






































































majority of events is what is expected when only a 
limited area of the watershed contributes to the run­
off process. The conclusion is drawn that runoff from 
the pervious portion of urban watersheds is important 
even for moderate storms and is not to be ignored when 
simulating the runoff events. 

Further simulation tests were conducted with the 
entire area of the watershed contributing flow. The 
infiltration parameters used in these tests are shown 
in Table 5-4. The results of this simulation are an 
increase of the peak discharge rate and of the total 
volume of runoff. However, the results are still an 
underprediction of the observed peaks and volumes. 
The minimum infiltration rate, f® , was lowered to 

0.1 !PH and further simulations were conducted. This 
parame·ter modification results in a better approxima­
tion of the peak flow rates but the recession hydro­
graph is again underpredicted. The problem of under­
prediction of the recession portion of the hydrographs 
is similar to that reported by Smith (1970). Repre­
sentation of overland flow as runoff from a plane 
surface results in the implicit assumption that the 
entire surface is covered by water if there is any 
depth whatsoever present. The real situation is that 
the surface is covered by a series of depression and 
undulations . When rainfall ceases, only a portion of 
the surface is covered by water; the remainder of the 
surface protrudes above the water surface . Thus, in­
filtra.t ion computed for a plane surface is too large 
during recession as compared with the natural situa­
tion where infiltration is occurring on only the sub­
merged portion of the surface. It is necessary to 
limit the amount of infiltration that occurs on the 
recession portion of hydrographs so that computed 
recessions not consistently underpredict the observed 
recession. An empirical factor was developed that 
was us.ed to limit the amount of negative lateral in­
flow.(precipitation and surface water is less than 
infiltration). The factor is 

F' -k'h 
1 - e (5-6) 

where k' is a constant with value 75, and h is 
depth of water on the surface in feet. The parameter 
F' ranges in value from zero to unity. When h is 
zero, F' is zero and when h is 0.75 in., F' is 
0 .99. Thus, recession infiltration is limited by the 
exponential factor as given in Eq. (5- 6) whenever the 
mean water depth is below 0. 75 in. (This feature is 
not included in the program KINGEN 75, which is listed 
in Appendix B). 

Simulations using the final watershed representation 

Multiple storms from the urban watershed are sim­
ulated with the computer parameters, as shown in Table 
5-4, for infiltration with lowered to 0 . 1 IPH. 

Roughness parameters and surface geometry are as shown 
in Table 5-S and Fig. 5- 16, respectively. The results 
of these simulations are plotted in Figs. 5-18 through 
5-20 . The results show an overestimation of runoff 
volume in some of the cases but an underestimation of 
the volume in other cases. The peak discharges show 
a similar distribution of the predictions. The major 
problem lies in the·estimat ion of rainfall excess. 
This problem is divided into two sub-problems. One is 
the amount of infiltration on pervious areas and the 
other is the geometric representation of the watersheds 
in terms of the percentage of pervious and impervious 
area as compared with the actual amount of these areas. 
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Fig. 5-18 Hillcrest Drain, June 21 and July 16, 1969 

The ratio of impervious areas to the total watershed 
area was measured by Root and Miller (1971) and was 
nearly constant during the study period at a value of 
about 42%. The ·ratio of impervious to total area of 
the computer segments is 40%. A consistent underesti­
mation of runoff volume is expected as a result of 
this bias in the amount of impervious area. The dis­
tribution of the impervious area and the amount that 
is directly connected to the gutter and storm sewer 
systems is not precisely known . Its importance re­
quires further investigation. 

One problem that is likely to cause the variations 
of overpredictio·n and also underprediction is the 
estimation of infiltration for each storm. The infil­
tration parameters have been held constant for each 
event, except for the initial water content, Si 

This variable was altered when recorded data was 
sufficient to indicate that rainfall events or lack 
of them occurred so as to affect the antecedent mois­
ture condition. The record of rainfall at Hillscrest 
Drain is not published for each day, but only when 
there is a runoff event. This lack of rainfall data 
and the unpredictable times of lawn watering present 
a problem when attempting to estimate the antecedent 
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moisture. Because the usual rainfall event is the 
localized thunderstorms i n this area, the use of pre­
cipitation records from some other measuring station 
is not adequate to define the conditions on the Hill­
~rest Drain watershed. The computed results indicate 
the surface runoff model is adequate to simulate the 
outflow hydrograph, even for this complex system, if 
the rainfall excess is accruately estimated. The 
problem of infiltration estimation is the greatest 
problem that must be overcome before the model can be 
widely used as a means of estimating the runoff from 
such a complex hydrologic system as the Hillcrest 
Drain watershed . 
Agricultural Watershed near EdwardSville, Illinois 

The watershed model has been used i n t he pas~ 
three sections to simulate runoff from watersheds 
that are partially or totally impervious. The W-I 
watershed near Edwardsville, I l linois is an entirely 
pervious area and was described in Section 4.2. Sim­
ulation of runoff from this watershed is the most 
severe test in this study of the infiltration compo­
nent of the watershed model. The infiltration para­
meters are determined from the infiltrometer experi­
ments, soil survey, and comparison to the parameters 
reported in Section 3.3. The infiltration character­
istics are assumed to represent the entire watershed. 
That is, one set of infiltration parameters is assign­
ed to all the pervious segments of the watershed. 
There is sufficient information from the soil survey 
to allow a more detailed representation of the water­
shed infiltration characteristics. However, the ob­
ject ive of testing the infiltration component of the 
model is to determine its applicability to an agricul­
tural watershed in which detailed informat ion on in­
filtration characteristics other than the predominant 
soil type is normally not available. Thus, a water­
shed engineer generally assumes that uniform infil­
trat ion conditions exist over the entire watershed . 

Parameter estimation 

Figure 4-3 shows a topographic map of watershed 
W-I and a schematic rep~esentation of the geometry. 
The computer segments are chosen from the map to con­
serve the watershed area and channel flow length. 
Details of the geometric segments are shown in Table 
S-6 . The choice of geometric representation for the 
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computer model user is subjective. There are several 
reasons the geometric representation is maintained as 
simple as possible. Computer time is saved with a 
simple representation because fewer calculations are 
made than for a very detailed representation. There 
is also a savings of time for processing input data. 
However, there is a trade-off in the accuracy of 
simulation and cost of computations. Further investi­
gation is required to adequately define the detail of 
representation that is required to obtain a desired 
degree of accuracy. 

Results of infiltrometer tests were presented in 
Section 5.2 These tests were conducted on sample 
plots of the W- 1 watershed. The range of steady state 
infiltration rates of the infiltrometer experiments 
is .15 to .78 IPH. The upper values of this range 
are quite high for the silt loam soil of the water­
shed. Several rainfall-runoff events of extended 
durati on were analyzed for infiltration losses. Rain­
fall events of duration of 12 hours or more are as­
sumed to have reached a steady-state condition of 
infiltration. Pulses of moderate intensity rainfall 
that occur late in a storm are used to estimate the 
minimum infiltration rate by calculating the differ­
ence between rainfall and runoff for a period of 
time. The difference between rainfall and runoff is 
the infiltration. The analysis of extended events 
shows the f~ rate was about .10. Chow (1964) des-

cribed a soil type within which the Alma and Bogota 
soils are classes as having a minimum infiltration 
rate from 0.05 to 0.15 . Thus, the results of the 
infiltrometer tests show substantially higher infil­
tration rates than other analyses of similar soil 
types. The minimum infiltration rate for the W-1 
watershed is estimated to be 0.12. The infiltration 
parameters, as determined by comparison to the Colby 
silt loam described in Section 3.3, are listed in 
Table 5-7. 

Table S-7 Infiltration Parameters for W-I Runoff 
Simulation 

Parameter Value of 
Parameter 

a 0.58 

y 0.90 

so 0.95 

* cl 5000 

si Estimated for 
each storm 

f., 0.12 

The watershed area was planted entirely with al­
falfa during the study period. One roughness para­
meter is assumed to describe flow resistance for the 
entire overland flow portion of the watershed. The 
Chezy C friction factor estimated for the watershed is 
5.1. This value is within the range of Chezy C values 
reported by Woolhiser (1974) for short-grass prairie. 
The value is slightly higher than those reported by 
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Woolhiser (1974) for bluegrass sod . The swale-like 
areas of the watershed are represented as channel seg­
ments. The flow in these areas is deeper than over 
the plane segments. Often there is little or no vege­
tation established in the lowest portion of the swales. 
These two factors result in lower effective flow re­
sistance in the swales than in the overland areas. 
The Chezy C value assigned to the channel segments is 
35. The determination of the geometric, infiltration, 
and flow resistance parameters permits simulation of 
runoff from the W-1 watershed. 

Simulation of runoff from watershed W-1 

The results of some of the runoff simulations are 
shown in Figs . 5-21 and 5-22. The results indicate 
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Fig. 5-21 Hydrographs from Watershed W-1, July 10, 
1949 and August 6, 1942 

that the observed and computed hydrographs·are closely 
matched when the rainfall excess is properly estimated, 
Rainfall excess during the early portion of each event 
is the quantity least adequately simulated by the 
watershed model. The constant friction relationship 
is adequate to approximate flow resistance during the 
rising limb, peak discharge rates, and the recession 
portion of the runoff events. More comprehensive 
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friction relationships are unwarranted unless more 
precise means of estimating rainfall excess are devel­
oped. The i nabi lity to use information directly from 
the infiltrometer experiments when estimating infil­
tration parameters for the entire watershed is some­
what disappointing. A possible explanation of the 
variation of infiltrometer experiments and the natural 
infiltration is the differ ence between the infiltro­
meter and natural surfaces. The 6 by 12 foot plots 
of the infiltrometer experi ments were probably chosen 
where the surface was uniform and had few depressions. 
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This results in the surface water covering the ground 
area uniformly. The natural su·rface may consist of 
significant undu~ations and depressions. Except dur­
i ng the higher intensities of rainfall, surface run­
off may quickly form into rivulets and not cover the 
entire surface uniformly. Thus, infiltration is res­
tricted to less than the entire watershed sur face. 
It is encouraging that infiltration parameters esti­
mated by comparison of the watershed soil to the soil 
types discussed in Section 3.3 resulted in as good of 
estimations of runoff as indicated by the results . 



Chapter 6 
CONCLUSIONS AND RECOMMENDATIONS 

6.1 Conclusions 

Kinematic routing of flow in circular conduits is 
applicable within the limitations of kinematic wave 
theory. Kinematic routing cannot accoun~ for back­
water effects; applications must be limi~ed according­
ly. This study shows that kinematic rou~ing performs 
as well as a hydrograph lag method for predicting out­
flows. The kinematic method has the advantage that no 
observed hydrographs are needed to estimate parameters. 

Computation of infiltration on pervious surfaces 
is based upon a parametric decay-type function. Field 
measurements are used to estimate paramet ers for sim­
ulation of infiltrometer experiments. The three most 
sensitive parameters of the five computer infiltra­
tion parameters have physical significance . A pre­
vious study of the infiltration component l ists appro­
priate parameters for a wide range of soil types. It 
is possible to estimate infiltration parameters of a 
soil by comparison of type and characteristics to re­
sults of the previous study. 

A variable friction relationship that accounts 
for both laminar and turbulent flow regimes gives a 
better overall fit to the hydrograph than a constant 
friction relationship. However, the constant rela­
tionship may give a better fit of the peak discharge 
rate based on a priori estimates of flow resistance. 
The var iable friction relationship is warranted only 
on a totally impervious area. When a watershed is 
partially or totally pervious, the estimation of rain­
fall excess is more important than the type of fric­
tion relationship used. On pervious watersheds, the 
constant friction relationship is adequate. 
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The watershed model is used to simulate runoff 
from two urban watersheds. Results from the small 
impervious watersheds show good agreement between ob­
served and predicted hydrographs. Results from the 
large, complex urban wate~shed are good when the rain­
fall excess is properly estimated. Results from both 
watersheds indicate that a priori estimates of fric­
tion parameters are adequate to define flow resistance. 
The watershed model can be applied to complex urban 
systems, to predict runoff rates for ·sizing storm 
drains and conveyance structures. However, the cur­
rent form of the model may be too complex for wide­
spread use as a. design tool. It does have application 
in further research and also as a comparative tool for 
the more simplified methods of flow calculations, like 
the unit hydrograph. 

6.2 Recommendations 

Further research should be unde·rtaken to make a 
more extensive study of kinematic routing in circular 
conduits by testing the technique on observed data. 

The infiltration component of the watershed model 
should be extensively tested on field data for a var­
iety of soil and cover conditions. Initial soil mois­
ture content should be estimated using daily models 
that account for drainage and evapotranspiration. 
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APPENDIX A 

PROGRAM KINGEN 75 

GENERAL DESCRIPTION 12. IMTHUB: Calculates a residual function for an 
assumed value of the independent var i­
able 0 in the i t erative solution of 
upper boundary area of a circular con­
dui t, given an upstream discharge Q 
from ADD. Ca ll ed from ADD thru ITER. 

The program KINGEN described in the main portion 
of this report was developed for research purposes over 
a period of several years . Consequently, the program 
became progressively more complicated and difficult to 
understand. A new program KI~GEN 75 is described and 
documented in the following pages . The approach used 13 . IMPLCT: Four-point implicit finite difference 

scheme . Called from subroutines PLANE 
and CHANNL. 

is simil:lr to that described in the main part of this 
report but the program has been subdivided into sever-
al subroutines and some of the numerical methods used 
arc different. Friction law options have been added 14 . ITER: Nowton-Raphson iteration scheme to solve 

general nonlinear equations of the form 
F(x) = 0 Called from subrouting 
IMPLCT. 

and a subroutine to check the input for errors has also 
been included. 

KINGEN 75 consists of program MAIN and 18 sub-
routines listed below. The principal function of each 15 . IMPOCF: 
subroutine is indicated here and is also indicated in 

Calculates a residual function for an 
assumed depth h in the iterat ive 
solution of depth along a plane. Called 
from H1PLCT thru ITER. 

the comments cards in the Program Listing, Appendi x B. 

PROGRAM MAIN: Calls subroutines READER, PLANE and 
CHANNL. 16. I~fPCHA: Calculates a residual function for an 

assumed area in the iterative solution 
for cross-sectional area in a t rape­
zoidal channel. Called from HIPLCT 
thru ITER. 

SUBROUTINES: 

1. READER: Reads in model parameters, watershed 
geometry data and rainfall data. Called 
from ~1AIN. 17 . IMPCIR: Calculates a residual function for 

assumed value of the independent variable 
0 in the iterative solution for cross­
sectional area in a circular channel. 
Called from UlPLCT thru ITER. 

2. INSPEC: Inspects input data for errors and 
prints out an error message, if one is 
detected. 

3 . RESET: Places input data read by SUBROUTINE 
READER into appropriate arrays. This 
is done so that no subscripts are 
necessary on the data cards. 

4. CONVERT : Converts units of time and length in 
input data to units used internally and 
reconverts to desired units in output. 

5. PLANE: 

6 . CHANNL: 

7. XPLINF: 

8 . ADD: 

9. RESLAW: 

10. CHGLAW: 

11. UNIF: 

Fini.te difference solution for overland 
flow on a plane. A four-point implicit 
method is used. 

Implicit finite difference soluti on for 
unsteady flow in channels with trape­
zoidal or circular cross sections. 

Computes infiltration rat es . Called 
only from P~~E. 

Adds specified discharges (lateral flow, 
channel junctions), and computes up­
stream boundary values (depth, area, 
or intersection angle G in conduits). 

Cal culates the parameters for th~ 
hydraulic resistance law selected i n 
the input. 

Changes the hydraulic resistance l aws 
at the transition Reynolds number if 
Laminar-Turbulent option has been 
selected. 

Uses l i near i nterpolation to convert a 
list of discharge values at irregular 
time increments into a l ist with regular 

18. IMPAUB: 

19. ERROR: 

PROGRAM INPUT 

Calculates a residual function for an 
ass~~ed area in the iterative solution 
for the upper bound area of a trapezoidal 
channel, given an upstream discharge. 
Callec from ADD thru ITER. 

Prints appropriate error messages. 

The watershed is first divided int o cascades of 
rectangular planes contributing to a network of triang­
ular, trapezoidal, or circular channels, as described 
in the main portion of this report. 

Input data are read by SUBROUTINE R~\DER in an 
order specified by NAMELIST and DATA declarations . 

Example 1. As an example, consider the input 
cards for the hypothetical watershed shown i n Fig . A-1. 
In this example, the plane, element number 1, contri­
butes lat eral inflow to a trapezoidal channel, el ement 
number 2. 

Ident ification Card. From the comment cards in 
SUBROUTINE READER, we find that the dat a cards are 
preceded by a card, which may contain up to 80 columns 
of alphanumeric identifying ·information. For this 
exampl e, the information card will be as shown below: 

time increments. *b indicat es a blank column 
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Fig. A-1 Hypothetical Watershed 

. . Card 1. F:om the comment cards in the program 
l1st1ng, Append1x B, we find that the first data card 
contains the variables for NAMELIST BEGIN, where: NELE 
is the number of elements in the system (in this case, 
2). The maximum NELE allowable in this program is 20. 
This can be increased by modifying CO~~N and DATA 
statements and part of subroutine INSPEC. NRES is a 
resistance law code that allows considerable freedom 
in choosing the hydraulic resistance law to be used. 
From the comments in SUBROUTINE PLANE, we find that we 
have the following four choices for a plane : 

NRES "' 1: 
NRES 2: 

NRES 3 : 

NRES = 4: 

a Manning Law will be used, 
a Laminar Law will be used until the 
Reynolds number exceeds a certain 
value, then Manning' s Law will be used, 
a Laminar Law will be used until t he 
Reynolds number exceeds a given value, 
then the Chczy Law will be used, 
the Chezy Law will be used . 

For plane 1, let us assume that we will use the 
Laminar-Manning Law, therefore, NRES ~ 2. The Manning 
Law will automatically be used for channels ~ith this 
option. 

CLEN is a characteristic length that is used with­
in the program to choose the length of 6x increments 
in the finite difference solutions. It should normally 
be set equal to the sum of the lengths of the longest 
cascade of planes in the system or t he longest single 
channel, whichever is greatest. The number of 6x 
increments is then: 

NK = MAX1(15*XL(J)/CLEN,3) 

For this example, CLEN = 200 ft. 

TFIN is the desired maximum duration of the run­
off event (in seconds, minutes or hours). Assume for 
this example that we wish the program to stop after 
it has computed a runoff hydrograph with a duration 
of 60 min. from the beginning of the rain . 

DELT is the desired time increment for computa­
tions and for print-out of the hydrograph. The choice 
pf DELT depends on the time resolution of the rainfall 
input data and the response time of the system. For 
this example, choose·DELT • 2 min. 

THETA is the weighting factor in the implicit 
numerical solution. When THETA= 0.5 the x-derivatives 
are computed by an average of the derivatives at time 
steps i and i+l . If THETA • 1, the x-derivatives 
are computed entirely from the derivatives at time 
i+l . We will use THETA • 0 .8. 
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TE."'P is the water temperature in degrees Fahren­
heit, used to compute the kinematic viscosity for 
laminar flow computations. If TE~W is not entered, 
a default value of 65° is used. We will use the de­
fault value. 

Card 1 will be as shown below: 

Card 2. Card 2 contains the variables and para­
meters for NAMELIST OPTION where: N0PT is a code 
reserved to allow an optimization subroutine to be 
added. When N0PT = 0 the program is in the prediction 
mode. When N0PT = 1 the reading sequence includes 
observed time-discharge data, which can be used to 
calculate an objective function. The friction para­
meters could be optimized by including a new subrou­
tine. THIS OPTION IS NOT OPERATIVE IN KINGEN 75 SO 
N0PT = 0. 

NTIME is a time units code referring to the time 
units of input and output data. 

11 - seconds 
NTIME 2 - minutes 

3 - hours. 

In this case, the input data were in minutes so 
NTIME • 2. 

NUNITS is a code referting to input units (all 
internal cal culations are done in English units). 

NUNITS =11 - Engl~sh 12 - Metnc. 

Rainfall rates in English units are in inches per 
hours and all lengths are in feet. Metric rainfall 
rates assume centimeters per minutes, and all lengths 
must be in meters. Input data for this example are 
i n English units so NUNITS • 1. Card 2 is shown be­
low: 

Cols. 1 2. . . . 

b $ OPTION N0PT • 0, NTIME 2, NUNITS = 1 $ 

Card 3. Card 3 contains the data for NAMELIST 
ORDER-.--

NL0G(I), I = 1, NELE contains the index number 
assigned to planes and channels in the order in which 
computations should proceed. It is not necessary that 
NL0G(I+l) = NL0G(I )+l; however, the outflow hydro­
graphs of all elements contributing as lateral inflow 
or upstream inflow to the element J must be computed 
before the computations can proceed for element J . 
Card 3 is shown below: 

Cols. 1 2 •..••. 

b $ ORDER NL0G(l} = 1,2, $ 

Note that the i ndex (1) is required for this array. 

Card 4. Card 4 contains data describing an ele­
ment of the cascade as specified by NAMELIST FIRST. 

J is the i ndex number of the element for t he 
plane in the example J = 1 



NU is the number of the pl ane element contribut­
ing to the upstream boundary of el ement J . If ele­
ment J is the uppermost in a cascade of planes, 
NU = 0 . 

NR is required for channels and is the number 
of the plane contributing .lateral i nflow to the right 
side of the channel. NR is omitted for a plane ele­
ment. 

NL refers to the plane contributing to the left 
side of the channels . NL is omitted for a plane 
element . 

NCl and NC2 refer to the numbers of channels 
contributing at the upstream boundary of a channel. 
For this example, they may be omitted for element 1. 

NCASE is a code to indicate the type of channel 
cross section. NCASE may be omitted for clement 1. 

NPRINT is a code used to obtain or suppress print­
out of output from any element. 

NPRINT " 1 - No print-out 
2 - Outflow hydrograph and 

interim computational data 
will be printed. 

We will select the no print -out option for plane 1. 
NPRINT 1. Card 4 is shown below : 

Cols. 2 ...... . 

b $ FIRST J = l, NU • 0, NPRINT • 1 $ 

Card 5. Card 5 contains element geometry and 
hydraUTIC:lroughness data as specified by NAMELJST 
SECOND. 

J is the element number. 

XL is the length of the plane in appropriate 
units. For this example, XL = 100 ft. 

W is the width of the element. For el ement l, 
w = 200 ft. 

S is the slope . S = 0.05. 

ZR , ZL , A , and DIAM are not requir ed for 
plane elements . 

Rl is the turbulent law roughness parameter 
(Manning' s n in this case) . If we assume that plane 

is covered with asphalt, an appropriate Manning's 
n is 0.013. 

R2 is the laminar law parameter (K in the ex­

pression f = ~ where f is the Darcy-Weisbach fric­

tion factor and R is the Reynolds number). A K 
value of 80 is within the range shown in Table A-1. 
R2 is omitted if only a turbulent law is used. Fric­
tion parameters listed in Table A-1 were obtained from 
experiments reported in the literature and are gener ­
ally representative of very small areas. If a plane 
is used to represent a section of watershed larger 
than about two acres, the friction parameter must be 
adjusted (see Lane, Woolhiser and Yevjevich, 1975). 

FMIN is the minimum (steady state) i nfiltration 
rate for a plane. We will assume that the asphalt 
plane is impervious. 
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Table A-1 Resistance Parameters for Overland Flow!! 

La=ina r Flow Turbulent Flew 

Surface K 
0 Manniog's n Chezy C 

{(tl/2/ .. c) 

Concrete or Asphalt 24 - 108 .01 - .013 73 - 38 
Bare Saod 30 - 120 .01 - .016 65 - 33 
Cravclrd Surface 90 - 400 .012 - .0) 38 - 18 
ll..re Clay-Loam Soil 100 - 500 . 012 - .033 36 - 16 

(eroded ) 
Sporu Ve&ctation 1000 - 4 ,000 . 053 - .l) 11 - 5 
Short Cross Prairie 3000 - 10 • 000 .10 - .20 6.5 - 3.6 
Bluegrasa Sod 7000 - 40,000 . 17 - .48 4.2 - 1.& 

Card 5 is shown below: 

Cols.l± . . . . .. . \ ~r:~ ~fC'>'<D J • 1, XL • 100 • • U • l!lO • . ~ • 0.115, Rl • O.OlJ , 
U • 60., FM!~ • O. $ 

. Card 6. Card 6 normally contains the infiltra­
tlon parameters for a plane as specified by NAMELIST 
THIRD. FOR THIS EXAMPLE, the plane is impervious 
(~MIN.= ?l so ~AMEL!ST THIRD is omitted. An example 
w1th 1nf1ltrat1on w111 be considered subsequently . 
The plane element has been completel y described so 
Card 6 will contain data describing the channel' 
element 2. ' 

As descr ibed for Card 4, J = 2 , NU = o , and 
NR = 0 . In this exampl e , plane 1 contributes lateral 
inflow to the left .side of channel 2 so NL • 1 . NCl 
and NC2 are omitt ed because no channels contribute to 
the upstream boundary of channel 2. 

From the comments in subroutine CHANNL, the code 
NCASE indicates the type of channel cross section. 

NCASE 1 
NCASE = 2 
NCASE 3 

Trapezoidal cross section. 
Circular cross section. 
Has been reserved for input of 
irregular cross sections. IT IS NOT 
OPERATIVE IN KINGEN 75. 

Use of NCASE ~ 3 will result in a programmed stop. 
this example, NCASE c 1. 

In 

We will select the print-out option for the chan­
nel so NPRINT • 2. 

Card 6 is shown below: 

Cots.!: 2. . . 
b $ 1'1 RST J • ~, NU • 0, NR • 0 , NL • I, 

tiC2 = 0, NCASE • I, NrRJH1' = 2 S 
NCl • 0 , 

!!From Woolhiser, D. A. "Simulation of Unsteady 
Overland Flow." Chapter 12 in Unsteady Flow in 
Open Channels. Water Resources Publication, Fort 
Collins, Colorado, 1975. 



Card 7. Card 7 contains element geometry and hy­
draulic roughness data for channel 2 as specified by 
NAJ.IELIST SECOND. 

As described for Card 
The width W is set equal 
this element is a channel. 
are defined in Fig. A-2. 

5, J = 2 and XL= 200 .. 
to zero, indicating that 
S = 0.03. ZL, ZR and A 

Fig . A-2 Trapezoidal Channel Geometry. (Looking 
downstream) 

For this example, we will assume that ZR = ZL = 1. 
and that A = 1. Thus, we have a trapezoidal channel 
with 1:1 side sl opes and a 2-ft. bottom width. If the 
channel is triangular, A should be set equal to a very 
small number rather than zero to avoid problems in a 
function subroutine. DIAI-1 is the diameter of a cir­
cular channel and may be omitted for this case. 

Rl is the turbulent law roughness parameter for 
the channel. Because we have chosen the Laminar-Manning 
Law, it will be Manning ' s n. Choose Rl = 0.013 for 
this example. R2 may be omitted for the channel and 
FMIN • 0.0 for a channel. 

Card 7 is shown below: 

J • 2 . :<L • 200,, W • 0 , !' ... 0, 01, 
ZR • 1.0, A • 1.0 , Rl • O.OLJ, Fflltf • 0.0 $ 

Card 8. All of the geometric data and parameters 
for the watershed itself have now been provided. Card 

QI(I) is the rainfall rate (iph or em/min) . TI(I) 
is the time at which the corresponding rainfall rate 
begins. NO is the number of rainfall data pairs. 

Card 8 is shown below: 

Colo.~ 2. . . . . . . . . . . 

b $ Rlol~ Ql( l ) - 0.5 , 1.0, 0.5 . 
Tl(l) • o.o. 5.0, 10.0, 20 .0 , 

11.0 , o.o. 
65., Nt> • ~ $ 

Note that the subscript 1 (one) is required for 
arrays QJ and TI . TJ(ND) should be greater than 
TFIN shown on Card l so that the rainfall rate is de­
fined throughout the event. 

Because the optimization option is inoperative in 
KINGEN 75, NAMELIST RAIN is the last item of input. 

Example 2. WATERSHED WITH INFILTRATION, BRANCHED 
CHANNELS AND CIRCULAR CONDUIT. In t his example, use 
of an infiltrating plane, branched channels, and a 
circular conduit will be illust rated. The seven element 
model is shown schematically in Fig. A-4. The imper­
vious plane-channel pair of the previous example will 
be used as elements 1 and 2. Necessary data cards 
will be shown and comments given where the options are 
different from those explained in the previous example. 

Q 

8 contains rainfall data as specified by NAMELIST RAIN. Fig. A-4 Elements Used in Example 2 
Let us assume that the rainfall intensity histogram 
for the event of interest is shown in Fig. A-3. 
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Fig. A-3 Rainfall Intensity Histogram 
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Identification Card. 

Co~-r.l·r-2. __ • ___ . __ . __ • __ . __ . __ . __ . __ • __ . __ . __________ __ 

&XAIIPL& 2. lNFILTIVITINC rt.AIIE AND RIIAl<CIIEO CIW<NEL 
CIISE IIITII ClRCUI.AR CONDUtT 

Card 1. 

Col., l. 

b $ D~CtN NEL£ • 1, NRES • 2, CI.~N • )00., Tf!N • 90. , 
UELT • 2. , TII&TA • 0.8 $ 



TFIN has been increased in ant1c1pation of longer re­
cession from a hydraulically rougher, grassed surface, 
and a larger watershed . 

~- Same as in previous example. 

Card 3. As indicated in Fig. A- 4, the order 
would proceed as shown: 

Col. 

b $ ORDER NLOG (l) " 1, 2, 3, 7, 4, 5, 6 $ 

Card 4. Same as in previous example . 

Card S. Same as in previous example. 

Card 6. 

b S fiRST J • 2, NU • 0, :m • 0 , !lL • I , l!Cl • 0, 
t!C2 • 0 , NCI\SE • l. NPRI!!T • l $ 

We have deleted printout as this is now an intermediate 
output . 

Card 7. Same as in previous example. 

Card 8. The second channel (element 5) drains 
two infiltrating planes, (elements 3 and 4) each 100 
ft. wide, and 200 ft. long. The right plane is the 
element 3, and Card 9 will be the same as Card 4 
(except J • 3), since this plane also is the most 
upstream element and contributes to a channel. 

Cols. 2 ... 

b $ FIRST J = 3, NU = 0, NPRINT 1 $ 

Card 9. The data on this card specify the geo­
metry for plane three, and asymptotic (t~) infiltra­
tion rate FMIN (as an indicator of whether this sur­
face is impervious or pervious). FMIN must be in the 
same units as the rainfall , given later, as indicated 
on Card 2 by parameter NUNITS. Its value is found in 
this example, from an infiltrometer experiment as 
explained below. Rl and R2 have been chosen from 
Table A-1 to approximately represent a sparsely vege­
tated rangeland watershed. 

Cch. 

Card 10. The infiltration parameters for the 
model outlined by Eqs. (3-56), (3-60), and (3-64) i n 
Chapter 3 are specified by data in NAMELIST THIRD. 
Table A-2 summarizes the parameters describing infil­
tration from Chapter 3 and their corresponding com­
puter names. To illustrate the deter mination of these 
parameters from field data, we shall here assume that 
an infiltrometer experiment has been performed on the 
same soil type, and the data shown in Table A-3 have 
been obtained. 

The basic model parameters are obtained from this 
infiltrometer data in the following manner. First, a 

log-log plot of t - t
0 
~- f - f~ is made with ini­

tial estimates of t
0 

and f~ This is essentially 

a graphical fitting of the data to Eq. (3-S3), and is 
demonstrated in Fig. A- S. From Table A-2, apparently 

2 < tp < 3 , and a reasonable first estimate for t
0 

i s 1/2 t Apparently, f~ is less than .028 em/min. 
p 

and t
0 

and f~ are varied to obtain a reasonably 

straight line. The process is aided by noting that 
estimates of f that ar e too large or too small 
affect the curve at the lower end (t large) of the 
data, and, conversely , the curve is sensitive to esti­
mates of t

0 
at the opposite (t small) end. The user 

is cautioned that large infiltrometer plots incorporate 
cons iderable storage delay into measurements of the 
plot outflow, which will bias the infiltration para­
meters, unless this is corrected . This as well as 
natural soil variability cause response curves typi­
cally ~to exhibit the sharp break at t = tp shown 

in Fig. 3-S. 

As shown in Fig. A-S, a line has been fitted to 
the data of Table A-2 using t

0 
= 1.3 and fm = 0.01 cpm. 

The intersection of this line with the horizontal line 
representing i • 0.1596 cpm is at tp - t

0 
= 1.45 , 

or tp = 2.75 min. The slope of the line is a= -O.Sl 

and A is the value of f - f~ when t - t
0 

1.0, 

here found to be 0.185 cpm. 

Table A-2 Infiltration Model Parameters 

!nilltut~~ ~e!ereftca Ln •:O"'~uc:er OCI'f l:"lhion Ut\it1 llaitlna v.aluu , 
P~r.a.:~ccor . ~ext. :Pro~r:ua 1f ~"1 

(Ch.J.?ttr l) C.!a7ter l :tym.bol 

·~ · (J•)J) AL 'llliponent ptraeeter for dec.ay .. non• O<cr<l 
curve 

I 
p £;. ()·60) Bp pon.ding ci.CIIe p.lt'.ll!li:lter d1m.ens1onlus ,, .. c<e r 

cl E~. 0•64) 1nfUtUC10n IC.lUn, pat~Mctt ti .. . (•1a )* O<C 

s i i:;.(J·64) St Lnui.:zl vol~trlc. rehttve Oc:S ccS 
V.1ter content 1 • 

s . t;.(J-64) s<~ Nxiou.o volu,r:~etrt.c. waur content .... scs\) ~1 .0 
llo.d.er WiOltion 

y 
r tq. ()·~S ) ltOC volvaetrlc rwht1ve rock content O<ROCccl.O 

•=.ittutu .an c:ud ln suhrouU.nc: oaly. tnput optioa. :ortt:tf vUl govern dat~ units u.ted . 
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Table A-3 Exampl e Infiltrometer Data 
i = 0.1596 em. per min. 

<:: 

~ 
E 
u 

Time Infiltration 
(minutes) (em/mi n) 

') .1596 
1 . 1596 
2 .1596 
3 -150 
4 .106 
5 . 099 
7 .076 
9 -073 

12 .068 
15 .062 
20 .053 
30 . Qt,] 
so -034 

100 .028 

lnfillrometer Experiment 
Soil: Nickel Sill Loam 
Initial Saturation • 0.2 
Max Saturation ~ 0.9 . 
Rock Content = 0.25 
Application Rote= 0.1596cm/min 

Rate 

.§O.I 
I ... 

lp -10 • 1.45min at] 
i- fco•O.I496cpm 

.om~-....l....--l_J--L.J....L..I...LL--.....L_!L.-L...J-L.t...J..Ji...l 
1 10 roo 

H 0 min 

Fig. A-5 Graphical Fitting of Infiltrometer Data to 
Determine Infiltration Parameters a , A , 
t

0 
, and f.., 

Now Eq. (3-55) is used to determine T
0 

1/.51 
T 

0 

0.185 
(1-0.51)( . 01) 1236 min. 

T
0 

is used in Eq . (3-65) with vr 

measured) and the measured variables 

(which must be 

S. and S 
1 max 

from the infil trometer experiment data to obtain cl 
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1236/(.9- . 2)/(1-0.2) 

= 2207 min. 

Bp is obtained by sol ~ing Eq. (3-60). 

obtained as 

Then from Eq. (3-60), 

B p 
.03551 

1 15.96 
n 14.96 

.549 

is first 

This completes the determination of necessary infil­
tration parameters. The data Card 10, for plane 3 
will look thus: 

2 • • • • • . • . . . • • 

o $ TllllW J • J, AL = 0. 51, n = 0.55 , C • 2207 . , 
Sl • 0 . 6, $}1AX • 0.9, R~C • 0.2 $ 

Note that FMIN on Card 9 is the IPH equilalent to 
0.01 cpm of this example, and SI for the simulation 
problem is quite independent of the soil sat uration 
SI from the infil trometer experiment . 

The remaining cards are prepared as described in 
the previous example. 

Card 11. 

Cols. 2 • . 

b $FIRST J = 4, NU = 7, NPRINT = 1 $ 

Card 12. 

Cols. 1 2 .. 

Cols. 

b $SECOND J 4, XL = 200. , W c 100, S = 0 . 06, 
Rl = 0.05, R2 = 2000., FMIN = .2362 $ 

Card 13. 

2 .. 

b $THIRD J = 4, AL = 0.51, B = 0.55, C = 2207., 
SI • 0.6, SMAX = 0.9, R~C = 0.2 $ 

Card 14. 

Cols l 2. • • . . . . . . . . . 

b S f!R~T J = 5, NU = 0 , NR • 4, NL • 3 NCl • 0 
NC2 • 0, NCASE • l, NPRI NT • 1 ' $ , ' 



Card 15. 

Color 
1

? . .•• • ••• 

b S SJ:CONO J ~ 5 , XL= 100. , IJ = 0., S • 0.04, 
ZR • 2., A ~ 0 . 5, Rl • 0•. 020 , FIJIN • 0. $ 

ZL • 2., 

Note that we have specified a channel with 1:2 side 
slopes and 0.5-ft. bottom width. 

Card 16. The last element is to be a round con­
duit rece1v1ng input from channels 2 and 5. The card 
reads as follows: 

2. • . . . 

b $ t'IRSl' J • 6, 1/U • 0 , NR • 0 , tiL • 0 , NCI • 2, 
HC2 • S , NCAS£ • 2, r;rRINT • 2 $ 

Card 17. We will use a 2.0 foot diameter conduit 
150 feet long. 

Cols. 1 2 .. 

b $SECOND J = 6, XL 150., W • 0., S • 0.02, 
DIAM = 2.0, Rl = 0.012, FMIN = 0. $ 

Cards 18, 19. Plane no . 7 might conceptually be 
a parking lot contributing to a swale composed of 
planes 3 and 4 and channel 5. It is used here to 
illustrate both cascading of planes with disparate 
widths, and the flow from an impervious to a pervious 
plane, which the infiltration subroutine is designed 
to treat explicitly (statements 127 to 133). The 
plane will be assumed as foilows: 

Col ... 1 2. 

b $ fiRST J • 7, NU • 0 , NrRn!T • I $ 

$ SECOND J • 7, XL= 100, W = 200 , S • 0.01, Rl • . 012, 
RZ • 100., I'll IN • O. $ . 

Card 20. We have finished describing the water­
shed and this card will contain rainfall data. We 
will use the same rainfall as in the previous example, 
but the time TI(ND) must again extend beyond TFIN. 
As specified by NUNITS, our dimensions are in inches 
per hour. 

Cob . 1 2 .. 

b $ RAW Ql(l) • 0 .5, 1 . 0 , ll. S , 0 . 0 , 0.0, Tl(l) • 0 .0, 
s.o. 10.0, 20.0, 95 . 0, ~0 . 5 $ 
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rROGRAM OUTPUT 

A portion of the computer output for the first 
example is shown in Fig. A-3. The identifying infor­
mation and the rainfall data are shown first. HTRANS 
and QTRANS are the depth and discharge, respectively, 
at which the laminar flow equation and the ~1anning 
equation intersect. The next line shows MBT and NB. 
MBT is the index number in the temporary time-discharge 
storage vectors, QS(I), TS(I) where the hydrograph 
from the next element to be computed will be stored. 
NB(I) is the index number of the storage vector where 
the output from the element being computed is tempor­
arily stored. This location information is only re­
quired for debugging if program changes are made. The 
message "plane No. 1 processes" means that all compu­
tations have been completed for this element. Any 
unprogrammed stop would then be caused by problems 
associated with the next element. The printout of the 
geometric parameters allows one to check the accuracy 
of input data. 

The next several lines of output are optional and 
were printed by setting NPRINT = 2 in Card 6. A2(K), 
K = l, NK is the cross- sectional area in square feet 
at each node point of channel 2 at the time (T(I)(in 
seconds)). QL(I) is the lateral inflow rate in cubic 
feet per second/ft. If this print-out is requested 
for a plane, the depth in feet is given for each node 
point. This information i s normally not required but 
may be useful in special cases or if problems develop. 

The final hydrograph, the volume of rainfall in­
put and the volume of runoff are all printed auto­
matically. 

PROGRAM LISTING 

A complete listing of KINGEN 75 follows. A card 
deck of this'program i n 026 code can be obtained before 
December 31, 1978 for the cost of cards , duplication, 
and postage by wri ting to: 

Secretary, CSU Hydrology Papers 
Engineering Research Center 
Colorado State University Foothills Campus 
Fort Collins, Colorado 80523 

REFERENCE 

Lane, Leonard J., D. A. Woolhiser, and V. M. Yevjevich. 
Influence of Simplifications in Watershed Geometry 
in Simulation of Surface Runoff. CSU Hydrology 
Paper No. 81 , December 1975, SO pp. 



APPENDIX 8 

PROGRAM LISTING- KINGEN 75 

c 

c 

P~O,R•tt Mj \ N C lilrtJJUI oHUI "'UI t I &P(~•INt-'UT •'•"'tt••Ovt..-vt t0(f'U6•0Ul~UT) 
CO .. ,.Ctr 1101 l.tt &O•I •~II( 
CO.,ttOa. /Cfrl.lkl/ Nil[ ,. ,t.O"'t tH1 l..,t."'iUNII S •llrllLt. • CLlH•Ot.L T tfriflCG I iOI 
co .... o ... /G~"\111/ J.:.. ClO It . t .:e ' I~ ftiot l • • q tlOI I II:( I ?O J ·'~1111112'0 I oNI,.. liO I ... A c 

\Ill l '\1tl0lttr4CI ttU tltt(('tL4tl oi'IICASl Uot • .Zl t .!'OI •ltniOI t AUOI , I)J A,HLU t 

2t..P uo• 
(OK,.Ofrf /( V(NT I ll lhoNO • Y1 C I 0 01 • 1 It 100 t o001SI100J • 10811011 oNO t ~U,..M(N 
CO .. tfOtl /PLA"t l/ ... ·~VI.~, ( ')01 • Ol c 10" t . , ._ ... " • ..,., tPUW£.N ISO I I 1 'I uo I ,.;a 

1 o •• • ,,.u.-cu..- • •O• .ot •I NOf .... ' "t. u. 4NV• G'~•••""ilt~•u. os ·~oo 1 •lt._o.u.NO 
lSoLt:llf,. l t l•l):.l C'CU •1.:\.tC~IU 

CQr'l)fQlril /C.J~C/ lt1l f ) itl • h•lt S !l1 • Sl""ll 'JIO I , ~ lfllfi c:aO 1 tC0$11~01 tCOS21"0J , 
ISJ fr( l a t )JH.!" , CUS lA• CO~Zlo 1"1Jb C I 00 I • Of ACtUf' -.c ,a) 

COMiliC/h /CHA"/ U lSOI •AC't ~fn 1ilUtf C lCIOI t AC,t4C JOOt •CIJlt COZ t8tlrrlftf"'jO~l. 
CCit4lliCI"' II "'' Ill Al..t.:'OI t O I tC'OI tCCli)I,U fZUi t St~~~U tC'OI 1 ROCCC'OI 
COt-~"Ofrll ll&• SI tiUW.tPfU'ttl•.\lJ•C.PI,.AIIItM [A-.N'::ItwiH .\N~ 
Dt fii(~)ION ~O t hlO) t 0!»20001• O:OJtlOOI 
oa Ta lL. • 1 s . a 1 . ~.Z ·F~ 1""', ' ft.. . "''*Nu 1 lrliC 1 •HC2 •NCA SE. , .lL • ~R. a.• OlAMtio • -1 • • 

120•-L ~. ;wo•o •• ~~,~ ·o ~ • ~o · o •• .:o• o. •lo•o .co•o. C'O •u, cu• ~t~ ,zo• o • zo•o. to•o. 
z , z o•o , , zo • · •· •iO•o,, 

DA lA " L • I! lt C • S 1 t $ 1'4U t'i0C/l2U•O ,I 
ARIE.A•f, 0 ' . 

CAt..t •E•CEA 
DO 10$ l •lo~£LE 

U•.,LOG" I 
li~( ~•I.AEA •W I.JI • .CL C.J) 
tF ( tii iJI.~( ,Q) CALL ~>'LAP..t: IJI 
t" '" IJI, [~.OJ CALL CliAN~L IJI 

105 CON1l•Ut 
CAt..L ,O.V[Al 12.1 
SUt UI:O•D, 
00 ll. L• I•NI 

tO~LI •O H. I ••Uilt:-.t•::JZOO, 
$UJIIRO•~UMt10•00 ILI • O£L T 
ooa 11..1 •Ott..l•o,o•z:u 

lJO 0031Lh00tli • 0 ,0213ll 
•fll~~t••rtr,.•. ot2•sl 
• PJIIE tJ-AIU t USI &W(Atol .. IE .. 
GO t O Ul~t!ioJ t USI• ,..ll~t 

115 .rAJt[ CI WNITl • hOI Cftli • OOtli•QU:)•Q021ti • ODltL»•L• l•HI I 
GO 10 IJO 

lZO ~AIJE Ch AlT[ • USI CTU.It~OILi tOCL:)•002lL)t00l iL J•L•l •NIJ 
10 10 130 

125 WAitt CJ IIIAil( • UOI tflll t t.IDilltOU.:I•GDZClttOO:HLitl•ltNI I 
130 • A UE lllrAITE • USJ 

SI.IMIN"GH.•SUKA(,./it .S<~~ 
SMROIN•SU,..WD/.t."t:.t.•l lie. 
St'AOC'-•SMAOJN•l.S• 
Slll"a••su .. •o•. oz•ll' 
wAJl£ ti WAJlC•hOI SWIHCthSV"ACM 
lfftJ1£ U • Ail( t l6SI 5 MA0Urft$MROC .. tSUKROtSKNOM 
no• 

135 fOR11'•1 CZOitllHlOTAl AA(A••'ZI,~•Jl"SQ , ''·' OA:. rZI ,St llH SO. M[l 
UASt') . 

140 FOR ... , flSltllH rtNAl TOTAl H'f'O~OI,.A""H•/lll• lOH TUt[ISECI tlU.t6f1QI 
lCF'$1 •t.l• 6HO I I PHI t6AtOH0 I(PMI ••1.• htO U•)P$1 t/ tJll t F1,Z.21 I. t f •• ~, <~~I,( 
2 ••••• •• , ••• •• ,,[1 •.• •• 

U S FONMA'J tlS.C.Zlk fiNAL TOTAL HTOMOI IUPHetlUtlOH T IM[UIIJNitlOA•6110C 
ltf5.J •tl• litHO I I lol,..l ,,. tftHO I CPMJ t61. t l"O (M)PSI till U.tF I .. 2t~U t f"S.'S t4A , f 
Zl ••••' tf'~ •• , •a, t l 0.•1 I 

1\0 rO~tt .. S ll~A t ZlH FlNAL 10TA\.. tUOAOIIIUPth/lU•J011 11~[1hPSitl11At 6,..0C 
lCF!.I ttA, 6HO f l"'HI ,,, t6HO 1( .. 1'41 •••• lHO IM3P~t t/ I lJ. A tF I ,l.ll A tfl ,5 • <~~.lt( 
ze.ttu.«,re ....... . tu •• , 1 

I SS FOIAJifii.U tlH tlt•l.ll.t 31ri£Y(~T IQTAL$ • INPUT A"-0 OU1PIJTJ 
160 FOJII'I& 'J tlH t /91l t l71"WAlfii,Al.1.. OtPfH • tf'l,J t l~" lHCt'I(St OA tfl, J ,4H 

l CIII. t ill 
165 fONJIIA. tl" t 21. • 6HJHCt-4[hotbltJMCM. •SJC tlSHCU, Fl , CIJ,M,ti9J•Uf1TOT 

1AL IU~(tt r t 4lt, I 0,4 t lA tf'i •• t Jl t rM . lt , (l•F~ , )) 

[h0 
SUIIRO" l IN[ REAOEO 
CO .... ON 1101 l"fAOd • AIIf 
CO"P'O .. /C~TAt..l M<~(StNCPI 'Jrrtf lM( tNUfll ( TS,Jrri£.Lt. tCLEI"h0t.L T tNlOt.t "0 I 
(0 ... 1'10 .. /fY(HT I 1 r fH•'tO•~,iJ t l 00 It l I C I tJCI J tOOtH l 00) t TOR I J 00 J, NO . ~u..- Rttot 
COtoltii'Oll /PLAN[ I I J+li~O· .... ~ lbli I tGl C t 00 I t ALPt4A CSU J t POw[A tSO I ' r C I GO J t Cl 

l t lOt J tKUII I 00 I t OA tOT tiNO( A, 111(U ,Ifrrt\hGtUY e 1'1iH I ZOI, OSC~OO I tLttfOtLiNO 
2:StLf.NWitltCU tSOi tYl.C'CSOI 
OI"[~SIOfrw • .,.,0111 

:::~t !: ~ ~:~~: ~~/ N~~~;~=~~~~~~~~!~~N•OCL. T t T~l T A. !EM, 
N&,..[I,.IST /UWDCIV MlOG 
Nht[tJST lt"l~!tll J•f'IIIIJ• ... ~•HltNCJeJit(l•IIIICAS(•NP'RlNT 
NAPII[t,.ISt /SrCOHttl .J•I\. • • ·~· .t~ • lL•A •C\ltM:tM I t R~ of'NI N 
"A~fLJSf lfHUU)I Jt .t.L•,..C,Sl t~IIIAAt ~O( 
HAMIELUT llblfrrill Oltll • hO 
N.&fll(llST l(lfii)('4Y/ GUih fOIItJttO 
Oolf .l IR[olO•l~OJ fCI' ''' 
OAT .I h[l£ t hU[S • CI..C"'• :F UhO[l. I t T(MPt f~(T&IOtO t I • tl"' , 0, t O, t 1.11 
OATil • LOG/10•01 • 
O•T A .. OPt tNf lfiiC • "-1\IHI UIO,'IJ , II 
O• Ta HUtN.AtN\ tN( ltHClt,.(A)l • lroPIINT /0 , ltOtO t Ot 0 t ll 
OAf A ' '- t WtStlA • ll.. tA• ->I .t.M,Itl •AltrMI N/•l , •-1, t O, tO. el, ,-1, t I. • 0, • • • • ,.., 
Oa.T' AL• I • C'•Sit SM.t.ltROCI•• O,/ 
Ol f ll II• T I tOOl , l08tH:O t lrt0/lOO•O, •100• 1 , , IO~•o·. tlOO • 0 .. . o , ot 

c 

t ••••• •••••••••••••••• • •••••• • •••••••••• ••••••• ••••••••••••••••••••••• c 
t RUO I~ OAU • OATA O[Ck SHOU\.0 8( COMPOSU AS FOLLOWS 
C A(AD lN 10£NtJrYJNt l fii'0A'M4HON 10 C04..UMNS 01" t.LPHANUM[AI C JN.rO 
c 

c 

fi:EAO (Ui(AOt USJ UUAOClltl•ltll 
Jr t(OriJI(AOtt IOS•IIOoiOS 

liS STOP 
lll IIIMll[ fi 111Rlt[ t 1901 UCAAOCU•l•ltiJ 

C (UO I • CONTAINS UI11LU LISTEO roo NAH(l! Sl1Bf81N 
C CAROl • CONTAINS VARULES L!Sl£0 r OA NAH[l!Sl lOP liON 
C URO) • CONTAI•S U AIILlS L!Sl(O FOA ~AHELISliCAO[A 
C CAA04 • 1ST CAAO or INFO fOR fLEH(Nl J• CONTA I NS INfO roo QfH[ 
C CONTAU [L(HfNT5 ANO ~HANN[L IYP£"' SE£ NlH[LiSTir!RSl 
C ( AAOS • t NO CAMO 0, l~rO fOR €LlH[It1 J • CONl.AINS ElfHfNl 
C $(0H!TAY &NO AOVOHN(SS COEr • S(f NAH(LISTISt(ONO 
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C C AR06t- OPT I ONAL lll\) Co\"'D O" lhF\) CONIAI~:uG INFlLHU.rt.:.tt 
C C14.t.Qol(T[5tJSTJCS OF P'-AH(S - S"'O"-LO HOI 8£ IHPUl IF 
C rMJN(.J)eO, . 
C CARDS l'•l•t• IO ••• u e-3J-IN•l! P .t. JAS Of Ca.koS fOA OTH(R 
C EL(I<(NIS • St[ C&NOS 4 &·.o ) 
C CANOfJrt-la CC,., .. I,.S ~J ihf"ALL OU A 0 ( ST~AM - SU: NAM£LIST/AAIH 
C CAA'OCNa • CO,;h JNS 08St«~l0 tt•.mOJ"' F"OJ.c O~TIHlt:.tlJON IF OC'SJI;tO 
C CACIO IS OPTIONAl. - S([ H.t.M(lJSTit)iStAv 
~ tHf rOL.LOWI I NG [ JCAMPLE. ( &NOS 1lt.USf~ATE INPC,f tO~ CaAOS ltSt .. HO ~·I 

C $0PfJON Nl0GCll•l • 2 •••1t1 2 • ll tlS• S 
C l StCOlttO J•lt.IL•Z'OO, •-'••0~ • S• O . ~S e0l•l6~ .Rl;;J OO •• t. 
C l k.lllrrf OI CU•1 .tl:,,o.,o,, TJI11•G,t)S ,,zcu.,400 .,NO•t. 
c 
C I"- A(O&ctOS TO OAT& t&~OS 
C J • COLIJHN I JIIIU\of 8( el,.._,« tOQ ALl O&Ta. C• QI)S . 
C I • EJCtt A:(COPOI(ACI't ~(AO ST4T('"'[""TJ ~U~1 tUG IN WITH t. IN 
C COL.U"'t-1 2 ANO E~O • lltt I "FHiot ALL 04U "''J BEE.., COO£U, 
C • ( l C" ktCt;.,:JQ llltJ$ T a( 1~!'..,11 1'1£0 e! Jh~ A WAIIILLlST GAOVP NA"'l 
c U111'"t0 JA1(&..r roLLOtf P;G THE FI ~'S r s. 
C • • A "''"-• OF 1!110 CI·U""t.C l ':.~S A~( AU .. O IIl(D ro~ E.4.CH RE.COolD • THE 
C n:nu CU•O t !F 14rt.£0fD t S f&KT S J~ CCH • • t fNClMING IN COt..il 
C - ·~0 ~Uij '$C 0 1 P1S Ort I.IWIAC•Ll ') c .. ,., Elt U"t.:> Or4 lfA"4CLt STn' J..,~1 
C AN (.I IIlli£: lIST I ~LCQ!,Q 0 A Tl. (AM!)S C (Vt. N l "OVbl"\ THr.Y A lot( :,uti• 
C SC..,.IPtCD LUll.. IN T..-(. P~OI;,•IAJ4J 
C 6- lMf C$ VFI5C.A I PT (l) f 'l l-lt.JUH£0 FOR Jtof'Uf Of "Jotc:tA1'S Nl,.I7.G• 
c c r, rr .oo ... . &Nn '"" j ·.-et t' ~.tl'4 .. "t o" '~ c '~o~os II'Ok ouo~A M·O 
C Jt&lr4 P4AWtl i ~f (;&WIJIJ OA f& l t,PIJT Cl AWIII ICAT l ONI 
C l • AI,L ,I. ~~J")JIIjM(NI $ ll'!J$. T hf. fOLLC.wtO bY a. CUJ"1"4At ElC(Pf T .. ( 
C L&S1 OP:f., 
C I .. YiiiiAbl(:, ~n ~t LJ!>r£,.J !N Atl'r O~JlR OA ,.~T f'[ OM(Tft:O Jr 
C P~Ol •·HOE'O row TM( S lf•r.nC(IN • OllllTl tU VAUJA"LE'S tfiLL ti( 
C Stt TO ZCJ.i'O • (u..,y,, ,.l .. , ' " "'U ~ • I L l J.o.l I !>$Ut.O HY PPUG1ti1114 I, 
( ZCWCi I ~ hOf A~oL(; IIIlO II)~ A J-a ..,rtCUL. '"" 'HoloiJA~L.[ , 
C • C" PO PAI'-'S ~ l'jW ( l t;:H t.l~ f '"'!Ill CUt h[ AC.. .. Mtf,tO lfll AU'r 0"Ci( Q -
C P,.OC[)>~I,G 'll li.L !>f fll,. 'JCC.t.~lot &S ~""lC iflt. U ~y hLOU: .. flr;~oo.(V[N 
C flliiS f Jo~U$ T ..,.,f.CUO :.ttc•U••O fON (ACH oJ LLlMt.Joif, 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

11• A Y• tU£ ' ON J MUST tl( SP((tfiEO UN BOT" f 1•ST A~ StCOHO 
Jl• A Moll 0, lO h ,( lllt NT~ JoiU f.f. IN~UJ • 
11 .. 00 NOT INPUT NolJolt.I,.J5J GM6Ufl T""1A'O If fMI,. fJI • O lh StCOhO, 

h Put va•u:tL£S 
Jri[L[ • ~U~f.Jt 0' (f.r.,t.HlS• ~[S4~(StSlfMC( LAW COO(ISEE CO~ottt(tff$ 
IN Pt aNO • CU:Irii•C.,.bACT(Itl$11( L:(~tiT"•tFIIrll• f t..-t. JO [NO Pt10Ct.S~. 
Otli•TJM( IP•C"'( fot( ,.l r -.JA OV f f""'U I • tt. wP .. _,al(llll 1( .. ~.fltf OfG~U.S , .. 
f.}(,AV\. 1 I~ ·~' ) • l"(l A-•t.IG~tTihl 'ACtOR IIlii l .. l'liCII SOLVIIJtt 
' 0AMU\.AS CO(~' AU~I \'ALU( I S l . J 
e.OPf • O.-JlWJ ft. 110' C0-0£ t::tl£ COHit[NlS IN OoJTJJOU .NT I"'[•T Jl"i O"'fTS 
(00[ VMI(" -.PPlJ(:.> TO J"'t"Uft r fQ-14 ~o\IN " •tft.ll"'• O!llt .\.HO 

1"-rU .. ll.t.TION PA" A,.[TN. Ci t o\HO 0 \IIPUf fi"[S, CDU£ l a S(C •• l • 
llfJII,, ANO la Hl'l. hl.INltS •( .. Gtl~rt OW ~ot[ll'fiC UNI TS COO( •l • 
(Nfii.. ISM -IP1'4t ". 2 • *'4L11!(J( .. Ct''M• .. £.lEAS 
--.I..OGClOI-(AC"" £L("'( N I 0~ .t.ACh't' CVHT&I~~ A J - W.I.T[~~h(O 

(ltMf!lrrll$ &A[ PlotOCf ) SfO J llll OROt• Of" H'-C(H P • I• t '"'Fl[ • 
., ... . ,.J(-.SH(O lLtf'4£NT IOCH'lfi i!A•t•UIJI-J 'fALU( OF PlAN( COHTA18. 
.lf U'PfA IOUHO Of (Lt: ... Ehl J•~AC.JJ•J ULYE Of' PU•NE (0JIIj1ftiH . TO 
A:lGttT $(0£ Of C"'4AI.f""tl.. J•t..l..t.J•·S..t.M£ [J:CE. PT· TO Lf.fl 'HOE,,..Cll.JI -J 
Y•LU[ O' (MUI "' CC.H1oll" TO UPP(A fiOIJNIJ t:F CHAN .J•HC21JJ - S AME A$ 
Jr,j(l CS[CONO CONIP18 CMAN I ,._( AS[f.J)-(11AN"'t[.L TT ... [ COOE f'O~ C~.t. ... J 
CS£t COfii~[NTS ~~ (1"1 -.hNLI •H~.iii,.,T •..,ill tr.~T COO( • 1 I, NO PIU~T?Vf 
OtSIIil£0 • • l If' PI'Jt NT OIJ f O£ St1tCI) ' 0 H li"'IS t l £"ENT. 

lLC.Jf•l(NGT~ .Of ( L[ ... ENT J• II CJI .. !tJOTH Of" EI,.(-.(NT JtrOR (rU._f.,ElS • 
• C.Jl a O,ltSIJI -Sl.OP( OF £L(M( NT JllRIJI - ::tLCP£ Of- Rl~i"'T SUlE OF 
TAt PEZOJDAL C"AHJrriCL J•tl.IJ~·SU~€ aS tR f l CfP T lEFT 5 10(•AI.JI ­
h i[ I GMf 0' [ICLVO~O TRIArfGLE ' 0 " T~tPflOIO CHANNEL J•0UI'CIJI­
DIA1'4( TfJt 0, (]ACYLAk ("ANNEL J•Al CJI-TU~8ULfNl L.lW ROV6P1N(::,.S 
fiACTORIMANNJ~G H Oto' CM[l'r Cl f"OR ELEMENT .JIR(OUI~E:Di tAZI..Jl­

LA• JNAA kOVGI"''JfiSS r aC10ACRfYt.4DLD-S K1 F OR ELEHt.Nf J IO~llON~L) t 
, ,_.JNCoJ)"'MINirotUK INFJL YAAIIOH t:taff ,OR •L •""E J, 
ALCJ itiCJi t (C..JI • tNFtLT~AHON PAIU1'4[T£~S Ot:T(fhlf,..EO IT SOrt.. 
CHAfUCTfQUiTJCS. SEE A,[ , SlollTH-S PAPEk lN JOU~N. HYOAOL, .'I. ll • 
~ .llltlq),z,, UtJI - INI T IAL SOJI.. f'101STtJR( CONT[~T OF PL-.N( J • 
SlolAlCJJ .. lo4AIJMUN lo401$TUR( SfORolG£ CAPAC . Of" Pl .t.N( J t AOCI.JI • 
P[• C!Nl AOCK CONI[hl OF SO IL IN PLANl J 
OJtlOOI•ARfhl' CONT.I.INl~G lof:AJNFALL A•t[ IJN/t'!M OA CIIII/MA:I 
HUOOJ -Tt H£5 COAfi(SPONOCNG TO 01 (l£111ENTS t NO-NVIIIRfA Of RALH­
f &Ll O&U PURS t008C l 001-08S£,.YE0 AVhOFF' MTO&fQGRAP" F'OR OPf ]!IC• 
UATJ OH IJH/tt .. Of! (llt/MA'I t TOIIltDI•flto~[$ C01h~£Sf.'ONSINS TO 008 
[l.IEMENTStNO•hUJo118IA 0' OWS[A~CC> AUHO,, OAT~ P A.IW$ , 

... "[,.[IIIB(A • 00 HOT PUT Su8StAJPTS ON DATA GAOUPS 'lAST ANO 
StCONO • HOW(Y[R t fH[ StJISCAIPT Ill JS ~EQUlll[O F OR AN" .IAAU'S 
JH t&Tt GAOUitS OADE•• A.t.I~• OA OIS!AW,••••••••• • ••• • •••• ••••• 

c ...... ....... ....... ... ........... . ................... ............ . . . . 
c 
c 
c 
c 
c 
c 

c 

lH[ f 0LL0W(Nf &Oct &~RAY O!HlNS! ONt VS[O AS CHf.CKS ~llMIN lH( PAOGA 
L(HfS • S !Z[ OF OS 
L(hO • SIZE o• 0 
l[NMI • SU£ OF HI 

LENtS• Sot 
L(hh iOt 
l("-"l • 5t 
GftAV•JZ:.IJ 
ISUf .. 6-A[A0[M 
A[AD CI AfA0 •8E61HI 

c - --- ---------- -----------------c 
C SUf'AOUT IH( IN~'[C (H[(KJ. INPUT OATl f"'OR .t.NT 08WtOUS (A:QORS OA 
C OMISS I ONS. SUBOOVlll•( RtsEl ' LACES U LUES R[&O fNO~ fiASl• SECONO • 
C •lMI"O INfO fHf.(R AJIPWOPtiii AT[ .t.ftftAl' lOC&TlDNS IN COHHOH/G(OMI!NfU. 
c 
c ---·-- ----·····------------·-- ·--
( 

CALl INSP(C II• t o Ol 
AUO IIA(AOoOPTIONI 
C•LL lNSPEC: rlt O• OI 
Nt AO (IP[olO•OROtRI 
C.ALL INS I•[C fl • O• O, 
JLSI•HLOO II<[ LEI 



00 ll!lo l•leN(l[ 
0(&~ I I A(• Oof l AS II 
.J.J• .J 
ltEAD C 1P£A0tS(CO~Ol 
IF C J. ~( • .JJ' CALL t NNOR ct~\Jttfif•S • JJ• Jl 
}F trMJN,GT , O. OCHtlf ..a['AO t I A[AD t '"I MOl 
( AU,. A[S(T I.J• Al• • • S • M 1 tlltl • f Ml lll tNI_., ... Il,HU• "'C I t~CZ • NCASE •lRt ll• A• 
Dl "", AL t 8 • C t Sl •~"A"• ofO( , ,.PtflMT) 
c .-Ll. l NSP£C U •t • .hJLSfl 
(Al.l. lNSPf C C6tJt0) 

liS CONI! '<UF 
N(AD lflt[ &Ot iU I""I 
IF" tT I CNOI ... TFI""I 120 • 12~• U) 

l l O lliO•f<o:O• L 
fl tHO ~ •ff'"tN 
0111o10 • • 0 , 0 
trlfl t f CIW1t1TC • l951 

1 25 lF fllo;QPT . Gt . OJ lo![AO (IM(ADt 08S:ER~· 
( ALL Ito~ SPEC (~t 0 t 0 I 
I f 1NR[$ , N[ , Z,ANO.•R£S, N[ , J I GO 10 130 

c 
C COMPU1( •ll<tMAf!C YI SCOSHT I N SO, r! . IS[C, 
c 

t 

I F tTf:MP,[ O,O,) TEMP•6S , 
T(MP• CS , /9,) . t TI!:14P•JZ . I 
I HU• C, 00000177561 t I , • 0 , tlJ61• T[• P• O, OOOZ'li • T[MP• ftMP ) ) 
l " U• lH,JII0. 02S••O, Oi)4•h • , l 

\30 PO 135 Co loNEl[ 
1)5 N81li•O 

IIIAJl[ CI WRlT[t ZOO) 
10 J O 1) 4 0 t l45 t lSOi t HTI .. E. 

)40 WAllE I J • RJTE • 20S J 
FC• t .Olb6666t.67 
GO 10 ISS 

I 4S WAll£ II WRJIE • ZIOI 
F"C•l , t 
GO TO IS~ 

15 0 WAl lE II WRI ItoZl S I 
rc•••. 

155 SUM.I(;MaO, 
00 ilSO l•lt NO 

80 TO Cl60 tlf>S h NOHITS 
160 Ol[oQI III 

orc•orc•.o•:JlJJ 
&o to no 

165 OI(•Ql fJ t i,O,.ll33 
I JC•OJ tU 

llO ·~JfE 11 111Rill t 2201 TJC I I •OI't •OJ C 
I F lhO•II 110•110 d 7S 

17S I P • I • I 
S UP4R:( Joll •$lJ)4H(M+FC• Il l l t Pl • TI C I , J • OJC 

180 CONtiNUE 

C • • • CONY(AI Tilt( INtO ~(CONOS ••o OISC"AAG( J~tO tU.fl. P(~ SEC , 
c 

c 

CALL CONY[AT C I I 
~O~RN 

l i!J rOAM& f 18&10J 
t'9o r oHtr• t C1t"~t.3alot 
l~S r OJ;U•• T t78H J. POI NT CII NC•lJ tl iiHO• JI HAS R[(fli AODEO 10 AUH o• Tt 

hO litti T Tllt.IO• ll • l f'I NJ 
200 F'OJI'MAT f 2 lH fP~PUl ~AlU(S• T IM[ttU. t iMA AlhFA.ll l 
205 FQAfi .AT (J5XtSrUS(CJ t U.lt~rtC I PH I t fA t4HICMI!oH~ l I 
21 0 fCRJol'..t l I)SI.t5Ht lll fHi t 12J.• SHCIP111 t J A. &HCCM/to~I""J) 

ZIS '0Niit A1 t I 'S.l t SHCI1HS I t l2li.•SI1C IP11J , Ja,8tH(ioli / MI H J J 
220 roiU•..A T f i U tf lO . Z t ~.t tf'HI . J , ~.II•' lO •' I 

(HO 
Sti8• 0'.ITJN£ I NSP(C INP[AO, J , .JLSTI 

(OH .. OH /GEOJo4/ ) li10i t ll flOJ t ::tUOl tN l UO I t AZ CZOI •'~'~ lNC 20J t N~ 120 1 tNP I 
UU t NI.JC20t t NC) tZOJ tNClUOi thCA~( ll! OI • lL.tt:loO t LHilOJ •A ilOJ • DU MilOI t 

2""PUOI 

(0Hf'ON ICNTiitL/ NldS tNO.,l • "'iT hilt: , ,..uH lTS •Nl\.( t CLt~~ot •Ot.l f •NLOftl ('0 l 
CC••u•Oh /tNrlll AL.Ii'OI t lllc'OI •C I CO I • Sf 120 I t)'otAA lc'O I • kOC I lUI 
CCJoii.,.OIM I(VLHT.I 1,t,...•H0•1.)J 110Q), tIC t 00) tllOW 11001 • 1081 100) t NO t ~Vto~M('4 

c 
C l .. 1. S SU8ROUTJP.,( INSPECT$ l"[ ~~~UT DATA f OR AHY OfiV I OUS (RRO'IS 
c 

J$Uiii A:•~M I -.SPrC 
r.o TO IIO'!> t liO • llS t llO ol SOelJDI• Nll[AO 

lOS Jr tt.lL( ,[O,ot ( Alt.. t.Siof011 CISUf,~ tft4ri .. (L(•OI 
IF ICLCN~!O. O,I CALL ('-'IP'ICN ()~IJHQ• I••I"'CI,.(N.OI 

lF ,, 1,..,£0, 0 . 1 (AI..L (WWvk l t~Utflhl,.u-4TP JN o 01 
J, I~A(S .tO. "I C.lLL (q~\Jk l l~U~*'t d o •I"'~RlS • Ot 
J f I:Of ll,(O. O. J C .. ll (ll'ftOA (J~IJiiR"• l• •"-OELT • Ol 

J f ( Jofll($. GT .41 CALL. ( PNOD ll~t..~tf • --t • •rt:~;"l($ tN~(SJ 
IF I N[L[ . G1 , 21H C.tc..l (AAQH II"Jo LJIIIIt•lt4H~f.ll•"-ilC: I 
Rll UAN 

1 10 I' 'N1U~f' , (0,01 CALL f~QOM C I ~U91h .. ~HN'I 111E • CI 
IF 'CHVNtTS .. £0 , 01 CALl [I.UcOq CISIJfllf t l t OMNJ..NJlS • OJ 
Jr 1 tc8PT • .-T. )) CALL (RofOR tiSIJtolt e J ••t'INOPI•MlPfl 
Jr «NlJM(,(iJ, l) C• Ll f,ARO~ ti5Ub "•.l•5t1"'11lMlt"'ll"'[ J 
I' U~UNJ T$ ,GT .2J CALL [~A~M t iSU81of , ) ,OrH'4UNll ~ t "''UNJ TS I 
~(1lJAN 

11 5> JF ( foilOG CN[l£1 ,.[O, OJ CALl CAROM I ISU8A e4 ,,.LOG t N[L£ ) tHE'L £) 
RtTUt:a'H 

120 J f U LC.JJ , lT . O. J CAll. CAAOR t1SV81tt2 t2~U\. t .JI 
J, t fi (JI,I,. l,O. J CALL f.ANO~ CI !:IU8R -.~ • lH'W• .Jt 
t r CSC.J I .[O. O. I CALL Eq"OA fJSV8Q•ZdttS t Jt 
I f 1Rli.J) .. £0,01 ) CALL (NAOA llSV811 • 2 • 2HAl • .Jl 
I f IW (.J).N( , O.I 60 f O \40 
J r ULI JJ , (Q. O, . ANO . J ,.IIt[ , J'-SH CAl L (~~OR fiSU81t ,6 e J t 0 1 
Jr UcCASE CJl . t.:O. OJ CJ I,.L (1-f~OA llSUAk t 2 t !I>MNCAS( •J) 
J f t._CAS[IJI . GT . )J CAll.. E.R~OR t1SU6R el • 5IHN(AS£ t JI 
GO TO U zs, lJO •I lSI • NCAS l CJI 

125 lf ClLIJJ.( O, O,J CALL flo••O~ I JSUI~•ZtlHll•J) 
I f cz• tJI.fO, O. t CALL ERJION 1l SU~*·2•2)'4"$t •JI 
Jr UIJI ,I,.T, O, I tALL [qAOfc IISU8A•2 t l~At JI 
50 to u s 

130 lJ 101AMIJJ . EO . O, I CALL ( HitOR Cl$-.;8R t 2 et...OJ-l"' •.Jl 
~0 1 0 .. , 

u s no• 5333 
140 Jf' txl (,JI , [ O, O, I C.tll ERilOct ll!tVQA,J,lHAL • JJ 

lF ( Na(S.E0. 2 ,ANO, Al1J) , [ W. O, I C&t:l (RAOA ClSuea . ~ , 2MAl tJI 

I ' 1N* ES. EQ., J ,&to.O, RZCJI.f0 . 0 , ) CAI:L EANCR tlSU8A t ~t"lHA2 •JJ 
I•S 11(1 UAN 
! SO JF t N0 ,£0 , 01 CALL. [AAOA IISUtlk•l• ltt~OtO) 

tC!t•t 

45 

00 I SS I•I•NO 
I ' tO IC)t,t4[.0, l JCIC.a l 
I f ITIII,e(O, O,.ANO .. I.H[ , lt Cl l:L (lltAOA tiSU8ft tlt2HTit U 

ISS CONllHU£ 
I f tiU[ , [Q, Ot CALL [RAOR CJSU8R e7tZMGlt4"RAJ Jrll l 
If t~OPT ,[Q, OI GO TO 16 5 
•uc.-t 
I~ 1110 , [0,01 CALL [IIAO• t ISUIOol oZ.,NOoOI 
DO U t l •l•HO 

If C008C I),p.;[ , O, J ~K• l 

I F' ITOBI( I,[ Q. O.,ANO,J,NE.Il CALL. (RAOA U SUBA t 8 • lHl08tl l 
IU CONlJNU( 

tr U(,[O. OJ CAll (RttO• CJS\,11Ut,7 ,JH001•6HOISCN'i t 
165 • truP.• 
170 I f l r • I NI JI , L( , O, OOO I I 6 0 tO 115 

lF U l.C.JI . tO . O. I C .. '-L ( lol f.l(l lof c i SU8f' • l t 2 1o4AL •JI 
IF t8CJI.((J ,O. I CAL\, t~lo!(.lk II~UIII• l• t "'- •.JI 
If ICC.JJ 4 (c,. .. o , t CALL [II~(IK II)UidA• Z• th(,JJ 
I f ('\ltAA I.JI.(~,j , O . I C• Ll [HOfUk I I !I.Uiitk• Z t•t1St'AJ t .JI 

175 R[ I UPH 

E• O 
5U8.0UlJN( ~[~[T I I • l l T •Wf , \f t ilT eRZT ,rMINf tN"l f tNNl • NUl t lr4C I T .~ClT, 

J NCA~(T t l&tl , ZL T ,J. t t Ot A "'T , A.L t •0 1 , C T • ST f t $HA.l T t~OC f tNPT I 
CD!o4H(IU lt~J I I,. I At,. I C' U} • EI £2 U I • C l i:O I .. s t 12"0 J . ~ttAl llOI t POC I ZO J 
C.OHfi' OW / {lfU,../ .CL 1?0 I • • ClOJ t 'liC'Ol ,RIIl01 •k't4~1JI , , MII tr.!C20J ,,..L Cir!OI t ~A( 

1201 •HU 1?0 I tPl( l C20 f • .,Cz CZOf •"'C&\liZU tll IZU J t lW tt'OJ • 41 201 t O U~o~~ CC'U • 
2NP t ~ l)l 

fii!UC U•NU T 

NUT•O 
tr-A ti i • HPT 
N.Ji h O 
Hlll i •Nl T 
~l.l •D 
Ntlt llo~CII 
hCiht 
HCl t II ~NC2T 
ltiiCZT• O 
NC&S[ t t I ·~CU[T 
NCioS(hO 
• LI IJ•ILT 
I L 1• · 1. 
WIJI .. f ., .... 
S CihSf 
S Tat. 
ZA t1 t •Z.PT 
ZAho . 
ZL IP • ZL.T 
ZL.1•0 . 
AIJhll ., ..... 
OIAfiiCl J•OU~T 
0 1&1111 • 0. 
RJ I II•RJT 
Rl f•O• 
IA2 11 J • RlT 
R2l•O. 
f~JII I I I•F,.JNT 
f"MJ irltT•o .. 
l L tii • • LT 
AL 1• 0, 
&t l 1•8T ., ... 
COt•CT 
CT•t. 
Slllt•SJT 
5 1T• O. 
S .. Al t I ) •SNAil 
S"'AJ T•O . 
lii:OC1 J t • AOCT 
AOCh O, 
NP CH • NPT 
NPh l 
A[fUAiif 

c~o 
SY8AOUII~( t0NY[A1 C<(Y I 
COMMON /CHT~l/ ~REStNOPl t Nf ltolf. , ,..UNI TS • NELE • ClEH t Ot.l T tNL08 ClO I 
COfolii'ON I"G[O .. I" .ll 120) till 1~01 , :a c~O J t lll llOl e Al t 20J t f MIH tlU •Nol. nO I • NR ( 

! 2 01 tN"U 120 ) eNCJ 120 J t lo.C2 CZC.I ,,...CASE llOJ • lL tZO) •ZA CZOJ e AIZO J t OlAM CZO) t 
ZNPU OI 

COM,.ON / [ V[ NT I Tr 1NtNO t 0 1 C lUO I , T l 110 0 1 t OOB l lOO I t lOB t 100 1 tNOtSU,..ACM 
CQMttON /PLAN( l/ HI 4 50 I ut21SU I t OLIIOOI t AL.Ptt.&. f SO I t POwt R CSO t • T ll 00 I tO 

l C l 00) t hU8 () 001 .DX t 01, lifO[ I , h t£TA,IHUtOPA'i•N81lOJ t OS 1!1.00 I • Lt:NOtt..tNO 
2 $ tl(~Hl tL•O&..l (~0) • CtL2 f!tU 
CO~ .. OW /C"'A~I A. ll SO J , ll ISO) t 0\.48 f I 00 I tAU8 I I 00 I eCOJ • COZ • I • NI •NOO\,.. 
CQf'ljotQiol / IHfJL/ J l t 20J • 814201 t CCZOt t St UOI t S ttAII ZOi t AOCcZOJ 
GO 10 tlOS t UOit KfT 

~ K(T• I . .. CON~(~T JNPUI UNitS tO t M8S[ OP[RU U ON OT PAOGAU 
t 

~ lKIS OO~l iON CONV(AIS • LL liMEs 10 S[(0N0S o" El£NS TO ~[[lo&NO 
C Clll / .. 111 OA J N/HA TO Cu.rt , ISt.C •• • • ,.,, • • 
G 

c 

105 GO t O III Ooll 5 oiZO io NTJM[ 
llO F AC• l • 

GO IO 12 5 
liS f l(o60 , 

GO 10 IZS 
l ZO f AC• l 6 00 . 
lZS H l N•lr tN• , t C 

CEL f • DEL T• r AC 

00 I Jt I• I•ZO 
UO CC li•C IJI • ' ACibO. 

00 U 5 J c loJoiO 
• ••', :oJ, r ,,. 32oo. 

l l S ll fl t • Ttctt•I"I C 
t r I NOPT , [I),OI GO TO l • !J 
DO ht l •l oNO 

0 0 11 C J I•OilA It J .1• 1200 • 
140 TOft.tJ)-;J0811t • f AC 

C ME TIJ C CON•USION 
t 

l 4S GO to t ll5tlSOit NUN lTS 
I SO 00 ISS l•l•Hfl 
ISS ~I II I •QitJ I •2J. •2l 

l r t•C·PI,(Q,OI GJ lO Ill~ 



c 

0<1 160 l•l•lriO 
u o ooe c n •oC'sct, •zl.•zz 
165 Cl..llrri•CUN• l.2~11 

0 0 .,. 1•1·20 
l l fll • l LCJI•l . l!:ll 
!If ( I) ~tV II J • J . 181 
• «lhJ. (lJ • l . l-1 
Olf.N II h01Aotct I • l . 2111 
fill INC lId tc lNil I • 23 . 6il 

llO CCONTJPI.U[ 
llS R~l URN 

C 11Ct::Y•2· , CCNV[Itl \JNlTS 'IACIIC rOR CON'fhUlN1 OUlttuT 
c 
C CChY[ Il ·~~ CU.H.IS£C TO t • IHRo StCO"'IS TO OtSlREU UNITS ••••• 
c 

c 

110 GO 10 118S t UOtlt5 h "JTH11£ 
U S OJW•l • 

GO TO 200 
~~· 0 1 .. •60. 

GO TO 200 
19S OI Y• J •oo. 
2 U DO zo• l • l • NO 

TICU:fltJ J/0 ( ~ 
zos 01 c u •ot cr •••Jzoa . 

IF INOPT ,[0.01 GO 10 21~ 
DO ZU l•l•HO 

TOWCii•T08Cii/DIV 
210 00810•008fi J•4 llOO. 
21S A~EII• O• 

DO 22t JKl tN[l.£ 
JIINlOG Cl) 

220 IIR( t•aM(A • UI..C • .n •• t . .UI 
00 2 2 5 J:ltNI 

ffll : lfii/Of'f' 
US OC l>•01Ji' 4 3200./lA[ l 

ACTUA• 

(HD 
SU8RnU1 INE PLANf IJJ 
CC•f!IION /10/ 1A(A0 • I 'IIQtl( 
CO•MON /CNTPL/ Pl.li'£~,NQP r • NT I to~[ tNUN ( TS t N£l( t CI..t.N•OlL T t N1.00 I Zlll 
C0,..""0 N / GF;Oiil/ Jll201 t~ I,01 · ~(~4; J tA'l r201 t~(t ~OJ ''""lNUO itNLClOJ t#IIIU ( 

120 J t fiiU t20J •ttCJ 1201 th.Ci I.e OJ • '-iCASE l l O I • lL ClUJ • lk llO J • A. c?OJ •OU114 11 0 I • 
lNP UOI 

COIIIIJION /(W(NT / Tf 11"11••4~ • ~ 111001 t tIC lUO I o4;0ti I j 00 It 1U., I 100 J oHOt Su.,CoiCN 
(0,.-JitON /PlHII[ l I ~~ ~~e; I t HZI I)Vl • Ct. I) 04.11 t ALP,.AISCil tfo'O~[A 1~01 • J 11 001 , Q 

I C) 0 I) t HU8 C 100 I t CJ t Ot •I ~.,i (J f J. , l h( JA t .fiNUoGiotA'I •Na I C'Ct I • QS C SUO I • Lf,Nr.l •L.l~U 
2St L[~l~ l•L • •)L I C~O I • 'lLZ C ':lo0 I 

CO !JilliON /Ck6N/ J t I ~01 t All '"' •QUiH I ~U • AU8110U J • CO l • CO?•~•-HI tNOCL 
C01f .. 0 " IIHf ILl AL 12C,I • Ill IC'U , (riO J t S I UOJ oSMAA. teO t , woe tc'OI 
(0.-,.,0N /I,.A•S/ l fUNI9 •"'V'"" '.lL.aM.l-l a ... t4TWAtf"io0tfil:olNS 
OIM(NSIQN J:lNI~Oh f.ltfiOOJ . 0Jf'l11)01 t "VC.I._,fl'lOJ 
o a t • i t.At:K/111 1 

C C&t,.CYliT( HUMfltA Of DlSl&NC( J~tCif(M(Nh t~•O &NO T"[ OtSTAH([ 
C Jfrii(I(" (Uf SJl( IOU • 
c 

c 
c 

~Utoll•f. 

S\.lti&•S!JIIl 
N.C .,f'Al l t 11~. •.at. IJI/CL(Nl , l.OJ 
H i~"*Ll .. l.tNp,J) GU TO 10) 
w~T{ CI•Aift•l~Oi 
SfO.,. 

lOS fJJ • l l. IJIICflOAflfrHO•l,l 

'"' l trr.. c • .H •FN IN C.ll/.0, 
00 I I f IC•l •""lli 

GL Jtl<hQI IU 
1 \. JtiO aQ{()) 
WIIJO•O.O 

110 CONIIOU[ 
.... l 
l •2 
ttU• t.o . 
OCJr • t, o 
U' I I I • Qt ll I 
liL.,•l Cl) • D(L T 
Rl CL I • Ul rll 

( lt[SLA'- CALCV1., &1[$ YALU!S 10 9[ Pl &C[O I N Tt1[ UII:.US AC..Pt'IA IIIIi I AlrolO 
C PO_.f.t OO, W(SLA-. ~[IUkN$ .. IT" 'O l.Vt:S FOA ATY~_. , P,UAtlt&lAMtANO 

C fiL A.,_ "rtiCtt aQ[ lP'!E At.~"" &~0 PO• £H YALU[S FOR A TURBV\..(Nf AND 
C ltt[ l,lo!•l f li!IIIR 0'9[A!,.&t.IO ' '-0• IIIOOIELS li( SP(CTI'f'(I.,T. 
( NGfS• I ..... AHNJflll; 
C kAt::S•l • .,tollHirrfiNG•t &•l .. l R 
C N~tS•l . • . CH(Z'f'•LAIIII INUc 
C NA[S:a4,, . CHElY 
c 
C CtrGoLA11 PLAC[5 lMf: &PP"O'• U f[ VIILES AlPEADY CAlCUI. Af(O IN' lii[SLAW 
( lh10 f "( AAI:tATS AI.,PMt. f"t ANO POw(JiiUU t tc.cl tfrf!IC 0[P["0[NT UPON 
C CJ!ll l [A fA 1"4~0\,.II(NG t1TAAH$ &NO OlflA"tS. lF tfl&G•O• ••ALPHA AN"O PQ11(11 
C .UUUYS ~ ILL 8( SASSED ON A TU8U\..£NT F LOW I'IOUEL, Jr lfLAG •l fHESE 
C liAP " YS WlLL 8( 8ASEO ON T1'1( LAMINt.H rLOW H00tl... 
c 

c 
c 
c 
c 

CALl • ESLtlf INA(StJ) 
P,_lNT 2&St ttTA&NSt(;lM4NS 

IF U'IIY(.II-01 ) U ,l2Stll5 

C OlH(A P~lHES ••t COOTNI8UIT1<5 - - CHtC• tO SU I' COAOlCT ~u IS '" 
C [ fr(CI - - Cl~CUll ll UPP[H BOUND OfPtHS CHvei ' OM ALL TIM£ INCNtMNf 
c 

c 

US JJ•~UIJJ 
fo1~•frii8(.JJJ .. l 
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CALIU~AT( S(CONO DEA I VA11Vf O' DI SCHARGE IOH wiTH R[SP[CT TO l 
IOZO/UOII 

IF TAAUZ.(O.O,t GO ID lOS 
'•c ••••t• uou• zzt 
l [A"I •rAC .. Pttl• PMl• CJ . • A•CICOUMU • OUM22t) I C 2 ,•OUM~ZJ 
1[At'!Z•fAC• • PMl• C•Piflll l • I 1.-a.-.EAI:• l C•OUfiiZZI tCOl•OU141l4f!) I COUMIZ•OUN2ZJ 

1 I I U. •OUMJZ•OUMZ2 J 
OllOD&~•ALPH& C.J) • t Tt.MMl-' EAMt) 
eo To 110 

IU OZOD4h0 , 
110 CON!IIoU[ 

'!HIT( D"F(A[N([ [QH, AND ITS OEAIUTJV[ 

, J•I&JI:(.U•AAE:All / C01•Z. I • fT"C: U IOII • DOOA fZI • U·AZtJI I • (1H[TA110.A I • 
l DiiiDAC b•tU IJ•l ) •AI IJI l • o.s• CCI.L fL•l J •Ol Clll 

OI[A,•& . I tl. • OT J • C1K( f A/01 1 • COCOA lZJ •OZOD&I•IJ.•AZ (,,U J J 
A[! IAN 

[MD 
sueaofiTJNt IMPClA u.,.a..otAf'l 
COMMON /PLANt 11 " ' 1)1 1 • "'2l50 J t Ol ctOOJ • ' L''"" f~CII) tPOV(ttCSI h T 1100 I tO 

It lOti t ttuic It I I tO A •01 tiNO(a, ht(TA.AHU.GAAV.HI ~~·· .os CSOU tl[NO•LEWQ 
lStl("Ml tltCI\.1 fSOI • flt.lt!:Jt• 

COM .. O*'i ICI&tC/ ft.l C~~l• lt\2tSOI •SINt«!:JOJ .~JNZC~OJ •CUSliSOt .COSZ'I~Ot • 
l Sihl• •SINl'&t COS l AeCOSi& • t"Utff lOOieOra C,I'.If'AC• O 

CO•• o• /101 ~~~AO • I•MITL 
OI•EHUON OADI"IZI • OODh<IZI 
NC•t 
J•l hOtl 
Jfl' l•J•l 
o• a:oa• h•tU 
'•POwtAtJI• , .. , ..... ,. 
Pt112~P·l. 

I' 1a.co. t.J a•o·•••• 
AJriltL2A• «. .. lHl C..M'& J 1/k. 
AN,4,.10• CHtl C.Jt • tHJ C.llt1 tIll. . 

&httZO•CJ•,.,2 1.Jll~~. 

SI~U•SI H I • MOLllt 
SI~ IO• SIHI IJI 
SJ~lO•S I~ IAHULZOI 
COSl&•COS l&hGL2& I 
COS IO•COSII JI 
COUO•tOSUHOLZQt 
AA[UO•O• O• IAN<ll lO•S Jt~ hU I I, 

' l 
' 



c 

...... ( J 21hO• O• U.Nvl. ~l) .. s, \ ~~Ut J' l . 
OAOl ,. l l J •O• U• 11 .... CO:. U l ll!l . 
O.IOlH 12) ~0•0• ll.·CtJ~iA J 11 . 
tr CAJrrtGL. IO. Nt.o.t "o 10 us 
'"c•·•· GO t O J 10 

JOS lf.tCt•c l.• t.~tUOIUNGI.,hJ~•Qtt .. P-. 1 
110 I'"Cl• ll . ••QtJ~OI U r~tit.IO•o•• • •P•t 

ll~"~ ! laJUO•O• c l. •CO~ I" til . 
1' lJtr.!ilJO.t..(.O.J bO 10 11~ 
l L.,IIII l.teo .. 
GO t o 110 
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Abstract: A parametric i nfiltration model is incorpor ated 
with a surface routing model , based upon a kinematic cascade 
of planes and channe l s to constitute a watershed model. 
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