1.0~ 3.0)

(See Fig. 3)
Lower Zone Tension Water 6 {2~ 25)
Maximum

Lower Zone Freewater
Supplemental Maximum

The Fraction of supplement
freewater which is drained
as base flow

y selected for optimizing in the

** Parameters that can be optimized for polishing final analysis
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) .o Figure 1 - A GENLRALIZED
Parameters  Unit Estimated Definition Parameter Range " HYDROLOGIC MOLEL
S
* LIFPN inches hydrograph Lower Zone Freewater Primary -
analysis Ma x imum
LZPK decimal hydrograph The fraction of primary N
analysis freewater which is drained T
as base flow uRFER
PFREE decimal - A fraction of percolation .20 (0 - 4D aont - STl - el A

water claimed by lower zone

P oaumarr

AT

free water storage S srdiriont
SIDE - - Ratio of non-channel base 0 - 5.0 Cowcn e AN
* PaLh wATih Fowatem 1 waren orany sair
flow to channel base flow R R I e B
¥ 550uT S 5q.mile A discharge rate which 0 -6 CFS o o v
must be provided to the i § \ Y‘}//
stream bed before channel el gt
flow becomes visible R P d
at the surface discharge At NP
station P auriiaw
** RSERV decimal The fraction of lower zone .30 {0 - .40)
free water which can not
be transferred to a deficient
1 ne tension water )
ower zone sion Tigure 2 - CONPOKENTS OF A GINERALIZLD
ECHG (4} decimal April E-T HYBRDLOGTC MODEL
ECHG‘ (8) (Jem‘mal August E-T . . AYBROLOGIE MODEL .
ECHG (12) decimal Jecember E-T ) i . DIRECT RUNGFF s ! C
. - Wr\g RAIN % ACTIVE (MPERVIOUS| -
T, peet LT ChvAcE RUNOFF ¢
e /’ warsn Iasmmu EXCESSH(L-ACTIM] | T——
. s e x . . ST ATLR SR, SLRFA i
*  primary parameters to be normally selected for eptimizing 1n the first run } : K . - | | oEReE
INTERFLOW = | R— H
P . . s . ~{‘JZ'?WC1“JZK"EU - POYiM] ¥
**  parameters that can be optimized for polishing final analysis VW"'T . )
-
, CHANNEL
e L AT 1 . - v . !
1 ¥ Sk )kivkl)((ﬁz' o Zers 4 pa— ’
., " . " UNITGRARY 1 m_:ii anN‘vELvm-
r_.zf - @muﬂwmw‘ [ACCUMULAT\DN
- pEREE PFREE E— S mned
LOWEK ZONE S rj 'w,,‘}, ] 4 i
'f . L rree ToTAL || CHANNEL
) TEAS QY . -*-’;‘UE}R H BASE ;,L,?,?, COMD»’.\VJ‘NX
f PO I N
AT @ [SuepLEmMEnTAL 8ase | ! NON CHANNEL ]
0 HLZFSC e 23Ki% i - POT Ml COMBUNENT |
v ”74_______ p— | SRR |
1
kY / ' i w;
: Lo/ — | sues .
fe- oY {vwam%\r 5aSE FLow '1‘ i sussunkace }‘
:‘ : m.‘%xuw\mZwm(z--ﬂomm L D(SCP:U\H(,\& j
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section F - Mathematical Simulation of Hydrological Events of Ungaged Watersheds
Huggins, L.F. and Monke, E.J., "Mathematical Simulation of Hydrologic

Events of Ungaged Watersheds", Technical Report 14, Purdue University,
Water Respurces Research Center, March 1970.

Source:
Q0uret

ggscrigtion:

This program, written in FORTRAN IV, reads rainfall hyetograph,
antecedent watershed condition, infiltration coefficient and topography of
the watershed and calculates surface runoff. Components of the model include;
interception, surface detention, infiltration and overland flow. Surface
storage-depth relationship is expressed as below;

y=al (1

where surface storage

el
It

x = detention depth

A and B are coefficients which were determined by a least-square
regression of the logarithms of the observed data.

Modified Holtan's equation is used in infiltration process;

-F
N )P

f = fc+ A (=2 - (2)
p

where A and P = coefficient

S = storage potential of a soil above the impending strata
(total porosity minus antecedent soil moisture)

Tp = total porosity
Surface runoff is generated using kinematic model using manning's eguation.

This model has been tested only one small watershed, Purdue Throckmorton
Farm where the area is 2 acres. Sensity analysis of the important parameters are
reported in previous report by Huggins and Monke:

. "The Mathematical Simulation of the Hydrology of Small Watershed",
Technical Report No. 1, Purdue University, Water Resources Research Center,
August 1966.

. The special aspect of this model is the Modified Holtan equation which
1s based on the soil moisture condition rather than time. Since eq. (2) was not
tested on other locations, more study should be performed to estimate A and P for
different soils. This model does not include any routing scheme.
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Section G - U.5.G.%. - Dawdy Model

Source:  Dawdy, David R., Lichty, R. W., and Bergman, J. M., "A Rainfall-Runoff
Simulation Model for Estimation of Flood Peaks for Small Drainge Basins",
U.S. Geol. Survey Professional Paper 506 B, 1972.

Description:

"A parametric rainfall-runoff simulation model is used with data from
a point rainfall gage and data on daily potential evapotranspiration to predict
flood volume and peak rates of runoff for small drainage areas. The model is
based on bulk parameter approximations to the physical laws governing infiltration,
soil-moisture accretion and depletion, and surface streamflow. Three case studies
are presented in which an objective fitting method is used for determining optimat
best-fit sets of parameter values for the data available for use in predicting
flood peaks . . . The Timit of accuracy of predictions of flood peaks by simulation
with a bulk-parameter model using data obtained from a single rain gage seems to
be on the order of 25%." From author's abstract.

The model deals with 3 components of the hydrologic cycle - antecedent
moisture, infiltration and surface runoff. Antecedent moisture accounting is
based on a more spphisticated version of the antecedent precipitation index,
for determination of initial infiltration rate. The infiltration component uses
the Philip equation. Surface runoff routing is based on the Clark form of the
instantaneous unit hydrograph.

1=

Sectign H - TR-20 Project Formulation Hydrology

Source:
RULCLASS

Central Technical Unit, Soil Conservation Service, Department of Agriculture.

Description:

This program computes surface runoff due to a given rainfall distribution,
develops runoff hydrographs, and combines and routes these hydrographs in a
specified manner in an attempt to simulate the rainfall-runoff process of a real
watershed. The program can be used to design and analyze a watershed system
using SCS techniques in the simulation of the rainfall-runoff process.

The program was originally designed for use on an IBM 7090/7094 computing
system with Fortran II capabilities. The program consists of 2145 input cards
and when run on the CDC &600 computer requires 1260008 storage locations.

This program has been used by storing the various sub-routines on discs
or tapes and thereby using less computer core storage.

The program can accept two types of rainfall data. A dimensionless time
distribution and a given total rainfall can be specified or actual rainfall
amounts for each period can be given. Examples of two dimensionless distributions
used by the SCS that can be applied to a 24-hour storm are shown in Fig. 1. Other
storm duration distribution relationships can be inserted if desired.

The SCS runoff computation technique was derived from studies of experimental
piots which had various soil and vegetative conditions. It was ariginally
developed to compute the excess from a 24-hour rainfall on a small watershed.

The equation is

where

direct runoff in inches
rainfall in inches
potential maximum retention

#0004

Q
P
S

'The S values are transformed into curve numbers {CN) which are related to
Particular physical aspects of the watershed. 5 and CN are related by

The family of curves representing the variety of curve numbers and relating



I
il

to runoff is shown in Fig. 2. Table 1 relates physical characteristics

o an estimate of a curve number. In the program, the curve number
ed for overy runoff hydrograph, for every area of the

e number can be applied to the entire watershed.

The

rainfall
of a watershed t
adjustment can he chang
watershed, or a uniform curv
Three antecedent conditions can be considered: dry, normal, or wet.
curve numbers which are part of the input data are assumed to
conditions. The adjustment made For wet or dry conditions is shown in Table 2

ent condition, the program computes rainfall excess

The incremental runoff for a time
unoff due to the accumu

Using the selected anteced
using the required curve number.
is computed by subtracting the total direct r
up to time T1 from the total at time TZ'

lated rainfal

e runoff hydrograph is selected
ints on the rising side of the
ig the time to peak 20 is the

It is necessary to determine an

The time interval which is used to compute thi
by the program SO as to guarantee at least four po
nydrograph. From SCS TP 149, T :AQ'y L where T

rain duration, and L is the draQnaqé area 1ag.
incremental rain duration AD which will give four points on the rising
hydrograph. Since L = 0.6TC = 45D, the incremental rain duration desired
is defined by 45D = a0 0.6 T_where T is the estimated time of concentra

the area. Tp can the% be complited fromCTp = 4D+ 0.6 T
Z

For this incremental rain, an incremental hydrograph 1s produced. The peak
flow is computed from
n = 28R {aQ)
a T
p
where
A = area in sq. miles
e number

4G = incremental cunoff determined by the rainfall and the cury
unit hydrograph of duration aD {i.e.,

The program first computes a
The unit hydrograph so

a dimensionless hydrograph.

d over the time period 0. Eac
the ordinates are summed to give the

excess compute
is laged by aD from the previous one, and

cunof f hydrograph for the entire rainfall. Discharges at time i
by the user are then interpolated from this runoff hydrograph.

g conventional reservior routing techniques.

Reservior routing is done usin

254 25,

R S LR

it

+ 0

! 2

Since the storage~qutf10w table is given for a particular site, the outflow
hydrograph can casily be computed from the inflow hydragraph.

he a novmal antecedent

period aT = T%—T1

side of the

tion of

AQ = 1.0) from

developed has a tabulation time
From this, incremental

increment of aD and a volume equ
runoff hydrographs are calculated by applying the unit hydrograph to the amount of
h succeeding incremental hydrograph

nvervals specified
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TABLE 1
SCS Runoff Curve Numbers
(From Kent})

Al
(A1l curve numbers are based on antecedent moisture condition II)

Land us
e g?d treatment Hydrologic Hydrologic soil group
braemi e condition A B C D
| Fallow
% Straight row ............ ————
| o oot 77 86 91 94
i g%rajggt POW o oneneevanan Poor 72
Y
Coni;grgdro? ............. Good 67 ?g gg gé
Contoured LTI Goag & 7 81 o
Contoured and terraced .: ngr o o & 5
Contoured and terraced .. Good & i kS "
Small Grain ” 7 " "
Strai
St:z;gﬁz :2: ............ Poor 65 76 84
Ciratght row ............ Good 63 75 83 38
Contoured 1000 ood o onow o
Cantoured and terraced .: ngr A 3 2 8
Contoured and terraced .. Goad E; 4 T &
Close-seeded legumes or a ” i
ro;ation meadow
trai
St;g;ggi ;gx ............ Poor 66 77 85
oiralght rowW o -veeivee Good 58 72 81 %
Contoured LU0 Goos @ zonoox
Contoured and terraced i. ngr 5 EH 5 0
Contoured and terrvaced .. Good g? 3 7 8
Pasture or range v " .
No mechanical treatment
No mechan?cal treatment : Eg?: 5 4 o 54
%gntgchazwcal treatment . Good gg & 4 o
ContoS:Ed ............. Poor 47 2; §4 8
Contoured UUIIIT aod 5 B or o
o Meadow ......... 6 . " .
| loods ~-“““”:: .......... Good 30 58 71 78
PR Poor 45 66 77 83
| Fair 36 60 73 79
Farmsteads .......... 200 3 o 4 6
Rong 1y T ———— 59 74 82 86
Dirt oo
Hard surface .......::::: :::- ;z o 5 %
‘ - 84 0 g7
1/ Including rights-of-way.
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Table 2: Curve Numbers (CN) for Wet (AMC I11) and Dry (AMC I)

1

Antecedent Moisture Conditions Corresponding to qn
Average Antecedent Moisture Conditions (AMC IT)

CN for Corresponding CN's
AMC T1 AMC T AMC TII

100 100 100

95 g7 98

90 78 96

85 70 94

80 63 91

75 57 a8

70 51 85

65 45 82

60 40 78

55 35 74

50 31 70

45 26 65

40 22 60

35 18 55

30 15 50

25 12 43 (Table
20 g 37 from SCS
15 [ 30 TP 149,
10 4 22 Kent)

5 2 13

AMC 1. towest runoff potential. Soils in the watershed are dry
enough for satisfactory plowing or cultivation.

AMC TI. The average condition.

AMC I111. Highest runoff potential. Soils in the watershed are prac-
tically saturated from antecedent rains.

-
~65-

Channel routing is done using the convex routing method. This method 1is
based on the th@ory of convex sets and wave motion. The necessary parameter
for the method is the velocity of the flood wave in the channel.

Inflow

Outflow

Discharge

Time

Here K is the time required for steady flow discharge to travel the length of the
reach = L/3600 V where V is the velocity and At is the time increment at which the
flow reaches a value of 02 at the downstream section.

If 1,204, then 120,20

2-"1

If 14204, then 120,20,

0, -0
-2 1. C where ¢ = 2%
I -0 K

o>
Fatlnd

€ is called the routing coefficient and is dependent on the velocity and a wave
function;

L S
=gy

The velocity used is some average velocity in the stream or, if computed by
ydrorogram, a weighted average of velocity in the upper half of the inflow
desi graphs. Thus € and K are known and at can be computed. If the flows are

red for a different time increment, C is converted using the following equation:

the p

C* = 1 - {1 - Clat*/at

Where st* §s the desired time increment. It is recommended that At* < Tp/5.
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Regarding the size and complexity of the problem to be handled, the program
is limited only by storage availability. The following are some limitations which
are imposed by storage availability:

1. 60 structures {(unlimited variations of each structure)

2. 120 stream reaches {i.e., cross sections, with unlimited modifications
for each reach)

300 ordinates per hydrograph
4. Unlimited number of routings

9 rainfall distributions (unlimited if depth and duration are applied to
a dimensionless distribution)

6. 600 standard control instructions
Discussion:

A few problems were encountered in implementing the program on the CDC 6600
system. The different tape references had to be assi%ned to the proper input-output
devices. The following assignments were made: TAPE
(line printer), TAPE 15 = punch (card punch). TAPE 2 and TAPE 4 seem to be tape units
to handle temporary storage of information and were both assigned as magnetic tapes
{actually disk storage).

The size of the program, 126000, on the CDC 6600, required nearly all available
core storage to be used in order to @un and restricts use of the program to large
computer installations. It required approximately 12 seconds to compile.

This program is a very valuable tool for persons interested in analyzing the
rainfall-runoff relationship. Once the System to be analyzed has been set up, it
is a simple task to investigate many alternative assumptions and to note their
effect on the final result. Thus, with the solutions to many alternative ideas,
one is able to make a better decision as to what course of action should be followed.

The documentation material furnished with the program describes only the
preparation of input data cards. The methods used are generally discussed in
standard SCS technical procedure documents. In some cases, minor assumptions
necessary in programming the techniques remain undocumented. It is important that
the user be aware of the specific techniques used in all parts of the runoff
simuiation.

A sample run was made using data from the Baptism River watershed in northern
Minnesota, although available field data were not adequate for a real analysis.
Figure 3 s a map of the Baptism River watershed. Figure 4 is a schematic
diagram of the watershed along with the various parameters that were needed in
the analysis. In this particular example, no cross section data were available,
and so synthetic cross sections were used and an estimate of the velocity in the
reaches was determined using routing coefficients. Figures 5 through 8 show the
hydrograph at variocus points in the basin for this particular run.

"Several undocumented features are available since the printing of the

= input {cards), TAPE & = output

67~

Technical Release 20 (1965). The following are listed in Engineering Advisory
No. 16, March, 1969".

(1) A standard control divert routine will divide a hydrograph into two
hydrographs at a constant discharge level. This routine was again
modified in January, 1973, to allow hydrograph diversion through two
cross sections with variable discharge.

{2} A reservior routing modification will allow the routing of holdout
hydrographs.

{3) A summary option is available and will punch percent chance discharge
cards used as input to the economics computer program (FCON2).

(4} Printing of certain portions of the output can be suppressed to reduced
the volume of output. Summary tables of designated data can be

requested.
(5) Tagued output hydrographs can be printed.
() Sequential routings are identified by pass numbers.
(7} The program assumes 300 points on each hydrograph.
{8) The main time increment selection need not now be selected to give

the proper routing reach length. The computer will now select the
number of increments of routing.

This program is primarily design oriented and is directed mainly toward
SCS design techniques. The 1ist of input options and reguirements is quite
extensive, and it appears that a very detailed analyses can be carried out using
this program.

One feature that could be added to increase the program's applicability,
especially in the area of system analysis, would be a combining and routing
procedure. This would allow dams in series to be easily analyzed and would
alleviate the necessity of using other programs to accomplish the combining
and streamflow routing. Thus it appears that the program is very capable in
the design and/or analysis of a single structure, but is somewhat Timited in
its usefulness for complete system simulation.
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Section l-iUrban Hydrology for Small Watershed, TR55

Source:

SCS:  Urban Hydrology for Small Watersheds, Technical Release No. 55,
Ingineering Division, Soil Conservation Service, U.S. Department of
Agriculture, January 1975.

Description:

This technical release is prepared mainly as a guide for field personnel in
estimating the effects of tand use changes and structural measure on hydraulic
and hydrologic parameters, runoff volumes, and peak rate of discharge. While it
is not a computer program it is of interest relative to the TRZ0 program.

Time of lag and peak discharge are adjusted by two urbanization factors. One
is a adjustment factor due to the hydraulically improved main channel, and the other
is a factor count for the increase of impervious area.

Method:

{1) Peak Discharge
For areas less than 2000 acres, a guick and reliable method of computing
peak discharges from agricuiture areas is presented for various slopes and curve
numbers based on a Type-I1 rainfall distribution. These charts are basically the
same as SCS-TP-149 (A method for estimating volume and rate of runoff in small
watershed.) In TP-149, 24 hour rainfall from US WB TP-40 is used rather than excess
rainfall used in TRB5.

The 5CS recommends the use of $C$-TR-20 {hydrograph method, see Section H)

when 1} watersheds are larger than 2000 acres, 2} there are many subareas with different
runoff characteristics, 3] large swamp areas or reservoirs are present, and 4) historical

storm events need to be analyzed.

After obtaining the peak discharge using either the chart or TR-20 method, it 1S
modified as follows:

= Q[FactorQIMP] (FactorQHIM]

Uvon

1t

where QMOD modified discharge due to urbanization

0 = discharge from D chart or TR-20 method
FaCtorQIMP = adjustment facior for percent imperyious areas

FactorQFlM = adjust factor for percent of hydraulic length modified

Fig. 1 shows factors for adjusting peak discharges for a given future condition
runoff curve number based on the percentage of impervious area in the watershed. Fig.

2 shows factors for adjusting peak discharges for a given future condition runoff
curve number based on the percentage of hydraulic Tength modified.

1=

(z) Time of Lag
Time of lag is defined as the time from the center i
) 7 of mass of excessive
rainfall to the peak rate of runoff. Lag can be considered as a weighted time of
concentration and is related to the physical properties of a watershed, such as area,

tength and slope. Watershed lag is used to compute k di i
hydrograph.(See Cection iy, p peak discharges of the unit

In small urban areas (less than 2,000 acres), the curve number method

ibed in Chapter 15 [JEH-4 : . .
?i;ﬁrwatershed 1§Sfr 15 of HEH-4 can be used to estimate the time of concentration

For the larger areas, the time of concentration can b i
: > tin > e computed by addin
all the travel time from the hydraulically most distant part of the Satershgd taltge

point of reference. These are overtand flow, storn :
B g Floes, » rm sewer or road gutter flow, and

For average natural conditions and for a i i i i i
pproximately uniform distribution

of runoff over the watershed, the SCS found an empiri i i ag @

O e smpirical relationship between iag and

L=10.6Tc

After obtaining L, it is adjusted to account for urbanization effects.

L = | [Facto I [Factor
mod ~ Ll Lonpt [Factopy ]

where Lmod = modified time of lag due to urbanization
L = time of lag

FactorleP = adjustment factor for percent impervious areas
F = adjustm i
actor HIM adjustment factor for percent of hydraulic Tength modified

Fig. 3 and Fig. 4 show the lag factor for various curve numbers.

Discussion:

new Tgrggnwéqt1on effgcts to time of Iag.aﬂd peak rate of runoff can be computed with

Progro, tﬁAJu?Emgnt.factors: S}nce Tc is part of the input data to the TR-20 computer

e ad" is TR-55 information is very essential to analyze urbanization effects. The
Justment factors should be implemented in the TR-20 computer program.

Shou]ghgn usi?g the SCS—TR~20 hydrqgraph method, the urbanization adjustment factor

i tine efa§p fed onWyvto either time of lag or peak rate of runoff. For example,

discrm of lag were adjusted due to impervious area and channel improvement, the peak
rge using the adjusted lag should not be adjusted further, T )
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Section J- USDAHL-70 Model of Watershed Hydrology

source:

“USDAHL-70 Model of Watershed Hydrology" by H.N. Holtan and N.C. Lopez,

Technical Bulletin No. 1435, Agriculture Research Service, U.S. Department
of Agriculture, Nov. 197].

Description:

This program was primarily designed tec serve the purpose of agricultural
watershed engineering by providing information on the moisture regime, overland
flow, evaporation on each soil zone. Thus this program can be used for design
of level terraces, in contour strip cropping, in terrace benching and in many

other agronomic practices. It also provides water yields on a continuing basis
and calculates flood hydrographs.

Input consists of 1} a continuous record of averaged weighted rainfall for
the watershed, 2} information on hydrological grouping of soils and land use,
3) soil profile description, 4) weighted averages of hydrologic capacities
{porosity, field capacity, wilting point, and antecedent 5011 moisture condition)
and 5) recession flow characteristics to route channel flow and subsurface flow.

The program is written in level E FORTRAN for use on an IBM 360-30 computer.
Methods:

Soils on each watershed are grouped by land capability classes, as shown

in Fig. 1, to form hydrologic response zones for computing infiltration,
evapotranspiration, and overland flow. Zones (typify the elevation sequence

of uplands, hillsides, and bottom lands) are always numbered in a downslope order
:gcause computations assume that some of the runoff will cascade over successive
nes.

’RainfaiT excess is computed after subtracting depression storage, evaporation
and infiltration.

Evaporation and infiltration process are simulated using soil moisture accounting
w&thog. Details of soil profile and hydrologic capabilities (porosity, field
gaDaCth and wilting point) are needed to calculate the soil moisture freely drained

Y gravity (G) and soil moisture drained by vegetation through evapotranspiration
P”g?ess (A4C). Daily _evapotranspiration potentials are calculated considering
Published pan-evaporation data, growth index of crop and soil moisture condition.

Infiltration is based on the Holtan equation:

- NI .
f=6las, +F. —
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where f = infiltration capacity in inches per hour; Infiltration water may be dissipated by evapotranspiration, downward seepage,
GI = growth index of crop in percent of maturity; or lateral return flow.
a = infiltragion capacity in inches per hour per Discussion:
inch) * ilabl s {inde - i i
é;:ﬁ;gted S:rgz?{;? e storage [index of surface _ Application of the model to 4 watersheds (Ohio, Texas, Nebraska, Florida)
> H 1nd1cated‘good correfation between monthly observed and computed runoff. Figs. 3
5, = available storage in the surface layer in inches through Fig. & show the output from this model. -

water equivalent (the “A" horizon in agriculture soils) ] ’
Fig. 3 shows the annual hydrographs of average daily flows comparing observed

and fc = constant rate of infiltration after prolonged and calculated data.
welting in inches per hour.
Fig. 4 shows the j i 113
Rainfall in excess of infiltration is routed across each soil zone and cascaded, and bot%om land). e cascading overland flows on three soil zones (upland, hiliside,
subject to further infiltration, across designated subsequent zones enroute to the
channel. Overland flow is computed using continuity equation and eq. (2); Fig. 5 and Fig. 6 show the evapotranspiration and soil moisture regimes on
three hydrologic response zones, respectively. N
_oaph . : .
a, = ab e (2) This model is very valuable to agricultural watershed engineers.
The infiltration process is simulated using i i i
) L " : 3 S 5 e g sound soil moisture accountin
where a, overland flow in inches per hour methods. But, it requires detqlled description of soil profile and hydro]cgicg
§29§c1t1cs of soils to be studied. The following refercnces are necessary to use
is program.
a = coefficient dependent upon roughness, length and pros
degree of slope 1. H.S. Department of Agriculture, Agricultural Research Service,
UHygr§12?1§ Ugta for Experimental Agricultural Watershed in the
nite Lates™, U.S. De Agri
and n = 3.0 for laminar and 1.67 for turbulent flow. 447, pp., 1962, U.S. Department of Agricuiture iisc. Pub. 1070,
Channel flow and subsurface return flows are routed by simultaneous solutions 2. Holtanm, H.N., England 3
of continuity equation and a storage function. Storage coeffic@ents are obtajned “Moist&re'Téasiog %gié géﬁvée%ggéizséoﬁigloﬁng %chgmac?e;,laig,, o
by integration of the recession curve. Fig. 2 shows the recession flow vs. time U.S. Departwent of Agriculture, Agr. R S xperipental Watershed”,
on semi-logarithmic paper. The equation of the recession curve is; 609 pp., 1968. o flor. Res. Service, ARS 4T-144,
: ;t/m 3. Soil Coqsgrvation Sefvica. So1l Survey Investigations Reports Series by
Gy < q, @ e (3) State, S0il Conserv,Serv., U.S. Department of Agriculture.
where q, = rate of flow at start of a period in inches per hour

q, * rate of flow one-time increment later in inches per hour

w = absolute value of t/alng, a constant for each straight
Tine segment

and t = time increment in hours

Values of “m" are assumed to represent successive flow regimes, starting from
m . for channel flow and proceeding through a series My Moy Mo, and g for successively
déeper or move devious regimes of subsurface flow.
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Section K - DAMSZ - Structure Site Analysis
Source:

Soil Conservation Service, U.S. Department of Agriculture. The revised program
was released in March, 1971, after extensive field use of the original program
since 1967. (Ref.: Input Data Manual for Automatic Data Processing, SCS).

Description:

This is a Fortran IV computer program used for the hydraulic and hydrologic
analysis of flood retarding and other reservoir sites. Its basic purpose is to
determine the effect of alternative spillway designs on temporary storage requirements,
flood pool and top of dam elevations, water surface areas and maximum discharge. A
large number of alternatives can be evaluated in a single computer run. Desired
principal and emergency spillways, the reservoir area, watershed parameters and
hydrologic requirements are defined in the input. For each spillway combination,

a rating curve is determined and inflow hydrographs are developed and routed through
the reservoir, The data computed apply to the immediate dam and reservoir area
only. To design reservoirs in series on the same stream or to evaluate downstream
effects, hydrographs and rating curves can be machine punched for input to other SCS
computer programs. The program can also accept rating curves and design hydrographs
developed by other means.

Although the program is usually used within the 5CS for proportioning of the
dam, reservoir area ard spillways to the best advantage at the site, extra features
are useful. If the cross section template of the dam is known, the program will compute
the fi11 volume for each top of dam elevation determined. Various other storms
or hydrographs may alsc be routed through the reservoir to determine the resulting
storage and discharge.

Methods :

Standard SCS hydraulic and hydrologic criteria are incorporated in the program,
following SCS Engineering Memorandum 27 and Section 4 of the SCS National Engineering
Handbook.

Reservoir storage is calculated from a given elevation ~ surface area relation-
ship. 1If a routing exceeds the defined 1imits, the curve is extended and a warning
message is printed.

The discharge from the reservoir consists of principal and emergency spiliway
flows which are combined to determine the total rating curve for the structure. The
program will compute rating curves for closed conduit principal spillways and channel
type emergency spillways often used in SCS design. For principal spillways, standard
formulas for orifice, weir and full conduit flows are used, with coefficients specified
by the user. The program develops water surface profiles through the inlet length of
emergency spiliways to determine the rating curve. If non-standard spillways are
used, or ratings have already been developed, the rating curves may be entered as
input.

Runoff amounts used for design hydrographs are either entered as input or computed
by the program from rainfall input and the watershed runoff curve number. (The latter
procedure is similar to that described for SCS program TR-20).

-79=

Hydrograph development is based on unit hydrograph theory, sub-hydrographs
being devgloped and then added together. Sub-hydrographs are based on runoff
distribution and the watershed time of concentration. Three design inflow hydro-
graphs are develeped. The principal spillway hydrograph is used to determine the
minimum acceptable elevation of the emergency spillway. The emergency spillway
hydrograph is routed to check velacity in an earth emergency spiliway, and the
freeboard hydrograph determines the minimum height of dam.

" geservoir routing is accomplished by a varfation of the storage indication
method, )

Discussion:

This program js primqrily design ariented and is directed towards SCS design
techniques. The Tist of_1nput options and requirements is quite extensive and it
appears that a very detailed analysis case be carried out using this program.



Section L-The 111inois Urban Drainage Area Simulator, ILLUDAS

Source:

"The I1linois Urban Drainage Area Simulator, ILLUDAS by Michael L. Terstriep
and John B. Stall, ISWS-74-Bul 58, Bulletin 58, State of 11tincis, Department
of Registration and Education, I11inois State Water Survey.

Description:

ILLUDAS utilizes the directly connected paved area concept of the RRL (Road
Research Laboratory) method but, also recognizes and reproduces runoff from grassed
and nonconnected paved areas. This program uses actual hyetograph or specific
tenporal rainfall pattern uniformly distributed over the basin and physical basin
parameters {length of the flow, slope) to predict storm runoff from both directly
connected impervious area and contributing grassed area. This program can either
design a new sturm sewer size (only circular shape now) or evaluate the existing
sewer system.

The program is written in FORTRAN IV and contains about 1080 Fortran cards
including COMMENT cards. In the report, 220,000 bites of core is required to run
the model on IBM 360 Model 75 system in University of I11inois. Four sets of sample
test data were run on the CDC CYBER 74 at the University of Minnesota with the
MNF fortran compiler supported by University Computer Center.

The required core memory was 130,600, words. The report includes application
to 21 urban areas from 0.39 acres to 8.3 gquare miles in size and 2 rural watersheds
throughout the United States, with good results.

Method:

The drainage basins are divided into subbasins. In each subbasin, storm
runoff hydrographs are computed from directly connected impervious area and contributing
grassed area. A contributing grassed area consists of grassed area and supplemental
impervicus area which drains on to the grass. Time-Area routing is used to produce
the runoff hydrograph. A sinple storage-routing technique is used to route the inflow
hydrograph with known discharge-storage relationship for the reach of the channel
or pipe.

1} Divisicn of sub-basins

Lach sub-basin is further divided by 1} directly connected impervious area
and 2) contributing grassed area. Directly connected impervious area is the paved
area directly connected to the storm drainage system without passing over grassed
surfaces, for example, streets, alleys, most of the driveways, parking lots, and rcof
tops that drain onto paved areas or piped directly to the drainage system. Contributing
grassed area consists of supplemental paved area which drains onto grassed area and
grassed area (pervious area}.

Sub-basin data include 1) for directly connected area, area, length, ground
slope, 2} for grassed area, area, length and slope and 3) for supplemental paved area,
area only.

8-

2} Time-Area Curve

ILLUDAS assumed linear relationship between area and travel time. Therefore
only Tc {the travel_t1me from remote part of the area to the point of interest) and
total area are required for paved area and contributing grassed area, individually.

For paved areas, mann?ng'a equation is used to compute the velocity of flow
in the gutters. For cgnFrwbut1ng grassed area, lzzard's equation is used to compute
the travel time as equilibrium time.

_ 1
G " g3spn Lo (1)

- 067
te = 0.033 KLqe e g

where 4y = discharge of overland flow, in cfs/ft of width at equilibrium
1 = supply rate in inches/hr assumed to be 1.0 in this study
L = length of overland flow in feet

tP = time of equilibrium in minutes

K = (0.0007 1+ ¢) 57033

$ = surface slope in ft/ft

€ = coefficient having a value of 0.046 for bluegrass turf

Fig. 1{b) and 2{b) show the conventional time vs
R 2{b) s 3 i . area curve. But, ILLUDAS
assumes a straight line connecting origin to end point {total area) '

3) Rainfall fxcess

Rainfall data can be input as either actual hs 5 ifi
) s > yetograph or specific temporal
;Zggm pattern developed by Huff. Fig. 3 shows the time distribution of storm rainfall,
»~41an curve for point rainfall. This distribution was obtained using 11 years of data

;0 ITlinois for areas up to 400 square miles. ILLUDAS also use 1 hr as the critical

Uration for a wide range of basin sizes.

ajl Directly connected impervious area.

RawnfalI excess 15 obtained after abstracting depression storage, 0.1
inches, from rainfal) intensity.

b) Con@ribgting grassed area. Rainfall falling on the supplemental area
{which is the paved area not directly connected) is assumed to runoff
onto the surrounding grassed area. ILLUDAS assumes that this accurs
instantly and the volume of runoff from supplemental paved area is
uniformly distributed over the grassed area. Therefore, the total
rainfall applied to the contributing grassed area is the summation

of rainfall intensity on yrassed area and volume of runoff from
suppTemental paved area.
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Instantaneous volume of runoff from supplemental paved area is computed as below.

SPARO(inches an SPA) * —oh- = SPARO (inches on GA) —— (3)
where spA = supplemental paved area
GA = grassed area

Rainfall Excess can be computed after satisfying the infiltration and depression
storage, .2 inches. User can vary the depression storage by specifying item 3 of
Input Card No. 3 (Basin Parameters)

Antecedent Moisture Condition (AMC} and hydrologic soil type are specified
as input data. The SCS classification of hydrologic s0il groups is used. Horton's
infiltration equation is used to simulate the infiltration process in pervious areas.
Standard infiltration curves are introduced for four different soil groups and four
antecedent moisture conditions.

Table 1 shows the antecedent moisture conditions of Bluegrass Lawns. Table 2
shows the Horton's infiltration parameter values and the infiltration accumulated,

F, in soil mantle, inches, at start of rainfall. The widely used Horton's equation is:

- -kt
f = fc + (fo-fc)e (4)

where £ = infiltration rate at time t, inches/hr
fc = fipal infiltration rate, inches/hour
fo = jpitial infiltration rate, inches/hour
k = a shape factor selected as k = 2, 1/hr

t = time from start of rainfall, hr.

Figure 4 contains standard infiltration curvas for Bluegrass turf used in TLLUDAS for

soils of four hydrologic groups listed in Table 2.

Table 1. Antecedent Moisture Conditions for Bluegrass Lawns

Total rainfall during
5 days preceding storm

ILLUDAS {inches)
number Description
1 Bone dry 0
2 Rather dry 0to 0.5
3 Rather wet 0.5 to 1
4 Saturated ogver 1

-83-

4) Tine-Area Routing

Runoff hydrographs can be obtained using time-a
) aphs E -area curves an
rainfall. The computation is shown in Fig. I{f)gand Fig. 2{g). ¢ excess

57 Routing Procedure in Sewer System

After the paved area and grassed area are combin i

: jrasse ed as a single surf
hydfograph from each sgb—bas1n, this hydrograph becomes a point inpu% into tzge
drainage network. A S!mple storage routing technique is used to pass the hydro-
gragh fr$m on; ;nput pa1nt to the next. This routed hydrograph is added to the
next surface hydrograph. The routing procedure is i i -
e T ie veathed. g p continued until the outlet of

Fig. 5 shows two curves, 0Q Q which is a secti i

s : ; tion of t
hydrograph at the upper end of the réaéﬁ,zaﬂH’OQ qQ which is Qesézzlg:
of the outflow hydrograph at the lower end of thé Qggch? ogt and S, are the total

storage at time t i ; :
derivgd. e t and 2t respectively. From Fig, 5, f0110w1n9 equ§t10ns can be

Ly = ]

Since §,. and t are known, ( c i j
nce Oy, known, can be computed if Discharge-Storage rel: -
ship is kRown.  1LLUDAS provw&e@“&outing through circular, trgpezoida?, ;nddmon

rectangular sections. A discharge-storage relation i i i
r r n is co
input section parancters. For the periog t to 2t, computed T TLLUDAS with

@ out) ——— )

ty
;’?’\Q'I ]'n+Q2 in _Q7 Out)+s]: ;t, 1)

7 ¢ out ts

2 e (B)

Since the left side of equation is known, the right hand side may again be solved for

q . By this step by step procedure i
h;d?g&raph e determined? p ure all ordinates of the downstream or routed
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Section M-Real-Time Computation of Runoff and Storm
Flow in the Minneapolis-St. Paul Interceptor Sewers

Source:

Bowers, C.E.; Harris, G.S.; and Pabst, A.F., "The Real-Time Computation of
Runoff and Storm Flow in the Minneapolis-St. Paul Interceptor Sewers",
Memorandum M-118, St. Anthony Falls Hydraulic Laboratory, University of
Minnesota, Dec. 1968.

Description:

This mathematical model is a deterministic runoff model capable of continuous
real-time operation. The model was developed to aid the operators of the MSSD
Interceptor System in determining the expected flow at critical points in the system
s0 that gates and fabridams could be manipuiated to retain the maximum filow in the
system and release the least outflow to the Mississippi River.

Fig. 2 - Tiee distribution of storm rainfall,
medion curve for point rainfall
(hutt, 1967) Input to the model consists of rainfall readings and postulated gate and fabridam
settings. Output can range from a simple message to the operator, to complete rainfall
and Toss rate analysis, diversion analysis, and predicted hydrographs at points in the
sewer system.

; Fig. 1 shows the map of Minneapolis-St. Paul Sanitary District showing location
T of Rain Gages, Major Inlets, Diversion Structure, and Interceptor sewers.

For the subsequent documentations, see Ref, {42), {43}, (44) and {94). The computer
program (UROM-9) is listed in Part 11 of Ref. 94,

Method:

Fig. 4 - Standard intilteation coras for Precipitation is recorded at 9 locations around Twin City Area. Thiessen weighting

blucgrs s turt uecd fo T8 Tor factors are used to determine the average precipitation over each of 15 sub-areas.
sadls of four hydroloyic grungs

Rainfall excess from impervious area is computed by deducting "loss" from rainfall
as below:

K {accumulated loss)
e (1)

Loss = Rainfall x Ce”

where C and K are constants for a watershed, and they are assumed to be 1.0
and 2.0, respectively

e e

. For impervious areas, initial values of the accumulated Toss were assumed 0.0
inches and infiltration procest is neglected. Rainfall excess from pervious areas is
Computed using a modified Holtan's infiltration equation by Huggins and Monk:

K

f o= fc + A (I;gpcumu}ated 1055))

@

&
1

v

Tim . Fvom By e OF ¥ OFF

Figure 5 - [Jements in the storase routing technique
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|
where f = potential infiltration rate in inches/hr . Dmrsion Structure:
f_ = const. equilibrium infiltration rate, assumed 0.2 in/hr | Total inlet hydrographs are passed through the simulated diversion structures
vide an estimate of the flow that will enter the interceptor sewer and that
will enter the Mississippi River. The diversion structures were usually assumed

L
T = the total available soil moisture storage in the soil above the ,ni:z series of orifices and weirs.
1w

restricting layer, assumed to be 2.0 inches

The most comman type of diversion structure - known as a Type 1 diversion structure -

K = constant taken as 0.7 is shown in Figure 2.

=
it

increase in infiltration rate under dry condition assumed to be .
2.0 inches/hr fouting’

The flow which entered the interceptor system is combined with existing flow and
ruted to the waste treatment plant. The progressive average lag method is used to
rform the routing with the constants having been determined from comparison with
' ¢imilar routing using the method of characteristics.

Initial accumulated loss for pervious area is assumed to be 0.25 inches.

Generate inlet hydrograph

Inlet hydrographs at 15 main inlets, are computed using a triangular synthetic

|
hydrograph approach.  piscussion:

This program was written in two versions. One version was prepared for the
(006600. The second version was prepared for a POP-9. This latter version requires
several core loads to accomplish all necessary operations.

The characteristics of synthetic triangular-shape, hydrographs T_, @ and Tb
are computed using the SCS Curve Number method. PP

1.67 i The model was tested using the data obtained during 1969. Fig. 3(a) shows the

0.80 1900 _ 10y + 1] etribution of « :
Db L CR temporal and areal distribution of a storm on day 211 {Julian data, July 30, 1969).
Tp T 7 9000 S ! The areal distribution of precipitation is shown by the isohyetal lines in the
a {2} [ figures. Moderate rainfall occurred throughout the area. Rainfall intensities
I reached 0.8 inches per hour. Temporal rainfall distribution is shown as a rainfall
where Tp = time to peak in hrs | hyetograph at the lower part of Fig. 3{a). Fig. 3{b} shows the inlet hydrograph

d the hydrograph diverted to the interceptor sewer at Minnehaha diversion shown
inFig, 1. Fig. 3{c) shows the measured and model predicted flows for S.W. and
fast meters.  The location of these meters are shown in Fig. 1. The dry season

o 1969 results in runoff from only impervious areas even though a significant
ninfall excess occurred in two bursts over a period of about 1 hour.

D = the duration of rainfall increment (hr)
L = the hydraulic length, usually the length of mainstream to farthest divide (ft)

CN = the 3CS hydrologic soil cover complex method W empirical routing coefficients for each pipe for the progressive average lag

) ®thod were verified extensively and this limits its applicability to other areas,
S, = the average slope of the watershed (percent]) along the mainstream Bless similar verification is %ade. The routing methgfj does notyconsider downstream
O control, backwater, flow reversal, surcharging and pressure flow.
T, =267 T ——— (3) .
A similar hydrologic urban mathematical model was developed by Dattelle based in
O the University of Minnesota model. It uses a modified Holtan infiltration
tion and the $CS Synthetic Triangular unit hydrograph method is used to generate
AR 3150}‘1’"01”' Kinematic wave equation is used to route the flow. The Battelle model
0.0000464 T m”znc‘udes quah.ty simulation, and dynamic programming is gsed to maximize the
b utatwn of available sewer, storage and treatment capacities and minimize
ant overflows by controlling the diversion flow.

where Tb = the base time (hr)

£
i

where (= peak runoff {cfs)

I

area {ftz}

R = rainfall excess

The duration of the unit inpulse was selected as 5 min. for this study.
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Section N- EPA-Storm Water Management Model SWMM

Source:

EPA Water Quality Office, Cincinnati
Storm Water Management Model
Volume I: Final Report 11024 DOC 07171
Volume II: Verification and Testing 11024 DOC 08171
Volume III: User's Manual 11024 DOC 09171
Volume IV: Program Listing 11024 DOC 10171

User's Manual, Version Il -EPA-670/2-75-017, March 1975 by Huber, W.C.,
et.al. [ 67]

Description:

This is a non-continuous, detailed, computer-based mathematical model that can
determine the amount of runoff and pollutants from a storm, route the runoff through
a combined (or separate) sewer system with user-specified storage and treatment
facilities. It also provides cost estimation of selected alternatives. The model
determine the pollutographs at various locations both in the system and in the
receiving waters. It is the result of the cooperative work of Metcalf & Eddy, Inc.,
the University of Florida and Water Resource Lngineers, Inc., under EPA sponsorship

Figure 1 shows a schematic system drawing of the rainfall through overflow
process. Quality constituents included are BOD., TSS {Total Suspended Solids),
total coliform and DO (Dissolved Oxygen). In 1575 the model was revised to include
various modifications and improvements. An erosion modeling capability has been
added to the SWMM by application of the Universal Soil Loss Equation by Huber , 67 1.
The whole package consisls of approximately 13,100 Fortram statements (based on
up-dated version June 1973 by University of Florida) and requires 85 sec. to compilc
the program. The required core memory size is 414,000, words for the CDC 6600
using the FUN compiler. The package consists of one cgntro1 block, i.e., EXECUTIVE
and four computational blocks; RUNOFF, TRANSPORT, STORAGE, RECEIVING WATER, as
shown in Fig. 2. The results of each of the blocks are stored on computer storage
devices and are used as part of the input to othier blocks.

(1) EXECUTIVE BLOCK. This block is always the first block to be used and assigns

the tape-disk operation and calls the proper computation block if needed.

(2) RUNOFF BLOCK. This block computes rainfall excess by Holtan's infiltration
equation, employing no time off set; it uses continuity and Manning's equation
to generate overland flow, routes the overland flow through small gutters and
pipes into the main sewer pipes using Manning's equation. It also determines
the pollution load of the runoff entering the system.

(3) TRANSPORT. This block routes the storm runoff and pollutants (as determined
by the runoff blocks) using the dynamic momentum equation. It also computes
dry weather flow quantity and quality, the amount of water that infiltrates
into the system, and calculates the capital land, and operation and maintenance
costs of the "internal" storage tanks (maximum of two optional tanks)
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(4) STORAGE BLOCKS. This block modifies the flow and characteristics at a given
point or points according to the predefined storage and facilities provided.
Costs associated with the construction and operation of the storage/treatment
facilities are computed.

(5) RECEIVING WATER BLOCKS. This block computes the dispersion and effects of the
discharge in the receiving water, lake or bay. For detailed description of
EPA SWMM quality portion, see next section.

This program has been applied by consultants, universities, and state and local
government throughout the U.S.. But, information is not available on the extent
of use. Among the previous applications are the following examples:

(1) Chicago 10-Acre tract by Papadakis and Preul [100].

(2) Oakdale Ave. Drainage Basin, 12.9 Acre, by Papadakis {100].
Marsalek [87 ] and Branstetter { 14].

(3) Bloody Run Watershed, Cincinnati, Ohio (2380 acres) by Papadakis and
Preul [100] and also SWMM Vol. II.

(4) San Francisco, Calif., in SWMM Vol. II. Selby Street (3,800 acres} and
Baker Street (189 acres).

(5) Kingman Lake Drainage Basin, Washington, D.C.
(4,200 acre) in SWMM Vol. II.

(6) Winshocking Drainage Baskin, Philadelphia (5,400 acres).
(7) Vine Street Catchment, Melbourne, Australia (70 ha)
by Heeps and Mein | 61].
(8) Yarralumla Creek, Canberra, Australia (502 ha) by Heeps and Mein [ 61]7.
(9} Culvin Park, Kingston, Ontario (89.4 acres) by Marsalek [ 871.
(10) Gray Haven, Baltimore, MD (23.3 acres) by Marsalek [ 87].

The EPA SWMM is a useful tool for predicting quantity and quality of storm runoff
from an urban runoff for short duration storms of given intensity. This information
can be used to design storm sewer systems and to select alternatives for storage/
treatment facilities to reduce the pollutants.

Since few studies have been reported on both guantity and quality data as a function
of runoff intensity, SWMM quality models rely on a theoretical approach, with the
values of the coefficients determined by and checked against the available data

from Ref. 4 and Ref. 138. For this project only the guantity model has been
tested using the runoff block and transport block.

Methods:

1. Method of Discretization

For the computation of hydrographs, the drainage basin may be conceptually
represented by a net of hydraulic elements, i.e., subcatchments, gutters,

and pipes. Subcatchments are idealized rectangular areas with uniform slope,
ground cover and soil types. Each subcatchment can have three kinds of

area to contribute to runoff; 1) impervious area with zero detention (immediate
runoff), 2) impervious area with detention, and 3) pervious area.
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Input data for Surface Runoff Quantity Model (See Fig. 3) are;

- Qne or more rainfall hyetographs

- Depression storage values for pervious and impervious areas

- Horton's infiltration equation parameters for each subcatchment

- Subcatchment data {area, width, roughness {n), slope and percent impervious
- Conduit data (roughness Manning's n), diameter, slope and lengli)

- Percent of impervious area with zero depression storage.

Infiltration

The model neglects interception and evapotranspiration processes since the
storm duration is short. The rainfall, depression storage and detention

storage on the pervious area of each subcatchment are subject to an infiltration
requirement determined by the standard Horton's infiltration capacity curve
with no time offset.

Depression Storage

Depression storage is treated assuming that no overland flow occurs before all
depressions are full. Different depression storage values for pervious and
impervious areas on each subcatchment may be specified, as well as the percentage
of the impervious area with zerp depression storage (Default value is 25%) to
account for immediate runoff.

Overland Flow

The equation of Continuity and Manning's equation are used to simulate overland
flow. Uniform depth is assumed in the overland flow plane along its length.
Also it assumes that the flow is steady within each interval of time and slope
of the hydraulic grade line and is equal to the slope of the overland flow plane.

Gutter/Pipe Flow

The inflow to the gutter is computed as a summation of overland flow from the
tributary subcatchments and flow rate of immediate upstream gutters. The inflow
is added to the existing water depth of the gutter according to its geometry,
and the outflow is calculated using Manning's equation. Finally the continuity
equation is solved to determine the water depth of the gutter, resulting from
the inflow and outflow.

Routing
Three options are available to route the inlet hydrograph. The user can useé
1} Only the Runoff Block, or 2) Both Runoff Block and Transport Block, or 3)

Only Transport Block. The criteria for breaking between major sewer lines
{Transport Block) and minor sewer lines (Runoff Block} are determined by three

factors;
1) If the backwater effects are significant, the Transport Block must be
used,

2) If hydraulic elements other than pipes and gutters, such as pumps, are
used, the Transport Block s required.

3} At the point where the water quality constituents are introduced and
are to be routed, the Transport Block must be used.
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When only the Runoff Block is used, all gutters/pi

h ock. s [ ers/pipes are connected to one anothe
without manholes. qunwng s equation 15 used to route the flow assuming that ther
s[ope Qf the hyqrau]ac grade line is equal to the invert slope of the pipe. For
pipe diameter size less than 2-3 ft., the Runoff Block is recommended.

If the Transport Block is used, inlet hydrographs at main inlet manholes
0 3 s ¢ 2} es should be
Eﬁmp¥$§d ear!ie¥v1ntth§ Runoff Block. Then the Transport Block is used to route
e w using finite difference form of a simplified version of the
equation and continuity equation: ’ monentum

Q=1 a3 (5o VL

Computer Requirement:

EPA SWMM is very complex and requires a major effort for its im i

Large core memory and computer time are needed.J The core memory reqﬁészgnigt;g;bile
the whole package (apprqximately 13,100 FORTPAN Statements} was 414,000, words in
the CDQ 660@ using ?he FUN compiler. The maximum core memory of CIC CY§ER 74 at
the University of Minnesota (which replaced the CPC 6600) is 154,000, words. There-
fore, the SWMM shoq]d be run block by block using OVERLAY to reduce %he core meunory.
To change the original computer program into OVERLAY Structure, difficulties are
gg;a]1y encountered; for example, 1) to pass the parameters, 2} to check the BLANK
BLOMON f1e]dy]ength, and 3} the calling sequence. The EXECUTIVE, RUNOFF and TRANSPORT

CKS have been changeq into OVERLAY structure at the University of Minnesota as
gﬁrt of the project. Fig. 3 shows the modified OVERLAY structure of the EXECUTIVE

NOFF and TRANSPORT BLOCK in SWMM. Subroutine TRANS has been divided into three )
parts; TRANS (CONTROL Part), TRANINI {Initialization part), and TRNMAIN {main
computation part) to speed up the computation time.

Application:

At attempt was made to select two real urb i i
. < : > : an catchments which have published
;ﬁ;nig}} 2;2 runoff datgt ]Also information on detailed geographic map, Eewer map
¢ e are essential to run the SWMM model. Bloody Run W inci i
and Oakdale Ave. Drainage Basin were selected. v Hun Hatershed, Cincimati

Bloody Run Watershed:

Bloody Run Watershed is an urban drainage area located in the Northeast secti
3;8C1n2;nnat1 3nd consists of 2,38Q acres of rolling terrain and diversified ]ans o
of é >?ut 55% of the area is residential, 17% commercial, 5% industrial, and 22%
and gﬁg ]an? and parks. Input data fqr this watershed were published by Papadakis
checkedu L’O4j and Sharon aqd Gutzquiller [115]. These two sets of data have been
seﬁer m agaaqst each other w1th correspondine subcatchment map, subarea map and
(BOﬁ ng w_1ch are ava11ab1e in reference (104 7. Runoff quantity and quality data
18 r;in 0 suspended 5011 and chloride) were reported in Ref.jp4 for approximately
cheep 1§ orms beginning from April, 70 to October 20, 1970. Finally, an input data

was prepared for 38 subcatchments (Fig. 4} and 117 sewer elements (Fig. B8)



	ComputerProgramsWaterResources
	ComputerProgramsWaterResources
	Untitled.PDF.pdf

	1 Untitled
	Untitled.PDF.pdf



