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PREFACE

This report contains the Air Force Runoff Model (AFRUM) com-
puter program user instructions and documentation developed
during the period October 1978 - July 1980 under contract
FO8635-7T7-C-0254 with the University of Tennessee, Knoxville,
Tennessee 37916. Captain George W. Schlossnagle managed the pro-
Ject and modified the final product with the assistance of Sgt
Mike Siebert to improve the user orientation.

A speclal thanks 1s given to the Grissom AFB civil
engineers, civil engineering personnel and weather personnel, and
the 6th Weather Squadron personnel of Tinker AFB for their
excellent support of the project's data collection phase.

This report has been rev.ewed by the Public Affairs Office
(PA) and 1is releasable to the National Technical Information
Service (NTIS). At NTIS it will be available to the general
public, including foreign nationals,

This technical report has been reviewed and is approved for
publication.
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SECTION I

INTRODUC TION

The Alr Force Runoff Model (AFRUM) for simulating storm
hydrographs and pollutant ylelds was developed for the U.S. Alr

Force by the Department of Civil Engineering at the University of

Tennessee, Knoxville. The results of three separate but ccmple-
mentary studles had the same fundamental objectlves, i.e., to

evaluate the effects of speclalized land use on stormwater runoff
and its assoclated quality. The three studies were funded by the

following three Federal agencles and dealt with the land use

indilcated:
Study
federal Agency Contract-Grant No. Perilod Land Use
U.S. Department of EY-76~5-05-U4946 1975-79 Coal Strip
Energy Mining ;
U.S. Department of TENN-A-0QU6 1976-78 Urbanization
Interior Office §
of Water Resources
Technology
U.S. Alr Force F08635-77-C-0254 1975-79 Air Force

Bases

i AFRUM was developed in the course of analyzing 410 storms

E
l
|

observed on 36 watersheds. The storm sample included watersheds




N VDRI

| in agricultural, urban, and 100 percent forested land use con-

Sl e

ditions as well as watersheds undergoing coal strip mining and
three watersheds at Grissom AFB, Indiana. AFRUM was extensively g
modified by the Air Force Englineering and Services Center,

Tyndall Air Force Base, Florida to increase the user utility by

modification of input and output formats and simplification of

internal processes.
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SECTION II

OBJECTIVE OF AFRUM

AFRUM was developed for the purpose of simulating stormwater

hydrographs from a realtime or design storm rainfall
distribution, land use and soll type of the watershed of
interest. The watershed is considered to be a lumped system, and
the requlired basin characteristics are percent of watershed

that is forested (PF), percent that is impervious (PI), percent

in strip mining or denuded (PS), and surface dralnage area in

square miles (SQMI).

Runoff volume and the assoclated rainfall excess time distri-
bution are simulated from the input rainfall using the U.S. Soil
Conservation Service Curve Number Model (Reference 1). If a
runoff hydrograph (stormwater flow rates out of the basin) is
read into the program assoclated with a rainfall hyetograph
(rainfall distribution), the program will compute a Curve Number
(CN) from this information. Otherwise, a CN must be read into
the computer and would be simulated using the procedures spe-

cifled in Reference 1.

AFRUM makes provision for simulating a unit hydrograph or
unit response function (URF), which 1is convoluted with the rain-
fall excess hyetograph. This computer program 1is an adaptation

of the simulation phase of the TVA double triangle model reported

by Ardis (Reference 2) and later modified by Betson (Reference 3).




i
i

A more detalled descriptlon of the development of AFRUM has
been reported by Overton, Troxler and Crosby (Reference 4),

Overton and Crosby (Reference 5), and CEEDO-TR-77-18.

AFRUM also simulates pollutant loads for the assoclated
storm. This simulation 1s a function of the specified watershed
and storm characteristics. Hence, additional parameters are not

needed.
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SECTION III
HARDWARE AND SOFTWARE REQUIREMENTS

The computer model described in this manual 1is written in
Fortran IV and operates on CDC 6600 computers under the NOSBE
operating system. The program requires approximately 56K bytes
of usable core capacity and approximately 6CPU seconds to com-
plle and execute. Input 1is accomplished by a card reader, and the
output 1s accomplished by a 132 position line printer. The plot
subroutine, HYPLOT, within thls program utilizes a Calcomp

Electromechanical Plotter.
1. Input Requlrements
AFRUM accepts the following input:

a. Accumulated storm rainfall at equal time intervals,

DT.

b. Stormwater dlscharge flow rates at equal time

intervals, DT (this hydrograph may be used if availlable).
¢. Watershed characteristics

(1) Curve Number (CN) which can be estimated using

Table 1. If the hydrograph is read in, CN 1s calculated.
(2) Drainage area in square miles (SQMI).

(3) Percent forest (PF).




£ TABLE 1. RUNOFF CURVE NUMBERS FOR URBAN AND SUBURBAN AREAS )
& (ANTECEDENT MOISTURE CONDITIONS II AND III; I, = 0.25)#* |

Curve nmbers by antecedent molsture conditions
11 I1I

Percent Hydrologic Soil® Hydrologic Soil#
Zoning Classification Imperviousness A B C D A B c D

Business, industrial,

. or cammercial 75 82 8 90 91 92 9% 9% 97
F Apartment houses 65 78 8 8 90 90 94 95 96
Schools s 68 78 84 87 84 90 93 &

Urban residential >
(Lots + 10,000 ft°) 40 65 77 83 8 82 8 93 94

Suburban res 1dent1a]‘,

(Lots + 12,000 £t%) 3 62 76 82 8 80 89 92 94

Suburban residentiaé

(Lots + 17,000 ft°) 30 60 T4 81 84 78 88 92 g3 ‘
Suburban residential 2 58 72 80 84 77 8 91 93
Parks and cemetaries 20 55 71 79 83 74 8 91 93
Unimproved areas 15 53 70 78 92 73 8 90 92 !
Lawns 0 s 6 715 80 66 8 8 9 |
! Woods 0 ¥ 60 73 719 -~ - - - :
Meadow (permanent) 0 30 58 71 78 - - - - l f
Pasture or range 0 b 69 79 84 - - - - ' ;
XS National Engineering Handbook, Section U, Table 15.1 "Percent of '
Imperviousness for Various Denslties of Urban Occupancy."

‘ #S011s are divided into four hydrologic soils groups: A, B, C, and D. Group A
! solls have a high Infiltration rate even when thoroughly wet. When thoroughly
‘ wet, group B solls have a moderate infiltration rate, group C soils have a slow
infiltration rate, and group D solls have a very slow infiltration rate.
Table 7.1 of Reference 1 lists more than 9,000 soils and their hydrologic group.

##Antecedent Moisture Condition II is an average condltion where III has the
highest runoff potential, Condition II means solls in the watershed are prac-
tically saturated fram antecedent rains.

- Data unavallable.




(4) Percent impervious (PI).
(5) Percent strip mined or denuded (PS).
2. Output provided

k | a. Title banner page.

‘ b. Introduction to the model.

¢. Discusslon of assumptlons made by user.

d. User input data.

e. AdJusted model parameters.

f. Simulated storm hydrograph (graphical and tabular).

: g. If read in, observed storm hydrograph (graphical and
\
tabular).

h. Suspended sediment storm load, Mn, Fe, Ca, Mg, SOu,

and total alkalinity storm loads.




SECTION IV

DESCRIPTION OF AFRUM

l. Simulation of Direct Storm Runoff.

This program simulates direct runoff volume and rates

using the Curve Number model of the U.S. Soil Conservation

Service (Reference 1). All losses except evapotranspiration are
St lumped into a single initlal abstraction. The model correlates

the rainfall-direct runoff relations as a function of soll type,

land use, and hydrologic conditilon.

For simple storms (high intensity and of short duration),
the retention relatlve to the potential maximum retention S bears
the followlng relation:

P-Q-~1I Q

S P-1I, (1)
where P 1s storm rainfall in inches, Q is the direct storm runoff
or effective rainfall in inches, and Ia is the initial abstraction
in inches which 1s a measure of antecedent moisture. Initial
abstraction includes surface storage, interception, and infiltra-

tion prior to runoff. The concept behind this method is for a

given basin soll and land use condition, there is a maximum |
possible retention as storm rainfall increases, storm runoff will |
increase as defined by Equation (1). Storm runoff can be solved
as follows:

2
(P - 1,)

Q=
(P-Ia)+s (2)

8
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An empirical relation (Reference 6) for initial abstraction
(Ia = 0.28) 1is inserted and Equation (2) becomes
(P - 0.28)°2

P + 0.85 (3)
which 1s the relation used in the SCS method of estimating direct

runoff from storm rainfall.

The runcoff equation has been placed in graphical form with
the maln parameter being watershed retention, S, where S was

related to the Curve Number, CN, as
S = =N -10 (4)

Equations (2) and (4) show the interrelationships between CN,
solls, land use, and hydrologic conditlon for average antecedent
moisture conditions and are shown 1n the SCS Engineering Handbook

(Reference 1) and summarized in Table 1.

Although Equation (3) was intended to simulate runoff volume

1t has been used extensively to simulate runoff rates by allowing

P and Q in Equation (3) to represent accumulated storm rainfall
and runoff volumes. Hence, incremental rainfall excess rates in

each time period 1e(J) are simulated as

ie (J) = Q(_.ll - Q(i"l)

DT

At Tppi mematen




where Q(J) and Q(J~1) are accumulated storm runoff volume at times

J#DT and (J-1)*DT, respectively, where j 13 the time increment

number.
2. Simulation of Storm Hydrograph
a. Normalized Unit Response Function (NURF)

The Unit Response Function (URF) in AFRUM is based upon
Ardis' (Reference 2) quadrilateral function. The URF was coupled
with the CN model to form the TVA double triangle model. The
shape of the URFs and associated CNs have been optimized on a

total of 410 storms 1in 36 watersheds.

The quadrllateral URF 1s based on the concept that the
initial response from a watershed comes from the riparian areas,
and as other areas of the watershed become saturated, they too
begin to contribute to runoff 1in the form of a delayed response.
It 1s assumed that these two responses can be simulated by two
separate triangle response functions as shown In Figure 1. When
added together, these two trlangles form the quadrilateral unit

response function.
Symbols used in the figure are:

I = Precipitation excess intensity in inches per hour.

Since the volume of input 1s one basin-inech = 1/DT.

DT = Time interval used in abstracting rainfall and

discharge record in hours.

o cmilia
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(IN/HR)

* URF(t)

TIME [HR)
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4 (71, UP)

DELAYED
RESPONSE
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e

TIME [HR)

Figure 1. Double Triangle Model for Unit Response Function.
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up

Peak of unit response function at Tl.

UR = Peak of delayed response at T2.
Tl = Time to peak of initial response, hours.
T2 = Time base of initial response and equal to the time

of peak of delayed response, hours.
T3 = Time of end of delayed response, hours.

pe(t) = precipitation excess as a functlon of time, t, in

inches per hour.

URF(t) = unit response function ordinate as a function of

time, t, in inches per hour.

In deriving the URF, it 1s assumed that the peak of the
delayed response (UR) occurs at the end of the initial response
(T2), and the time bases of both responses and the time to peak
of the 1inltlal response are integer multiples of DT. No assump-
tion 1s made concerning the relative volumes contained in the
initial and delayed responses or concerning the relative magni-

tudes of the peaks of the individual responses.

The double triangle URF 1is defined by the filve parameters
UP, UR, T1, T2, and T3. T3 1is determined by:

T3 = (NOBS - NRAIN +1)%* DT

wher2 NOBS = number of storm hydrograph ordinates in multiples of

DT and NRAIN = number of rainfall increments in multiples of DT.

12
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By maintaining a unit volume, UR 1s calculated from:

UR = (2 -[UP*T2]/[T3-T1])

Therefore, defining a storm URF involves determining values of

UP, T1, and T2.

The parameters UP, Tl, and T2 are optimized using the
pattern search technique. The obJjective function is the minimi-
zatlion of the sum of squares of errors between observed and simu-
lated discharges. Since all five parameters describing the model
are allowed to vary from storm to storm, the model is considered
nonlinear. Rainfall excess 1is optimized using the SCS-Curve
Number model after setting 1t equal to the observed direct runoff

volume.

The variability of the URF from storm to storm within a
watershed was explalined by normalizing the time and discharge
scale by the assoclated URF lag time, TL, where TL = time lapse
between occurrences of 50 percent of the rainfall excess block
and 50 percent of the URF volume. These normalized URFs are-

referred to as NURFs.

The NURF for each major land use category has been iden-
tified empirically, and are shown in Figure 2. The categories
are: strip mined, 100 percent forest, urban without extensive
storm sewers, urban with extensive storm sewers, and

agricultural. As a matter of providing a reference, the NURF

P
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TL * URF(t)

1.2

1.0

—— 100% FOREST

- — - URBAN

enmus AGRICULTURAL

@w =e SHEET SURFACE RUNOFF

~o—a- URBAN WITH EXTENSIVE STORM SEWERS

o'-\

\
)
\
\
\
\
\
\
\
\
\
\

1.0 2.0
T/

Flgure 2. NURF for Various lLand Use Conditfonu.
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observed for sheet surface runoff from a plane (Reference 6) is

shown. The strip mined watersheds were previously in 100 percent
forested areas. Hence, a pattern 1s shown where the forested and
strip mined watersheds have a small initial response whereas the
urban and agricultural watersheds have a larger initial response.
This 1mplies that imperviousness and crop land produce much more
‘ surface runoff. The storm sewered NURF has an even higher ini- ]
tial response, which 1s generated by runoff collection systems.

Sheet surface runoff has no delayed response.

b. Lag Time

Lag time, TL, for a storm is simulated in AFRUM using
the concept that it varles inversely with the ralnfall excess

intensity. AFRUM uses a weilghted rainfall excess intensity (WRE)

N 5 N
WRE = 3> 1.°03)/ ¥ 1.9
J=1 3=1 ¢

(8)

where N 1s the number of time 1lntervals equal tc DT. The
welghted storm rainfall intensity 1s given the exponent 0.4
(References 4 and 5). The following equation is used to calculate

the time lag

e . VNt e e o Tt .+ bt ety

TL (min) = #/WREO.4 (9)

where lag modulus, x , 18 empirically related to watershed charac-

teristics 1n the following manner:




(1) For rural watersheds
p(hr) = 0,060 *# SQMI + 0.0203 #*PF + 1.16 (10)

(2) For urban watersheds

006

u(hr) = 3.24 (SQMI/PI) (11)

c. Convolution of URF

The final step in simulating a stormwater hydrograph
i1s to convolute the storm URF with the rainfall excess time
distribution. The URF 1is defined by simulating storm lag time
from Equation (9) using with elther Equation (10) or (11),
depending on the watershed land use. WRE 1s calculated by
Equation (8).

3. Simulation of Pollutant Yield
a. Load Modulus

AFRUM simulates storm pollutant yileld using a load
modulus (1lb/acre-in of storm runoff) as a function of percent
stripped or denuded (PS), lag modulus (), and percent forest or

trees (PF) in the following form:
My =CL ® PS —C, *u#pF + C, (12)

The coefficients were optimized using stormwater quality data on

a total of eleven watersheds; six of them were undergoing coal

16
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strip mining and five were urbanized (Reference 5). Equation (12)
was derived from a mass balance, and each of 1ts terms represents

a component of pollutant yield.

C1 ¥ PS = source of pollutant or soil loss

C, ¥*“*% PP = deposltion between source and outfall, and

2

C3 = storage 1n watershed pilcked up and redeposited.

The coefficlents optimized for the coal strip mined and urbanized
watersheds are shown in Table 2. The coefficlents were pre-

viously presented in References 4 and 5. i
b. Storm Load
Once load modulus for the watershed pollutant has
been simulated, the storm pollutant yield, SPY, is simulated by
SPY = Ko * AREA * 640 * SRO (13)

where SRO is the total storm runoff in surface inches, and AREA

is in acres.

17




FOR EQUATION (12)

TABLE 2. COEFFICIENTS IN POLLUTANT YIELD MODEL

URBAN
Coefficlents '
Source Deposition Storage“
Pollutant C1 02 C3
Suspended Solids 16.7 21.5 62.3
. Fe 0.442 0.568 1.54
Mn 0.0072 0.0092 0.20
Ca 0.147 0.189 2.45
Mg 0.0597 0.113 0.0323
Sulfate 0.0719 0.0216 1.24
‘ Total Alkalinity 0.319 0.128 6.71
|
! COAL STRIP MINED (Active)
J Suspended Solids 18.2 1.28 576.7
j Fe 0.323 0 0.12
: Mn 0.0161 0 0.002
; Ca 0.131 0 0.38
J Mg 0.133 0 0.40
i Sulfate 1.39 0 2.45
| Total Alkalinity 0.19 0 2.00




SECTION V
INSTRUCTIONS FOR DATA PREPARATION

The data cards should be prepared according to Figure 3 and
Table 3. PFligure 3 shows the layout of the data cards in the
order 1n which they must be read into the computer. Table 3

shows how the data are to be punched and lists the description of

varlables used in the program.
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7 RAINFALL & RUNOFF DATA

STORM DATE

WATERSHED NAME

TIME INTERVAL

LAG MODULUS

SCS-CURVE NUMBER - ]

WATERSHED CHARACTERISTICS -

/ ISIM, IUNIT, IPLOT, ICHAR, ILAG, ILOAD —

( TITLE CARD -

( BANNER PAGE-LINE 4 TITLE -

/BANNER PAGE-LINE 3 TITLE -

/ BANNER PAGE-LINE 2 TITLE |

/ BANNER PAGE-LINE 1 TITLE -

Figure 3. Data Deck for AFRUM
20




TABLE 3. AFRUM CARD DATA

AIR FORCE RUNOFF MODEL (AFRUM)

A STORM HYDROGRAPH SIMULATION MODEL DEVELOPED FOR THE AIR FORCE
ENGINEERING SERVICES CENTER, TYNDALL AFB, FLORIDA BY DR DONALD
OVERTON OF THE UNIVERSITY OF TENNESSEE, PRINCIPAL INVESTIGATOR
AND GEORGE W. SCHLOSSNAGLE, CAPT USAF, BSC, PROJECT OFPFICER

CARD FORMAT/
NO. COLUMNS
1 (12A1)/
(1-12)
(12A1)/
(1-12)
(12A1)/
(1-12)
(12A1)/
(1-12)

& w

5 (20A4)/
(1-80)

6 (614)/
(1-4)

(5-8)

(9-12)

(13-16)

AFRUM

VARIABLE NAMES AND DESCRIPTION
BANNER PAGE - 1ST LINE -- USER DESCRIPTION

BANNER PAGE -~ 2ND LINE -- USER DESCRIPTION
BANNER PAGE - 3RD LINE -- USER DESCRIPTION
BANNER PAGE - A4TH LINE -- USER DESCRIPTION

TITLE

NAME AND LOCATION OF WATERSHED

ISIM,IUNIT,IPLOT,ICHAR,ILAG,ILOAD

ISIM-A CONTROL VARIABLE TO SPECIFY THE TYPE OF

DATA SUPPLIED TO THE PROGRAM

ISIM=1 ONLY RAINFALL DATA IS SUPPLIED AND AN

ESTIMATE MUST BE MADE OF THE SCS CURVE
NUMBER

IUNIT-A CONTROL PARAMETER TO SPECIFY OUTPUT
UNITS OF SIMULATED HYDROGRAPH

IUNIT=0 UNITS ARE IN INCHES/HR

IUNIT=1 UNITS ARE IN CFS

IPLOT-A CONTROL PARAMETER TO DETERMINE IF
QUTPUT IS PLOTTED

IPLOT=0 NO PLOT IS PRODUCED

IPLOT=1 A PLOT IS PRODUCED

ICHAR-A CONTROL PARAMETER TO SPECIFY IF LAND
USE IS URBAN (WITH OR WITHOUT EXTENSIVE
STORM SEWERS), AGRICULTURAL, COAL STRIP
MINED OR 100% FOREST

ICHAR=0 URBAN WITHOUT STORM SEWERS

ICHAR=1 URBAN WITH STORM SEWERS

ICHAR=2 COAL STRIP MINED

ICHAR=3 AGRICULTURAL

ICHAR=4 FORESTED

w;fﬂ-Z«,::izs
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TABLE 3. AFRUM CARD DATA (CONTINUED)

(17-20) ILAG-A CONTROL PARAMETER TO DETERMINE IF LAG
MODULUS IS READ IN OR SIMULATED FROM
WATERSHED CHARACTERISTICS
ILAG=0 LAG MODULUS IS READ IN
ILAG=1 LAG MODULUS IS SIMULATED FROM URBAN
WATERSHED CHARACTERISTICS (% IMPERVIOUS
AND AREA [SQMI])
ILAG=2 LAG MODULUS IS SIMULATED FROM RURAL
WATERSHED CHARACTERISTICS (% FOREST AND
AREA [SQMI1])
(21-24) ILOAD-A CONTROL PARAMETER TO DETERMINE HOW
SUSPENDED SEDIMENT STORM LOAD IS TG BE
SIMULATED FROM % FOREST, % IMPERVIOUS,
% STRIPPED AND LAG MODULUS
ILOAD=1 URBAN WATERSHED
ILOAD=2 COAL STRIP MINED WATERSHED

WATERSHED CHARACTERISTICS: 1ID URBAN,PS=0; IF RURAL,PI=0

7 (4F8.0)/ SQMI,PF,PS,PI
(1-8) SQMI=WATERSHED AREA IN SQUARE MILES
(9-16) PF=PERCENT FOREST
(17=-24) PS=PERCENT COAL STRIP MINED (OR DENUDED)

CARD A IS NOT REQUIRED IF ISIM=0 (CARD 5)

8 (F10.0)/ CN
(1-10) CN=SCS CURVE NUMBER FOR WATERSHED AT THE TIME
THE STORM OCCURED (VARIES WITH ANTECEDENT
MOISTURE)

CARD 9 IS NOT REQUIRED IF ILAG=1 or 2 (CARD 5)

9 (F10.0)/ U
(1-10) U=LAG MODULUS, HOURS
10 (F10.0)/ DT
(1-10)1 DT=T§ME INTERVAL USED IN ABSTRACTING RAINFALL
(HRS

CARD 11,12, and 13 MUST BE REPEATED FOR EACH STORM TO BE
SIMULATED

11 (8AL4)/ BASIN
(1-32) BASIN=NAME OF WATERSHED




TABLE 3. AFRUM CARD DATA (CONCLUDED)

12 (2Ak)/

13 (I1,9X%,
£10.3,30X,
F10.3)/

(1)

(2-10)
(11-20)

(21-50)
(51-60)

BDATE
BDATE=DATE OF STORM

ISTAGE,RAIN(I),SFLOW(I)

ISTAGE-A CONTROL PARAMETER TO SIGNAL THE END OF
A STORM DATA SET

ISTAGE=0 SIGNALS CONTINUATION OF RAINFALL/
RUNOFF

ISTAGE=1 SIGNALS LAST DATA CARD OF A STORM
BLANk

RAIN(I)

RAIN(I)=CUMULATIVE STORM RAINFALL ABSTRACTED AT
DT TIME INTERVALS. THE FIRST VALUE OF RAIN(I)
MUST BE 0.0 AT TIME 0.0

BLANK

SFLOW(TI)

SFLOW(I)=STORMWATER DISCHARGED IN CFS,
ABSTRACTED AT DT TIME INTERVALS, VALUES OF
SFLOW(I) ARE NOT REQUIRED IF ISIM=1 (CARD 1).
THE FIRST AND LAST VALUES OF SFLOW(I) MUST BE
0.0

NO. OF RAINFALL/RUNOFF CARDS MUST BE EQUAL TO NUMBER OF RAINFALL/
RUNOFF OBSERVATIONS
A MAXIMUM OF 500 RAINFALL /RUNOFf OBSERVATIONS MAY BE SUBMITTED




SECTION VI

EXAMPLE PROBLEMS i

1. McDowell Ditch

An example application of AFRUM is provided for the McDowell
Ditcn watershed at Grissom Alir Force Base, Indiana. The
watershed i1s 276 acres in size, has 20 percent imperviousness,
and essentlally zero percent trees. The solls are classified in
SCS group C and watershed land use is considered to be urban

without extensive storm sewers.

The accumulated rainfall and hydrograph for the storm of
November 14, 1978 was measured for the McDowell watershed. Since
the runoff was avallable, the storm CN was calculated within
AFRUM. However, using the SCS-CN method (see Table 3) the CN for
the storm was estimated to be 83, whereas the calculated CN using
storm rainfall and runoff was 81. This produced an error of

3.1 percent.

Hence, the data was punched onto the cards into the specified
format and entered into the computer after the appropriate JCLs. |

A listing of the input and the program output follows.
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2. Capehart Marina

An example 1s provided for the Capehart Marina watershed at
Tyndall AFB, Florida. No runoff data 1s available, and a design
storm is supplied. The design storm of interest is 10 inches of
rainfall in 12 hours read in at Iincrements of one tenth of an
hour. The watershed area is 0.17 square mile with 14.5 percent
forest, 1 percent denuded area, and 15 percent impervious area.
Curve number 58 was selected from Table 1. The watershed is

urban with storm sewers.

A listing of the 1nput and output follows.
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