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The passing of 
ment of the On'ice of Water' Research and Resourc:os Research 
Centers in each of ihe States resulte(i a very research program in the Water 
Resources field and the development of many prograUls and simulation models. 

Other federal agencies active in this field include the lliOricultural 11e­
se,","rch Service, the Conservation Service, ihe Bureau Reclamation, the 
Environmental .Protection Agency, and the U. S. Forest Service. The Termessee 
Valley Authority and me~y state agencies have also made significant contri ­
butions. 

The initial objective of some of these '"gencies was the adaption of 
ing computer solut ion In the process, -i t. 
sometimes _ introduce much more procedures than were 
possible with desk calculator" while 8tl1 retaining the basic principles 
associated with design procedures. 

Some of the prepared 
ering center were Corps 0 I' Engineers methods, such as 

and various rOllt:Lngil procedures. However, in som(~ inHtEalCeS 
incorporated that were not feasible prior to the advent of the 

dig.i tal computer. For a losn-rate routine using 
been used in sevol'al programs hyd.l'ograph analysJ.s, in of the lndex. 
Another very valuable feature of Some of these programs 
process based on of observed events to assist in evaluation of 
variables Ot' parameters the program. 

Two of the REC considerable use by both govermnental and 
private H,ydrograph and REC2 - Water 
Surface 

'rho HEG programs are well documented relative to the of the program, 
identification of vari ables, 'md explanat i on of and procedures. 
However, they often presume a knowledge of Corps R!lgineers design procedures 
and this can cause difficuJ ty in the use of some programs. 

The Soil Conservation Service has also prepared a sc:ries of 
are well documented of considerable interest to the applied 
One of these, the TR-20 PROCRAH concerns the computation, combining, and rout­
ing of :"ydrographs for a 88 ries of the 'JUb-watersheds of a laq;er watershed. 
This has been widely used for both rural and urban studies. secomi program, 
DAMS2, j s fOT the study of the effect variations In the number and character-
ist.Lcs of proposed flood tltructuL'es in the IN"tenlhed upon f 10w8; 
a third is a water surface program 
basic procedures associated with that agency 
the best advantage. 

The Buxeau of Heclamation has excess of 50 prog.rams covering a v'll'iety 
of hydrologies and hydr'aulic topics. These were originally listed in "Abstracts 

-) ­

Developed by the Bureau of Reclamation", Electronic Com­
[ssue No.4, May 1966 and Abstract issue No. Feb­

'fhe 1atest information rece ived on them consists of 
the name, language, 8i7.e and the availability of docu­

mentation. Some these programs are described in the annotated b 
of Ap]Jcndix 2. Several programs concerning water quality appear of 
interest. 

The National ,leather Service has developed a nlilllber of computer 
of interest to the river the National 
Service River ]<'orecaut 'md a "G{mef'alized River ];'ore­
cast , RIVI\LL, of the Kansas City otTio. 
'l'his is in part on the API Model. As noted above, the National Weather 
Service collaborated with the on the SBARR Model. R.J.C. 
Bernash Hn(1 R.L. Ferrol of the Service and R.A. McGuire of' the 
California Department of Natural Resourcefl collaborated on "1\ Generalized 
Streamflow Simulation System" (sometimes referred as the Sacramento Model). 
Of these, the SSARR Model appears have received the most attention outside 
of the Weather Service. At the or Mirmesota, st. Anthony l"all3 

emllic Laboratory the SBARR ,md NWSRFS been implemented and the Kansas 
venlion of the ~!odel is currently being implemented. 

programs developed by the Environmental Protection 
its predecessors or have been reviewed. One of' -these 

is ['or optimization of water quaii ty in streams 
runoff. The EPA SLorlll Water Management Model in cooperation 
with the University of "lorida, the consulting engineering of Metcalf and 
Bddy, and \1ater Resources Engineers, Inc. is receiving considerable attention. 
A quality model QUAI,-;! (Appendix 1) is widely used. 

As noted of the Office of Water Research and '['8ch­
nology (formerly RemmTces Research) and the creation of WatCH' 
Resources Research Cantors in each of the states has resulted in extensiw, re­
search funded by ihe Feder"l state governments. Other state and University 
research has been funded in by the National Science Foundation, the Federal 

and Corns of 	Engineers. The well-known stanford 
Stanford Universi ty and dove loped by 

and R.K. Linsley is Ii particularly noteworthy developm"nt in­
volving Universi ty and ]<'"deral cooperation. The compute [' associa,ted 
with this model was initially written in a roI'lll of l\J.gol. since been 
rewrit ten in Fortran by L. D. James. formerly at the Uni versity 0 I' Kentucky and 
referred to as the Kentucky Model 01' as the Kontucky-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 Unive['sity of Ohio. 
The second edition of the book, by R.K. Linsley, M.A. 
Kohler, and J.LH. Paulhu8 Simulation of Stroam­
fLow" which includes a discusslon of The Solutions 
Manual for this book announced the Fortran version of SWM 
through the firm of Hydrocomp. A copy of this translation was obtained. ,md 
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The American of Civil Urban Water Resources liesearch 
Program was developed coordinate research in urban water re­
sources. Director for this program was M.B. McPherson. 
of portions the program has been by the Office of Water 
nology. These stuciies have resulte(i in a eontribution to 
urban runoff in the form of 24 memorandums; 
of these provide on simulation models and urban runoff data. 
reports are available through the National Technical Information Service. 

L,wmnary 

1. 	 Information on computer applications in Water Resources has been assembled. 

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

J. 	 An annotated bibliography on J90 computer programs in Water Resources ha,.' 
been provided as Appendix 2. 

4. 	 Brief descriptions on eight books of "lJecial interest has been provided as 
Appendix J. 

A list of 177 references supplements the Annotated Bibliography. 
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Section A - Crawford, Ray K., 
t10del Dept. 

-"ouree: Stanford Univer'sity 

One of the earliest efforts to digital simulation of 
cesses was the research leading to known Stanford 
Ie physical and analog models - ies and hydr processes have been 

used for muny years the Stanford models devel in the late 19505 and 
early 1960s are classics in this 

The Stanford Model was initially written in a fornl of ALGOl. It was 
subsequently rewritten in r-ORTRAN at the University of Kentucky, Ohio State 

versity, the National Weather Service, and other's, 

It was modified and extended 
and made available on a conlmercial basls as 
(HSP) . 

A listing of a FORTRAN version of the Stanford Model was also made 
available by HydrocolTlp, 

ration are the major inputs 
known or assumed moisture 
5 exhausted. Precipitntion 

moisture storages. Upper and lower 
storage, combine to represent 

water conditions, Infiltration WaS 
infiltration capacity. 

The Chezy-Manning equation was used to derive a relation between surface 
parameters concerned with overland flow, and the runoff from overland 

ly lake evaporation was used as a basis for potential evapotranspiration. 

{\ channel time-delay based in part on a method deyel by 
C. O. Cl ark was used to route in the channel phase of runoff s. 

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

The model utilized parameters, 11 land-surface parameters,
6 channel system parameters snowmelt parameters. 

Figure 1 is an example of observed and simulated flows for one watershed. 



~ 

Section - Strea,nflow cltld Reservoir Regular. ion "SSIIRR Proqrdfl1 

:, 
:l Sourc~ : 	 Df,!\f'[, "~;trl'al1l flow is ilnd Reservoi,' 

Prociralll fJE'~)cr-ipLion Ndnudl l' , North 
Corps 0 r r nq i IWI'rs, Port I and, Orcfjon, ,)u Iy, 

ion: 

dlWlysPI', .15 
of water control works, and oper-

Th(~ II)'oqriJ", ie, lYrHten in ror,lr;MI IV an<J is dl;signed to 
ized IOI!l[lld,i" :,,(stPII! which includes (11sc storJ'ic litli , 

on ",ll1ell it hili. OpI'rclt0ci i an 111M 3(,iJ/4(J IVitll (ill 
d raui<JIII dlcess Ii iSI 'itor'uqc dl-Ivp, Thl' proqrJI" hilS 

at Univcr'lilv "I ~linl)(",oLd MlfJ the rP'luin-(j con' 1:lcliiory WclS ,lOO" words. P­
I extr:ll'livl' vprsi()11 oj SSf,lW qtlPd for sl!Iall-to-l!Iodiun, 
i led "('IJ~o:',f\lW" dnd dVel ildblc ft'OIll Ul(' North Pacific ilivi 
En()ineer's, PnrtL,nd, l]n·qol1. 

Method' 

on () f sever'a I s\ibclr'ca sIn the bel si n is 
as shown in Lhe Ilow chart of the 

Welt.er is then sepdrated into two 
runoff dl1<1 one thaI: Ivlll be 1 I: to the ilt.lllosphere 

eVdpot"illlspirdt.ioIL rhe separation for lI10isture supply i a 
rt,nIsl.urf" IndCi: (:,I~I). whi is an indiciltor of the <-lIrTent 1110 sture tion 

Df the I, 1\ hi')ll ')HI valu!' w()uldindirl<ltc d wet soil Jnd hIqh runoff. The 
SMI-ruooff I'clal, iow.ill i', ',!,(lrf'd t.iil)le. di Ffcrent: tdl)1 be 
',tored ('dl h ('hl difterent tdbl,,,; Cdn be IIsed 
Jnd SUIl""OI' ill tel', Lypical curves 
and-error 

COlliponents; 

synlhetic reservoir drc set up, each corresponding to one 
pilil<,e" to t rcln'.fo I'll' tile VOIUIIlP of runoff into ,1 flow hydro9raph 

rOlltinq dPPl'Oclcll, 

~~ 

6~ 
~ ,I 

U 
rr 
4 ~ 
III I 
/ <'j

( i 
rr , 
1,1 

,"~(> 
> 

/ 
~~ 

~ 
~ 
~ 
rr 

rr 
4 
LII 
> 
Q' 
WI 
I 
~ 
~~ 

NV-~1"1{ 5 J 

http:rcln'.fo


-26­

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 combi ned to produce a composite runoff hydrograph for a 1 arge 
area. 

tables pertaining to SMI, BIl, S-SS and ETI 
at the University of Minnesota. Each table 

as 8005 shown in Surface-Sursurface by a 
Flow Curve. There 
a 2 following the 

t number such 
ly two 

t table number. 
fa 11 owi ng CTOl, 8005, 2; 0; .010, 

numbers for each point; this is indicated by 
Thus the first s-ss table has the 

.00672; .033, .023; .100, .09; 999.1,999.05. 
These points (separated by semi-colons) can be compared with the sol id 1 ine in 
FiD. 4. 

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

Melt ~ COEF x (TEMP-BASE) (1) 

where TEMP ~ usual air temp, but may be maximum daily or some 
other 

BASe: - base temperature above which melting occurs. 

COEF melt coefficient which is a function of percent seasonal runoff. 

Energy budget method requires solar radiation, albedo, wind velocity, air 
temperature, dewpoint temperature and other parameters. The basic options available 
for determining what portion of the ~Iatershed is snow-covered are the elevation 
band method and the snow cover method. With the snow cover completion 
method, the computation may 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 
runo ff. 

The split-basin snow-cover 
to the Upper Midwest, since elevation 
are usually much less than one thousand feet. 

Some revisions have been made at the University of rlinnesoti! (h) "hile 
implement ing 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 IiilS used 
wherein a value of water equivalent greater then one inch indicated that 

00% of the basin was covered by snow. Also 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. 6-c. Curve B shows the 
plot of actual field data. 
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2. 	 Melt coefficient was based on the percentage of the snow pack that had 
melted (See Fig. 6-a) instead of percentage of seasonal runoff (see
Fig. 6-b). 

3. 	 Another method 
a 

and used in the study based the melt 
coefficient on accumulation of degree-days. 

This is based in on observations by the National Weather Service river forecaster 
for this area to 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. 

Oiscussion 

of the SSARR for the Blue Earth 7 shows 
(2430 

€ 

rout i 
gain 

ver 
method of snow melt calculati 

This;s the largest flood of record. 

numerous runs a number of 
familiarity with the method to 

Basin for March and April 1965. 
ut i 1 

curve of the type shown in Fig. 6-b. 
agreement is 
the pa rameter a';Whevtli~ a 

with data for 

Fig. shows a comparison of three runs of the SSARR for the Blue Earth 
Watershed in 1965 USing for snow melt (1) energy budget, (2) degree-day with coefficient 
a function 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

method appear superior for this watershed. This may not be true for al 

Fig. 9 shows the computed and observed flow of seven tributaries and three main 
stem locations 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 ma i n fl ood occurred. The SSARR appea red 

well when fitted to each of the 15 watersheds of Minnesota Watershed 
es) for 1965. 

to 

The SSARR model is simulation model with soil moisture 
accounting system and a on a triple set of conceptual reservoir
units. 

The SSARR model has been appl ied 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 optimizin9 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 

http:999.1,999.05
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Table Hardware Requirements and Running Times 

Fortran IV Compiler 
*Four tape and/or disk units 

UNIVAC 1108 CDC 7600 GTE 400 

Memory (words) 38,700 35,400 32,000 
Compilation (CPU sec.) 30 3 

Test 5** 11 

Method: 

wi 

teria. 


rate 	from the precipitation. Unit hydrograph 
runoff hydrograph. This runoff hydrograph is 
methods. Self-optimizing routine is included in HEC-l to find 
of parameters .Included in the process are Clark unit hydrograph parameters, 
loss 	rate parameters for rain and snow and routing parameters. 

1. 	 Precipitation 

Lumped 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: 

I) 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 for two 
differently sized areas and a 
logarithmic interpolation of a specified 
area. 

* 	 ire two or disks if output hydrographs are not 

to previous jobs. 


** 	 Test is a test problem to runoff hydrographs throughout 
a stream network listed in , user's manual. 

... 


B. 	 Hypothetical storm precipitation 

The 

Storm 

"and for using criteria in 

01 Report No. 33. a storm similar to 


storm pattern. 

C. 	 Snowfall and snowmelt 
Snowmelt is computed by I) degree-day method or 2) energy-budget 

method n9 on the availability of data. 
can be each of up to ten elevation lones, 

a function of the base temperature and a specified 
itation is assumed to fall as snow if the zone 
is less than the base temperature 

required input data for each method is as 

Method Data Requ ired 

Degree-Day Method Base Temperature 

Energy-Budget Method Velocity, 
Solar 

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

2. 	 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 less rate computation. 

I. 	 Initial and uniform 10::s rate 
2. 	 ExpOlHm 1,j,,1 loss rate function 

General loss rate function on Snow-Free ground is as follows 
(Also see Fig. I): 

ALOSS (IIK+JLTK) PRCpERIIIN 


AK STRKR/CRTIOL)v" CUML 2 ) 


DLTK ~ .2 DLTKR [1 - (3) 


for (CUML/OLTRK) I; otherwise zero 

where; 	ALOSS loss rate in inches (mm) per hour 


DLTK incremental loss coefficient 


RAIN ra i nfa I in inches per hour 




---. 
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ERAIN exponent of the rainfall relative to how stOrTIl 
occurs over the subarea 

STRKR = basic loss index for start of storm in inches 
per hour 

RTIOl ratio of ent (AK) to that AK 
after 10 of accumulated 

CUMl accumulated loss in inches 

DKTKR incremental loss index 

when snowmelt is occurring, KEC-l assumes initial losses are Lero and 
the loss rate function becomes: 

AlOSS AK(RAIN + 

(5) 

where: 

SNWMT 	 snowmelt in inches (mm) per hour 

STRKS 	 bask loss coefficient for snowmelt in inches (JIlin) 
per hour 

RTIOK 	 similar to RTIOl for snowmelt condHions 

HEcC-l, four rain loss rate parameters (STRKR, 
rameters or coefficients 

can zea using univariate gradient 
, or unit Hydrograph and loss rate 

3. Unit Hydrograph 

is then 	used to generate runoff hydrograph using 
analysis technique. User can provide unit hydrograph 

by Clark method to conform to specified Snyder or Clark coefficients. 
The Clark method translates incremental runoff from subareas (using time­
area curve) within a hasin to the basin outflow location according to 
travel time and then routes this runoff through a linear reservoir in 
order to account for the storage effects of the basin and the channel. 
Two parameters in Clark Unit Kydrograph can be optimized. These are 
1) T , defined as time between the end of effective rainfall and snowmelt 
overCthe basin and the inflection point on the recession limb of the surface 
runoff hydrograph, and 2) R, storage constant having the dimension of 
More detail s about Clark method can be found in Addendum 4 of H~C-l or 
L2280 and l2230. Unit uraph comDutation by Clark method taken from HEC-l 

Fig. 2 shows the hyetograph, excess 
observed Tc and R of Clark method. 

the computation of Time-Area Fig.4 shows the 
computation for instantaneous and 2-hour unit hydrograph. 
the watershed time-area relation. 

4. Routing 
HEC-l use approximate routing methods, i.e., hydrologic method in which 

continuity equation and simpl ified version of energy equation are used. 
It 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 
ordinate. Parameters involved in each hydrologic method can be specified 
as input or optimized in self-optimization routine. Available 
methods in routing process are: 

!:12.'!ified j'uJ_s - Outflow is a function of storage 

2) Muskingum - Outflow s a function of 5m and storage, 
which are functions of and 

3) W..o..!:!<.i_r1.9_R and D - Working discharge is a function of working 
storage 

4) Straddle-Sta5Jger - Successive inflows numbering NSTDL (at least ?) 
_.. ...... ---- - -_. 	 are a veraged and t.he average is 1agged LAG 

intervals beyond the middle of the range over 
whicll the flow were averaged 

5) Tatum Specifying NSPS as the number of 
steps, setting the lag, LAG, equal to 
zero 

the time-of-storage 
hours) is accom­

hydrograph NSTPS successive 

6) t:1.ultjp}e Stor_a_!l"- ­

More details on procedures for routing are described in Ref. 19, 110, and 143. 

5. Automatic Derivation of Loss Rate and Unit Hydrograph or Routin~ Coefficient 

One of the ~ost attracting feature in HEC-l package is a sel 

rout.ine, OPTIM, USing univadate nradient method. (See Ref. 9). 

successive approximation, the best set of parameters which 

weigi1ted root-mean-square errors between and observed 

be found. Clark Unit Hydrograph and R) and loss rate 


for rain and snow (STRKR. ERAIN, 	 RTIOL, COEF, STRKS, 
and loss rate optimization. 
X and TSK for various 

6. Other features in HEC-l 

H[C-l 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 automatically accounting for 
decreasing amounts of basin-average preci with increased basin size. 

1Ia., .. 
~. 
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The prog ram a1so computes 

all 
s. 

size for each of several 
annual damages of various 
for multiple plan-ratio 

Subroutine GRAPH is especial 
package to provide a user-control 
printer. 

Discussion 

HEC-l Flood Hydrograph Package has 5i gnifi cant potent ia 1 for water resources 
planners and runoff analysis. It employs very simple unit 
hydrograph runoff and various hydrologic routing methods 
can be used. is that loss rate functions have no recovery
feature between rains. this package is designed primarily for one 
sustained runoff event. 

Studies to predict spring flood for Upper Midewest Watershed 11as been r.mde 
at the University of Minnesota for last several years (See Ref.75 and Ref.99). 

. 6 shows the location of the Minnesota River Watershed relative to Minnesota 
surrounding states. Fig. 7 shows the gaging stations, weather stations, 

and subwatershed in the Minnesota River Basin. Fi. and 9 taken from Ref. 75. 
show the performance of HEC-l for the Rl ue Earth and the ent i re Mi nnesota 
River Basin in 1965 with coefficient optimized for 1965. As shown in Fig. 8 and 
Fig. 9, HEC-l can be fitted to the observed flows with excellent results. Gut, 
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 t.?mperature sequence during the melt are important factors to 
predict spring flood. 

H[C-l User's Manual is well documented for data preparation and also 
test 

user 
which covers all the program's ities are demonstrated to 

help to run the model. Separate programs listed in description part 
are also good reference for details. 

-­

a number of floods of various 
opment and computes the 
pertinent locations for each plan 

for the flood hydrograph 
selected output on the 
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Section D _ I\ational Weather Service River Forecast System f'orecast Procedures 2. Soil Moisture Accounting 

Sourc~: 

This 
based on soil 
It is based in part 
were added later in 

conceptual watershed model 
ational river forecasting. 
IV. Snowmelt routines 

(See Table 1) for handl 
NWSRFS2, NWSRFS6, and SUPE 

and 
plus 

and NWSRFS5) each involving 

for soil moisture accounting in NWSRFS. 
parameters concerned with so i 1 mo i sture and 

of the parameters. The NWSRFS uses a six-hour 
ion on all computations except (a) infiltration, 
, surface and interflow retention, and lower 

which are computed hourly; (b) percolation of water 
to lower zone, which is on a one-day basis. 

The infiltration 
Acumulative-dis 
is used to simulate the effect of different 

the watershed on runoff 
value of infi Itration 

zone soil moisture ratio is 

numerous 
program, 

subroutines. Table 1 also indicates the primary function of each 
and Fig. 1 shows the normal flow chart for the main element. 

zation 
and "trial and where 

b 

C[! 

CB/(LZS/LZSNj' un<." 

infiltration index (in/hr) 

(2) 

The NWS recomends that 50 months' data be 
After initial estimates of six parameters, 

parameters plus four more evapotranspiration 
After an initial optimization of these 

is used to compare the observed and 
period. After inspection of the gr . 

parameters 
parameters 
parameters 

some of the 
would again' be used 

repeated until adequate 
for forecast purposes. 

be adjusted as a result of sensitivity test; 
11 parameters. This procedure would be 

NWSRFS5 can then be used 

The programs are written for d large capacity 
generalized for use on any river system. Table 2 shOWS 
requirement and typical run times for the NWSRFS. 

and are 
, storage 

LZS lower Lone storage (in. 

LZSN nominal lower Lone storage (in.) 

POWFR exponent. 

Evaporation from stream surfaces and evapotranspiration from ground 
water are computed jointly in NWSRFS. 

Because of the 
fl ow rout i ng 
overland flow 

time interval used in NWSRFS, the overland 
of Stanford ~lodel IV involving slope, 

and roughness are not used. 

fast response runoff reaching the 
is: 

1 . Oa ta Requ i rement 

Calibration of the model is based on a record of mean 
A continuous record of six-hour basin means of 

red. Average precipitation can be 
the Thiessen method or 

evaporation is 

dai 
discharge. 

ROST = SRCl RX (3) 

where SRCl is the percent of the water in surface detention (RX) 
to reach the channel. 

The water that does not reach the channel is available to become 
infiltration, upper zone storage, or runoff during the next hour. 

EP (1) 3. Channel Routing 

PE. is the free water potential evapotransp1raI10n for the day
E is a factor that adjusts free water potential to watershed Routing in the NWS RFS is 

essence of this procedure 15 
The 

to account for the travel time 
(2) Simulating wave attenuation 



4. 1 Runoff 

The runoff 
channe I 

in d 


delivered 

six-hour 
sys tem first 

this chilnnel 
sl.oqralli. 

st.ep 
in the channel routing is 
inflow. accorllpIi Six-
hour t interval is used 

Somc channel exhibit a laQ that 
thi scan prov ided by iI component. 

il 
consist of 

variable component. rhe reset'voir constant 
hlO parts, constant plus a e that 15 a 

function of 

~cussion 

in 

(Ref.96) were 
possi~le that the results would 
lIIonth of 

the ~)O lIlontk, pet'iod 

not available for thi run. If these 
have better, 

the run. lt would hdve rable 
if snOv!;lIe I t hold been 

"Forecastim; Rainfall ilnd Snowmelt 
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3 
T(l~)h~ 2 - ­

Ty:pical 
pa=:'..::ater Up.i t.:J __:lan~ Dj-::_~:~~~i p t, i~n_ 

Kl (none) 	 Ratio of av(;['ace p:r(-~cipltrlt,ion 

precipitation input 

A Per 	 Per eent of impervious area 

'/, 	
EPX:; InchG~j G. - G. aP1011nt of interception ;:;to!',:tCe 

I' , 
UZS:i Inches 0'.0'5 - L~''J 	 stOl'::1{S(; 

LZS:i Inches 4 - 10 	 Not."lln;jJ lO\1C'r ZOne 

CB 0.0'5 - 0.75 	 Infil tl'ation indln_ 

po;,'~, 0.5 -	 infil tration CU!"V0 

CC (none) 0.25 1. 25 	 Interflou lnuex, d(>tL?r!Tline~J of 
in terflo\-J surface runoff 

K2J~ Per cen~ 0 	 Per c(~nt 
?-sl11I}ned to 

K3 Incht.:s 0.28 	 BV<'-lpora.tion losr; index for the lO\'H0r 
zone 

GAG:::PC; (none) Hatia are":-!.1 evapotr.clllhpL.!.\?.tl("rt to 

input evapotr'c.ulspiraLion 

bHIGII 0.9 1.2}ELU' O. - O'. 
1!"EP d?-td 9,) - :~()O 
iillUrt 0' - IGO 
K24J':L Per oent 0' - 0.20' 

and riparian vegetat Lon 

SRCI Per c';:'nl 0.9 cent surface detention reachine 
the Cl'l;-1...r1I1C'1 each hour 

LIRG6 Per cc'nt 0.1 Per cent of inte.rflOH detention 
ing the ch2~'111el each 6 hours 

LBC6 ~ 1.0 - (IRC)·:::5 
LKK6 Per con L 0.05 Per of groundilr:iter stor:lij8 that 

the charmel \1l'len 1<:'1 is ze n) 

LK;(6 .0 _ (KK2h)" 25 
KV 0.7 - 5.0 f~l(;tor to a110w vari;lb18 

gTou.nduab"::-L" recc~3~;ion ratc;3 
RGS (none) 0'.85 - 0.97 Rece:!,sion facto for aIltecedcnt 

inflm: index 

Pel' of v!ater:~bt)d stre{);n 

... 
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Section E 	 A Generalized Str'eamflow Simulation 

ConceptuJI Nodeling for Digital 

~ce: 	 Burnash, Robert J.e., Ferral, R. Ri chard A., 
uA Genel'ul ized Streamflow Simulation Modeling 
for Joint 

Oej)artrnent of 
California, Department 

L, 


The authors have attempted realistic streamflow 
simulation system. Thi model empl scheme similar 
to the Stanford IV model. The unit to generate the surface 
runoff, and four-layer Nuskingum for channe 1 
Aself-optimizing routine devel used to find the set 
of parameters to reproduce the 

At present, snowmelt routine is not included. is written 
in Fortran IV, and is developed for smaller computer the IBM 1130. 
The range of area which this model has been tested by from 60 to 
1200 square lIIiles. 

Methods: 

This model is based on a system of percolation, soi 
drainage, evapotranspiration characteristics to represent 
hydro I ogi c in a rational manner. 

. I and Fiy. 2 show the generalized hydrologic mode "I itself and 
the model, respectively. As seen from these figures, Upper Zone 

is divided into TenSion Water Storage and Free Water Storage for the 
permea b I e of the basin. Tension water is con~idered as that water 
which bound to soil particles. This water' is available for evapo­

ed on the zone soil moisture. Tension water storage 
up before becomes available to enter free water. 

Free water can to lower lOne by at i on or can move latera 11 y 
to producei Percolation is led by the contpnts of the 
ZOne fY'ee wa ter and the deficiency of lower zone moisture volume. Ficj. 
Shows the demand curve ot various lower zone soil moisture deficiency
and REXP The definitions of these variables can be found in 
Table 

When the 	precipitation rate exceeds the percolation rate and the maximum 
capacity, then the Upper Zone free Water capacity is filled 
excess rainfall will result in surface runoff. 

Lower zone consi sts of tension water storage and two free water storages. 
the tension water is available for evapotranspiration. The two free 

storages fill simultaneously from percolated watey' and drain independently 
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at different rate, glvlng 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 
for upper and lower zone, percolation parameters, basin cha 
et.al. These parameters are listed in Table 1 with units, definition 
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 soil 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 uD~er limits 
of the parameters with increment size are described in 
Optimization Streamflow Synthesis). The objective 

OPTIM DSE~ * MSE 4/3 * AF 

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

MSE (Monthly Root Mean Square Error in inches 

and 

(Annual Runoff Errors) AF 1 + " 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. rig. 4 shows the optimized simulation result for Napa River 
near Napa, Calif. for Nov. 1964 - Jan. 1965 taken from the report. 

Discussion 
~~-..~ 

This model is conceptual continuous streamflow simulation model employing 
soil moisture accounting system. The attractive part of this model is the 

ion technique (Pattern search method developed by Monro and is used in 
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 
and very low discharge should be attempted to obtain reasonable initial set 
parameters. Then automatic optimization technique for polishing the system 
should be used. With the combination of good experienced hydrologists and 

imization technique, a good fit can be obtained. Without a good knowledge 
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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TABL~ Parameters Used In A Generalized Streamflow Simulation System 

Parameters Unit Estimated Definition Parameter Range 
PCTIM decimal Semi-log plot Permanently impervious 

of di scharge fraction 

** ACTIM 
 dec ima 1 Semi-log plot Fraction of the basin 

or of discharge which becomes impervious
(ADIMP) as all tension water 

requirements are met 
SARVA decimal Map 	 Fraction of area covered (40-100% of 

by streams, 'lakes and 
riparian vegetation

* VZTWM inches Semi-log plot Upper Zone Tension Water 2-7 inches 
of di scharge Maximum 

** UZFWM inches Free Water inch 
(1/4 3 112") 

** UZK decimal 	 The fraction of upper .40 (. lS - 1. 0 ) 
zone soil moisture 
which is drained as 
interflow 

PBASE inches The saturated percolation 
rate when all aquifers 
are full 

* Z decimal 	 Sequent i a 1 The proportional increase 
runni ng one in percolation from sat­
or two months urated to dry condition 
after dry 
period

* REXP decimal The Exponent in the 1.S (1.0 ~ 3.0)
lation equation 
Fig. 3)

* LZTWM inches plant growth 	 Lower Zone Tension Water 6 (2 'v 25) 
Maximum

* LZFSM inches 	 hydrogt'aph Lower Zone Freewater 
analysis Supplemental Maximum 

** LZSK decima1 hydrograph The Fraction of 
analysis freewater which 

as base flow 

- Coninue ­
* Primary parameters to be normally selected for optimizing in the 

fi rst run 

** Parameters that can be optimized for polishing final analysis 



r 
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ParameterDefinitionParameters Unit Estimated 

* LZFPM inches hydrograph Lower Zone Freewater Primary / 


analysis Maximum 


LZPK decimal hydrograph The fraction of 

analysis freewater which 


as base flow 


-'l 
~ ~ .... ~ ~ 

PFREE 	 dec A fraction of percolation .20 (0 - .40) 

water claimed by lower zone 

free water storage 


* 	SIDE Ratio of non-channel base o - 5.0 

flow to channel hase flow 


** SSOUT CFS !sq .mi 1e A discharge rate which o - 6 CFS 

must be provided to the 

stream bed before channel 

flow becomes visible 

at the surface discharge 

station 

The fraction of lower zone .30 (0 .. AO) 
free water which can not 
be transferred to a deficient 
lower zone tension water 11gun>2­

... RSERV dec ima I 

ECHG (4) decimal April E- T 


ECHG (8) decimal AU(!ust E-T 

[CHG (12) decimal December [-T 


Primary parameters to be normally selected for optimizing in the first run* 
Parameters that can be optimized for polishing final analysis** 

E, 
dyDfWLOGIC MODEL 

t.j 

f uPPER 20NE. 1 

OUTFLOW 

.~ 
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Th~ C()~II"'.u I ~ '; Section F - Mathematical Simulation of Hydrological Events of lIngaged Watersheds 
IJ(H'lt" 	 H)11.HQletl tC'idd't'f'~ 

ZPERC fr.fI 01 FBASf. u~,f~ 

00 Z~ 

,. Huggins, L.F. and Monke, E.J., "Mathematical Simulation of Hydrologic" 10 orLlla PH!' mOl''llum p~'c"k)1'{l·' ~: 
111>\1111\) 

~ ,. ,.t5 	 Events of Ungaged Watersheds", Technical Report 14, Purdue University, conodlOIl 

7 
0 

(:\.H'dllure , M I h~ 	

Water Resources Research Center, March 1970.REX? 
0e 

3 
~ " 

'~ $0:1 mQISTur6 dfll~elef\c(, 

" 
~ '" written in FORTRAN IV, reads rainfall hyetograph,40 

antecedent 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;02 

y AxB (1)
'''-''-:-::0 

'0 where y surface storage PSM:if. 
SOIL MOiSTURE- ,N 1>c.IIC!:~ r 

x 	 detention depth 

Fig. 3 Percolation of Yurious Lower' 70ne 	 A and B are coefficients which determined by a least-square
DC'ficiency and regression of the logarithms of observed data. 

Modified Holtan's equation is used in infiltration process; 

(2)f 	 fc + A 

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 equation. 

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

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

The special of this model is the Modified Holtan equation which 
is based on the soil 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 does not include any routing scheme. 

~, 


40 

•• I;"I<oIm' 

S,rr,ulOll0r Dow 

l, 
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Section G - U.S.G.S. - Dawdy Model 

Source: 	 Dawdy, David R., Lichty, R. W., and Bergman, ,j. M. Rainfall-Runoff 
Simulation 110del for Estimation of Flood Peaks for Orainge Basins", 

S. Geol. Survey Professional Paper 506 G, 1972. 

Description: 

a point 
flood volume 
based on bulk 
soil-moisture 

rainfall-runoff simulation model is used with data from 
and data on daily potential evapotranspiration to 

and peak rates of runoff for small drainage areas. The is 
parameter approximations to the physical laws governing infiltration. 
accretion and depletion, and surface streamflow. Three 
in which an objective fitting method is used for determi 
of parame ter values for the data ava rl ab 1 e for use 

The limit of accuracy of predictions of flood 
k-parameter model using data obtained from a Single 
order of 25%." From author's abstract. 

The model deals with 3 components of the hydrologic cycle 
moisture, infiltration and surface runoff. Antecedent moisture 
based on a more sticated version of the antecedent precipitation 

case studies 

antecedent 

i 
for determination initial infiltration relte. The infiltration component use', 
the Phil ip equation. Surface runoff routing is based on the Clark form of the 
instantaneous unit hydrograph. 

r 
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_~ction H - TR-20 Project _Formulation Hydrology 

~: 

Central Technical 

The program 
with For 

when run on 

This 

Unit, Soil Conservation Service, Department of Agriculture. 

surface runoff due to a given rainfall distribution, 
and combines and routes these 

to simulate the rainfall-ru 
used to and analyze a watershed system 

simulation of rainfall-runoff process. 

use on an IBM 7090/7094 computi 
consists of 2145 input 

storage locations. 

used by storing the various sub-routines on discs 
or ta pes using less computer core storage. 

Methods: 

The program can accept two of rainfall data. A dimensionless lime 
distribution and a given total 1 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 techni was derived from studies 
plots which had various soil and ve conditions. It was or 
developed to compute the excess from a 24-hour rainfall on a small 
The equation is 

Q 

where 

Q direct runoff in inches 
P rainfall in inches 
S potential maximum retention 

The S values ilre transformed into curve numbers ) which are related to 
particular physical aspect:s of the watershed. Sand are reI ilted by 

CN 

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

~ 
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rainfall to runoff is shown in Fig. 2. Table 1 relates characteristics 
of a watershed to an estimate of a curve number. In the program, the curve number 
adjustment can be changed for every runoff hydrograph, for every area of the 
watershed, or a uniform curve number can be ,nnli"d to the entire watershed. 

Three antecedent conditions can be considered: dry, normal, or wet. The 
curve numbers which are part of the input data are assumed to be a normal antecedent 
conditions. The adjustment made for wet or dry conditions is shown in Table 2. 

Us i ng the selected antecedent cond it ion, the program computes ra infa 11 excess 

using the required curve number. The incremental runoff for a time period T 

is computed by subtracting the total direct runoff due to the accumulated rainfal 


up to time Tl from the total at time 

to compute the runoff hydrograpn is selected 


The time interval which is used least four points on the rising side of the 

by the program so as to guarantee at , L where Tp is the time to peak~D is the 

hydrograph. From SCS TP 149, 

rain duration, and L is the dra~na0e area lag. It is necessary to determine an 

incremental rain duration AD which will give four points on the rising side of the 

hydrograph. Since L = 0.6T and T 4,\0, the incremental rain duration desired 

is defined by 4i\D ~ + O.~ T wh~re T is the estimated time of concentration of 
the 	area. T can then be compbted fromcT ~ ,\0 + 0.6 T . P 	 p -2 c The pedk

For this incremental rain, an incremental hydrograph is nfOOllrpc\ 

flow is computed from 

where 

A area in sq. miles 


ilQ incremental runoff determined by the rainfall and the curve number 


The program first computes a unlt nyuru;J' Of'" of duration 1\0 (i .e., AQ = 1.0) from 
a dimensionless hydrograph. The unit hydrograph so developed has a tabulation time 
increment of AD and a volume equal to one inch of excess. From this, incremental 
runoff hydrographs are calculated by applying the unit hydrograph to the amount of 
excess computed over the time period 110. Each succeeding incremental 

is laged by liD from the previous one, and the ordinates are summed to 

runoff hydrograph for the entire rainfall. Discharges at time 

by the user are then interpolated from this runoff hydrograph. 


Rcservior routing is done using conventional reservior routing techniques 

- 0	 ) + O211 + 12 + 1


Since the storage-auci IUW table is given for a 

can easily be computed from the 
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TABLE 1 


SCS Runoff Curve Numbers 

(From Kent) 

(All curve numbers are based on antecedent moisture condition II) 

Land use and treatment Hydrologic 
or condition o 

Practice 

Fa 11 ow 

Straight row 77 86 91 94 


Row 	 crops 

Straight row ........... . Poor 72 81 88 91 

Straight row ........... . Good 67 78 85 89 

Contoured ............. . Poor 70 79 84 88 

Contoured ............. . Good 65 75 82 86 

Contoured and terraced Poor 66 74 80 82 

Contoured and terraced " Good 62 71 78 81 


Small Grain 

Straight row ........... . Poor 65 76 84 88 

Straight row ........... . Good 63 75 83 87 

Contoured ............ .. Poor 63 74 82 8~ 


Contoured ............. . Good 61 73 81 84 

Contoured and terraced Poor 61 72 79 82 

Contoured and terraced Good 59 70 78 81 


Close-se"ded legumes or 
rota ti on meadow 


row ........... . Poor 66 77 85 89 

row ........... . Good 58 72 81 85 


Conto~red ............. . Poor 64 75 83 85 

Contoured .......... . Good 55 69 78 83 

Contoured and terraced Poor 63 73 80 83 

Contoured and terraced .. Good 51 67 76 80 


treatment Poor 68 79 86 89 

No mechanical treatment Fair 49 69 79 84 

No mechanical treatment Good 39 61 74 80 

Contoured ............. . Poor 47 67 81 88 

Contoured ............. . Fair 2" 59 75 83 

Contoured ......... . Good 6 3~ 70 79 


Meadow .................... . Good 30 58 71 78 

WOOds Poor 4~ 66 77 83 


Fair 36 60 73 79 

Good 25 55 70 77 


farmsteads ................ . 59 74 82 86 

Roads 1/ 


Dfrt .................. . 72 82 87 89 

Hard surface ........... . 74 84 90 92 


.1I Including rights-of-way. 
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Table 2: Curve Numbers (CN) for Wet (A~lC III) ·)nd Dry (AMC I) 

Antecedent Moisture Conditions Correspondi to tn 


Average Antecedent Moi ;;ture Cond it ions ll) 


CN for 

AMC II 


100 00 100 
95 	 87 98 

90 	 78 96 

85 	 70 94 

80 	 63 91 

75 	 57 88 

70 	 51 85 

55 	 45 82 

60 	 40 78 

55 	 35 74 

50 	 31 70 

45 	 26 65 

40 	 22 50 

35 	 18 55 

30 	 15 50 

25 	 12 43 

20 	 9 37 SCS 


5 	 6 30 Tf' 149, 

o 	 4 22 Kent) 


2 13 


l. 	 Lowest runoff potential. Soils in the watershed are dry 
enough for satisfactory plowing or cultivation. 

AMC II. 	 The average condition. 

AMC III. 	 Highest runoff potential. Soils in the watershed are prac­
tically saturated from antecedent rains. 
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Channel routing is done uSing the convex routing method. This method is 
based on the theory of convex sets and wave motion. The necessary parameter 
for the method is the ve Ioc ity of the fl ood wave in the channel. 

In fl ow 

Outflow 

Discharge 

°1 

Time 

Here K is the time required for steady flovi di to travel the 1 of the 
reach L/3500 V where Vis the velocity and bt is time increment which the 
flow reaches a value of O2 at the downstream section. 

If then :°22°1 

I f I 1 ~ 0, , then I 1 


C where C 

C is the routing coefficient and is dependent on the velocity and a wave 

c + 1. r-­

The velocity used is some average veloc in the stream or, if computed by 
the program, a average of velocity in upper half of the inflow 
hYd:ographs. Thus and K are known and ~t can be computed. If the flows are 
deSIred for a different time increment, C is converted using the following equation: 

C* " 1 - (1 C)c,t*/6t 

Where M* is the deSired time increment. It is recommended that {,t* < Tp/5. 
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the size and complexi of the problem to be handled, the program
is limited only by storage availabil The following are some 1 imitations which 
are imposed by storage availability: 

1. 	 60 structures imited variations of each structure) 
2. 	 120 stream (i.e., cross sections, with imited modifications 

for each 
3. 	 300 ordinates per hydrograph 
4. 	 Unlimttl!d nwnblir of routings 
5. 	 9 rainfall distributions (unlimited if depth and duration are applied to 

a dimensionless distribution) 
6. 	 600 standard control instructions 

Discussion: 

the CDC 6600 
input-output 

, TAPE 6 
TAP[ 2 and TAPE 4 seem to be t 

and were both assigned as magnetic 

The size of the program, 126000R on the CDC 6600, required nearly all available 
core storage to be used in order to run 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 the 
on of input data cards. The methods used are generally in 
SCS technical procedure documents. In some cases, minor assumptions 

in prograrr~ing the techniques remain undocumented. It is important that 
the user aware of the specific techniques used in all parts of t:le runoff 
simulation. 

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 is a map of the Baptism River watershed. Figure 4 is a schematic 
diagram of the watershed along with the various parameters Ulat 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 throuqh 8 show the 
hydrograph at various points in the basin for this particular run. 

"Several undocumented features are available since the printing of the 

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 
hyd rographs. 

(3) 	 A summarv option is available and will punch percent chance discharge 
as input to the economics computer program (ECON2). 

(4 ) of certain portions of the can be reduced 
the volume of output. Summary tables designated
requested. 

(5) Tagged output hydrographs can be printed. 

(f,) Sequential routings are identified by pass numbers. 

(7) 	 The program assumes 300 points on each hydrograph. 
(8) 	 The main tirrle 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 
SCS design 
extens i ve, and 
this program. 

One feature that could be added to increase the 
especially in the area of system analysis, would be a 
procedure. This would allow dams in series to be easily 
alleviate the necessity of using other programs to accompli 
and streamfl ow routing. Thus it appears that the program is very 
the design and/or analysiS of a Single structure, but is somewhat in 
its usefulness for complete system simulation. 

~ 
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Section I-Urban Hydrology for Small Watershed, TR55 

Source: 

for Small Willersheds, Technical Release No. 55,SCS Urban 
Conservation Service, U.S. Department ofrng neering 


Agr cu lture, 


for field inThis technical release is prepared mainly as a J 

estimating the effects of land use changes and structural measure on hydraulic 
and hydrologic parameters, runoff volumes, and peak rate of discharge. While 
is not a computer program it is of interest relative to the TR20 program. 

by two urbanization factors. Oneilnd peak di 
improved main channel, and the otheractor due to 


is a count for the increase 

is a 

M~~tl!9.d : 

Peak Discharge quick and reliable method of comput.ingFor areas less than 2000 acres, a 
for various slopes and curvepeak discharges from agriculture areas is These charts are basica11v thenumbers based on a Jl rainfall distr 
and rate of runoff insame as SCS-TP~149 method for estimating volume 
TP-40 is used rather than excesswatershed.) In TP-1 24 hour reinfa11 from US fIB 


raj~fa11 used in TR55. 


The SCS recommends the use of SCS-TR-20 

than 2000 acres, 2) there are many
wiltersheds are la swamp areas or reservoirs are present, and 4) historicalcharacteristics, 3 


storm events need to be 


After obtaining the peak discharge using either the chart or TR-20 method, it is 

modified as follows: 


QMOO 

modified discharge due to urbanizationwhere 

Q discharge from 0 chart or TR-20 method 

adjustment fac~or for percent impervious areas 

adjust factor for percent of hydraulic length modified 

ven future conditionFig. 1 shows factors for area 1n the watershed. runoff curve number ba sed on the en future condition2 shows factors for adjusting peak di 
modified.curve number based on the percentage of 
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(2) Time of Lag 
Time of is defined as the time from the center of mass of excessive 

rainfall to the rate of runoff. can be considered as a time of 
concentration is related to the properties of a wat such as area, 
1ength and Watershed lag to compute peak discharges of the un it 
hydrograph. Section H). 

In small urban areas than 2,000 acres), the curve number method 
described in Chapter 15 of be used to estimate the time of concentration 
from watershed lag. 

For the areas, the time of concentration can be computed by adding 
all the travel tillie the hydraulically most distant part of the watershed to the 
point of reference. These are overland flow, storm sewer or road gutter flow, and 
channel flows. 

For average natural conditions and for 
of runoff over the watershed, the SCS found an 
time of concentration as follows: 

L ~ 0.6 Tc 

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

Lmod ~ 


where L modified time of Jag due to urbanization 


time of lag 

adjustment factor for percent impervious areasIr'lP 

Fae tor adjustment factor for percent of hydrau1i length modified
HIM 

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

Urbanization effects to time of Jag and peak rate of runoff can be computed with 
new TR-55 adjustment factors. Since Tc is part of the input data to the TR-20 computer 
program, this TR-55 information i very essential to urbanization effects. The 
new adjustment factors should be implemented in the computer program. 

When using the SCS-TR~20 urbanization 
should be applied only to either or peak rate of runoff. 
if time of lag were adjusted due s area and channel improvement, 

using the adjusted lag not. be adjusted furLher. 
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Section J- USDAHL-70 Model of Watershed Hydrology 

~ 
by H.N. Holtan and N.C. 

Research Service, U.S. 


of Agriculture, Nov. 1971. 


Q.escription: 

was 
watershed engineering 

on 
terraces, in 

This program 

flow. evaporation 
of level 
other agronomi c 
and calculates 

consists of I) a continuous rainfall 
and I and 

channel flow and subsurface flow. 

for 
the watershed, 2) information on use, 
3) soil profile description, 4) ties 
(porosity, field capacity, wilti condition) 
and 5) recession flow characteri 

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

Methods: 

Soil s on each watershed are 
in Fig. I, to form hydrologic response 
evapotranspiration, and overland flow. 
of uplands, hillsides, and bottom lands 
because computations assume that some 

grouped by 
zones 

zones. 

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

Evaporation and infiltration process are simulated using 
method. Details of soil profile and hydroloqic capabilities 

soil 

moisture 

moi sture 

(porosi 
capacity and wilting point) are needed to calculate the soil 
by gravity (G) and soil moisture drained by vegetation through 
process (AWe). Daily evapotranspiration potentials are caleu 
publ ished pan-evaporation data, growth index of crop and soil 

Infiltration is based on the Holtan equation: 

f ; GI a S 1.4 + F 
a c -~ (1) 
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where f infiltration capacity in inches per hour; 


GI growth index of crop in percent of maturity; 


a infiltration capacity in inches per hour per 


(inch)1.4 of available storage (index of surface­

connected porosity; 


in the surface layer in inches 
Sa 
(the "A" horizon in agriculture soils) 

and constant rate of infiltration after prolongedfC 
wetting in inches per hour. 

Rainfall in excess 0 infiltration is routed across each soil zone and cascaded, 
subject to further infiltration, across zones enroute to the 
channel. Overland flow is computed using dnd eq. (2); 

qo 	 (2 ) 

where = overland flow in inches per hour qo 

a 	 coefficient dependent upon roughness, length and 
degree of slope 

and 3.0 for laminar and 1.67 for turbulent flow. 

Channe1 flow and subsurface return flows are routed by simultaneous solutions 
of equation and a storage function. coefficients are obtained 
by of the recession curve. Fiq. 2 shows recession flow vs. time 
on c paper. The equation of the recession curve is; 

-tim 
qt 	 qo e 	 (3) 

where rate of flow at start of a period in inches per hour qo 

rate 	of flow one-time increment later in inches per hour qt 

m 	 absolute value of t/Alnq, a constant for each straight 
line segment 

and t time increment in hours 

Va 1ues of "mil are assumed to t'pnrp~pr successive flow regimes, starting from 
for channel flmv and proceeding a series nil' m2, ITI3' and rTI4 for successively 

or more devious regimes of flow. 

-/5­

Infiltration water may be dissipated oy evapotranspiration, dowOI'Iard seepage, 
or lateral return flow. 

Application of the model to 4 I'iatersheds (Ohio, Texas, Nebraska, Florida) 
indicated good correlation between monthly observed and computed runoff. Figs. 3 
through fi g. 6 show the au tput from thi s model. 

Fig. 3 shOl'ls the annual hydrographs of average daily flows comparin0 observed 
and calculated data. 

4 the cascading overland flows on three soil zones (upland, hillside,
and land 

fig. 	6 show the ration dnd soil moisture regimes on 
three c response zones, 

Thi s model is very val uable to agricultura I watershed engineers. 

The infiltration simulated using sound soil moisture accounting 
methods. Gut, j t requ description of soi I profi Ie and hydrologi

ties 	of soils to The 	 following references are necessary to use 
program. 

1. 	 U. S. 

070, 

2. 	 lIoltan, H.N., tngland, C. Lawless 

"Moisture Tension Data for ected 

U. Depilrtment of Agriculture, Agr. 

609 pp., 1968. 


3. 	 Soil Conservation Service. Soi Report.s Series 
State, 	Soil Conserv.Serv., U. ture. 
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Section - DAMS2 - Structure Site Analysis 

Source: 

Soil Conservation S. Depal'tment of Agriculture. The revi sed program 
was released extensive field use of the al pr00ram 
since 1967. Manual for Automatic Data , scsf. 

Descri..Et i on: 

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 discharqe. A 
arge number of alternatives can be evaluated in a single computer run. 

ncipal and emergency spil , the reservoir area, watershed parameters and 
rologic requirements are 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 

rams. The pl'ogram can al so accept rating curves and deSign hydrographs 
other means. 

Although lhe program is usually used within the SCS for proportioning of the 
dam, reservoir area dId 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 fill volume for each top of dam elevation determined. Various other storms 

also be routed through the reservoir to determine the resultin~ 

Methods: 

Standard SCS hydraulic 
following SCS Engineering Mpmnrenrl and 
Handbook, 

Reservoir storage is calculated from a 
,ship. If a routinq exceeds the defined 

message is 

in the program, 
Section National Engineering 

criteri a 

elevation - surface area relation­
the curve is extended and a warning 

The discharge from the reservoir consists of principal and emergency spil 
flows which are combined to determine the total rating curve for the structure. 
program will compute rating curves for closed conduit principal spillways and channel 
type emergency llways often used in SCS design. For principal spillways, standard 
forl1l"las for , weir and full conduit flows are used, with coefficients specified 
by the user. The program develops water surface profiles through the inlet length of 
PTnprnpncy spilhvays to determine the rating curve. If non-standard spillways are 

or ratings have already been developed, the rating curves may be entered as 
input. 

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

Hydrograph development is 
being developed and then added 
distribution and the watershed 
graphs are developed, The pri 
minimum acceptable elevation of 

is routed to check vel in an earth em 

hydrograph determines the height of 


are 
Three design 

to 
The 

Reservoir routing is accomplished by a variation of the storage indication 
method. 

Discussion: 

This program is primari oriented and is directed towards SCS design
techniques. The list of and requirements is quite extensive and it 
appears that a very detai case be carried out usinq this program. 
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based on unit hydrograph 
her. Sub-hydrographs 
of concentration. 

spillway hydrograph is used 
emergency spi llwav, 



S8ct.iotl I.-The lllinois Urban Drainage Area Simulator, ILLlJOAS 

Source: 

"The 111 inois Urban Area Simulator, ILLlJOAS by Michael L. Terstriep 
and John Stall 1 58, Bulletin 58, State of Illinois, Department 
of Registration Education, Illinois State Water Survey. 

D_",scrJ£tc!_on: 

ILLUDAS utilizes the di area concept 
Research Laboratory) method and rep 
and nonconnected paved areas. uses actual 
telilpora buted over the 
parameters predict storm runoff 
connected impervious area and grassed area. This 
design a new stllrm sewer size shape now) or eval 
sewer system. 

s written in FORTRAN V and contains abouL 10130 Fortran cards 
includin'J COI~M[NT cards_ In the report, 220,000 bites of core is required to run 
the model on IBM 360 Nadel 7~ in Universi of I11inois. Four sets of sample 
test data were run on the 74 at the versity of Minnesota with the 
r4NF fortran compiler supported by Universi ty ComputE'r Center. 

The required core memory was includes application 
to 21 urban areas from O. acres to and rural watersheds 
throughout the United States, with good resul 

r'lethod: 

basins are divided into subbasins, In each subbasin, stann 
are frGIll directly connected impervious area and contributi 

contribut: ng grdssed area consi ts of grassed area and supplementa I 
which drains on to the qrass. Time-Area routing is used to produce

the runoff II sirllple storage-rouLing technique i used Lo ,'oute the infl()\; 
hydrograph scharge-storage relationship for the reach of the channel 
or pipe. 

Division of sub-basins 

[ach sub-basin is further divided by I) directly connected 
and 2) contributing grassed area. Directly connected i 
area directly connected to the storm drainage system wi passing over 
surfaces, for example, streets, alleys, In , parking 
tops that drain onto paved areas or piped the drainage system. 
grassed area consists of emental paved area drains onto grassed 
grassed area (pervious area . 

n data include 1) for directly connected ar'ea, area, 
slope, ) for grassed area, area, length aod slope and 3) for suppl 
area only. 
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2) Time-Area Curve 

LLUDAS assumed 1inear relationship between area and travel time. Therefore 
only Tc (the travel time 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, Manning's equation is used to compute the velocity of flow 

in the gutters. For contributing grassed area, Izzard's equation is used to compute

the travel time as equilibrium'­

qe IL (1) 

- .Of)7 

te 0.033 --- (2) 


where qe discharge of overland flow, in cfs/ft of width at equilibrium 

- supply rate in inches/hI' assumed to be 1.0 in this study 

length of overland flow in feet 

t = time of equilibrium in minutes e 

K (0.0007 I + C) 33 

S surface slope in ft/ft 

coefficient having a value of 0.046 for bluegrass turf 

Fig. dnd 2(b) show the conventional time vs. area curve. But, ILLUDAS assumes a line connecting origin to end point (total areal. 

3) Rainfall [xcess 

Rainfal as either actual hyetograph or specific temporal
pattern de 3 shows the time distribution of storm rainfall,curve for s distribution was obtained using 11 years of data

IllinOis for areas up to 400 ILLUDAS also use 1 hr as the criticalduration for a wide range of 

a) connected impervious area. 

excess is obtained after abstracting depression storage, O. 


from ra infall intensity.

b) grassed area. Ra infall fall ing on the supplemental area 

paved area not directly connected) is assumed to runoff 
onto the surroundi grassed area. ILLUDAS assumes that this occurs 

and the ume of runoff from supplemental paved area is 
distributed over the grassed area. Therefore, the total 

rainfall appl ied to the contributing grassed area is the summation 
of rainfall intensity on grassed area and volume of runoff from 
supplemental paved area. 
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4) Tine-Area Routing 
Instantaneous volume of runoff from supplemental paved area is computed as below. Runoff hydrographs can be obta ined time-area curves and excess 

rainfall. The computation is shol'm in Fig, and Fig. 2(g). 

SPARO(inches on SPA) * S~~~ SPARO (inches on GAl (3) ~) ) Rout ing Procedure in Sewer 5ystem 

After the paved area and grassed area are combined as a single surface 
where SPA supplemental paved area 

network. 
input point 

hvrlroaraoh from each sub-basin, this hydrograph becomes a point input into the 
A simple storage routing technique is used to pass the 

GA grassed area to the next. This routed hydrograph is added to 
The routing procedure is continued until the outlet of

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 

Fig. 5 shows two curves, 

the lower end of 

a section of the inflowInput Card No. 3 (Basin hydrograph at the upper end of the t which is a section 
type are specified of the outflow hydrograph at o~ and S are the totalAntecedent Moisture Condition (AMC) and soil 

soil groups is used. Horton's storage at time t and 2t respectively. From Fig, 5, followlng equ~tions can beas input data. The SCS classification of process in pervious areas derived.infiltratlon equation is used to simulate the four different soil groups and fourStandard infiltration curves are introduced for 
antecedent moisture conditions. 

(02in t ) 51 + out t ) (5 1 

Table 1 shows the antecedent moisture conditions of Bluegrass Lawns. Table 2 


shows the Horton's infiltration parameter values and the infiltration accumulated, 
 Since °1 , and t areF, in soil mantle, inches, at start of rainfall. The widely used Horton's equation is: ship is KRown. ILLUDAS 
rectangular sections. A di 
input section paral"2ters. 

f ~ f + --(4)c 

tf infiltration rate at time t, inches/hr + 5 t + Swhere ? in + 02 in 1 2: out 2 (6)
fc final infiltration rate, inches/hour 

Since the left side of equation is known, the right hand side may again be solved for 
fa ~ initial infiltration rate, inches/hour Q2 out' l3y this by step procedure all ordinates of the downstream or routed 

hydroglaph may be ned. 
k = a shape factor selected as k = 2, l/hr 

t time from start of rainfall, hr. 

4 contains standard infiltration curves for Blueqrass turf used in ILLUDAS for 

four hydrologic groups listed in Table 2. ' 
soi 1s 


Table 1. Antecedent Moisture Conditions for Bluegrass Lawns 

Total rainfall during 

5 days nrf>ced i nq storm 


ILLUDAS 

number Description 


o
1 Bone dry o to O.2 Rather dry 
0.5 to 1Rather wet3 over 14 Saturated 

known, Q can be 
provi~e~utouting 
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Section H-Real- Time of Runoff and Storm 
F1DlI in the Minneapol i Paul Interceptor Sewers 

~: 

Bowers, C.E.; Harris, G.S.; and Pabst, AJ., "The Real-Tilne Computation of 
Runoff and Sturm Flow in the Mi nneapo 1 i s-St. Paul I nterceptor Sewers", 
Memorandum M-1l8, St. Anthony Falls Hydraulic Laboratory, University of 
Minnesota, Dec. 1968. 

Description: 

This mathematical model is a deterministic runoff model of continuous 
real-time operation. The model was to aid the 0 of the MSSD 
Interceptor System in determining the flow at cri in the 
so that gates and rabridams could be ated to retain the maximum flow in 

1, system and release the least outflow to Mississippi River. 

Input to the model consists of rainfal postulated gate and fabridam 
settings. Output can from a Simple to complete rainfa 
and loss rate analysis, version analysis, at points in the 
sewer system. 

Shows the of is-St. 
, Major sewers. 

documentations, see Ref. (42), (43), (44) and (94). The computer 
program isted in Part I of Ref. 94. 

MethOcl: 

Precipitation is recorded at 9 locations around Twin City Area. Thiessen weighting 
factors are used to deterllline the average precipitation over each of 15 sub-areas. 

~ i y. ~ 

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

Loss 	 Rainfall x Ce- K (accumulated loss) 
(1) 

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

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

"t, 

f~fc+A 	 ) 

the storafle rout lnq 

fig. dj"lritl~jtl\)n of sh ntl 

curv(' for pOl fit r,-d nfc 1 
(HuH, 1%7) 
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where f potential infiltration rate in inches/hr 


fc canst. equilibrium infiltration rate, assumed 0.2 in/hr 


T the total available soil moisture 
.0 

in the soil above the 
restricting layer, assumed to be 

K constant taken as 0.7 

A increase in infiltration rate under dry condition assumed to be 
2.0 inches/hr 


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


Generate 	j~n1et hydro~Y'~[l!! 

Inlet at 15 main inlets, are computed USing a triangular synthetic 

hydrograph 


The characteristics of synthetic ar -shape, hydrographs Tp' Q and T b p
are computed using the SCS Curve Number 

[ 1000 1T O ~ 10) .67Q L .8 - + 1] 

p 2 9000 S 
a 


where Tp - time to peak in hrs 


o the duration of rainfall increment (hr) 

the hydraulic length, usually the length of mainstream to farthest divide {ttl 

eN the SCS hydrologic soil cover complex method 0 

Sa 	 the average slope of the watershed (percent) along the mainstream 

\ 0 2.67 T P ~ (3 ) 

where the base time (hr)Tb 

Qp 0.0000464 ~R 
b 

where Qp ~ peak runoff (cfs) 

A = area 

R " rainfall excess 

The duration of the unit inpu1se was selected as 5 min. for this study. 
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~Y'e: 

Total inlet ~ydrographs are passed through the simulated diversion structures 
~vide an estlmate of the flow that will enter the interceptor sewer dnd that 

WI~ Will enter the Mississippi River. The diversion structures were usually assumed 
~ ~ series of orifices and weirs. 

The most common type of diversion structure known as d Type 1 diversion structure 
is shOWIl in Fi gure 2. 

~: 

flow and 
routed to the waste treatment plant. 

combined with exist ng 

havlng 
1 ag method s used to 

I rform the routing with the constants from compar son with 
. ~mf1ar routing using the method of characteristics. 

The flow which entered the i 

I 
i l1J!I;ussion : 

This program was wr-itten in two versions. One version was prepared for the 

COC6600. The second version was prepared for a PDP-9. This latter version requires 

several core loads to accomplish all necessary operations. 


) shows 
30, I 

ines in the 
intensities 

reilched 0.8 inches per hour. Temporal rainfall di but ion is shown as a rainfa1
I hyetograph at the lower part of Fig. 3(a). Fig. Shows the inlet hydro 

and the hydrograph diverted to the interceptor sewer at Minnehaha diversion
I ~~g. 1. Fig. 3(c) shows the measured and model predicted flows for S.W. and 

East meters. The location of these meters are shown in Fig. 1. The 
of 1969 results in runoff from only impervious areas even thou'lh a si 
~lnhll excess occurred in two bursts over a period of about 1 hour. 

Two empirical routing coefficients for each pipe for the progressive average lag 

lethod were verifi ed extens i ve 1y and thi s 1imits its applicability to other areas, 

~~ss Similar verification is made. The routi method does not consider downstream 

flow COntrol, backwater, flow reverSd 1, surcharg and pressure flow. 


Jlirt A Similar hydrologic urban mathematical model was developed by ;;attelle based in 

il!Uat~n the University of Minnesota model. It uses a modified Holtan infilt)'ation 

the on and the SCS Synthetic Triangular unit hydrograph method is used to 

alSO~nOff. Kinematic wave equation is used to route the flow. The Battel e model 

-t111 nC~udes qual ity simulation, and dynamic progrdmming is used to the 

IICllu~at10n of available sewer, and treatment capacities and 


ant overflows by controlling diversion flow. 
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Section N- EPA-Storm Water Management Model SWr~M 

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 ~1anllill, Version II -EPA-670/2-75-017, March 1975 by Huber, W.C., 
et. a1. L67 J 

D.e_sgi pt i on: 

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 Engineers, 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 1~75 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 L 67~. 
The w~ole package cJnsis~s of approximately 13,100 Fortram statements (based on 
up-dated version June 1973 by University of Florida) and requires 85 sec. to compile 
the program. The required core memory size is 414,000 words for the CDC 6600 
using the FUN compiler. The package consists of one c§ntrol 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 ober blocks. 

(1) 	 EXECUTIVE BLOCK. This block is always the first block to be used and assiCjns 
{tie tilpe-dTskoperat i on and ca 11 s the proper computa t i on block if needed. 

(2) 	 RUNOFF BLOCK. This block computes rainfall excess b'y Holtan's infiltration 
equation, e~ploying 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 [lOOJ. 

Marsalek [87 J and Branstetter [14]. 


(3) 	 Bloody Run Watershed, Cincinnati, Ohio (2380 acres) by Papadakis and 
Preul [lOOJ 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 hal 

by Heeps and Mein L 61 ]. 


(8) 	 Yarralumla Creek, Canberra, Australia (502 hal by Heeps and Mein [ 61 J. 

(9) 	 Culvin Park, Kingston, Ontario (89.4 acres) by Marsalek [ 87J. 

(10) Gray Haven, Baltimore, MD (23.3 acres) by Marsalek [ 87J. 

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 quantity 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 quantity model has been 
tested using-fhe runoff ·~ock and transport block. 

Methods: 

1. Method of Discretization 

For the computation of hydrographs, the drainage basin may be conceptually 
represented by a net of hydraul ic 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. 

I 


I 




2. 

3. 

4. 

5. 

6. 

7. 
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Input data for Surface Runoff Quantity Model (See Fig. 3) are; 

One or more rainfall tlyetographs 
- 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 leng' 

- Percent of impervious area with zero depression storage. 

Infiltration 

The model neglects interception and processes since the 
storm duration is short. The rainfall and detention 
storage on the pervious area of each s to an infiltration 
requirement determined by the standard capacity curve 
with no time offset. 

Depression Storage 

treated assuming that no overland flow occurs before a 
Different values for pervious and 

on each subcatc well as the 
area with zero t value is 

immediate runoff. 

Overland Flow 

The equation of Continuity and Manning's equation are used to simulate overland 
flow. Uniform is assumed in the overland flow plane along its lengtt 
A1so it assumes the flow is steady within each interval of time and sl 
of the hydraulic grade line and is equal to the slope of the overland flow 

Gutter/Pipe Flow 
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 
equat ion is solved to determi ne the water depth of the gutter, resu Iti ng froll1 
the inflow and outflow. 

Rout i ng 
options are available to route the inlet 


Runoff Block, or 2) Both Runoff 

d. The criteria for ines 
and minor sewer lines by three 

1) 	If the backwater effects are significant, the Transport Block must 
used. 

2) If hydraulic elements other than pes and gutters, such as pumps, are 
, the Transport Block is red. 

3) 	At the point where the water qual constituents are introduced and 
are to be routed, the Transport must be used. 
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When only the Runoff Block used, all gutters/pipes are connected to one another
without manholes. Mann is 	used to route the flow assuming that the 
slope of the hydraulic to 	the invert slope of the pipe. For
pipe diameter size less Runoff Block is recon~ended. 

Block is used, inlet et manholes should be 
in 	the Runoff Glock. Block is used to route

USing finite difference form of version of the momentum 
and continuity equation: 

1/?Q ~_~_ AR 2/3 	 v -;)1(So ­n 	 9 

EPA SWMMi s very cOlllpl ex implementation.
Large core memory and red to compile 
the who 1e words inthe CDC R 74 at
the Universi is 	154,OOOg words. There­fore, the to 	 reduce the core memory.
To 	 change the structure, difficulties are 
usua lly enco parameters. 2) to check the BLANK
COMMON field The EXECUT IVE, RUNor-F and TRANSPORT
BLOCKS ha ve heen into OV~RLAY structure at the University of Minnesota as 
part of the 3 shows the modified OVERLAY structure of the EXECUTIVE,
RUNOFf- and T in 	 SWMM. Subrout ne TRANS has been divided into three 
parts; TRANS Part), TRANINI (Initialization part), and TRN~lAIN
computation part speed up the computation time. 

ApplicaU ol2: 

At attempt was made to select two real urban catchments which have published
rainfall and runoff data. Also information on detailed sewer map
and soil type are essential to run the SWMM model. , Cincinnati
and Oakdale Ave. Drainage Basin were selected. 

BlOOdy Run Watershed: 

Run Watershed is an urban drainage area located in the Northeast sectionof and consists of 2,380 acres of rolling terrain and diversified land 
use. A~out of 	the area is residential, 17% commercial, industrial, and zn;
of open land Input data for thi ~Iatershed were published by Papadakis
and Preul ll04 Sharon and Gutzqui11et· [115 J. Hlese two sets of data have been
checked against each other with correspondinc sJbcatchlllent map, subarea lIIap and 
sewer map which are available in reference Do~ 1. Runoff quantity and Quality data(BOD, C soil and chloride) were n:ported in Ref.l18 	 rain from Aoril. 70 to October 20, 1970.cheCk was 

. 4) and 117 sewer 
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