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ABSTRACT
~This user's manual gives the details of twenty one computer

programmes to carry out unit hvdrograph analysis. These computer
programmes are considered to be in five different categories
dealing with:
(1) Processing and analysis of precipitation data,
(i1} Computation of discharge and rating curve analysis,
(iii) Computation of excess rainfall and direct surface runoffé
{iv)  Unit hydrograph derivation, and
(v) Reproduction of direct surface runoff and estimation of

flood hydrograph.

There are five programmes, GAPF.FOR, DOUBLE.FOR, THIES.FOR,
IS0.FOR and DAILY.FOR, for processing and analysis of precipitation
data. The programme GAPF.FOR is used for filling up the missing
record using Normal ratio method. The programme DOUBLE.FOR per-
forms the computations involved in consistency check using double
mass curve analysis. The average rainfall for the storm are
computed using Theissen polygon method through the programme
THIES.FOR. The programme ISC.FOR calculates the wvariation of
depth with area over the catchment using Isohyet Method. While
the programme DAILY.FOR is used for the distribution of daily
rainfall at non-recording raingauge stations into hourly rainfall
and the computation of average hourly rainfall using Theissen
polygon method.

In the second category there are three computer programmes
namely VEL.FOR, RATING.FOR and GAUGE.FOR. to carry out the compu-

tation of discharge and rating curve analysis. The programme
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-
VEL.FOR calculates the discharge from velocity measurement taking

number of sections and different number of velocity fneasufements
in each section. The stage-discharge relationship (rating curve)
in the form of Q=a(G-e)b can be developed using the least square
method in the programme RATING.FOR where the provision is made
to decide the value of e by trial and error method. The programme
CGAUGE.FOR computes the values of discharge corresponding to the
various stages using the stage-discharge relationship aeveloped
in the above given form.

There are two-programmes namely EFF.FOR and LOSS.FOR which
deal with the computation of excess rainfall and direct surface
runcff. The first programme EFF.FOR permits the user to deduct
baseflow (constant or non constant) from the discharge hydrograph
ordinates in order to get +the direct surface runoff hydrograph
and computes the area under the direct surface runoff hydrograph
using Simpson's rule, which is further divided by the catchment
area to give the depth of effective rainfall. The second programme
LOSS.FOR separates the baseflow from the discharge hydrograph
using straight 1line basefiow separation technique in order to
get the direct surface runoff hydrograph. Furthermore, the loss-
es are also accounted from the conputed Vaverage rainfall at a
particular time interval in the programme LOSS.FOR using the
uniform loss rate procedure which provides an estimate for the

excess rainfall hyetograph.
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In fourth category of the programmes there are nine computer
programmes namely UNIT.FOR, UHISO.FOR, CoLUH.FOR, NASHF.FCR,
INTNAS.FOR, CLARKF.FCR, SCURVE.FCR, SUPERIM.FOR and NEWD.FOR
for the unit hydrograph derivation. The first two computer progra-
mmes, UNIT.FOR and UHISOQ.FOR, are used to derive the unit hydro-
graph from single-period, individual and isolated storms. The
only difference is that the programme UNIT.FOR requires the dis-
charge hydrograph as input and permits the user to supply the
constant or non constant baseflow values which are deducted from
the discharge hydrograph in order to get the direct surface run-
off hydrograph. Then the area under the direct surface runoff
hydrograph is computed in the programme UNIT.FOR using Simpson's
rule and the runoff volume in depth unit is obtained for further
computations. While the runoff volume (in depth unit) and direct
surface runoff hydrograph ordinates are input to the programme
UHISO.FOR. The programmes CoLUH.FOR, NASHF.FOR, INTNAS.FOR and
CLARKF.FOR are used for the derivation of unit hydrograph using
Collin's method, Conventional Nash Model, Integer Nash Model
and Clark. Model respectively. The computer programme SCURVE,FOR
computes the S-curve hydrograph from the unit hydrograph of a
specified duration. The last two computer programmes, SUPERIM.FOR
and NEWD.FOR, are used for changing the duration of Unit hydrog-
raph using superimpeosition and S-curve methods respectively.

There are two computer programmes REPROD.FOR and SYNTH.FOR
in last category of the programmes. These programmes are dealing
with the reproduction of observed direct surface runcff and -esti-

mation of observed direct surface runoff and estimation of flood
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hydrograph. The first programme REPROD.FOR computes the direct
surface runoff hydrograph using unit hydrograph and also computes
the fitting efficiency and various error functions described
further in the text. Wwhile the second programme SYNTH.FOR is
used for the computation of direct surface runoff for flood hydro-
graph from unit hydrograph and composite storm.

These programmes are developed in FORTRAN-IV language
and implemented and tested on VAX-11/780 computer system available
at National Institute of Hydrology, Roorkee. All these programmes
could also be run on other computer systems including the micro
computers having FORTRAN compiler after suitable modifications
as per the software requirements of the system. This user's
manual provides some useful informations regarding the unit hydro-
graph analysis which are very much useful to the field engineers
involved in hydrologic analysis and design based on unit hydro-
graph approach., The results obtained fromr these programmes are
subjected to the assumptions and limitations of the respective

techniques on which the programmes are based.
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1.0 INTRODUCTION

Unit hydrograph analysis technique 1is one of the most
commonly used techniques .for design flood estimation and real
time flood forecastiﬁg. . By definition, unit hydrograph is the
direct surface runoff hydrograph resulted at the catchment outlet
due to unit (1mm/lcm/linch) rainfall excess falling wuniformly
over the catchment in time as well as in space for the specified
duration. The unit hydrograph is basically a multiplier which
converts the excess rainfall to direct surface runoff. Thus it
can be said that the unit hydrograph only deals with the direct
surface runoff and excess rainfall. Therefore, the baseflow must
be separated from the streamflow hydrograph and losses must be
accounted from the average rainfall hyetograph in order to get
the direct surface runoff hydrograph and excess rainfall hyeto-
graph respectively.

The -unit hydrograph can be derived by analysing the
excess rainfall and direct surface runoff of various storms for
the gauged catchments. Simple conventional method is used to
derive the unit hydrograph from single period storms. Howe-ver,
Collin's method based on trial and error procedure is preferred
for use in the unit hydrograph derivation from the multiperiod
storms. Some times Collin's method does not converge and provides
an estimate for unit hydrograph with unrealistic shape and nega-
tive ordinates. In such a situation one has to make subjective

judgements for preserving the shape of the unit hydrograph with



required unit volume. The use of conceptual models for unit hydro-
graph derivation overcomes these deficiencies associated with
the collin's method. Among many otners conceptual models, WNash
and Clark models are most simple and popular conceptual models
for unit hydrograph derivation. Integer Nash Model is a simpli-
fied form of the conventional Nash Model.

The wunit hydrograph of T-hour duration is required to
convert the T-hour rainfall excess .biock into the direct surface
runcff hydrograph. When the duration of the derived unit hydro-
‘graph differs Erom.that of the excess rainfall, the methods are
available for the derivation of the unit hydrographs of desired
durations from the hydrographs of other available durations.

In this user's manual twenty one computer programmes are
discussed dealing with the various aspects such as processing
and analysis of precipitation data, computation of discharge
and rating curve analysis, computation of excess rainfall and
direct surface runoff, unit hydrogoraph derivation and reproduction
of direct surface runoff and estimation of flood hydrograph using

unit hydrograph approach



2.0

PURPOSE AND CAPABILITIES

The purpose of this user's manual is to provide guidelines

for the users in order to run the unit hydrograph analysis pack-

age programme without facing any difficulty.' The user's manual

gives the details of twenty one computer programmes. These compu-

ter programmes are classified in five different categories deal-

ing with different aspects involved in unit hydrograph analysis

such as:

(1)
(ii)
{iidi)
(iv)

{v)

input

Processing and analysis of precipitation data

Computation of discharge and rating curve analysis
Computation of excess rainfall and direct surface runoff.
Unit hydrograph derivation, and

Reproduction of direct surface runoff .and estimation of
flood hydrograph. '

Differeﬁt computer programmes and their descriptions,

specifications, output specifications and test input and

output withthe illustrative examples are given in different App-

endices.



3.0

METHODOLOGY

Before going to discuss about the methodologies used in

each programme, some of the important terms which have appeared

in the text frequently are described.

(i)

(ii)

(iii)

(iv)

(v)

(vi)

(vii)

Terminology:

Unit Hydrograph(UH): It is a hydrograph of direct surface
runoff resulting from unit excess rainfall falling uni-
formly over the catchment in space and time for a speci-
fied duration.

Instantaneous Unit Hydrograph(IUH):-It is a unit hydrograph
of infinitesimally small duration.

Excess(or effective) rainfall:- The part of the rainfall
which appear over the surface as runoff and later on con-
tributes to the stream of the catchment.

Base flow: It is that contribution to a stream flow hydro-
graph which results from releases of water from ground
water storage.

Direct surface runoff: It is a that portion of runoff
which resulted at the catchment outlet due to excess rain-
fall.

Linear reservoir: The reservoir in which the storage is
assumed to be directly proportional to the discharge.
Time of Concentration: It is the travel time cof a water
particle from the most upstream point in the basin to

the outflow location.



3.1 Processing and Analysis of precipitation data
3.1.1 Estimation of Missing Data

While retrieving data for climatological purposes or
inputing data in real time, one often comes across missing data
situations. Since blank in a data set is read as zero, necessary
software for identifying the blanks and marking them appreopriately
need to be developed.

Data for the peried of missing rainfall data could be
filled using estimation technique. The length of period upto
which the data could be filled is dependent on individual judgement.
Rainfall for the missing period is estimated either by using
the normal ratio method or the distance power methed. Here a
computer programme GAPF.FOR for estimation of the missing data
by the normal ratio method is described in Appendix I.

In the normal ratio method, the rainfall RA at station
A is estimated as a function of the normal monthly or annual
rainfall of the station under question and thos of the neighbour-
ing stations using actual rainfall data recorded at neighbouring
stations for the period of missing data at the station under

questions.

A n sae (1)

where, RA is the estimated rainfall at station A
Ry is the rainfall at surrounding stations
NR, is the normal monthly or seasonal rainfall at station A.
NR, is the normal monthly or seasonal rainfall at station i;
n is the number of surrounding stations whose data are

used for estimation.



3.1.2 Consistency check of record using double mass curve tech-

nique

The double mass curve may be used to check the consistency
of a particular record. It involves plotting the fall at one
station against the sum, or the average, of the falls at a number
of nearby station. Under normal circumstances, it would be expec-
ted that cummulative fall at one station would bear a fairly
constant relationship to the cumulative fall at other nearby
gauges. Thus a plot of the accumulated precipitation at one station
with the average (or summated) accumulated precipitation .at a
number of other nearby gauges should result in a straight line.
Divergence from a straight line provides an indication of error
at the gauge. The time at which the error occured may be indicated
on the plot by the point at which the slope of the line changés,
Caution must be used in applying the double mass technique because
the plotted points always fall about a mean line. Changes in
slope should be identified only when these are significant.

A computer programme DOUBLE.FOR given in Appendix-IT handles
the computational aspects involved in double mass curve technique

for the consistency check.

3.1.3 Thiessen Polygon method for the estimation of mean areal
precipitation:
The Thiessen Polygon method is used with non-uniform sta-

tions spacing and gives weights to stations data according to



the area which is closer to that station than to any other station.
This area is found by drawing the perpendicular of the lines
joining the nearby stations so that polygons are form around
stations. The polygons thus formed arcund each station are the
boundaries of the effective area assumed to be confrolled by
the station. The area governed by each station is planimetered
and expressed as a percentage of total area. Weighted average
rainfall for the basin is computed by multiplying each station
precipitation amount by its assigned percentage of area and total-
ling. '

The weighted rainfall is given by:

n
RN
P=— e (2)
W.
i=1 1

where, P is the average catchment precipitatidn, P, is the pre-
cipitation at station 1 to n, W, the respective weights.

If a few observations are missing it is better to estimate
thé missing data than to construct new set of polygons.

The advantage of this method is stations outside the catch-
ment may also be used for assigning weights of marginal stations
within the catchment. The disadvantage, however, is it assumes
that precipitation between two stations varies linearly and does
not make allowance for variation due to orography.

A computer programme THIES.FOR for the computation of
mean areal precipitation using Theissen weights is given in

Appendix-III.



3.1.4 Isohyet method for depthQarea analysis:

Isohyets are lines on a map joining points of equal rain-
fall. An isohyetal map is developed from the point recordings
of rainfall in exactly the same manner in which a contour map
is developed from spot heights. When ischyets have been drawn
it may reasonably be assumed that the total volume of rain falling
between any two isohyets is given by the product of the area
between the isohyets and the average depth of fall. Curves showing
the variation of depth with area over the catchment(depth-area
curves) may be constructed as part of an isohyetal analysis.
These show how the average depth of fall decreases as the area
considered increases.

A computer programme ISO.FOR given in Aépendix—IV calcula-
tes the variation of depth with area over the catchment using

Isohyet method.

3.1.5 Distribution of Daily Rainfall Data into Hourly

For hydrological analysis, rainfall data of shorter duration
is required. The net work of recording raingauges in India being
small in comparison to that of daily (non-recording) raingauge,
it becomes necessary to convert the daily rainfall into shorter
period intervals either manually or by using appropriate computer
routines. The information of short interval rainfall is used
together with information of daily rainfall from nearby non-recor-

ding (daily gauges ).



Mass curve is a graphical display of accumulated rainfall
vs time. Mass curves of accumulated rainfall at (non-recording)
daily stations and recording stations are prepared by plotting
the accumulated rainfall values against time for the storm duration
under analysis.

A comparison of the mass curves of the recording rain
gauge stations with those of the non-recording stations would
help in deciding which recording raingauges or group of gauges
could be considered as representative of which of the non-recérd—
ing raingauge for the purpose of distributing daily rainfall
into hourly rainfall.

A computer programme DAILY.FOR for -distribution of daily
rainfall at non-recording raingauge stations into hourly rainfall

and computation of average hourly rainfall using Theissen polygon

is explained in Appendix V.
3.2 Computation of discharge and rating curve analysis

3. 2.1 Calculation of discharge from velocity measurements

For measuring the discharge on a large river, the river
cross section is divided into a number of sections and the area
of each section is measured along with velocity traverse in each
section. Then the discharge in each section of the river can
be calculated by multiplying the area of the section by the aver-
age velocity. The total discharge is given by the summation of

the discharge in each section,



- A computer programme VEL.FOR given in Appendix-VI is deve-
loped to handle the general problem in the calculation of disch-
arge from velocity measurement covering different numbers of
sections and different numbers of velocity measurements in each

section.

3.22 stage Discharge relationship
Generally a single valued relationship between the stage
and the discharge expressed in the following form is developed
for. those streams and rivers which exhibit permanent control:
Q = a(G-e)® ceel3)
where, = storm discharge (m3/s) -
G = Gauge height or. stage (m)
and e = a constant which represent the gauge reading correqponding
to zero discharge (m)
The best values of a and b inEgid.for a given range of

stage are obtained by the least square method. Thus by taking

logarithms

log Q = b log (G-e) +log a oo (4)
or ¥ = a+ Bx .eo(5)
where Y = log Q

B=bp

X.= log (G-e)

G= log a

For the best fit straight line of N observations of X

and Y,
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1=
B=
N N
N(Z x‘i'2 ) - (F xi)2
i=1 i=1
N N '
I Y, - (Z X} veu(7)
and ae — =17 i=1 *
B N
The correlation coefficient , r , is computed -using the
following equations:
r=vy 1- (Fy/F,) ...(8)
N 2
F,= )i (Yi—Yi) /{N-2) e (9)
i=1
N .
F.= L 2
Py (Y,-M)0/ (N-1) ..-.(10)
where
Yi = ith observed value of Y
Y = Mean of the observed Y values
~
Yi = ith value of Y computed by Eq.(5)

In the above it should be noted that e is an unknown and
its determination poses some difficulties. A number of optimi-
zation procedures that are based on the use of computers are
available to estimate the best value‘ of e. A trial and error
search for e which gives the best value of the cqrrglatioﬁ co~
efficient, e, is one of them. ‘

The standard error$ of regression coefficients and associa-
ted t values are also computed for testing the significance of
the coefficients in the regresion equation (Haan(1977)x.

A computer programme RATING.FOR given in Appendix-III

11



is used for developing the stage-discharge curve relationship
using the least square method and making a trial and error search

for the unknown coefficient e.

3.2.3 Conversion of stage values to corresponding discharge

Values:

As discussed earlier, the relationship - between the stage
and the discharge for those streams and rivers which exhibit
permanent control is expressed as:

Q = a(G-e)P e (1)

The coefficients a,b and e of the above equation are det-
ermined from the observed stage and corresponding discharge values
using Least square method as discussed in section 3.2.2.

If the coefficients a,b and e are known, Eqg(11) may be
used to compute the values of the discharge corresponding to
the various stage values. The use of the Eq (11} for converting
the staye into discharge should be avoided in the extrapolation
range, as far as possible. Before attempting extrapolation, if required, it
is necessary to examine the site and collect relevant data on changes in the
river cross-section due to flood plains, roughness and backwater effects. The
relisbility of the extrapolated values depends on the stability of the gauging
‘section control.

A computer programme GAUGE.FOR given in Appendix-VIII
is able to convert the given gauge values into corresponding

discharge values using the stage-discharge relationship of

the form given by Eq.(11).



3.3 Computation of Excess Rainfall and Direct Surface Runoff

3.3.1 Calculation of effective rainfall from hydrograph

The discharge hydrograph is considered to be a composite
of the direct surface runcff and ground water flow (base flow).
when these are separated the areé under the direct surface runoff
hydrograph provides a measure of the voclume of the direct surface
runoff. This volume is equal to the product of the catchment
area and depth of effective rainfall. A computer programme EFF.
FOR given in Appendix-IX permits the user to deduct ground water
flow (base flow) from the ordinates of the given hydrograph and
computes the area of the direct surface runoff hydrograph using
Simpson's rule, ’which is further divided by the catchment area

to give the depth of effective rainfall.

3.3.2 ©Estimation of effective rainfall and direct surface runoff
using storm rainfall-runoff data:

The average rainfall for the storm is obtained by Theissen
polygon method where the weighted mean of the observed rainfall
values at different stations are computed at each time interval.
The next step is to separate base flow from discharge hydrograph
to get the direct surface runoff. The method used here for base
flow separation involves drawing of a line from the rising point
of the hydrograph to the recession point on the falling limb
of the hydrograph. The recession peint can be obtained by the
user after plotfing the recession limb of the hydrograph on semi-

log graph paper taking time on linear scale and discharge values



on log scale. The point on the graph at whicﬁ the straight line
changes the slope is known as the recession point. The separation
of abstraction from rainfall is done by using the uniform loss
rate procedure. A trial and error procedure is adopted to locate
the starting point of the effective rainfall and the infiltration
rate is adjusted such that the volume of effective rainfall equals
the volume of direct surface runoff. If durihg the trial it is
found that the infiltration rate is more than the rainfall depths
in initial period of storm, it is assumed that this rainfall
i$ completely lost as initial loss and does not contribute to
direct surface runoff.

A computer programme LOSS.FOR given in Appendix-X computes
the effective rainfall and direct surface runoff for a storm

using the above stated procedure.
3.4 Unit Hydrograph Derivation

3.4.1 Derivation of unit hydrograph from the discharge hydrograph

The wunit hydragraph from the flood hydrograph reccrded
from a specific duration individual , isolated .storms of fairly
uniform intensity distributed evenly over the catchment, is derived
using the principle of proportionality. A computer programme
UNIT.FOR given in Appendix-XI is used for the derivation of unit
hydrograph from the isclated storms. In the programme the constant
or non constant base flows supplied by the user are deducted

from the discharge hydrograph in order to obtain the ordinates



of the direct surface runoff hydrograph. Then the area under
the curve is calculated using Simpson's rule and this provides
an estimate for the volume of direct surface runoff. The estimate
for the volume of direct surface runoff, thus obtained, are divided
by the area of the catchment to provide the depth of effective
rain, The ordinates of the direct surface runoff hydrograph are
divided by the effective rainfall depth to give the ordinates

of the unit hydrograph.

3.4.2 Derivation of unit hydrograph from the direct surface
runoff hydrograph of a single period storm.

The following procedure is generally followed to derive
the unit hydrograph from the direct surface runoff hydrograph
of a single period storm.

(i) Determine the volume of excess rainfall in the single
unit period (it also equals the volume of the direct surface
runoff hydrograph),

(ii) Calculate the proportionality factor(F) dividing the volume
of excess rainfall by the unit volume of the unit hydrograph,
both in same unit.

(iii) Divide the ordinates of the surface runoff hydrograph
by F and this gives the required unit hydrograph ordinates.
A computer programme UHISO.FOR given in Appendix-XII1 is

used for the derivation of unit hydrograph from the direct surface

runoff hydrograph of a single period storm using the above pro-

cedure. : -



3.4.3 Collin's method of UH derivation
This method is based on a trial and error procedure to

derive the unit hydrograph. The method is particularly applicable

if the number of blocks of effective rainfall is small and/or
if one block contains a large part of the effective rainfall
for the storm. The steps involved in the method are as follows:

(i) Make a first estimate of the wunit hydrograph. Constant
value for unit hydreograph ordinates may be used as a first
approximation.

(ii) This first estimate UH is next applied to each effective
rainfall block except the largest and the runoff are com-
puted.

(iii) The difference between the actual runcff and the runoff
obtainedlin atep(ii) 1is assumed to be due to the omitted
period of effective rainfall.

{iv) From this by proportionate adjustment a second estimate
UH is obtained and a weighted mean of this and the first
estimate is applied in the first step again and so on
until the method converges. The weights are the amounts
of rainfall in the largest block and the sum of all the
others, respectively. Some control may be exercised on
the method by smoothing any oscillations which may tend
to occur particularly in the later part of the UH as the
computation proceeds.

A computer programme CoOLUH.FOR given in Appendix-XII is

used for the derivation of unit hydrograph using Collin's method.



3.4.4 Conventicnal Nash Model for Unit hydrograph derivation

The instantaneous unit hydrograph could be obtained by
routing the instantaneous inflow through a cascade of linear
reservoirs with equal storage coefficient. This is the concept
of Nash Model. Here the outflow from the first reservoir is con-
sidered as inflow to the second~reservoi£ and so on. The mathe-

matical equation developed for the T-hour wunit hydrograph is

given as:
U(T,t) = R[I(n,t/K)-I(n(t-T)/K)  ...(12)
where U(T,t)= t* ordinate for the unit hydrograph of duration
T hours.
I(ng/K)} = incomplete gamma function of order n at (t/k)
I(n,{t-T)/K) = incomplete gamma function of order n at
(t-T)/K

n & K = the parameters of Nash Model
The following eqguations are solved to compute the para-
meters of Nash Model(n and K).

] Y
nk = My _ 1 My : e (13)
MI

=¥ \
vineD)R2+2nk M'x = 2My - 2% e (12)
' .
where 1MY and ZM'Y are first and second moment of the direct
surface runoff hydrograph about the origin respectively, and

™ and 2Mx are first and second moment of the excess rainfall
hyetograph respectively,

The first and second moments of the effective rainfall
and direct surface runoff hydrograph about the origin are computed

using the following equations:

17



My =2 .e (15)

! = i T . -00(16)
5 S S

Moo= ‘ e (17)

M -__.____1;1 vee(18)

.where

Y, = ith ordinate of direct surface runoff hydrograph
(DSRO) in m3/s 7

N = No,of DSRO ordinates

tL = Time to the mid point of the ith interval from the
origin in’hours.

M = No. of rainfall blocks.

X, = ith block of excess rainfall in mm

A computer programme NASHF.FOR given in Appendix-XIV uses

this procedure to estimate the unit hydrograph for the desired

duration by Conventional Nash Model.

18



3.4.5 Integer Nash Model for Unit Hydrograph derivation

Integer Nash Model is a simplified form of the conventional
Nash Model. It takes the parameter 'n' approximated to the nearest
integer and-computes the incomplete gamma functicn using a simp-
lified procedure where the user of Pearson table is fully avoided.
The unit hydrograph of T-hour duration is derived using the follow-

ing equations by this method.

U(T,t) = glI(n,y) - I(n,y)] c.a(19)
n-1
where, I{n,y) = 1-eY g %ﬁ .+ o (20)
mw=0 " -
=Yy n-1 y?
ln,y;} = i-e M ;Epo Y ...(27)
y = t/K . v oo (22)
¥y= (£-T) /K .. (23)

The integer value of n and modified value of K are obtained
preserving the first moment of IUH and checking closeness of
the second moment of IUH about the ceéntroid. A computer programme
INTNAS.FOR is'given in Appendix-XvV for the computation of T-hour

unit hydrograph using Integer Nash Model.
3.4.6 Clark Model for Unit hydrograph Derivaticn

Clark (1945) suggested that the IUH can be derived by

routing the unit inflow in the form of time-area concentration

19



curve, constructed from isochronal map, through a single linear
reservoir. The linear reservoir routing is accomplished using
the general equation.

Uy = CI; 4+ (1-C) Uy .o (24)

i 1

where C ang (1-C) are routing coefficients

U, is the IUR at the period i

i
Uj_r_..1 is the IUH at the period (i-1)}
e= At .. (25)
R + 0,54t

&t is the computation interval (hours)
The IUB can be converted to a unit hydrograph of wunit
rainfall duration At by simply averaging the two ordinates of
IUH spaced an interval At apart as follows:

UH; = 0.5 (U; +U; ) ... (26)

1
The IUH can be converted to a unit hydrograph of scome
unit raigfall duration .other than At, provided thatit is in an
exact multible of At by the following equation:
_ 1
OH; = o (0.5 0+ U
where UN, = ondinate at time i of unit hydrograph of duration

+o..4U; 4 40,50, ] ... (27)

D-howr and computational interval A t hours.
n= DAL +0.(28)

D = wnit hydrograph duration (hours)

A computer programme CLARKF.FOR for the derivation of
unit hydrograph using Clark model is given in Appendix-XVI.
3.4.7 Derivation of S5-Curve Hydregraph

S-curve is the hydrograph of direct surface runoff that
would result from excess rainfall of unit volume occuring per
unit period continuously. The S-curve may be derived from T-hour

unit hydrograph. The unit hydrograph ordinates are successively
' 20



lagged by time period T-hours which equals the unit period of
unit hydrograph. - The s;curve hydrograph ordinates are obtained
after summing up the respective ordinates of successively lagged
unit hydrograph. Generally at time ty which is the base length
of the first unit hydrograph the S-curve hydrograph ordinates
becomes constant. The maximum ordinate of the S-curve corre-ponds

with the equilibrium discharge computed as:

0.2778 AU

= ..-(29)

Q =

max

where A is the catchment area (sg.km)

V is the unit volume (mm)

and T is duration of the unit hydrograph

A computer programme SCURVE.FOR for the derivation of
S-curve hydrograph is given in Appenaix-xVII.
3.4.8 Change of Unit Period of a Unit Hydrograph

Having derived a unit hydrograph for a particular unit
period and you want to change the period the following procedure
can be used.
(a) Superimposition method:- only suitable when the new duration

of unit hydrograph is integer multiple of - the original

duration.
(b) S-curve method: More general method
(a) Superimposition method:

The unit hydrograph of 2 tr duration can be derived from

a unit hydrcgraph of tr duration in the following steps:
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(i} Add the ordinates of t, - hour unit hydrograph to the
ordinates of an identical unit hydrograph lagged by t,.
hour.

(ii) Divide the ordinates of the resulting hydrograph of step
(1) by 2 to obtain a unit hydrograph for a unit duration

of 2 tr‘

Note that the unit hydrograph of n tr duration can be
derived by n time successive lagging of the tr duration unit
hydrograph and then dividing the resulting hydrograph by n, where
n is an integer (n=1,2..ete.)

A computer programme SUPERIM.FOR for changing the duration-
of unit hydrograph using superimposition method is given in Appen-
dix XVIII.

(b) S-curve metnod

The unit hydrograph of t2 duration can be obtained from
the unit hydrograph of t duration as follows:

(1) Derive the S-curve from t, hour unit hydrograph. This
curve is termed as. S, -curve.

{ii) Shift the S-curve by t, hours to get the §,-curve,

(iii) Subtract the 52 curve from S1 curve to give another curve.

{iv) The curve obtained at step (iii) represents the unit hydro-
graph for t, hour duration with a unit volume equal to

?z“ﬁ of U, where U is the unit volume of the t, hour dura-

tion unit hydrograph. Multiply the differences between

the S-curves by tl/t2 to produce a unit hydrograph for

the period t, hours with a unit volume U.

22



A computer programme NEWD.FOR for changing the duration

of Unit hydrograph using S-curve method is given in Appendix-XIX.

3.5 Reproduction of Direct Surface Runoff and estimation of

flood

3.5.1 Reproduction of observed direct surface runoff:
The direct gpurface runoff hydrograph ordinates are compu-

ted using the following equations of convolution summation:

”~ m i
Yi = I I UH
i=1 §=1

5 * XL4*1 «+.{30)
where Q} = computed direct surface runoff (m3/s)
UH.= jth ordinate of T-hour wunit hydrograph ordinates
with t mm unit volume.
X; = ith block of exéess rainfall of T-hour duration in
-
m = number of rainfall excess ordinate
In ‘order to see the reprcduction of observed direct surface
runoff using the desired unit hydrograph the fitting efficiency
and the values of the various error functions are computed. Those
are described as follows: .
(i) Fitting efficiency: The fitting efficiency is, mathematically,

defined as:

EF = ((F -F )/F,) *100 ee(31)
N 2
F = Y.=Y .
o Nf“ ty,-Y) (32)
- 52 _
Fom 2 Yy : .. 133)
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where

(ii}

(iii)

(iv)

(v)

(vi)

Y. = ith value of the observed DSRO (m3/s)
~ .

Y. = ith value of the computed DSRO (m3/S)
N = No. of DSRO ordinates

mean of the N values of observed DSRO(m3/s)

¥ =

EF = Fitting efficiency in percentage

Fb = sum of the squares of the differences between observed
DSRO and mean DSRO values.

F, = Sum of the squares of the differences between observed

and computed DSRO ordinates.
Average standard error:- It is the root mean sguared sum
of the differences between observed and computed DSRO.
Average absolute error: It is the ;verage of the absolute
values of the differences between observed and computed
DSRO.
Average percentage absolute error: It is the average of
the absolute values of percentage differences between
observed and computed DSRO ordinates.
Percentage absolute error in peak- It is the ratio of
the absolute difference in observed and computed DSRO
peaks and observed peak.
Percentage absolute error in .time to peak:- It is the.
ratio of the aﬁsolute difference between the observed
and computed time in peak and observed time to peak.

A computer programme REPROD.FOR given in Appendix-XX comp-

utes the direct surface runoff, fitting efficiency and various

error functions described above,
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3.5.2 Development of direct surface runoff ' hydrograph from unit
hydrograph and compésite storm:

The ordinates of the unit hydrograph must be multiplied
by the depth of excess rainfall to provide the different hydro-~
graphs of direct surface runoff, one for each of the intensities
given in the design storm. These must then be superimposed with
the correct time lag and added to give the direct surface runoff
hydrograph due to composite storm.

A computer programme SYNTH.FOR given in Appendix-XXI uses
‘the above procedure to compute the direct surface runoff hydro-

graph from unit hydrograph and composite storm.
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4.0 RECOMMENDATIONS

The twenty one computer programmes given in this user's
manual are written in FORTRAN-IV language. A computer system
with FORTRAN compiler along with simple FORTRAN user's guide
are required to run the programmes. The memory requirement depends
upon the length of the data which may be modified through the
DIMENSION statements in the programmes. The execution time for
each programme is different due to different length of the data
required for running the different programmes. All these progra-
mmes are used for the unit hydrograph analysis of gauéed catch-
ments. In case user wants to derive unit hydrographs for ungauged
catchments,.he may refer to report UM-9 (NIH, 1984-85).

The programmes are developed in FORTRAN 1V language and‘
implemehted and tested on VAX-11/780 computer system which is
a 32 bit machine available at National Institute' of Hydrology,
Roorkee. The programme may run on other computer systems, having
FORTRAN compiler, after suitable modifications as per the soft-

ware requirements of the system.
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APPENDIX~I
A. COMPUTER PROGRAMME GAPF. FOR

C FROGRAME FOR ESTIMATING MISSING DATA USING NORMAL RATIO METHOD
DIMENSION RN(100+50),RAIN(100,30)+ARAIN{(100,30)
OPEN(UNIT=1,FILE='GAFF.DAT/,»8TATUS='0LD"}
OPEN(UNIT=2,FILE="GAFPF.QUT’ ySTATUS="NEW")

READ (1s%) NEV
WRITE(2,51)

91 FORMAT (20X ‘RATHFALL AT HIFFEREN STATIONS AFTER FILLING THE
1 MISSING RECORDS’)
WRITE(2+52)

52 FORMAT(10X,120(°~"))

00 1 I=1,NEV
READ(1s%) NS
READ(irX%) NRAIN
READCL1»X) C(RN{JyK)sK=1+NRAIN) s J=1sNS)
READ(LsX) ((RAIN(J,K) sK=1,NRAIN), =1 ,NS)
0 2 J=1s+N8
DO 3 K=1/NRAIN
IF{RAINC(J+K) .NE.-1)G0 ¥0O 100
RAT=0.
L=0
DO 4 Ki=1,NS
IFCJ).EQ.K1) GO TO 4
IF(RAIN(K1,K).EG.-1) GO TD 4
L=L+1
RAT=RAT+RAIN(K1sK)/RN(KL K}
4 CONTINUE
IF{(L.ER+0)ARAINCJsK)=RN(JsK)
IFCL.NE.O)ARAINCI K)=RATXRN(J+K) /L

GO TO 101
100 ARAIN(JK)I=RAIN{J,K)
101 CONTINUE
3 CONTINUE
2 CONTINUE
WRITE(2,30)1
30 FORMAT(4X» 'EVENT NB:-7,I5)
WRITE(2,45) ((ARAIN(JsK)sK=1s,NRAIN) s J=1,NS)
45 FORMAT (4X» {NRAINX>F10.3)
1 CONTINUE
50 STOFP
END
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B. DESCRIPTION OF COMPUTER PROGRAMME GAPF.FOR

The computer programme GAPF.FOR is written in FORTRAN
IV language and run on VAX-11/780 digital computer system.
The programme is used for estimating the missing station rain-
fall data using normal ratio method. The important variables

used in the main programme are described below:

VARIABLE DESCRIPTION

NS No. of raingauge stations

NEV ' No. of events

NRAIN ' No. of rainfall values

RN Two dimensional array containing the normal

rainfall values at each raingauge stations

RAIN ] Two dimensional array containing the observed
rainfall wvalues at each raingauge stations
for different event

ARAIN Two dimensional aray containing the observed
rainfall values and estimated values of miss-
ing rainfall at each raingauge stations for
different event

C. INPUT SPECIFICATIONS:

The input lists and their specifications which are to

be supplied through an input file GAPF.DAT are:

REC No. INPUT LISTS FORMAT REMARK
1. NEV FREE
2. NS FREE Repeat record no.

3. - NRAIN FREE 2 to 5 for each

event
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4. ((RN{J,K),K=1,NRAIN), FREE

J=1, NS)
5. ( (RAIN(J,K) ,K=1,NRAIN), FREE
J=1, NS)
D. OUTPUT SPECIFICATIONS 0

The output file GAPF.OUT consists the walues of the

following output lists in the specified format:

REC No. OUTPUT LISTS FORMAT ) REMARK
. Ni{l 20X, '"RAINFALL AT DIFFERENT
STATIONS AFTER FILLING THE
MISSING RECORD'
Repeat record
Tt B
2. Nil 10X, 120 ('-") no. 3 and &
3. I 4 X, 'EVENT NO:-',I5 for each
4. {(ARAIN(J,K), 4 X,&NRAINY F10.3 event

K=1,NRAIN},J=1,NS}

E.  EXAMPLE

The data below provide details of individual storm pre-
cipitation at four gauges A, B, C and D togather with normal
annual precipitation. Estimate the missing storm precipitation

data at station A using normal ratio method.

Gauge A B C D
Precipitation (mm) -1 98.9 120.5 110.0
Normal annual (mm) 331.3 290.8 325.9 360.5

where -1 denotes the missing storm precipitation data
at the respective station (station A}.
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(a) Input:

The input data, required to run the programme for esti-
mating the missing precipitafion data (station A in the above
example), are supplied through the file GAPF.DAT. For the
above example, the input file GAPF.DAT contains the following

data:

331.3 290.8 325.9 360.5

-1 98.9 120.5 110.0
(b) - Qutput

RAINFALL AT DIFFERENT STATIONS AFTER FILLING THE
MISSING RECORDS

EVENT NO:- 1

112,087
98, 900
120+ 500
110, 000
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APPENDIX - II
COMPUTER PROGRAMME DOQUBLE.FOR

THIS PRUGRAMME CHECKS THE CONSISTENCY OF A PARTICULAR
RECORD USING DOUBLE MASES CURVE ANALYSIS HERE:
NS5=NO. OF RAIGAUGE STATIONS

N=NG, OF OBSERVATIONS AT EACH STATIONS

NT=STATION NO. FOR WHICH ANALYSIS IS5 REQUIRED
R=MATRIX HAVING OBSERVATIONS AT DIFFERENT RAINGAUGE
STATIONS WHERE RAINFALL VALUES ARE SUPLIED COLUMN VISE
DIMENSION R(20,100)

OPEN(UNIT=1FILE='DOUBLE.DAT’ ySTATUS="0LD")
OPEN(UNIT=2,FILE="DOUBLE.OUT’ +STATUS="NEW"’)
READ(1s%) NEsN#NT

READ(1,%) ((R{(Js1)sI=1sN)r)=1sNE)}

WRITE(2:+7)

FORMAT (20X, "DOUBLE MASS CURVE ANALYSIS')

WRITE(Z,8)

FORMAT (20X 270 ")/ /77)

WRITE(2s6)NT

FORMAT(EX» "STATION NO,’sI3,28%, SUM (OF OTHER STATIONS )
A=0.0

B=0.0

DO 1 I=1.N

DO 2 J=14N§

IF(J.EQ.NT) GO TO 3

A=A+R{J,I)

X=A/(NE~1)

GO TO 2

B=F+R{(J, I

CONTINUE

WRITE(2+5) BsX

FORMAT(SXsF10.2,31X,F12,.2)

CONTINUE

CLOSE(UNIT=1)

CLOSE(UNIT=2}

STOP

END
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B. DESCRIPTION OF COMPUTER PROGRAMME DOUBLE.FOR

The computer programme DOUBLE.FOR checks the consis=
tency of a particular record using double mass curve analysis.
The programme is written in FORTRAN IV language and tun on
VAX-11/780 digital computer system. The important variables

used in the main programme are described below:

VARIABLE DESCRIPTION

NS No. of raingauge stations

N No. of observations at each stations

NT Station no. at which consistency check of the

record is required

R Two dimensional array containing the observed
rainfall values at different stations

B Cummulative fall at the selected raingauge
station for the consistency check

X Average of cunmulative falls at other raingauge
stations excluding the one selected for con-
sistency check.

c. INPUT SPECIFICATIONS:

The input data file DOUBLE.DAT consists the following
input liscts in the specified format.

REC No.  INPUT LISTS FORMAT REMARK
1. NS, N, NT FREE
2. ((R(J,I), I41,N}, FREE

J=1, NS)
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D. OUTPUT SPECIFICATIONS:

The output file DOUBLE.OUT consists the following out-

put lists in the specified format!

RECNo. OUTPUT LISTS FORMAT - REMARK
1. Nil 20X, 'DOUBLE MASS CURVE
ANALYSIS'
2. Nil 20X, 27('=-")|
3. NT 5X, 'STATION NO.',I3,28X,
TSUM OF OTHER STATIONS'
G, B, X 5X, F10.2, 31X, F12.2
E. EXAMPLE

The annual rainfall wvalues for five stations all in
the same catchment area are given below. Develop a programme
to check the consistency of different stations using double

mass technique.

Year stnl stn.2 stn3 stné stnb5
1973 43.54  40.10  44.21 39.17 39.91
1974  48.80  47.54  48.41 43.34 45.15
1975  47.57  46.77  47.50 42.28 42.74
1976 43.15  43.26  43.86 35.02 33.12
1977  45.03  44.91 50,95 37.86 48,91
1978 45.99  47.06  43.10 37.36 37.15
1979  40.41  40.16  38.97  35.71 40.77
1980 . 53.77  61.75  60.57 52.23 54.07
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(a} Input :

The input data to check the conistency of records -
at a station using the double mass curve technique are supp-
lied through the file DQUBLE.DAT. For the above example,
the input file DOUBLE.DAT contains the following déta to
run the programme for éhecking the consistency of records
at station no.i. ) o
581
43.54 48.80 47.57 43.15 45.03 45.99 40.41 63.77
40.10 47.54 46,77 43.26 44,91 47.06 40.16 61.75
44.21 48.41 47.50 43.86 50.96 43.10 38.94 60.57

39.17 43.34 42.28 35,02 37.86 37.36 35.71 52.23
39.91 45.15 42.74 33.12 48.91 37.15 40.77 54.07

(b) Qutput :

DOUBLE MASS CURVE ANALYSIS

STATION NO.1 SUM OF OTHER STATIONS

43.54 40.85
92.34 86.96
139.91 131.78
183.06 170.60
228.09 216.25
274.08 257.42
314.49 - 296.32
378.26 353.47
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APPENDIX - ITY
COMPUTER PROGRAMME THIES.FOR

THIS PROGRAMME CALCULATES THE AVERAGE RAINFALL FROM BIVEN
RAINFALL VALUES AT DIFFERENT RAINGAUGE STATIONS

DIMENSION RAIN(S0:%50),WT(50)rAVR(S0)

READ(Ss%¥) NST “INO, OF STATIONS

READ(S: %) NRN INO. OF RAINFALL VALUES AT ERCH STATIONS
READ(S: %) (WTC(I)rI=1,NST) ITHIESSEN WEIBHT OF EACH STATIONS
READ(S, t)((RhIN(I:J)sJHI-NBT)vl =1yNRN} IRAINFALL AT EACH STATIONS
DO 1 I=1sNRN ‘
AVR(II=0.0

DO 2 J=1,NST

AVR(I}=AVR(I)+RAINCI, )RWT (J)

CONTINUE

WRITE(&:3) :

FORMAT (20X» ' AVERABE RAINFALL [ FES)

WRITE(&r4) (AVR(I) s I=1/NRN)

FORMAT(4X+10FB. 2)

8TOP

END
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B. DESCRIPTION OF COMPUTER'PROGRAMME THIES.FOR

The computer programme THIES.FOR is used for comput-
ing the areal average rainfall due to a storm event in the
catchment using Theissen polygon method. The programme is
written in FORTRAN-IV language and run on VAX- 11/780 digital
computer system. The variables used in the main programme

are described below: .

VARIABLE DESCRIPTION
NST No. of raingauge stations
NRN Maximum no. of rainfall values at any

raingauge station

WT Veetor containing the Thiesen weights
for each raingauge stations

RAIN Two dimensional array containing the
rainfall values at each raingauge statins
for different time intervals

AVR Vector containing the average rainfall
values at given time intervals

C. INPUT SPECIFICATIONS :

The input file THIES.DAT should contain the values

of the following input lists in the specified format:

REC.No.  INPUT LISTS FORMAT REMARK
1. NST FREE
2. NRN FREE
3. (WT(I},I-1,NST) FREE
4, ((RAIN(I,J), J=1,NST), FREE
I=1, NRN)
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D. OUTPUT SPECIFICATIONS :

The output file THIES.OUT would be created after
" running the programme THIES.FOR. The output file consists

the values of the following output lists in the specified

format:

REC.No. OUTPUT LISTS FORMAT REMARKS
1. Nil 20X, 'AVERAGE RAINFALL(MM) '

2.. (AVR(I),I=1,NRN) 4X, 10F8.2

E. EXAMPLE :

Hourly rainfall data observed at five.raingauge
stations in a catchment during a storm are given below.
Find out the average rainfall in the catchment using Theissen
Polygon method. Theissen weights for the five raingauge

stations are 04559, 0.1811, 0.2716, 0.1710 and 0.2203 res-

pectively. -
, OBSERVED RAINFALL DURING THE STORM
Time{hr) Rainfall(mm)
stnl stn2 stn3 stné stns5 .
1 0 0 2.0 0 0
2 0 11 0 f] 0
3 0 13 6 25 14
4 8 9 15 10 21
5 7 0 3 8 5.5
6 10 0 9 0 11
7 0 12 1. 0 1.5
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(a) Ipput :

To run the programme for the computation of average
rainfall using Theissen polygon method the input data have
to be supplied through a file THIES.DAT. For the above

example the structure of the input file THIES.DAT would be:

5

7

0.1559 0.1811 0.2716 0.1710 0.2203
0 0 2.0 0 0

0 11 0 0O 0

0 13 6 25 14

8 9 15 10 21

7 0 3 8 5.5
10 0 9 0 11

0 12 1 0 1.5
(b) OQutput :

AVERAGE RAINFALL (MM)

0.54 1.99 11.34 13.29 4.49 6.43 2.78
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APPENDIX-IV
COMPUTER PROGRAMME ISO.FOR

THIS PROGRAMME COMPUTES THE AREAL AVERAGE
FRECIFITATION USING ISOHYETAL METHOD

N=NO., OF ISOHYETAL AREAS

HISO=VECTOR CONTAINING THE AREA AREA ENCLGSED

BETWEEN THE TuWD TSOHYETS

R=VECTOR CONTAINING THE VALUES DOF AVERAGE
PRECIPITATIONC(TO BE COMFUTED TAKING THE AVERAGE OF

TWO CONSECUTIVE ISOHYETS AND SUPLYING THE UFFER

AND LOWER LIMITS FOR AVERAGE FRECIPITATIONS)

DIMENSION HISO(100)sAEN(CI100},R(100),E(100)
1+P(100),0Q(100),D{100)
OPENCUNIT=1,FILE='I50.,DAT’+STATUS="0LL")
OPEN(UNIT=2,FILE="I50.0UT’,STATUS="NEW’?

READ(12%)N

REANCL1sX) (HISO(I}»I=1N)

READ(1,%) (AENCI) »I=1,N)}

READ(L1s X} (RCI}«I=1,N)

WRITE(2-1)

FORMAT (30X, ISOHYETAL METHOD’)

WRITE(2,2)

FORMAT(3OXs146C°_"3/7/)

A=0.0

B=0.0

AEN(Q)=0.0

DO I I=1:N.

ECI)=AEN(I)-AEN(I-1>}

FEI)=ECI)XR(ID

B=BtP{I)

Q(I)=B

I(I)=QR{(I)/AENCT)

CONTINUE

WRITE(2s4)

FORMAT(1Xy ISOHYET »2X» "AREA“»2Xs 'NET AREA’+2Xs’AVG, PREC.’+2X:
1’PREC. VOL.’»2X, TOTAL FREC. VOL. ,2Xs AVG, DEPTH’)
WRITE(2:5)

FORMAT(10X» " (SQ KM) 52Xy 7 (SQ KM) ' »4X, (MM’ .8Xs " (CU M)}’
1:9Xr’CU M7 +9Xs " (HM) /)

WRITE(2:8&)

FORMAT(IX e 7¢ 7 ) s2Xs 80 " )9 2XeBC "3 92Xs 100 729 2Xr10¢ ") 2X
1215C/7)92X, 10077070
WRITEC(Zy7)C(HISO(IXrAENCI)sECI}sR(I)»P(I) s Q(I) 2 D(I) 1 I=1+N)
FORMAT(1XsF 7.0 2XsFS5.0¢2XsF7.2sF10.1+2X,F10.1,F153.,1,2X,F10.
14)

CLOSE(UNIT=1)

CLOSE(UNIT=2)

§TOF

END
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B. LDESCRIPTION OF COMPUTER PROGRAMME ISO.FOR

The computer programme ISO.FOR computes the variation

of depth with area over the catchment using Iso - hyetal

method. The programme is written in FORTRAN IV language and

run on VAX-11/780 digital computer system. The main vari-

ables used in the programme are described below:

VARIABLE

N
HISO

AEN

DESCRIPTION

No. of Isohyetal areas

Vector containing the precipitation values
associated with each Ischyets

Vector containing the comulative area enclosed
between the two Ischyets '

Vector containing the average precipitation

between the two consecutive isohyets except

the first one to be supplied by the user based
on the observations at precipitation stations

of the neighbouring basin

Vector containing the net area enclosed bet-
ween the two consecutive isohyets

Vector containing the precipitation wvolume
between the two consecutive isohyets.

Vector containing the cummulative values of
precipitation volume

Vector containing the total areal average
precipitation over the area enclosed by con-
secutive ischyets.
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C. INPUT SPECIFICATIONS :

7 The input file ISO.DAT should contain the values for
the following input 1lists in the specified format:

REC.No. INPUT LISTS FORMAT REMARK
1. N FREE

2. (HISO(I),I=1,N) FREE

3. (AEN(I),I=1,N) FREE

4, : (R(I),I-1,N} ‘ FREE

D. OUTPUT SPECIFICATIONS :

After running the programme ISO.FOR an output file
IS0.0UT will be created on disk. This output file will have

the values of the following output lists in the specified

- format:
REC.No. OUTPUT LISTS FORMAT REMARK
1. Nil 30X, ' ISOHYETAL METHOD'
2. Nil 30X, 16 ("=
3. Nil IX, 'ISOHYET', 2X, 'AREA',2X,
‘ 'NET AREA',2X, 'AV6.PREC.',2X,
'PREC.VOL',2X, 'TOTAL PREC.VOL',
2X, 'AVG.DEPTH'
4. Nil 10X, '(SQKM) ', 2X, ' (SQKM) ', 4X, ' (MM) !
R 8X,"'(CUM)',9X, 'CUM',9X,'(MM)'
5. Nil X, 7('-'),2X, 4('~"), 2X, 8('-")
2X,10('~"),2X, 10('-"), 2X,15('=-"),
2X,100'=-") |
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6. (HISO(I),AEN(I), X, F7.0, 2X, F5.0, ZX, F7.2, F10.1,
E(I), R(I},P(I) 2%, F10.1, F15.1, 2X, F10.4
o(I),b{(1),I=1,N)

E. EXAMPLE

Following a storm on a particular catchment an iso-
hyetal map is drawn. The total area enclosed by the isohyets
is given below. Calculate the variation of depth with ares

over the catchment.

Isohyet (mm) 100 75 50 25 £25
Total area enclosed (sq km) 32 224 500 1005 1517

In the area enclosed by the 100 mm isohyet it will
be assumed that the average depth is 110 mm. For the area
outside the 25 mm isohyet it will be assumed that the

average depth is 20 mm.

{a) Input :

For the above example the structure of the input file
IS0.DAT would be as given below: |

5 B
100 75 50 25 15
32 224 500 1005 1517

110 87.50 62.50 37.50 20.00
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(b) Cutput :

ISOHYETAL METHOD

ISOHYET AREA NET AREA AVE. FREC. FREC. VOL, TOTAL FREC. VDL. AVG. D

(5@ RM) (50 KM} (MM) (Cu ™) Cu (MM

100. 32. 32.60 110.0 3520.0 3520.0 11¢.0000
75 224, 122.00 87.5 16806.,0 20320.0 20.7143
50. S00. 276.00 62.0 17250.0 37570.0 75.1400
25, 1005, 505.00 37,5 18937.5 36307.5 06,2264
15, 1517, 912,00 20.0 - 1Q240.0 A6747.5 43,9997
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APPENDIX -V
COMPUTER PROGRAMME DAILY. FOR

THIS FROGRAMME DISTRIBUTES THE DAILY RAINFALL INTO HOURLY
RAINFALL AS FER THE CHOICE OF THE S+R«R.G. AND COMFUTES
THE AVERAGE HOURLY RAINFALL

DIMENSION RORG(S0)yRSRRG(24,30)+WTONS(S50) s SUM1(24) CHO(S0?
1,5(50) rRAINC24+50)
OPEN(UNIT=1FILE="DAILY.DAT',S5TATUS="0LL")
OPENC(UNIT=2,FILE="DAILY.OUT 8TATUS="NEW")

NDAY=NO. DF DAYS

NORG=NO. OF O.R.G. STATIONE

NSRRG=ND. OF S.R.R.G STATIONS

WTONS=VECTOR CONTAINING WEIGHTS OF 5.R.R.6.:. AND D.R.G. STATIONS
CHO=VECTOR CONTAINING CHOIEE OF 5.R.R.G FOR EACH O.R.G,
READ(1+X)INDAY

WRITE(2,20)

FORMAT(30X,’DAILY TO HOURLY CONVERSION OF RAINFALL AND COMFUTATION
1 OF AVERAGE HOURLY RAINFALL‘}

WRITE(2,21)

FORMAT(10Xr120¢/~*))

DO 1 I=1,NDAY

READ(1,X)NSRRG

READ (1 X)NORG

NTONS=NORC+NSRRG

READ(1y %) (WTAONSLJ)» J=1»NTONS?

READ(L»¥) (CHO(J) » J=1sNDRG)

RORG=VECTOR CONTAINING ORG STATIONS RAINFALL FOR THE DAY
READ(1s%) {RORG(J)»J=1,NORG)

RSRRG=VECTOR CONTAINING RAINFALL AT EACH S.R.R.G. STATIONS
READ (1 %) C(RBRRG(JrK) rJ=1924) s K=1NSRRG)

p0 2 J=1,NSRRG

SCH=0.,0

DO 3 K=1,24

S(J)=8{(J)+RSRRG(K»J)

CONTINUE

CONTINUE

D0 4 J=1,24

PO 5 K=1yNORG

K1=CHO(K)

RAIN(J»K)=RORG(K)XRERRG(J»K1)/B(K1}

CONTINUE

CONTINUE

DO &6 J=1,24

L1=0

L2=NORG+1

DO 7 K=L2+NTONS

Li=L1+1

RAINCH RK)=RERRG (s 1)

CONTINUE

CONTINUE

DD 8 J=1,24

SUM1¢J)>=0.0
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DO 9 K=1sNTONS
SUMLUJ=5UNL(J)+RAINCJs KIXWTONS (K)
CONTINUE

CONTINGE !
WRITE(2,12)1

FORMAT (4X, DRG ST.NOD.’»10Xs ‘RAINFALL GES. FBR THE DAY{MM)

13--"415)

WRITEC(Z»14) (J»RORG(I) v J=1 9 NORG)

FORMAT(10Xs I4,10XsF15,2)

[0 13 K=1yNSRRG

WRITE(2+16) K

FORMAT(30Xr RAINFALL ORSERVED AT ‘+IZ»*5.R.R.G. STATIONS(MM) ‘)
WRITE(2,11)(RSRRG(J+K) rJ=1,24)

CONTINUE

WRITE(2,23)

FORMAT(10X, " TRIESSEN WEIGHTS OF ALL THE STATIONS (0.R.G+S5.R.RK.G}’)
WRITE(2+24)(WTONS(J) s J=1,NTONS)

FORMAT(4X»10F12,4)

WRITE(2,10) I

FORMAT (30X, AVERAGE RAINFALL FOR THE DAY(HM){---7,15)
WRITE(2,11) (SUHL(J)rJd=1524)

FORMAT(4Xs10FI2.4)

CONTINUE

STOF

ENIi
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B. DESCRIPTION OF COMPUTER PROGRAMME DAILY.FOR

This programme converts the daily rainfall data of
OR.G. sStations into hourly rainfall data in the ratio of
the hourly rainfall values of an appropriate S.R.R.G. sta-
tion for the day. The choice of the S.R.R.G. stations for
each O.R.G. station has to be made by the user. Further
more the programme computes the average hourly rainfall
values in the catchment during the storm using Theissen
polygon methed. The programme is written in FORTRAN*IVVIang-
vage and run on VAX-11/780 digital cdmputer system. The

main variables used in the programme are described below:

VARIABLE : DESCRIPTION

NDAY No. of days

NSRRG No. of operational SRRG for the day

NORG No. of operational ORG for the day

WTONS Vector containing the Theissen Weights for
all the operational'raingauge stations
{ORG + SRRG)

CHO Vector containing the SRRG No. chosen

for different ORG station for the distri-
bution of daily rainfall

RORG Vector containing the ORG stations rain-
fall for the day

RSRRG Two dimensional array containing 24 values
of hourly rainfall at each SRRG stations
for the day

SUMI Vector containing 24 values of average

hourly rainfall for the day
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C. INPUT SPECIFICATIONS

The input file DAILY.DAT should contain the values

for the following input lists in the specified format.

REC.No.  INPUT LISTS FORMAT REMARK
1 NDAY FREE
2 NSRRG FREE Repeat rec.No.
3 NORG " FREE 2 to 7 for
4 (WTONS (J).,J=1, NTONS) FREE NDAY . NTONS=NORG+
5 (CHO(J),J=1, NORG) FREE NSRRG
6 (RORG(J),J=1, NORG) FREE
7 ( (RSRRG(J,K) ,J=1, 24), FREE
K=1, NSRRG)
b. OUTPUT SPECIFICATIONS

After successful running of the programme DAILY.FOR
an eutput file DAILY.OUT will be created. This file will
have the values of the following output lists including

some no list parameters in the specified formats:

REC.No. QUTPUT LISTS FORMAT REMARK
1 Nil 30X, 'DAILY TO HOURLY CONVERSION Rec.No.3 to

OF RAINFALL AND COMPUTATION OF 10 are repea-

AVERAGE HOURLY RAINFALL' ted for NDAY.
2 Nil 10X, 120('-") Rec.No.5 and

. 6 are repeated
3 I 4X,"ORGST.No.',10X, 'RAINFALL ¢ peonc
Ly—

OBS.FOR THE DAY(MM}:—',I5 times on

4 (J,RORG(J),J=1, 10X, I4, 10X, Fi15.2 , each day.

NORG)
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5 K 30X, 'RAINFALL OBSERVED AT',
I3, "SRRG STATIONS (1M)'

6 (RSRRG(J,K),J=1 4&X, 10F12.4
24)
7 Mil 10X, "THEISSEN WEIGHTS OF ALL
_ THE STATIONS (0.R.G.+S.R.R.G)*
8 (WIS (J),J=1,  4X, 10F12.4 - '
NTONS)
9 1 30X, ' AVERAGE RAINFALL FOR THE
' DAY (MM): —=',I5
10 (SIMI(J),J=1,24) 4X, 10F12.4
E. EXAMPLE

During a storm the following rainfall values were

observed on a day at five 0.R.G. stations:

0.R.G. Station No. Rainfall (mm)

65.3
23.2
171.0
42.0
30.4

[T -V

Two S.R.R.G. were recording the rainfall on that
day the recorded hourly rainfall values for the two S.R.R.G.

are given below:

Hourly rainfall data of S.R.R.G. No.1l

0000000O0O0O0 25.7 0 0.1 1.0 6.0 1.3 0.0 0.0 0.3 05
0.1 1.0 24.4 0.2
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Hourly rainfall data of S.R.R.G., No. 2
00000000 0.2 2.1 0.7 0.30.10.14.70.000000
0 1.7 9.0

Mass curve analysis was performed for the recorded
rainfall of each station. The mass curves of daily rainfall
for 0.R.G. stations were compared with that of the hourly
rainfall for S.R.R.G. stations and the following choice of

S.R.R.G. stations were made for different 0.R.G. stations:

0.R.G. Station No. 1 2 3 4 5
Chosen S.R.R.G. Station No. 1 2 1 2 1

Theissen Weights for all the rairigauge stations are 0.1,
0.2, ©0.15, 0.15, 0.10, 0.15 and 0.15 respectively. Here
first five values of Theissen Weights correspond to 0.R.G.

stations while the remaining two to S.R.R.G. stations.

Find out the average hourly rainfall in the catchment

‘on the day.
(a) Input :

For the above example the structure of the input file

DAILY.DAT would be as follows:

1

2
5

0.1 0.2 0.15 0.15 0.10 0.15 0.15

1 2 1 2 1

65.3 23.2 171.0 42.0 30.4 :
0000000000 25,70 0.1 1.0 6.0 1.3 0.0 0.0
0.3 0.50.1 1.0 24.4 0.2
000000000.22.10.70.301 0.1 4.7 0.0
000000 1.7 9.0
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(b)

OQutput :

DAILY TO HOURLY CONVERSION OF RAINFALL AND CONPUTATION OF AVERAGE HOURLY RATNFALL

ORG ST.ND.

LA B td I

04,0000

RALNFALL DBS, FOR THE DAY(NN):~- 1

85,30

B2

171,00

42,00

3040 o

RAIWALL OBSERVED AT  18.R.R.G. STATIONS(ND
0.0000  0.0000.  0.0000  0.0000  0.0000
0.0000  0.1000  1.0000 60000  1,3000
10000 24,400 0,200

RAINFALL OBSERVED AT  25,RuR.5. STATIONSCHN)
0.0000 0,000  0.0000 0,000 0,000
0.3000 0,100 0,100 47000 0,000
0,000 1,200 9,000

THIESSEN WEIGHTS OF ALL THE STATIONS (0.R.G#S.R.R.6)

0.1000

0.0000
19,3017
0.0731

0.2000 0.1500 0.1500 0.1000 0.1500

AVERAGE RAINFALL FOR THE DAY(iN)i--- 1
0.0000 00000 0.0000 6.0000 0.0000
0,287 0.1480 0.8041 7.8127 0,905
0.7312 19,0800 6.7058
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0.1500

00000
0:0000

0.0000
0.0000

0.0000

0.0000
0.0000

0.1458
0.2194

9,000

2:1000

1,330
0.3456
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APYENDIX- VI

A COMPUTER PROGRAMME VEL.FOR

THIS PROGRAMME CALCULATES THE DISCHARGE FROM VELDCITY
MEASUREMENT

N=NDO.SECTIONS

AR=VECTOR CONTARINING AREA OF SECTIONS IN SQ.METRE
NU=NO OF VELOCITY MEASUREMENTS AT A SPECIFIC SECTION
VL=VECTOR CONTAINING THE VELOCITY HMEASUREMENT AT THE
SPECIFIC SECTYION

DIMENSION VC(I00)»VL(100)rAR(100)
OPEN(UNIT=1,FILE="VEL.DAT " »STATUS="0LDE")
OPENC(UNIT=2yFILE="VEL.QUT’ STATUS='NEW")

- READ (1sx) N

READCL1+%> (ARCI)»I=1:N)
§=0.00
AV=0.0
DO 1 I=isN
READ{1 %) WV
READ(L2%) (VLUJ)y J=1sNV)
S=VL (1)
BO 2 J=2,NV
S=84+VL (D)
AY=8/NV
V(X)=AVXARCI?
CONTINUE
Ti=V(1)
00 3 I=1+(N-1)
Ti=T14V(I+1D
WRITE (2-,4)
FORMAT(20X» 'S§TAGE DISCHARGE -~CALCULATION OF DISCHARGE FROM
1VELOCITY MEASUREMENTS’)
WRITE (2:5)
FORMAT(20Xs48( ~")//)
WRITE (2+4)
FORMAT (28X *SECTION’ +8Xr "AREA’ » 10X 'DISCHARGE ’)
WRITE (2,7)
FORMAT(26X»7( '~ ) sBX 4 "~ 3,10Xs9("~"))
WRITE(2¢8) (IsARCIIsV(I)sTI=1sN}
FORMAT (26X I3, 50XsF6,2110X1F6.4)
WRITE (2,9) T1
FORMAT (//28%y“TOTAL DISCHARGE EQUAL’,F7.3,’ (CUKECS) ")
CLOSE (UNIT=1)
CLOSE (UNIT=2)
sTOP
END
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B. DESCRIPTION OF COMPUTER PROGRAMME VEL.FOR
The programme VEL.FOR computes the discharge
from velocity measurements. The programme is written
in FORTRAN-IV lanquage and run on VAX-11/780 Digital
Computer System. The variables used in the programme

as input and output 1lists are described below:

VARIABLE DESCRIPTION
N No of Sections
AR Vecter containing the

area of different sections
in Ssg.Metre.
NV No. of Velocity measure-
ments at a specific section
VL Vector «containing the
values of velocity measu-

red at that section.

Ti ‘ Total computed discharge
(m3/sec)
v Vector containing the

discharge for each section.
C. INPUT SPECIFICATIONS:
The input file VEL.DAT should contain the values

of the following input lists in the specified format.

REC No. INPUT LISTS FORMAT REMARK

1 N Free

2 (AR(I),I=1,N) Free

3 NV Free Repeat Rec.
4 (VL(I),d=1,NV) . Free No.3 & 4

for N times
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D. OUTPUT SPECIFICATION

- After successful running of the programme an output

file VEL.OUT will be created. This output file
will consist the following output 1lists in the

specified-format:

REC NO. OUTPUT LISTS FORMAT ‘ : REMARKS

1

Nil ZOX,‘STAGE DISCHARGE-CALCULATION .

. OF DISCHARGE FROM VELOCITY MEA-

SUREMENTS'

Nil 20X, 68 (') 11

Nil 26X, 'SECTION', ‘8¥,'AREA',10X,
"DISCHARGE'

Nil 26X,7('='),8X,4("'-") , 10X, 9('~")

(I,AR(I},V(I),I=1,N) 26X, I3, 10X,F6.2, 10X,F6.4

TI 1126%, ‘'TOTAL DISCHARGE EQUAL',F7.3,
® CUMECS )"
EXAMPLE
The data given below were obtained from discharge
measurements on a large river. The river was divided
into a number of sections and the area of each
section was measured. Calculate the total discharge
in the riber.
Section 1 2 3 4 5 ﬁ 1
Area m® 3.1 5.1 7.1 9.2 6.6 4.8 2.6
Velocities (.65 0.70 0.70 0.75 0.65 0.60 0.60
(m/sec) 0.80 0.85 0.84 0.89 0.85 ©€.71 0.70
0.84 0.82 0.87 0.85 0.70 0.62

0.80 0.78 0.70



(a) Input:- For the above example the structure of the
input file VEL.DAT would be-as given below:
]
3,1 5.1 7.1 9.2 6.6 4.8 26
2
0.65 0.2
3
0.7 0.85 0.84
4
0.7 0.84 0.82 0.8
4
0.75 0.89 ¢.87°0.78
4
C.65 0.85 0.85 0.7
3
0.6 0.71 0.70
3
0.6 0.7 0.62
(b) oOutput

STAGE DISCHARGE-CALCULATION OF DISCHARGE FROM VELOCITY

MEASUREMENT
SECTION _ AREA DISCHARGE
1 3.10 2.2475
2 5.10 4.0630
3 7.10 5.6090
4 9.20 7.5670
5 6.60 5.0325
6 4.80 . 3.2160
7 2.60 1.6640

TOTAL DISCHARGES EQUAL 29.399 (CUMECS)
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APPENDIX-VII

A COMPUTER PROGRAMME RATING.FOR

C DEVELOPENENT OF RATING CURVE IN THE FORM OF G=3%(G-@)¥%b
DIMENSION GAUGE(100),DISCH(100),Y(100)sX(100),DISCHC(100)
OPEN(UNIT=1,FILE="RATING,DAT’,STATUS="0LD")
OPENCUNIT=2/FILE=/RATING.QUT »STATUS='NEN")
N=NO. OF VALUES OF GAUGE OR DISCHARGE
BAUBE=VECTOR CONTAINING GAUGE VALUES(METRE)
DISCH=VECTOR CONTAINING DISCHARGE VALUES(CUMEC)
E=ZERD LEVEL OF THE GAUGE (METRE)
MRITE(2,100)
100  FORMAT(20X, DEVELOFMENT DF RATING CURVE IN THE FORM OF
1 Q=a%(G-e)¥Xb’)
READ(1s%)N
READ(1+%) (GAUGE (I)sI=1+N)
KEADC1rX) (DISCH(I) s I=1sN)

coOoo0on

14 WRITE(4:1)

1 SORMAT(4Xy "SUPLLY THE ZERO OF THE GAUGE(METRE)?’$¢)
READ(S»%)E
DD 2 I=1:N

Y(I)=ALOG(DISCH(I))

X(I)=ALOG(GAUGE{ I -E)

CONTINUE

NALL REG(YsXsN:AsB)

WRITE(2:,3)

3 FORMAT (20X, 'SRQUATION OF THE RATING CURVE’)
WRITE(2,4)

4 FORMAT(20Xs280°X%X"})
A=EXP(A)
WRITE(Z+S)AsELE

5 FORMAT(26Xs 0 =’ sF12.3y " %(G-"sFB. 2y ")XX’F12,3}
De 6 I=1+N
DISCHC(I)=AX(BAUGE(IY-E)XXE

[ CONTINUE
WRITE(2:7)

7 FORMAT(20X»’OESERVED AND COMPUTED DISCHARGE VALUES')
WRITE(2:8)

B FORMAT(20X+38B( %" ))
WRITE(257)

9 FORMAT(16X»*ND‘ 310Xy “OBS, GAUGE’+10Xs 0OBS. DISCH. s10Xr
1/COMP, DISCH}
WRITE(2+10)

10 FORMAT (30X,  (CUMEC) s 11Xy ' (CUMEC) *»18X,  (CUMEC) "}
WRITE(2s11)(I+GAUGECI)»DISCH(I)»DISCHC(I)I=1sN)

11 FORMAT(18X,I3,9%XsF10.,255X+F15,2,5%X,F15.2)
WRITE(A:12)

12 FORMAT(4X» ‘D0 YOU WANY TO CHANGE ZERO GAUGE VALUE?(1/0}’$)
READ(S+XINL
IF(NL.EQ.1) GO TO 14
STOF
END

[ XEEKEEERKRERRE RN RN AR KRR EEREER KR AR RREKK AR R RRRAERE

3
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SUBROUTINE REG(Y:Xs»NsAsB)
DIMENSION X(100)sY{(100)sYC(100)
DATA IYES/'YES’/ ’
AN=N
SUML=0.0
SUM2=0.0
00100 I=1sN
SUM1=8UMI+X(I)
100 SUM2=SUM24+Y(I)
XM=8UM1/AN
YM=5UM2/AN
SUMXY=0.0
SUMX2=0.0
0101 I=1irN
SUMXY=SUMXYH(X(I)-XMIRLY(I)-YM)
i01 GUMX2=8SUMX2+ (X (TY-XMIR(X{I)I-XM)
B=SUMXY/SUMX2
A=YM-BXXH
WRITE(2s1)
i FORMAT(4X120(7°%7))
WRITE(2:2)
2 FORMAT (50Xs ‘LEAST SQUARE FITTING OF A STRAIGHT LINE’}
WRITE(2:3)
3 FORMAT(10X» 'EQUATION OF THE FITTED LINE’)
WRITE(2+4)ArB
4 FORMAT(SX,’Q="+F10.4y "+ " sF10.4,"%Y")
NO102 I=1+N
102 YE(IY=A+BRX(I)
SUME=9.0
pO103 I=1sN
103 SUMS=SUNHS+(YC(I)=Y (I )RL{YCC(II=-Y(I))
SGUMS=8SUNS/(AN~-2.0)
8=8QRT{5UNSB)
BUMY=3.0
poi04 I=1sN
104 SUMY=SUMY+(Y(I)-YHIXR(Y(I)-YM)
SUMY=CGUMY/(AN-1.0)
R=1.,0-(5UME/5UMY)
R=8SORT{R)
WRITE(Z,239)R
FORMAT(4%y 'COEFFICIENT OF CORRELATION=’,F10.3)
SER=3/(SBRT(5UMX2)
SEA=S¥SART (1.0/AN+ (XMEXM) /SUMX2)
TE=B/SER
Ta=H/SEA
WRITEL2y8)
& FORMAT¢(AXy» 'REBR. COEFF,’¢10Xy’STAND, ERR.’r10Xs’T-VALUES’)}
WRITE(2,7)A»SEAsTAsB+SEBsTE
7 FDRNAT(4X!F11o3v10XIF11.3110XlF11.3/4XrF11o3110XrF11.3110X
- 1,F11.3)

T
L]
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WRITE(2+8)8

FORHAT(4X» 'ETANDARD ERROR DF REGRESSION EQUATION=’,Ffi1.2)
WRITE(2r1) . o
RETURN

END



DESCRIPTION OF COMPUTER PROGRAMME RATING.FOR

The programme RATING.FOR is used for developing
the rating curﬁe in the form of Q=a*(G-e)**b,
This programme is written in FORTRAN-IV language
and implemented and tested on VAX 11/780 system.

The variables used in the programme are described

below:

VARIABLE . DESCRIPTION

N No. of observations for
gauge or discharge

GAUGE _ Vector containing Gauge
Values (metré) '

DISCH _ - Vector ‘containing Discharge
values (m3/sec)

E Zero level of the gauge(Metre)

A Co-efficient ‘'a’ in the’
rating curve equation.

B : | Co-efficient 'b' in the
rating curve equation

DISCHC Vector containing the values

of discharge corresponding

to various stage values
A SUBROUTINE REG (Y ,X,N,A,B) is called in the
main programme. This SUBROUTINE is used for least
square fitting of a straight line. Further more
the coefficient of correlation, regression coeffi-
cient, standard error of regression co-efficients,

T-values for regression ccefficients and standard
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-error of regression equations are also computed

by this SUBROUTINE. The variables used as arguments

of the SUBROUTINE are described below:

VARIABLE

¥

TFhe wvariables

DESCRIPTION

Vector containing the logarithmic
of discharge values |
Vector containing the Jlogarithmic
of the stage values obtained after
deducting the gauge value corres-
ponding to zero discharge.

No. of obsérved stage or discharge
values

Regression Coiefficient 'a' in
the rating curve eguation.
Regression co-efficient 'b' in
the rating curve equation.

used as the output 1lists within

the above SUBRQUTINE are described below:

VARIABLE

A

SEA

DESCRIPTION
Same as described for the variables
used in the main programme
Same as described for the variables
used in the main programme
Coefficient of correlation.
Standard error of regression coe-

fficient A
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C.

TA T-value computed for regression
coefficient A.

SEB Standard error of regression coe-

, fficient B

TB T-value computed for regression
coefficient B. |

s Standard error of regression equ-
ation.

INPUT SPECIFICATIONS

The values of the following input lists are requ-

-ired in the specified format for running the pro-

gramme.

'REC No. INPUT LISTS FORMAT
1 N _ FREE

2 - {GAUGE(I)I=1,N}) FREE

3 (DISCH(I),I=1,N) FREE

The values of the above input lists are supplied
through a data file RATING./DAT. In addition to
this the value of the gauge corresponding to the
zero diécharge is supplied through terminal in
interactive mode as follows while running the
programme:
{i) The follbwing ~matter will be displayed over
the terminal screen during the running session

of the programme.
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SUPPLY THE ZERO OF THE GAUGE(METRE)?

(ii) The cursor will wait in the end of the above
matter untiil the value of the zero of the
gauge is supplied by the user through terminal.’

(iii)Once the step(ii) is over the following matter
will be displayed over the terminal.

DO YOU WANT TO CHANGE ZERO GAUGE VALUES?{ 1/0)

(iv) Again the cursor will wait for input after
displaying the above matter over the terminal
screen. Either '1' or '0' has to be ‘supplied
By the user through terminal in free format.
If the wuser has supplied '1' in the above
response, then the control will be repeated
with the other value of the gauge corresponding
to‘ zero discharge. Otherwise, if wuse has
supplied '0°', the. further computation will
not be performed.

OUTPUT SPECIFICATIONS

An output file RATING.OUT will be created after

the successful running of the programme. ihe values

of the following output 1lists in the specified

format will be stored in the output file:



'REC No. OUTPUT LISTS N FORMAT
1 Nil 20X, *‘DEVELOPMENT OF RATING
«QURVE IN THE FORM OF
Q=A*(G-e) **b’
2 Nil | 4X,120(**")
3 Nil 50X, 'LEAST SQUARE FITTING
OF A STRAIGHT LINE' '

4 Nil 10X, 'EQUATION OF THE FITTED
LINE" .

5 A,B 5X,'Q="', F10.4, '+', F104, '*y"

6 R 4X, 'COEFFICIENT OF CORRELATION
="', F10.3

7 Nil 4X, 'REGR.COEFF. ', 10X, ' STAND.

 ERR!, 10X, 'T-VALUES'

8 A,SEA,TA,B, 4X,F 11.3,10X,F11.3, 10X,
SEB,TB F11.,3 4X,F11.3, 10X,F11.3,10X,
' F11.3
9 ] 4X, "STANDARD ERROR ' OF REG-

RESSION EQUATION=',F11.2

10 Nil 4X,120('*")

1 Nil 20X, '"EQUATION OF THE RATING
CURVE'

12. Nil - 20X,28('*')

13 A,E,B, 26X,'Q="',F12.3,'*(G-",

FB.2',** F12.3
14 Nil 20X, "OBSERVED AND COMPUTED

DISCHARGE VALUES'
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15

16

17

18
Note:
(1)
(ii)

(iidi)

Nil 20X, 38('*")
Nil ' 16X, 'NO', 10X, 'OBS. GAUGE',
10X, 'OBS.DISCH', 10X,

'COMP.DISCH!
Nil 30X, '(CUMEC) ", 11i, ' (CUMEC) ',
18X, ' (CUMEC) '
(1,GUAGE(I), 16X, I3,9X,F10.2,5x,F15.2,5(9CX
DISCH(I),DISCHC(I) s

I=1‘ N)

The output lists for rec.no.2 to 10 are
in SUBROUTINE REG.
The output lists for rec.No.l1 and rec.No. 11
to 18 are in the main programme.
Rec.No.2 to 18 are repeated with different
Values of the gauge corresponding to zero
discharge supplied by the wuser through
terminal in interactive mode as discussed
in earlier section on 'INPUT SPECIFICATIONS'
EXAMPLE
The following values of the gauge and corresponding
discharges were observed at a gauging site of a river.
Develope rating curves in the form of Q=a*{G-e)**b

taking the values of gauge corresponding to zero discharge
as 21.0 and 21.50 metre respectively for the first and second
trials. '

VII-9/12



L.
Gauge{m) 21.95 22.45 22.80 23.00 23.40 23.75. 23.65

Discharge(m>/s) 100 220 295 400 490 500 640
Gauge (m) - 24.05 24.55  24.85 25.40 25.15  25.55 25.90
Discharge(m>/s)780 1010 1220 1300 1420 1550 1760

(a) Input: For the above example the structure of the input

file RATING.DAT would be as given below:
51.95 22.45 22.80 23.00 23.40 23.75 23.65 24.05 23.55
24.85 25.40 25.15 25.55 25.90
100 220 295 400 490 500 640 780 1010 1220
1300 1420 1550 1760

The value of the gauge corresponding to zero discharge.
(e} is to be sﬁpplied by the user through terminal in-
interactive mode as given below:

SUPPLY THE ZERO OF THE GAUGE (METRE)? 21.00

DO YOU WANT TO CHANGE ZERO GAUGE VALUE?{1/0}1

SUPPLY THE ZERO OF THE GAUGE(METRE}? 21.50

DO YOU WANT TQ CHANGE ZERO GAUGE VALUE?(1/0)0
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b) Output

DEVELOFMENT OF RATING CURVE IN THE FORN OF Q=af(G-e)¥th
Lt ety et ittt ttariterrtrtrtiatitrertanitateanaieiiieiablnies dbitsesisndtiste ti iidotis i oitisiet sl
LEAST SQUARE FITTING OF & STRAIGHT LINE ‘
EQUATION OF THE FITTED LINE
B= 470324  1,7046%Y
COEFFICIENT OF CORRELATION= 0,994

REGR. COEFF, STAND, ERR. T-VALUES
4,703 0,038 80,33%
1,75 0.052 n.128

STANDARD ERROR OF REGRESSIOR EQUATION= 0.09

T R R S L R S E O SR T AR ST SRS A RS R KL SRR SR R T IR S
EQUATION OF THE RATING CURVE
etheiditirertatiiietiitit]
= £10,29068(C- 21.00118 1,73
OFSERVED AND COKPUTED DISCHARGE VALUES
pritidebysibiiibatisteciastitasediits

ND OBE, GAUGE 0ES, DISCH. codP. DISCH

(CUNEC) {CUNEC) {CUNEC)
1 21,95 100.00 00,01
2 22445 220,00 210,12
3 22,80 295,00 305,74
4 23.00 400,00 367,04
3 3.4 490,00 503,58
& 23.75 500,00 837,70
7 23,65 640,00 598.02
8 24,05 780,00 783414
9 24,53 1010.00 793,06
10 24,85 1220.00 114311
i 25,40 1306.00 144105
12 .15 142000 1302.00
13 25,55 1556.00 1527,33
14 25,90 1760,00 173484

A A SR T L A LR R I T S R TRt e
LEAST SQUARE FITTING OF A STRAIGHT LINE
EQUATION OF THE FITTED LINE
G- S.4666  1.2878%Y
COEFFICIENT OF CORRELATION= 0.989

REGR. COEFF, STAKD, ERR. T-VALUES
5,467 0.052 104,491
1.2 0,053 24,424

STANDARD ERROR OF REGRESSION EDUATION= 0.12

T T e T L s s st
EBUATION OF THE RATIRG CURVE
freas{iitaasitiontizistitat])
0= 2345659806~  21.50)8% 1,287
OBSERVEE: AND CONPUTED DISCHARGE VALUES
reciiithiiitesha it ititeaidsttetts)

HO OBS. GAUBE OBS. DISCH. COMP. DISCH
(CUMEC) (CUNEC) (CUMEC)
1 21,95 100,60 84,58
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22,45

22.80
23.00
21,40
23.73%
23,63
2405
245
24,80
25.40
515
25,55
25.90

220,00
295,00
400,00
470,00
500,00
540,00
780,00
1010.00
1226,00
1300,00
1420.00
155000

1740.00
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198.87
540,74
472,26
534,04
789.81
99454
122,85
1364.83
1253.27
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APPENDIX VIII

_A.COMPUTER PROGRAMME GAUGE.FOR

THIS FROGRAMME CONVERTS GIVEN GAUGE VALUES TO DISCHARGE VALUES
FOR A GIVEN RATING CURVE OF THE FORM! Q=zX(H-HO)%Xb
DIMENSION GAUGE(100),DRISCH(1G0)

READ{S»X)> NG INO. OF GAUGE VALUES TO BE SUPLIED
READ(S,%X)(GAUGE(I)I=1,NG) !GAUGE VALUES

READ(S,%¥)A»B ICOEFFICIENTS 2 & b OF RATING CURVE

DO 10 I=1.NG

DISCH(I)=AXGAUGE(I)XX%B

DISCH(I)=A+BXALOG(GAUGE(I))

BISCHUI)=EXP(DISCHII))

CONTINUE

WRITE(S+2) :

FORMAT (10X, ‘DISCHARGE VALIES CORRESFONDING TO EACH GAUBE’)
WRITE(&s3) (DISCH(I) yX=1,NG}

FORMAT(4X,10FB.2)

§TOP

END
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DESCRIPTION OF COMPUTER PROGRAMME GAUGE.FOR

The computer programme GAUGE.FOR is uséa for con-
verting the given stage values into corresponding dis-
charge values using a given rating curve in the form:
Qg = a* (H—Ho)**b. The programme is written in FORTRAN
IV language and run on VAX-11/780 Digital Computer system.

The variables used 'in the programme as input and output

lists are described below:

VARIABLE DESCRIPTION
NG No of observed gauge values
GAUGE Vector containing the stage values relative

to the gauge corresponding to zero discharge

(H-Ho)
A - Coefficient *‘a' in the rating curve
equation.
B Coefficient 'B' in the rating curve equatipn
DISCH Vector containing the discharge values

corresponding to the given stage values.
C. INPUT SPECIFICATIONS
The input file GAUGE.DAT contains the values of

the following input lists in the specified format:

REC NO. INPUT LISTS FORMAT
1 NG FREE
2 (GAUGE(I),I=1,NG) FREE
3 A,B FREE
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D.QUTPUT SPECIFICATIONS
An output file GAUGE.OUT will be created after the
successful running of the programme . This file contains
the values of the following output lists including some
no list parameters in the specified format.
REC.No. OUTPUT LISTS FORMAT
1 Nii 10X, ‘DISCHARGE VALUES
CORRESPONDING TO EACH
GAUGE'
2. DISCH(I),I=1,NG) 4X, ?OFB.Z
E.EXAMPLE
The hourly stage values above the zero gauge level
at a river gauging site are given below. The rating curve
equation for the gauging site is in the form of Q=a*(H-Ho)**b
where a=5.09 and b=1.60. Find out the discharge values
corresponding to given stage values.
Time (hrs) 1 2 3 4 5 6 7 8 9 10 1N

Stage(H-H_)
{metre} 0.35 0.35 0.35 0.35 0.61 0.89% 1.79 1.97 1,75 1.35

1.11

Time(hrs) 13 14 15 16 17 18 19 20 21 21 23 24
Stage{H-Ho) 1.03 0.95 0.83 0.71 0.61 0.57 0.55 0.55 0.55 0.51
(metre)

0.51 0,51
(a) Input: For the above example the structure of the
input file GAUGE.DAT would be‘ as given below :
24 _
#.3% 0,35 0.35 0.35 0.61 0.89 1.79 1.97 1.75 1.35 1.35 1.1

1.03 0.95 0.83 0.71 0.61 0.57 0.55 0.55 0.55 0.51 0.51 0.51

5.09 1.60
VIII-3/4
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(b} Output A _

DISCHARGE VALUES CORRESPONDING TO FACH GAUGE
30.27 30.27 30.27 30.27 73.64 134.77 412,21 4B0.51 397.58 262.48
262.48 191,90 170.25 149.59 120.53 93.88 73.64 66.06 62.39 62.39

62.39 55.29 55.29 55.29
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APPENDIX IX
A,COMPUTER PROGRAMME EFF.FOR

THIS FROGRAMME CALCULATES THE EFFECTIVE RAINFALL FROM DISCHARGE
HYDROGRAPH
N=NO.OF ODBSERVATIONS
A1=VECTOR CONTAINING THE DISCHARGE HYDROGRAFH ORDINATES
NOPT=AN INTEGER CONSTANT WHICH ALLOW USER TO CHOOSE OPTION
FOR BASE FLOW
IF NOPT=1 USER SHOULD SUPPLY CONSTANT BASE FLOW
IF HOPT=2 USER MAY SUPPLY NON-CONSTANT BASE FLOW
A2sVECTOR CONTAINING THE ORDINATES OF DIRECT SURFACE RUNOFF
HYDROGRAPH OBTAINED BY SUBTRACTING THE BASE FLOW FRONM
DISCHARBE HYDROGRAPH
AR=CATCHMENT AREA (SQ.METERS)
HR=DATA INTERVAL IN HUURS
DIMENSION A1(0:100)sA2(0:100),CBN(D!100)
OPEN(UNIT=1,FILE="EFF.DAT’, STATUS='0LD')
OPEN(UNIT=2,FILE="EFF.0UT’ ySTATUS="NEW ")
READ(1s2} N
READ (1lrk) (AL(EI)»I=0+(N-12)
READ (1:%) HR
READ(1-%) AR
READ(1s%) NOFT
GO TO (100,200)NOFT
WRITE (2+1)
FORMAT (20X, 'EFFECTIVE RAIN FALL FROM HYDROGRAFH -CONSTANT
1BASE FLOW')
WRITE(2:2)
FORMAT (20X»53(' 7)1
THIS FART OF THE FROGRAMME COMFUTES THE EFFECTIVE RAIN
FALL SUBTRACTING THE CONSTANT BASE FLOW FROM DISCHARGE
HYDROGRAFH
CB=CONSTANT BASE FLOUW
READ (1,x) CE
K=0
DO 3 I=0y(N-1)
T=A1(1)-CB
IF(T.LT.0+0> GO TO 3
AZ2¢(K)=T
K=K+1
CONTINUE
CALL SIMP (KsAZsHR,VULT
DP=VL./AR
DC=DP¥100.0
WRITE (2:4) VL
FORMAT (4X, "VOLUME OF RAIN FALL(MX¥I)=‘,F14.2)
WRITE (2,5) AR
FORMAT(AXs ‘CATCHMENT AREA (MEXX2)=7,EB.2)
WRITE (2:5) DC )
FORMAT (4X:'EFFECTIVE RAIN FALL IN CH IS=’:F3.4)
G0 TO 390
WRITE (2.7}
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o000 o

300

FORMAT (20X»’EFFECTIVE RAIN FALL FROM HYLOROGRAPH ~-NON
1CONSTANT BASE FLOW’)

WRITE (2,8)

FORMAT (20X,57(7_"))

THIS FART OF FROGRAMME COMPUTES THE EFFECTIVE RAIN FALL
SUBTRCTING NON CONSTANT BASE FLOW FROM DISCHARGE
HYDROGRAFPH

READ (1s%) (CBN{I)»I=0y{N-1))

K=90

DO ¢ I=0s{(N-1)

T=A1(I)~-CBN(I)

IF {(T.LT.0) GO T0 ¢

AZ(K)=T

K=K+1

CONTINUE

GO TO 400 .

CLOSE (UNIT=1)

CLOSE(UNIT=2)

STOF

END

SUBROUTINE SIMP (KyAZ2/HR:VL)

DIMENSION A2(0:100)rAZ(100)

T=0 .

NC=1

X1=A2(0)

X2=A2(K)

0 1 I=1,(2%K-12

ITP=MOD{I,2)

IF (ITP) 2:3,2

AZ(IY=A2(I/2)

G T0 1

AJ(II=(A2(NCY+A2(NE-1)2/2.0

NC=NC+1
CONTINUE

D0 4 I=1,(2%¥K-1)
ITP=MOD(Is2)
IF(ITFYS5+6+5
T=T+(2,%A3(1))
GO TC 4
T=T+{4.,%AT(1))
CONTINUE
§=((HR/2.,0)/2. 0% {X1+TH+X2)
T8=(K-1YXHRX (460 .%40.)
VL=5X%TS

RETURN

END
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" B. DESCRIPTION OF THE COMPUTER PROGRAMME EEF.FOR

The computer programme EFF.FOR computeé the effective
rainfall from discharge hydrographs after seperating the
constant or non-constant base flow ordinates ‘suppiied
by the user as input to the programme.. The programme is
written in FORTRAN-IV language and run on VAX-11/780 Digi-
.tal computer system. The variables used in the programme

as input and output lists are described below.

VARIABLE DESCRIPTION

N No of discharge hydrograph ordinates

Al Vector containing the discharge hydrograph
ordinates

NOPT An integer constant for choosing the base

flow options
NOPT=! For constant base flow

NOPT=2 For non-constant base flow

HR Data interval (hours)

AR Catchment area (sq metres)

CB Constant base flow (m3/§ec)' .

VL Volume of rainfall (M**3)

bc ' Effective rainfall (cm)

.CBN : Vector containing the non;constant_ baseflow (m3/sec)
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A SUBROUTINE SIMP(K,A2,HR,VL) is called in the main
programme.using the following statement!

CALL SIMP(K,AZ2,HR,VL)

This subroutine is used for computing the area under
the direct surface runoff hydrograph using' Simpson 'rule.
The variables used in the éfguments of the‘ subroutine
are described below:

VARIABLE DESCRIPTION

K Ordinate no. for direct .surface
runoff hydrograph.

A2 ' Vector containing the direct surface

runoff hydrograph oxrdinates

HR ' Same as described earlier in this
‘section.

VL Same as -described earlier in this
section.

C. INPUT SPECIFICATIONS _
The input file EFF.DAT consists the values of the

following input lists in the specified format:

REC No. INPUT LISTS VFORMAT
1 N ~ Free
2 (AN(D),I=0,(N-1)) Free
3 HR ) ' Free
4 AR Free
5 NOPT Free
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6 CB Free

7 (CBN(I},I=0(N-1)) Free

Note:-

(1) If NOPT=1, the input ‘1ist/lists at rec.No.?_ will
be sbipped from input file.

(iiy If NOPT=£, the input 1list/lists at rec.No.6 will

be skipped from input file.

D. OUTPUT SPECIFICATIONS

The values of the following output lists including

some no list parameters will be stored in an output file

EFF.OUT with the specified format

REC.NO. OUTPUT LISTS
1 Nil
2 Nil
3 VL
4 AR
5 DC
6 . Nil

"ORMAT

20 X, 'EFFECTIVE RAINFALL

FROM HYDROGRAPH-CONSTANT
“BASE FLOW'
20X, 53('-")

4X,'VOLUME OF RAINFALL
(M**3)="',F14.2)

4X, 'CATCHMENT AREA(M*#*2)=',

F8.2)
4 X, 'EFFECTIVE RAINFALL
IN CMIS=', FB.6

RAINFALL

20X, 'EFFECTIVE
. L4

FROM HYDROGRAPH-NON

CONSTANT BASE FLOW'

IX-5/6



7 Nil . 20%x, 57('-")

Note:-

(1) If NOPT=1, rec. no.6 and 7 will be skipped.

(ii} If NOPT=2, rec no.1, and 2 will be skipped and
rec. no.6 and 7 will be written in the beginning
of the output file followed by rec.no.3 to 5.

E EXAMPLE
The ordinates of discharge hydrograph in a river
following a storm, which covered the entire catch-
ment are given below at 2-hourly interval. The
catchment area is 1250 kmz. Calculate the depth
of effective rainfall assuming the constant base
flow equal to 10 m3/s '

(a) Input: The structure of the input file EFF.DAT

for the above example would be as given below:

12

10 57 133 136 102 76 S6 41 28 18 12 10
,

12550000000

1 -

10

(b} Output

EFFECTIVE RAINFALL FROM HYDROGRAPH-CONSTANT BASE FLOW

VOLUME OF RAINFALL(M**3)} = 88545600.00
CATCHMENT AREA (M**2)}=0.13E+10
EFFECTIVE RAINFALL IN CM 15=7.083648
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APPENDIX -X
A.COMPUTER PROGRAMME LOSS.FOR

c THIS PROGRAMME SEFERATE UNIFORM LODSS FROM RAINFALL

c HYETOGRAPH AND BASEFLO FORM DISCHARBE HYDROGRAPH
DIMENSION EXR(S0),0DSRO(50):BFLOCS0)+DBD(S0}+WT(10)5ARFLO(SO0)
DIMENSION TITLE(SO):TIME(S0), EFR(S0)SREXR(S50) RAIN(S0,%50)
OPEN(UNIT=1+FILE="LOSS.DAT' +STATUS=/0LD")
OPEN{UNIT=2sFILE="LOS5.0UT " y3TATUS =" NEW’)

c CA=CATCHMENT AREA

READ{L s%) CA

DLT=SAMPLING INTERVAL

READ(1,%) DLT

NST=NO. OF STORMS HAS TD BE ANALYSER

READC(1.%) NST

DO 112 II=1,NST

READ NO OF STATIONS

READ(1r%) NSTAT

READ THIES. WEIGHTS

READ(1+X%) (WT(I)»I=1,NSTAT)

READ NO. OF RAIN FALL BLOCKS

READ{(1-%) NRAIN

READ RAIN FALL AT EACH STATIONS

READ (1+%) ((RAIN(I+J)sY=1,NRAIN) J=1sNSTAT)

DD 1003 I=1,NRAIN

EFR{(I}=0.0

DO 10603 J=1,NSTAT

1003 EFR(I}=EFR(II+RAINC(I» IXUT(J?

[}

o 0o 9 0

c READ ND. OF RUNOFF RLOCKS
READ{1s%) NRUN
C READ RUNOFF BLOCKS
READ(1s%) {OBDH(I)yI=1»NRUN)
c CB=RECESSION FLOW
READ{1:X%)CB
12 FORMAT(AX,128( %" )
13 FORMAT(///)
WRITE(2y16)04
16 FORMAT(4Xy ‘C..TCHMENT AREA-’:4%X:F8.3)

WRITE(2+3451) NSTAT

3451 FORMAT(4Xy 'NO. OF RAINGAUGE STATIONS=‘,2X,I3)
WRITE{2,3452)

3452 FORMAT (30X "WEIGHT OF EACH RAINGAUGE STATIONS)
WRITE(2s3453) (WT(I)sI=1sNSTAT?

3453 FORMAT(10F8.4) -
WRITE(2,3454) NRAIN

3454 FORMAT(4Xs "NO. OF RAINFALL VALUES=',2X,IZ}
WRITE(2:,4454)

4454 FORMAT (30X» "RAINFALL AT EACH STATIONS )
DO 3455 J=1sNSTAT
K=J
WRITE(2,3454) K

3456 FORMAT(4X, "STATION NO,=’,2Xs13)
WRITE(2,3457) (RAIN(I».J)sI=1+NRAIN)
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3457 FORMAT(10F8.2)

3455 CONTINUE
WRITE(2:3438) NRUN

3458 FORMAT(AX»’NQ. OF RUNOFF VAILUES=‘»2XrI3)
WRITE(2,345%9)

3459 FORMAT(3OX|’DBBERVED DISCHARGE HYDROGRAPH?)
WRITE(2:34540) (ORD{I)s I=1sNRUN)

34460 FORMAT(10FB,2)

WRITE(2,12)
WRITE(2,3441)

3461 FDRHAT(SOX!’HEIGHTED RAINFALL VALUES‘)
WRITE(2,34462) (EFR(I)rI=1:NRAIN)

3462 FORMAT(10FB.2)

TIME(1)=0.0

D0 1B I=2yNRudw
K=I-1

TIME(I)=TIME (K)+DLT

18 CONTINUE
NBEG=1

202 CALL RUNSEP(OBD,»BFLO,ODSROsNRUNINBEG: TIMEsCE)
8DSRO=0.0
b0 200I=NBEG»NRUN

200 SDSRO=SDSRO+0DSROLT)

SDSRO=SDSROXDLT

SISRO=8DSR0OX3.4/CH

CALL RAINSP(EFR:SDSROsDLTsEXRyNBEG:NRAINsAINFR,5RX)
IF(EXR(NBEG).GT, 0.0) GO TO 201

NBEG=NBEG+1

GO TO 202

201 WRITE(2,203)

203 FORMAT (20X, 'DIRECT SURFACE RUNOFF (CUHECS).")
WRITE(25204) (ODSRO(I),I=NBEG,NRUN)

204 FORMAT(4X-10F8.3?

WRITE(2,205)

205 FORMAT (20X, ‘BASE FLOW (CUMECS)’)
WRITE(2,204) (BFLO(I),I=NBEGsNRUN)
WRITE(2¢,350) AINFR,SRX

330 FORMAT(4X, ' INFILTRATION CAPACITY(MM/HR)-‘s4XsFB.3/4Xy ' TOTAL
1 RAINFALL EXCESS(MM)-‘»4X,F8.3)
NR=NRUN-MNBEG+1
NRN=NRAIN--NBEG+1
DO 204 I=1»:NRN

206 REXRC(I)=EXR(I+NBEG-1)

DO 207 I=1s»NR

207 ABFLO(I)=BFLOC(I+NBEG-1)
WRITE(2,3569) NBEG

3569 FORMAT(4X, ‘NBEG=",1I1)
WRITE(Z2,208)

208 FORMAT(20Xs 'SEFERATED RAINFALL VALUES (MH) )
WRITE(2,209) (REXR(I)sI=1sNRN)
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209
112

13

140
145
150

35

20

S0

20

15
10

FORMAT(4X»10F10.3)

CONTINUE

CLOSE(UNIT=1)

CLOSE(UNIT=2)

STOP

END

EXXEEXNHRRXXX LRI R OOk OO OO Rk KRR Rk k¥
SUBROUTINE RAINSF(EEFR:SSDSRO,DDLTrEEXRsNNREGyNNRAINYAAINFR
1y8SRXD

DIMENSION EEFR(S0)EEXR(S0}»RXE(S0)-
AAINFR=0.0

NN=0

§8RX=0.0

DO 150 I=NNBEG:NNRAIN
RXS(I)=EEFR(I)~AAINFRXDOLT
IF(RXS(I).LE.0.,0) GO TO 140

EEXR(I)}=RXS(I)}

NN=NN+DDLT

GO TO143

EEXR(I)=0.0

SSRX=8SRX+EEXR(I)

CONTINUE
IF((ABB(SSDSRD-S8RX))/(55D5R0)-0.,0001)20,20+35
AINF1=(SSRX-88DYR0I /NN

AAINFR=AAINFRYAINF1I

- GO TD 15

70
80

CONTINUE

RETURN

END

b33 3 T3 et Pttt T 33402333333 3232 3333233033238+ 4 02203238
SUBROUTINE RUNSEP(@sBFyORO,NNRUN,NNBEG,»TTIMECR)
DIMENSION Q(S50)»BF{(S0)yORO(SO}yTTIME(SOD

DO S0 I=NNBEGsNNRUN
IF(Q{I).EQ.CB,AND.Q(XI+1).,LT.CE} G0 TO &0
IF(Q(I).EQ.CRB.AND.Q(I+1).EQ.CRE) GO TO 60
CONTINUE

MRUN=T

Q{HMRUN)=CB

TTIME(MRUN)=TTIME(E)

DO 10 I=NNBEG»MRUN

DLY=TTIME(X)-TTIME (NNBEG)
BFCID=Q(NNBEG)+(Q(MRUN)-Q(NNEEBY Y ADLT./(TTIME (MRUN)~TTIME (NNEE
162

IFCALIY-BF(I)) 20,20,15

DRO(IN=0.0

GO TO 10

DROCIN=Q(L)-BF (I}

CONTINUE

IF (MRUN.EQ.NNRUN) GO TO 80

RO 70 I=(MRUN+1),NNRUN

BF(IY=QR(I)
DROCI}=0.C
RETURN

END



B. DESCRIPTION OF THE COMPUTER PROGRAMME LOSS.FOR

"The computer programme LOSS.FOR separates the base
flow from - discharge hydrograph using straight line
technique and also computes the excess rainféll. hyeto-
graph after accounting for the hydrologlc abstractions
using ¢ - 1ndex method. The programme is written in FORTRAN

IV language and run on VAX-11/780 computer system.

. Variables used in the programme are described below:
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VARIABLE DESCRIPTION
Ca Catchment area (sz)
DLT Computational interval (hours)
NST No. of storms to ' be analysed
in single run
NSTAT No. of raingauge stations
_ ﬁT Vector containing the wvalues
| of Thiessen weights fof each
station
NRAIN No. of rainfall blocks (maximum
from all the stations)
RAIN Twe dimensional array containing

‘the values of rainfall for

different raingauge stations
atdifferent conmputational inter-

vals(mm)



NRUN

OBD

CB

‘No. of discharge hydrograph

ordinates

Vector containing the discharge
hydrograph ordinates(m>/s)
Discharge at Recession point
on the recession limb of the

discharge hydrégraph

The following subroutines are called in the main-

programme for intermediate computations:

(i) SUBROUTINE RUNSEP(Q,BF,DRO,NNRUNM,NNBEG, TTIME,CB)

This subroutine separates the basé flow and computeé

the direct surface runoff hydrograph. The variables used

as' argquments of the subroutine are desgribed below:

VARIABLE
Q

BF

DRO

NNRUN

NNBEG

TTIME

DESCRIPTION

A vector containing the discharge

hydrograph ordinates

A vector of base flow ordinates

A vector of direct surface

runoff hydrograph ordinates

Number of discha:qe hydrograph

ordinates

The ordinate number at which

the effective “féinfall starts
contributing the direct

surface runoff after satisfy-

ing -the requirement for the

initial losses.

Vector of time period
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-] ‘Flew at recession point on
‘the falling limb.
“(ii) “sHEHOUTINE RAINSP(EEFR,SSDSRO,DDLT, EEXR, NNBEG,NNRATN,
ANINPR,  S8RX) |
“ihis - sitbroutine ~accounts for the hydrolegic abstrac-
't¥ons tabstractions -due to ‘infiltration is predominant
“duting “the -pbriod of ‘floods) using ¢ - index -method and
“ddiaputes “the efféctive rainfall hyetograph. The variables
‘iged - in “the - arguments of +the 'subroutir= are described
rheTEwE -
CYRRENBLE DESCRIPTION
LRgPR A vector of average -rainfall
' - hyetograph (mm)
CREPERO Volulme of ‘‘direct surface runoff
hydrograph -expressed in eguiva-
lent depth unit {mm)
BbLT - Computational interval {hours)
" ERRR A vector ' of effective rainfall

hyetograph ‘(mm)

“inieG ‘Bame ‘as described for subroutine
RUNSEP

HMRATN ‘Number of -average rainfall
blocks

“ AATNRR Uniform - loss rate (9 -index)
{mm./hr)

- BERX “Tatal volume of excess rainfall(mm}



>

C. INPUT SPECIFICATIONS

-

The input file LOSS.DAT consists the values of - the

following input lists in the specified format

REC.No. " INPUT LISTS ' FORMAT
1 ' cA Free
2 ‘ DLT Free
3. NST ' Free
4 NSTAT ‘ Free
5 (Wr(I),I=1,NSTAT) - Free
6 NRAIN ' Free

7 ({RAIN(I ,J}=I=1,NRAIN), Pree

J=1NSTAT)

'8 ' NRUN ‘ . Free
9 (OBD(I},I=1,NRUN Free
10 CB Free

Note: Rec. mo. 4 to 10 should be repeated for NST times

D. OUTPUT SPECIFICATIONS . | .
After successful running of the programme a file

LOSS.OUT will be created which consists the following

output lists in the Specified.format:

REC.No. OUTPUT LISTS PORMAT

1 ca - 4X, "CATCHMENT AREA',F8.3

2 NSTAT 4%, 'NO. OF RAINGAUGE
STATION - =',2X,I3

3 Nil ' 30X, WEIGHT OF EACH RAIN

GAUGE STATIONS'
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10

A2
13

14
15
16

17
18

(Wr(1),I=1,NSTAT)
NRAIN

- Nil

K

10 F8.4

4X,'NO. OF. RAINFALL
VALUES=",2X, I3

30X, 'RAINFALL AT EACH
STATIONS' ‘

4x.'STAf10N No.=',2X,13

{RAIN(I,J),T=1,10F8.2

NRAIN)

NRUN

Nil

(OBD(I),I=1,
NRUN)
Nil

Nil

(EFR(I),I=1,
NRAIN) '

Nil

* (ODSRO(I),I=

NBEG, NRUN)
Nil

(BPLO(I1)I=
NBEG, NRUN

AINFR, SRX

4X, 'NO OF RUNOFF VALUES=',
2X,13 | '
30X, 'OBSBRVED DISCHARGE
'HYDROGRAPH '

10F8.2

ax,128 ('#')

30X, "WEIGHTED RAINFALL
VALUES '

10F8.2

20X, 'DIRECT SURFACE RUNOFF
(CUMECS) '

4X, 10F8.3

20X, 'BASE FLOW (CUMECS)'
4X, 10P8.3

4X, 'INFILTRATION CAPACITY
(MM/HR)-*,4X,F8.3/4X,
'"TOTAL RAINFALL EXCESS(MM)

- '.4X, F8.3
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20 MBEG 4X,'MBEG=', I3

21 Nil 20X, 'SEPARATED RAINFALL VALUES {mm)'
22 (REXR{I),I=1,NRN) 4%, 10F10.3

Note: The output lists from rec. No.1 to 22 are repeates
for each storm {NST times)
E. EXAMPLE

During a storm in a catchment an average hourly rainfall
values are givea beluw. The discharge hydrograph observed
at the catchment outlet during the storm event aré'also given
below. If the catchment area is B823.62 sqg.km and flow at
recession point. of the recession limb is 105 m3/s, calculate
the direct surface runoff hydrograph and the excess rainfall

hyetograph ordinates.

Time(hrs) 1 2 3 4 5 6 7 8 . 9
Average 0.544 1,991 11.34 13.287 4.486 6.428 2.774 0 0
Rainfall (mm} .

Di§charge

{m~/s) 55 55 60 65 142 285 355 370 430
Tiﬁe(hrs) 10 1 12- 13 14 15 16

Average 0 0 0 0 0 0 0

Rainfall {mm)

Discharge 440 285 260 210 170 -150 132 120
tm3/s)
Time(hrs} 18 19 20

Average 0 0 0
Rainfall (mm)

Discharge 3115 105 100
Discharge(m™/s)

(a) Input: The structure of the input file LOSS.DAT for the
above example is given below:

823.62
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7

0.544 1.1991 11.34. 13.287 4.486 6.428. 2.777
20 o

55 55 60 65. 142. 285 355 370 430 440
285  260. 210- 170. 156 132 120 115. 105 100
105 |
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(b} utput:

CATCHMENT AREA- 823,420
NO. OF RAINGAUSE STATIONS= 1
WEIGHT DF EACH RAINGAUGE STATIONS
1.0000
ND. OF RAINFALL VALUES= 7
RAINFALL AT EACH STATIONS
STATION NO.= i
0.54 1.99 11.34 13.29 4.49 6.43 2477

NO. OF RUNGFF VALUES= 20
OBSERVED DISCHARGE HYDROGRAFH
55,00 55.00 40,00 65.00 142,00 285,00 355.00 270,00 430,00 440.00
285,00 240,00 210,00 170.00 150,00 132.00 120,00 115.00 105.00 100.00
'**"l*****************************************#***t*****#****
WEIGHTED RAINFALL VALUES .
DIRECT SURFACE RUNOFF (CUMECS}
0. 2,188 76.375 214.563 283.750 295.938 353.129 340,313 202,500 174,488
121,875 79.063 56.250 35.438 20.625 12.813 0,000 0.000
BASE FLOW (CUMECS)
60,0 62.B13 465,625 68,438 71,250 74.063 756.875 79.488 82,50 85,313
88.125 90.938 93.750 96.563 99.375 102.188 105.000 100.000

INFILTRATION CAPACITY (MM/HR)- *.305
TOTAL RAINFALL EXCESS(MM)- 10.014
NBEG= 3

SEFERATED RAINFALL VALUES (MM}
4,035 S.982 0.000 0.000 0.000
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APPENDIX-XI

A COMPUTER PROGRAMME UNIT.FOR

THIS FROGRAMME COMFUTES THE UNIT HYDROGRAFH FROM A
SPECIFIC DURATION INDIVIDUAL,IS(H.ATEDR STROME AFTER
SURTRACTTING THE BASE FROM THE DISCHARGE HYDROGRAFH HERE:
N=NO. OF OBSERVATIONS
Al=UVCTOR CONTIAINING THE DISCHARGE HYDROGRAFH ORDINATES
NOPT=AN INTEGER CONSTANT WHICH ALLOWS
USER TD CHOOSE BASE FLOW OPTION WHERE !
NOFT=1 FOR CONSTANT BASE FLOW OFTION
NOFT=2 FOR NON-CONSTANT RASE FLOW OPTIONM
A2=VECTOR CONTAINING DIRECT SURFACE RUNOFF ORDINATES
OBTAINED BRY SUBRACTING THE BASE FLOW DISCHARGE HYDROGRAPH
AR=CATCHMENT AREA (SG.METRES)
HR=DATA INTERVAL IN HOURS
DIMENSION AL1CD!100),A2(01100),A4(0I100: ,CRN(OTL00Y
OPENCUNIT=L1 FILE="UNIT.DAT’ »STATUG="0LL")
OPENCUNIT=2sFILE="UNIT.0UT’STATUE="NEUW")
READ(1-%) N
READ (1,%) (ALC(IX»I=0>(N-1))
READ (1,%) HR
READ(L+%) AR
READCLs %) NOFT
WRITE (2:1)
FORMAT(20Xs UNIT HYDROGRAFH)
WRITE (2:2)
FORMAT (20X 150 ~"))
GO TO (100:200)sNOPY
WRITE (2.101)
FORMAT (10X, "EFFECTIVE RAIN FALL FROM HYDROGRAFPH -CONSTANT
1RASE FLOW')
WRITE(2,201)
FORMAT (10X,33( .72}
THIS PART DOF THE FROGRAMME COMPUTES THE EFFECTIVE RAIN
FALL SUBTRACTING THE CONSTANT BASE Fi.OW FROM DISCHARGE
HYDROGRAFH
CB=CONSTANT BASE FLOW
READ {1,%) CB
K=0
DO 3 I=0s(N-1)
T=A1(I)-CH
IF(T.LT.0.0) GO TO 3
AZ2C(K)=T
K=K+1
CONTINUE
CALL SIMF (KsA2+HRYVL)
DP=VL/AR

‘DC=0P%X100.0

URITE (2+4) VL

FORMAT(4X, 'VOLUME OF RAIN FALL(MXX3)=',F14.2)
WRITE (2:3) AR

FORMAT (4%, 'CATCHMENT AREA (MX%2)=',EB.2)
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WRITE (2+4) DC

- FORMAT (4X,’EFFECTIVE RAIN FALL IN CM IS="1FB8.4)
DD 40 I=0,K .
A4(I)=A2(1)/DC

60 CONTINUE
WRITE (2s61)

41 FORMAT (10X TIME r15Xs ‘UNIT HYDROGRAPH DRDINATE’)
WRITE(Zy62)

62 FORMATC(10X»4( "~ 3915Xs24("~" )}
WRITE(2,63) (HRXIyA4(I) I=1:K)

63 FORMAT (10X F4.0515XsF13.6)
GO TO 300

200 WRITE (2:7)

7 FORMAT (10X, /EFFECTIVE RAIN FALL FROM HYDROGRAFH -NON

1CONSTANT BASE FLOW')
WRITE (2,8)

8 FORMAT (10XsS7(°.")) :
> THIS PART OF PROGRAWME COMPUTES THE EFFECTIVE RAIN FALL
C SUBTRCTING NON CONSTANT BASE FLOW FROM DISCHARGE
C HYDROGRAPH
READ (1+%) (CBN(I)sI=0:{(N-1))
K=0
DO 9 I=0r(N-1)
T=A1(I)-CBN(I)
IF (T.LT.0) GO TO 9
A2CKY=T
K=K+1
9 CONTINUE
: G0 TO 400

300 CLOSE (UNIT=1}
CLOSE(UNIT=2)
STOF
END
SUERDUTINE SINFP (KsAZ»HRsVL)
DIMENSION A2¢011003,A3(100)
T=0
NC=1
X1=A2{(0)
X2=A2(K) .
DO 1 I=1s(2%K-1)
ITP=MOD{I,2)
IF (ITPY 293»2

3 A3CI)=A201/2)
60 TO 1

2 AZ(1)=(A2(NCY+A2(NC-1))/2.0
NC=NC#1

1 CONTINUE

DO 4 I=1,(2kK-1)
ITF=MOD{(I2)
IF(ITP)S»6+5
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TeT+(2.XA3CI))

G0 TO 4

TeTHCABA3(I))

CONTINUE o

8= ((HR/2.,0) /3,0 K{X3+THX2)
T8= (K—1)XHRX(E0. %60, )
UL=SXTS - C
RETURN

END
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B.DESCRIPTION OF COMPUTER PROGRAMME UNIT.FOR

The ceomputer programme _bNIT.FOR computes the unit
hydrograph of a specified duration from the direct surface
runoff hydrograph obtained by separating the base flow (cons-
tant or nonconstant), supplied by the user, from the discharge
hydrograph of an isolated event. This programme is written
in FORTRAN IV lanquage and run on VAX-11/780 Digital computer
system. The variables used in input and output 1lists are

described below:

VARIABLE DESCRIPTION
N No. of observations
Al Vector containing the values of the

discharge hydrograph ordinates

(m3/s)
HR bData interval in hours
AR Catchment area (Sg.metres)
NOPT An integer «constant which provides

optiens for baseflow, constant or
nonconstant base flow, to the user.
NOPT=1 for constant baseflow
NOPT=2 for non-constant baseflow.
CB Constant baseflow(m3/3ec)
CBN Vector containing non-constant base
flow values.(ﬁ3/sec)
VL Volume of rainfall (m3)

DC Effective rainfall (cm)
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Ad Vector containing the unit hydrograph
ordinates (m3/s)

This programme reguires a subroutine for the computation
6f the area under the direct surface runoff hydrographr This
SUBROUTINE SIMP(K,A2,HR,VL) is already described in Appendix—ix.
C. INPUT SPECIFICATIONS

The values of the following input lists are required

to be supplied through an input file UNIT.DAT in the specified

format:

Rec.No. INPUT LISTS FORMAT
i | ' N Free

2 . (AV(1),I=0,(N-1)) Free

3 ' HR " Free

4 AR Free

5 7 NOPT . Free

6 CB . ‘Free

7 (CBN(I),I=0,(N-1)}}) Free
Note: -

(i) If NOPT=1, rec. no.7 should be skipped.
(ii) If NOPT;Z, rec. no.6 should be skipped.
D. OUTPUT SPECIFICATIONS
The output file UNIT.OUT con;ists the wvalues of the
following output lists.
Rec.No. OUTPUT LISTS FORMAT

1 : Nil 20X, 'UNIT HYDROGRAPH'
2 Nil 20x, 15{'-")



3 Nil 10X, 'EFFECTIVE RAINFALL FROM

_HYDROGRAPH-CONSTANT BASEFLOW

4 O ONil 10X,53('-")
5 VL - . 4X,'VOLUME OF RAINFALL(M**3)=',
F14.2
6 AR . 4X,!CATCHMENT AREA(M**2)=',
| E8.2 -
7 ' DC _ 4X, 'EFFECTIVE RAINPALL 1IN

CM IS=',F8.6

k]

8 Nil 10X, 'TIME', 15X,'UNIT HYDRO-

~ GRAPH ORDINATE' - -

9 Nil 10X,4('-"),15X,24("'-")
10 ) (HR*I,A4(1),I=1,K) 10X,r4.0, 15X, F13.6
1 Nil 10X, "EFFECTIVE RAINFALL FROM

EYDROGRAPH-NON CONSTANT BASE
FLOW'

12 Nil 10X, 57{'-"}

Note: |

(i) If NOPT=1, the output lists of rec.No.! te 10 will
be written in the output file. ‘

(ii) If NOPT=2, the output lists of rec.no.1, 11 and 12
followed " by the output lists of rec.no.5 to 10 will

be written in the output file,
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The data given below provide details of the flood hyd.ro—
graph recorded from a four-hour duration individual,
isolated storm of the fairly uniform intensity which
was distributed uniformly over the catchment. Calculate
the ordinates of the unit hydrograph. Ther catchment
area is 1250 lcm?‘ and baseflow is 10 m3/s t_hrouéhout
the storm. -

Time(h) VD 2 4 6 8B 10 12 14 16 18 20 22

Flow(m3/s)_10 57133 136 102 76 56 41 22 18 .1'2 10

(a) Input: - The structure of the input file UNIT.DAT for

thé above example is given below:

12

10 57 133136102 76 56 41 25 _13 12 1o

1250000000

1

10
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{b) Output

UNIT HYDROGRAFH

VOLUKE OF RAIN FALL (MX%3)= 885454600.,00
CATCHMENT AREA (MXXx2)=0,13E+10
EFFECTIVE RAIN FALL IN CHM I5=7.083648

TIME UNIT HYDROGRAFH ORDINATE
2. 6.635000
4, 17.343935
. 17.78744%
8. 12.987465%9

10, ?.317233
12. 6.493829
14, 4.376274
14. 2.541064
18, 1.129382
20. 0.282340
22, 0.000000
24, 0.000000
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APPENDIX -XI{I

A COMPUTER PROGRAMME UHISO.FOR

*THIS FROGRAMME IS USED FOR DERIVATION OF UNIT HYDROGRAFH
T

FROM ISOLATED STORM EVEN
DINKENSION UH(100)»TIME(100),DSRO(100)
OFEN{UNIT=1,FILE="UNIBO,DAT s STATUS= 0LD")
OFENCUNIT=2+FILE=’UHIS0.0UT »ETATUS="NEW")
D=DURATION OF UNIT HYDRODAPH {HOURE)
READ(1s%)D

POL=UNIT VOLUME OF UHCMM)

READ{ 1 2)VOL

L. T=COMFUTATIONAL INTERVAL (HDURS)
READCLrd)DLT

EXE=EXCESS -RAINFALL BLOCK (MM)
READ(1s%)EXE

NRKUN=HO OF DSRO BLOCKS

READ (1 %) NRUN

DSRO=VECTOR CONTAINING DSRO DRDINATES (M%/SEC)

- READCL»¥X)(DSROCI) s I=1,NRUN)

FAC=EXE/VOL
DO 1 I=1,NRUN

UH{L) =DSRDCI) /FAC

CONTINUE

WRITE(2,2) ,

FORHAT(10Xs ‘RERVATION OF UNIT HYDROGRAFH FROM ISOLATED STORM’)
WRITE(2,3) )
FORMAT (10X, 45¢*~) /3 :

TIME{1)=0.0

DO 4 I=24NRUN

TIMECI)=TIMECI-1)+DLT

CONTINUE

MRITE(2,5)D

FORMAT (15Xs ' TIME’ +5X,F5,00 *~HOUR UNIT HYDROGRAFH)

WRITE(2:4)

FORMAT(15Xs * (HRB) * y 20X, * (MEX3/BEC) * /)
WRITE(2,7) CVIME (I sUHCE) » 121y NRUN)

FORMAT(1SX1FS.1,19X,F12,3)

sTOP

END
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B. COMPUTER PROGRAMME UHISOQ.FOR
The computer programme UHISO.FOR provides an estimate
for the unit hydrograph from the direct surface runoff
of an isolated storm event. The programme is written
in FORTRAN-IV language and run on VAX-11/780 Digital
Computer system. The variables used as input and output
lists are described below:
VARIABLE DESCRIPTION
D Duration of Unit hfdrograph {hours}
VOL ‘Unit volume of UH(mm)
DLT Computational interval(hours)
EXE Excess rainfall block(mm)
NRUN - No. of Direct surface runoff ordinates.
DSRO Vector of direct surface runoff hydro-
graph ordinates (hrs)
UH Vector of unit hydrograph ordinatés.
C. INPUT SPECIFICATIONS
The values of the fellowing input 1lists are to
be supplied through an input file UHISQ.DAT in éhe
specified format. |
REC.No. INPUT LISTS FORMAT
1 D Free
2 VoL - Free
3 DLT Free
4

EXE Free
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NRUN

5 Free
6 (DSRO(1),I=1,NRUN) Free
D. QUTPUT SPECIFICATIONS
An output file UHIS? .OUT will be created éfter the
successful running of the programme. The output file
consists the values of the following output lists
in the specified format.
Rec.No. OUTPUT LISTS FOREAT
1 Nil 19X, 'DERIVATION OF UNIT
HYDROGRAPH FROM ISOLATED
STORM'
2. Nil 10X,45('-")/
3 D 15X, 'TIME',5X,F5.0, *-
HOUR UNIT HYDROGRAPH'
4 Nil 15X, "(HRS) ', 20X, "'(M**3/
SEC)'/
5 (TIME(I),UH(I), 15%,F5,1,19X,F12.3
I=1,NRUN)
E. EXAMPLE
The ordinates of direct surfac runoff hydrograph
from a six-hour duration individual, isolated storm
of the fairly uniform intensity with excess rainfalil
volume equal to 154 mm are given below. Calculate

the ordinates of 6 hour unit hydrograph with unit volume 100 mm.
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Time (hour) O 6 12 18 24 30 36 42 48 54 60
DSRO(m /s) 0 10 500 1600 3500 5200 3100 1500 650 250 O

(a) Input : )
The structure of the input file UHISO.DAT for the above
example will be as gi‘vén below:
] .
100
.6
154
10
10 500 1600 3500 5200 3100 1500 650 250 O
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(b) output
DERVATION OF UNIT HYDROGRAPH FROM ISOLATED STORM

A iy 7 4 i —— 4 i e At e e T T < R mar o -

“TIME Ge~HOUR UNIT HYDROGRﬁgH
{HRS} {MEK3/GE
0.0 5.494
4.0 ° 324,475
12.0 1038,.9561
18,0 ’ 2272.727
2 24.0 3374.624
0.0 2012.987
36.0 . ?74.024
42,0 422,078
48,0 ] } 142.338
54.90 - 6,000
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APPENDIX-XITI
A COMPUTER PROGRAMME COLUH.FOR

UNIT HYDROGRAPH DERIVATION USING COLLIN’S METHOD
DIMENSION TIME(100),EXE{100)sD5R0¢(100)sUH(100)sUHS(100}
1sUR(100),CBSROC100)
OPEN(UNIT=1yFILE='COLUH.DAT’sSTATUS="0LD")
OPEN(UNIT=2,FILE="COLUH.0UT " ,STATUS='NEW’)
CA=CATCHMENT AREA (SQ.KM)

READ(1,%3CA '

DLT=COMPUTATIONAL INTERVAL (HOURE)

READCI»¥ODLT -

D=DURATIDN OF UNIT HYDROGRAFH (HOUR)

READ(L1,¥)D

VOL=UNIT VOLUME (MM}

READ(1sX%x) VO,

NRUN=NO OF DSRO ORDINATES

READ(]1,X)NRUN

00 1 I=1:NRUN

DRROCII=0,0

COSRO(IN=0.0

EXE(I)=0.0

TIME(I)=0.90

UH(I}=0,0

UHS(I>=0.0

UR{I)=0.0

CONTINUE

DO 300 I=2yHNRUN

TIMEC(I)=TIMECI--1)+DLT ‘
DSRO=VECTOR CONTAINING THE DSRO ORDINATES {(M¥%3/SEC)
READ{(1+%) (BEROCI)rI=1,NRUN)

NRAIN=ND. OF EXCESS RAINFALL BLOCKS

"READ(1sX)NRAIN

EXE=VECTOR CONTAINING THE EXCESS RAXNFALL VALUES (MM}
READ(1 s ) (EXE(I)sI=1 NRAIN)

WRITE(2+-400)

FORMAT(30Xy ‘UNIT HYDROGRAFPH DERIVATION USING COLLIN’’S
1 METHOBR") )

WRITE(2+401)

FORMAT(10X»120(=-*)/)

WRITE(2,402)

FORMAT(30X,’DIRECT SURFACE RUNOFF (Mx%3/SEC)’/)
WRITEC(2,403)(NSROCI)»I=1sNRUN)

FORMAT(4Xy10F12.3)

WRITE(2+,404)

FORMAT (/30X "EXCESS RAINFALL (MM)'/)
WRITE(2,405)(EXECI) s I=1,NRATIN)

FORMAT(4X»10F12.2)

K=0

DO 800 I=2,NRUN

K=K+1 .

CDSROCK)Y=DSROCTI)

CONTINUE
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17

23

ig
345
410

411

346

11

10
20
21
100
250

NRUN=NRUN-1

NDUH=NRUN-NRAIN+1

CALL COL(CDSROsEXEsNRUNyUHsDLTrNDUHsCA+»VOL D)
SUMI=0.0

DO 17 I=1/NDUH

UR{ I =UHCI)XOLT

SUMI=SUMI+UR(I)

CONTINUE

SUMI=SUMIX3.6/Ch

WRITE(2,23)SUMI

FORMAT(10X»‘ AREA OF UH=',F12.%5)

K=1

UHS(1)=0.0

DO 18 I=1,NDUH

K=K+1

UHS (K)=UH(D)

CONTINUE

WRITE(27345)

FORMAT (20Xs UNIT HYDROGRAPH ORDINATES (MX¥3/SEC)’)
WRITE(2,410)D

FORMAT (/4Xs * TIME? $ 10XsFS,0s “~HOUR U.H. ORDINATES’)
NDUH=NDUH+2

WRITE(2,411)

FORMAT (4Xs’ (HRS) “ »21X s * (CUMEC) /)

WRITE(2,346) CTIHE(I)s UHS(I)»I=1,NDUH)
FORMAT(4XsF5,0:21X,F12,3)

STOF

END

P L 11T 1 lctasittteeatssatessdtstatatsgstsssitis,
SUBROUTINE COL (DSROsEXRsNyDUHsDLTNDUHsCAsVOLIDH)
DINENSION DSRD(200)sEXR(200),DUH(200),C(200),D(200)EST(200)
1,DD(200) ,CC(200) .
DO 10 I=1,N

D0 11 J=1sN

IF(EXR(I)LT.EXR(J)) GO TO 10

CONTINUE

NM=1

EXMAX=EXR(I)

GO TO 20

CONTINUE

CONTINUE

DO 21 I=1,NDUH

C(I)=CAX1000.%VOL/ (NDUH¥DLTX3600)

CONTINUE

NTR=1

CONTINUE

WRITE(2,250)DH,VOL/NTR

FORMAT (10XsF3.01‘~HOUR UNIT HYDROGRAFH OF VOLUME’(F4.0»
1 “MM’,’ AT TRIAL NO.-/sI4)

WRITE(2,251)



251 FORMAT(10X,40(~"})
WRITE(2:252)(C(IY+I=1+yNDUR}
252 FORMAT(2X»10F12,5)
PEAK1=C(1)
TPEAK1=]
DO 240 I=2.NDUH
IF(PEARL LT CCINITPEAKYI=]
IF(FEARL.LT.CLI))PEAR1=C(I)
240 CONTINUE
Do 23 I=1sN
EST(I)=0.0
DB 24 J=1,I
KK=I-J+1 - -
IF(EXR(KK).EQ.EXMAX) GO TO 24
EST(IY=EST(I)+EXR(KKIXC(J)
24 CONTINUE
23 CONTINUE
J=0 .
DO 25 I=NM»(NM+NDUH-1)
J=J+1
DEN=C(DPSRACII-EST(I) ) /EXMAX
25 CONTINUE
82=0.0
53=0.90
DD 28 I=1.N
§2=82+4EXR(I)
CIF(I.EQ.MM) GO TO 28
83=S3+EXR(I)
28 CONTINUE
A=83/52
B=EXMAX/82
Bo 29 I=1.NDUH
29 D(I)=AXC(I)Y+BXO(I}
FAC=CAX10QO0XVOL/(IILT%3400)
81=0.0
DO 26 I=1:NDUH
26 81=81+D(I)
FACT=S1/FAC
DO 27 I=1,NDUH
27 DCIX=D(I)/FACT
TYPE X, (BC¢J) s d=1,N2
PEAK2Z2=D(1)
TPEAK2=1
DO 340 I=2yNDUH
IF(PEAK2.LT.D(IYIYTPEAK2=]
IF(PEAK2. LT D(I) IFEAK2=D(TI)
340 CONTINUE
NTR=NTR+1
IF(NTR.BT.100) GO TO 150
IF(CABS(PEAKL1-PEAK2) /PEAK2) .LT.0.1.AND,ARS(TPEAK1I-TPEAK2) .EQ.
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30

150

160 TO 150

. DO 30 I=i,NDUM

C(I)=D(I)
GO TO 100

‘DO 31 I=1,NDUH

DUH(I)=D(1)
RETURN
END -
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B. DESCRIPTION OF COMPUTER PROGRAMME COLUH.FOR

The computer programme COLUB.FOR derives the unit hydro-
graph from multiperiod storm using Collin's Method. The pro-
gramme- is written in FORTRAN-IV language and run on VAX-11/780
Digital computer system. The variables used in the main pro-

1

gramme are described below:

VARIABLE DESCRIPTION

CA Catchment area (sq.km)
DLT Computational interval (hours)
D Duration of unit hydrograph (hours)
Vol Unit volume (ﬁm) '
NRUN No. of DSRO ordinates
DSRO Vector of DSRO ordinates (m3/s)
l NRAIN No. of Excess rainfall_blocks
EXE Vector of Excess rainfall hyetograbh (mm)
SUMI Area of UH
TIME Vector of time ordinates (hour)
UHS Vegtor of D-hour unit hydrograph ordinates
{n”/s)

A SUBROUTINE COL (DSRO, EXR, N, DUH, DLT, NDUH, CA, VOL, DH)
is called in the main programme. This subroutine performs the
trial and error computation involved in unit hydrograph deri-
vation using-collin's method. The variables used as arguments

of the subroutine are described below:
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VARIABLE DESCRIPTION

DSRO _ Vector of direct surface runoff hydrograph
ordinates (m3/s)

EXR Vector of excess rainfall hyetograph ordi-
nates (mm) . ‘ ' -

N _  No. of direct surface runoff

. . DUH Vector of unit hydrograph ordinates  with

volume equal to one mm.

DLY : Computational interval (hours)

NDUH - No. of unit hydrograph ordinates

CA Catchment area (sq.km.)

VoL Unit volume {(mm)

DH Duration of unit hydrograph

C. INPUT SPECIFICATIONS

The values of the following input lists are to be supplied
in sequence through an input file COLUH.DAT in specified format: '

REC.No. INPUT LISTS - FORMAT
1 CA ' Free
2 DLT Free
3. Db - _ Free
4 VoL Free
5 NRUN . Free
6 (DSRO{I),I=1,NRUN) Free
7 NRAIN | Free
8 (EXE(T) , I~1,NRAIN) Free
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D. OUTPUT SPECIFICATIONS

An output file COLUH.QUT will be created after the

successfull completion of the programme. The output file con-

sists the values of the following output ‘lists in the specified

format:
REC.NO, OUTPUT LISTS FORMAT
1 Nil 30X, 'UNIT HYDROGRAPH DERIVATION
USING COLLIN'S METHOD'
2 Nil 10X, 120 (*'-')/
3 Nil 30X, 'DIRECT SURFACE RUNOFF
‘ - (M**3/SEC} '/
4 (DSRO{I},I-=1, 4X, 10F12.3
NRUN)
5 Nil /30X, 'EXCESS RAINFALL (MM)'/
6 (EXE(I),I-1, 4X, 10F12,2
NRAIN)
7 DH, VOL,NTR 10X,F3.0, '-HOUR UNIT HYDROGRAPH
of VOLUME!F4.0,'MM' ‘AT TRIAL
NO.- 14
8 Nil 10X, 60 ('-')
9 {C(1),I=1,NDUH)  2X, 10F12.5
10 SUMI 10X, 'AREA OF UH=} F12.5
11 Nil 20X, 'UNIT HYDROGRAPH ORDINATES
{M**3/SEC)
12 D /4X, 'TIME% 10X, F5.0, '-HOUR
U.H. ORDINATES'
13 Nil 4X, '(HRS)', 21X, '(CUMEC)'
14 {TIME(I), UHS(I), 4X, F5.0, 21X, F12.3

I=1, NDUH)

Note: (i} The output lists at rec. no.7 to 9 are in SUBROUTINES COL
{(ii) Rec.nmo. 7 to 9 are repeated for each trial made during
the computation ‘
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E. EXAMPLE

The ordinates of direct surface runoff hydrograph and

the excess rainfall hyetograph resulting due to a storm over
a catchment of 1700 sq.km. in size are given below, compute
the 6 hour unit hydrograph ordinates with 1 mm unit volume

using the collins method

Time Excess Rainfall Direct surface runoff
(hrs) (mm) ordinates (m3/s)
0 0 0
[ 40.209 250
12 100.209 1050
18 60.209 2050
24 - 4350
30 - . 4150
36 2300
47 - 1070
48 - 450
54 - ’ 120
(a) Input

The structure of the input file COLUH.DAT for the above
example would be as given below :
1700
6
6
lo
0 250 1050 2050 4350 4150 2300 1070 450 120

3
40.209 100.209 60.209
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VW UL puL

UNIT HYDROGRAPH DERIVATION USING COLLIN‘S NETHOD

DIRECT SUF:.E RUNDFF({ME3/SEL)
0.000 250,000  1050,000  2050.000  A350.000  A150.000  2300,00¢  1070.000 450,000
EXCESS RAINFALL (M)

40,21 100.21 8.2
§,-HOUR UNIT HYDROGRAPH OF VOLUME 1.0 AT TRIAL MO.- 1

AT M43 L3 1L243FF LA 1L 243 1L.2430
4,~HOUR UNIT HYDROGRAPH OF VOLUME 1.MM AT TRIAL WO.~ 2

B.21302 9. M936  20.68748 19.73452  10.93831  T.08869  4.29013
&.-HOUR UNIT HYDROGRAPH OF VOLUME 1.0 AT TRIAL MO.- 3

7.28950 F.37100 2481202 284057 7,83964 3.68682 2,82404
ARER OF M= 1,00000
UNIT HYDROGRAPH ORDINATES (W$%3/SEC)
|

TINE §4-HOUR U.H, ORDINATES

(HRS) (CUNED)
0. 0.000
bs 1182
12. 7,205
18, 27,048
. 2,675
0. 9.046
36, 3.632
a2, 2,33
48, 04000
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APPENDIX-XIV

A COMPUTER PROGRAMME NASHF.FOR

c UNIT HYDROGRAPH DERIVATION USING CONVENTIONAL NASH MODEL
DIMENSION TIME(100),EXE¢1003},D5R0O(100)sUIR(100),UHC100) ,UR(100)
1,UHS(100)
OPEN{UNIT=1,FILE="NASHF.,DAT’,STATUS="0LD")
OFENC(UNIT=2,FILE=’NASHF.QUT ' ySTATUS="NEW*)
CA=CATCHMENT AREA (80.KM)
READ(1,%)CA
DLT=COMPUTATIONAL INTERVAL (HOURS)
READ{(1,%)DLT
D=DURATION OF UNIT HYDROGRAPH(HOURS)
READ(1+%)D
VOL=UNIT YOLUME OF UH(MH)
READ(1,%)V0L
NRUN=NO OF DSRO ORDINATES
READ(1+%)NRUN
DO 1 I=1,NRUN
DSRO(I3=0.0
EXE(T)=0,0
TIME(I)=0.0
UIR(I)=0.0
UR(IN=0,0
UH(I)=0,0
UHS(I2=0.0
1 CONTINUE
DO, 500 I=2sNRUN
500 TIME(I}=FIMECI~1}+DLT

o 0 6 0o 06

Cc DSRO=VECTOR CONTAINING THE DSRO ORDINATES (M¥*3/SEC)
READCL %) C(DSROCI) » I:=1 » NRUN)

c NRAIN=NO. OF EXCESS RAINFALL BLOCKS
READ(1,%)NRAIN

c EXE=VECTOR CONTAINING THE EXCESS RAINFALL VALUES:MM)
READ(1 %) (EXECI) »I=1sNRAIN) ’
WRITE(2,400)

400 FORMAT (30X “UNIT HYDROGRAFH DERIVATION USING CONVENTIONAL MNASH
1 MODEL’}
WRITE(2:401)

401 FORMAT(10X»120('~*)/)
WRITE(2+402)

402 FORMAT(30Xs “NIRECT SURFACE RUNOFF(MXX3/SEC)’/)
WRITE(2,403) (DSROCI} s I=1rNRUN?

403 FORMAT(4Xs10F12.,3)
WRITE(2,404)

404 FORMAT(/20%» "EXCESS RAINFALL (MM)‘/)
WRITE(25405)(EXE(IYyT=1+NRAIN)

405 FORMAT(4Xs10F12.2)
CALL MRUN(DSROsNRUN(DLT,QM1,0M2)
CALL MRAINCEXE,NRAIN»DLT,RM1sRM2)
WRITE(2,2) OM1,QM2-RML RM?

2 FORMAT (4X, "FIRST MOMENT OF DSRO (RRS)-/,2X:F10.3/4X;
1"SECON. MOMENT GF DSRO (HRSXE2)-‘,2X,F10.3/4s
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10

17
23

24

345
410
411
3464

2'FIRST MOMENT OF ERH (HRS)-"»2XyF10.3/4X»’SEC
JOND MOMENT OF ERH (HRS¥X2)-7,2X,F10.3)
ANK=0M1-RM1

AK=C(GM2~-RM2-2XkANKXRMI ) -ANKXX2) /ANK

AN=ANK/AK

BNK=ANKXAX

WRITE(2y3)ANrAK

FORMAT (4X,» ‘VALUE OF N-'32X,FB.3/74X, ‘VALUE OF K(HRS)-",2%XsFB.:
WRITE(2:4) ANKsBNK

FORMAT (4Xy FIRST MOMENT OF IUH (HRS)Y=‘sF3.2/4X» ' SECOND
1MOMENT OF IUH ABOUT THE CENTROID (HRS¥%2)=',F10.2)
CALL DUHGAM(UH:NRUNsAN:+AKsD»IER) .

CALL GAMMACANsGAMNs IER)

DTIME=0.0

DO 5 I=1,NRUN

DTIME=DTIME+4DLT

EXP1=EXP{-~-DTIME/AK)}

EXP2=(DTIME/AK)XX{AN-1,0)

EXP3=1.0/(AKXGAMN) '

UIR(I)=EXPIXEXPI1XEXF2

§7=0.0

DO &6 I=1,NRUN

S7=S7+UIR(I}

CONTINUE

WRITE(2:,7)

FORMAT(10X»'I.U.H. ORDINATES")

WRITE(2,8) (UIR(I)+I=1:NRUN)

FORMAT(4X»10F8.3)

WRITE(2,10) §7 )

FORMAT(4X» "SUM OF IUH=",F12.5)

SUMI=0.0

DO 17 I=1:NRUN

URCII=UHCIDADLT

SUMI=SUMI+UR({I?

CONTINUE

WRITE(2,23)5UNMI

FORMAT{10Xs“AREA OF UH=',F12.5)

K=1

DO 24 I=1sNRUN

K=K+1

UHS(K) =.277XCAXUH(I) V0L

WRITE(2,345)

FORMAT (20X *UNIT HYDROGRAPH ORDINATES (MX%3/8EC)‘)
WRITE(2,410)D

FORMAT(/4Xs 'TIME’ »10XsF5.0»’-HOUR U.H. CRDINATES’)
WRITE(2,411) :
FORMAT(4X>s ' (HRS) ‘921X * (CUMEC) )

WRITE(2,348) (TIME(I)y UHS(I)»I=1,NRUN)
FORMAT(AX,F3,0,21%X:F12,3)

8T0P
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END

c KERKERXEFEREEREAKNKKKRRRERAKERKKRE KRR KRR TR XK HKE KRR KKK TR KK
SUBROUTINE GAMMA(Xr+GAM:IER)
IER=9%¢9
IF(X.LT.0.0) RETURN
IER=0.0
IF(X.LE.20.0) 6O TO 10
Y=1,/0X%X)
P=(0,77783067E~3%Y-0,277755545E~-2)%Y40,8333333309E~1
P=P/X

GAM={X-0. S)IALUﬁ(XJ Xf0o9139335+P
- GAM=EXP (GAM) T
RETURN
10 Y=AINT (X)
N‘Y 2.
Y=X=-Y
86“=(((0.1092995995£ 1*Y"0 3427052255~ 2)%Y40.77549276E-1)
1%y}
GAM=(((BAM+0,8017824749E~1)8Y40.4121029027)XY+0, 4727663678)KY
GAM=GAM+1.0000001%9

S T1=1.0
YP2=2Y+42,0
IF(N) 40,7040
40 CONTINUE
C MNEGATIVE N
N=IABS(N)
DO 45 I=1,N
a5 Ti=T1R(YP2-1)
T1=1,0/T1
60 TO 70
40 CONTINUE
C POBITIVE N
N=N-1
BD 65 I=05N
45 T1=T1k(YP2+1)
70 BAN=GAMET1 ™~
RETURN
END
I L T T Lt ettt T

c THIS SUBROUTINE GIVES FIRST AND SECOND MOMENTS OF DSRO
- BUBROUTINE MRUN(DSRKD+NyDELT,IM1,DN2)
DIMENSION DSRO(SO):aUM(SO)vTIME(SO)
D0 10 I=1,N
19 SUM(TI)={DSRO(ID+DSRO(I+1))/2.0
AK=0.0
no 11 I=17N
TIME(I)=AK4DELT/2
AK=AK+DELT
11 CONTINUE
51=0.0
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12

10

11

10

100

§2=0.0

§3=0.0

DO 12 I=1sN
Si=81+8UNM(I)
82=SZ2+SUM(I)RTIMEC(I)
S§3=SI+SUM(IIXTIMECI)XTINE(I}
CONTINUE

DM1=82/851

DH2=53/S1

RETURN

END

CERREERREEREERREERARL R A KRR EAKR AR REAERRARERL KRR KT RR AR AR

THIS SUBROUTINE GIVES FIRSY AND SECOND MOMENT OF EX. RAIN
SUBROUTINE MRAINC(REX,N>DELT,DR1,DR2}

DIMENSION REX(30),TIME(3O)

AK=0.0

DO 10 Is1»N

TIME(I)=AK+DELT/2

AK=AK+DELT

CONTINUE

§1=0,0

82=0.0

§3=0.0

DO 11 I=1sN

8§1=81+REX(I)

§2=82+REX(I}XTIME(I)

SI=SIHREX(I)XTIME(IDIXTIME(I)

CONTINUE

DR1=52/851

DR2=83/51

RETURN

END : . .
P L3122 328233 33ttt e 3282233232323 23333333333 3333 3383388423
SUBROUTINE DUHGAM(DUH»NDUH PN,FKsDyIER)
CﬂLCULAIE\%UE;N;EFIUU UNIT HYDROGRAFH FOR A GAMMA FUNCTION IUH
DIMENSION H)

CALL GAMMA(PNrGAM:IERY

IF({IER.NE.O) STOP 770

T1=1,0/6AM

IF(D.BT.0.0) BO TO 100

T1=T1/FK

BUH(1)=0.0

DELTA=D/PK

T2=DELTA

PN1=FPN-1.0

DO 10 I=2,NDUH

DUH(I)=T1XEXF(T2)XAPE(T2)XX(PN1)

T2=T24+DELTA.

GO TO 200

DELTA=D/PK
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DUH1=0.0
T2=DELTA
DO 20 I=1,NDUH
CALL ICBAMA{PN:,T2,GAMI,IER?)
DUH2=0ANMI :
DUH(I)=(DUH2~DUH1)/D
DUH1=DUH2
-20 ~T2=T24DELTA
200 RETURN
END
c EEERARRERREERE SRR KR AR KRR REEARAREKERKRKEE KRR KA RXREKKEKE AR AR
SUBROUTINE ICOAMA(AsX+»GAMI»IER)
Cc CALCULATES THE INCOMPLETE GAMMA FUNCTION
IER=99%
IF(X.LE.0.0) RETURN
NEND=10
T=0.0
J=NEND ‘
DD 10 I=1.NEND
AJd=J) }
Te(AJ=A)/(1.04AJ/(X4T))
J=J-1 :
10 CONTINUE
T=1,0/(X4T)
GAMI=EXP (~X) XXE¥AXT
CalLlL GAMMA(Ar»GAM) IER)
IF(IER.NE,OQ) STOP 7277
GAMI=1.,0-GAMI/OAM
IER=0
RETURN
END
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B; DESCRIPTION OF COMPUTER PROGRAMME NASHF. FOR

The programme NASHF.FOR is used for the derivation of
unit hydrograph using conventional Nash model from the direct
surface runoff hydrograph and excess rainfall hyetograph of an
event. The programme is writteﬂ_in FORTRAN-IV language and
run ol VAX-11/780 computer systgm. The variables used in the-

main programme are described bglow :

VARIABLE DESCRIPTION
CA . Catchment area {8qg.Xxm}
DLT Computational interval (houré)
D ' Duration of unit hydrograph
{hours)
VOL Unit Volume of UH(mm)
NRUN No. of DSRO ordinates
DSRO ‘ Vector of direct surface

runoff ordinates (m3/s)
NRAIN No. of excess rainfall blocks

EXE Vector of excess rainfall
hyeétograph ordinates (mm)

QM1 ‘ First moment of DSRO about the
origin (hours)

QM2 ‘Second moment of DSRO about
the origin (hours<)

RM1 First moment of excess rainfall
hyetograph (ERH} about the
origin (hours)

RM2 Second momens of ERH about the
origin (hour®)

AN . Parameter 'n' for conventional
Nash Model

AK Parameter 'K' for conventional

Nash Model
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ANK First moment of IUH about the origin

(hours)

BNK Second'moment 05 IUH about the
centroid (hours®)

UIR Vector of IUH ordinates

57 Sum of IUH

SUMI Area of UH

TIME Vector of time ordinates {hours)

UHS Vector of UH ordinatgs.ima/s)

The main programme calls various subroutines for differ-~
ent intermediate computations involved in the methodology.
The purpose of each subroutines and the description of the

variables used as arguments of the subroutinesare given below :

(L) SUBROUTINE MRUN (DSRO, N, DELT, DM1, DM2)
This subroutine calculates the first and second
moment of direct surface runoff about the origin. The

variables used as arguments of the subroutine are :

VARIABLE DESCRIPTION
DSRO A vector of DSR 0 (M3/s)
N Number of DSRO ordinates
DELT Computational interval (hours)
DM1 First moment of DSRO about the

origin (hour}

DM2 ‘ Second momens of DSRO about the
origin (hour®)

{ii) SUBROUTINE MRAIN (REX, N, PELT, DR1, DR2)
This subroutine estimates the first and second

moments of effective rainfall about the origin. The variables
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used in the arguments are :
VARIABLE DESCRIPTION

REX A vector of excess rainfall
hyetograph ordinates (mm}

N - No. of excess rainfall blocks
DELT Computational interval (hours)
DRI First moment of ERH about the

origin {(hour)

DR2 C Second momén of ERH about the
origin ‘thour<)

(iii) SUBROUTINE DUHGAM (DUH, NDVH, PN, PK, D, IER)
'This subroutine calculates D-hour unit hydrograph
from a gamma function IUH. The variables used as arguments

are described as follows :

VARIABLE DESCRIPTION
DUH A vector of.ﬁ-hour unit hydro-
graph’ ordinates
NDUH Number of unit hydrograph
ordinates
PN Parameter 'n' for the Nash Model
PK Parameter 'K' for the Nash Model
D Duration of unit hydrograph
IER An integer which value on return

indicates whether the soclution -
for unit hydrograph is acceptable
or not. If IER=0 on return,

then it indicates that the
solution is acceptable otherwise
some error condition occurs.

The SUBROUTINE DUHGAM calls another SUBROUTINE ICGAMA
which calculates the values of incomplete gamm a function as

required by the SUBROUTINE DUHGAM to derive D-hour unit
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hydrograph. The form of the subroutine ICGAMA and the variables

used as its arguments are described below :

SUBROUTINE ICGAMA (A,X,GAMI, IER)

VARIABLE DESCRIPTION
A Parameter ror which the
incomplete gamma function is
required.
X Upper limit of the integration
GAMI the computed approximation to

the incomplete gamma function.

I'ER same as described in the
SUBROUTINE DUHGAM

The SUBROUTINE ICGAMA calls the SUBROUTINE GAMMA for
computing the gamma function value. The subroutine GAMMA is

described as :

SUBROUTINE GAMMA (X, GAM, IER)

VARIABLE DESCRIFPTION

X The real positive argument for
which the gamma function is
to be evaluated

GAaM The computed approximation to
the gamma functicn value

IER same as described in the
SUBROUTINE DUHGAM.

e) INPUT SPECIFICATIONS
The input file NASHF.DAT should consist the values

of the following input lists in the specified format.
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REC. NO.

o

INPUT LISTS

FORMAT

CA Free

DLT Free

) D Free

VOL Free

NRUN Free
(DSRO(I),I=1, NRUN) Free
NRAIN Free
(EXE(;),I=1,NRAIN) Free

D. OUTPUT SPECIFICATIONS

The created output file NASHF.OUT contains the values

of the following output lists in the specified format :

REC.NO.

D N

OUTPUT LISTS
TNil

Nil

Nil

(DSRO (1), I=1,NRUN)

Nil
(EXE(I),I=1,NRAIN)

QM1, QM2, RM1, RM2

AN, AK

ANK, BNK

. FORMAT

30X, 'UNIT HYDROGRAPH DERIVATION
USING CONVENTIONAL NASH MODEL'

10X, 120('-")7

30X, 'DIRECT SURFACE RUNOFF
(M**3/SEC) "'/

4X, 10F12.3

/30X, 'EXCESS RAINFALL (MM)'/
4%, 10F12.2

4X, 'FIRST MOMENT OF DSRO (HRS)
~',2%,F10.3/4X, 'SECON. MOMENT
OF DSRO (HRS**2)-%, 2X,F10.3/
4X, 'FIRST MOMENT OF ERH (HRS)
-', 2X,F10.3/4X%,'SECOND MOMENT
OF ERH (HRS**2)-',2X,F10.3

4X,"VALUE OF N-', 2X,F8.3/4X,
'"VALUE OF K(HRS)-',62X, F8.3

4X,'FIRST MOMENT OF IUH (HRS)
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=',F5.2/4X, ' SECOND MOMENT OF IUH.
ABOUT THE CENTROID (HRS**2)=',F10.2

10 Nil 10X, 'I.U.H. ORDINATES'

11 (UIR(I),I=1,NRUN) 4x, 10 F 8.3 '

12 57 4X, 'SUM OF IUH =', F12.5

13 SUMI 10X, 'AREA OF UH=', F12.5

14 Nil 20X, "UNIT HYDROGRAPH ORDINATES

(M**3/gec)’
15 D 14X, 'TIME',10X,F5.0,'-HOUR U.H.
- ORDINATES'
16 - Nil ~ 4X,'#RS)', 21X, ' (CUMEC)'

17 - (fIME(I),UHS(I), I=1, 4X, F5.0, 21X, F12.3
NRUN)
E EXAMPLE
The direct surface runoff hydrograph and excess
rainfall hyetograph ordiﬁaten for a typical stofm in a
catchment of size 1700 sq km. axe given below. Find out 6~hour

unit hydrograph with velume lmm using conventional Nash Model

procedure .:
Time Excess rainfall Direct surfacg runoff
(hrs) . hyétograph (mm) ' hydrograph (m”/s)
0 0 0
6  40.209 250
"2 100.209 1050
18 | 60.209 2050
24 _ ' 4350
30 S ‘ : 4150
36 2300
a2 : ' 1070
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48 450
54 120

(a) Input - The structure of the input file NASHF.DAT for the

above example would be as given below :

1700

6

6

1

10

o 250 1050 2050 4350 4150 2300 1070 450 120
3
40.209  100.209  60.209
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{b) Output

UMIT HYDROGRAPH DERIVATION USING CONVENTIONAL NAGH NODEL

DIRECT SURFACE: RUNDFF (NRS3/BECH -

D000 250,000  1050.000  2050.000 4350000 AT0.000 -

EXCESS RAINFALL (MO)
0 1062 0.2
FIRST MONENT OF DSRO (WRS)- 20,595

SECON, NOMENT OF DSRE (MRSIR2)- 852,572
FIRST MOMENT OF ERH (HRS)- 7,998

HOMENT OF (HRS302)- 109,785

VALLE OF N- 4H410

UALUE DF K(HRS)- 4,081

FIRSY WOMENT OF IUH (MRS)=18,00 -

SECOMD MOMENT OF IUM ABGUT THE CENTROID ORSIR2)= - 73.M
1.l:K+ DRDINATES :

0020 0,050 0,045 0,028 0,014 0.006 0,002 0,001 6,000

SN OF Ti= 014711
AREA OF = 0.99751
UNIT HYDROBRAPH ORDIMATES (M¥3/SEC)

TIHE &,-HOUR U.H. ORDINATES
(IRS) (CUMEC)
9. 9.000
[ ) 2493
12. 17.732
18, 23,536
2. 17.414
0. 9,578
3. L4
42, 1.00%
4. 0.482
E ] 0.241
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[y B B |

400

401
402
403
404
405

APPENDIX-XV

A. COMPUTER PROGRAMME INTNAS.FOR

UNIT HYDROGRAFH DERIVATION USING INTEGER NASH MODEL
DIMENSION TIME{100),EXE(100)«DSROC100)sUH(I00) sUR(100)
1,UHS(100)

paTA IYES/‘YES’/ )
OPENC(UNIT=1,FILE='INTNAS.DAT sSTATUS='0LD’)
OPENC(UNIT=2+FILE="INTNAS,OUT’STATUS="NEW")
CA=CATCHMENT AREA (SR.KM}

READ(1:%)CA

DLT=COMPUTATIONAL INTERVAL (HODURS)

READ(1+%)DLT

D=DURATION DOF UNIT HYDRUGRAPH(HOURS)

READ(1,%)D

VOL=UNIT VOLUME OF UH (MM)

READ(1,%)VOL

NRUN=NO OF DSRO GRDINATES

READ(1,%)NRUN

DO 1 I=1,NRUN

DSROCIN=0.0

EXE(I)=0.0

TIME(I)=0.0

UH(I)=0.0

UHS(1)=0,0

CONTINUE

D0 S00 I=2,NRUN

TIME(I}=TIMEC(I-1)4DLT

DSRO=VECTOR CONTAINING THE DSRO ORDINATES (M¥x3/SEC)
READ(1,%) (DSROCI) »I=1sNRUN)

NRAIN=NO. OF EXCESS RAINFALL BLOCKS

READ(1>X)NRAIN

EXE=VECTOR CONTAINING THE EXCESS RAINFALL VALUES(HM)
READ(1»X) (EXE{(I) s I=1,NRAIN)

WRITE(2+400) .
FORMAT(30Xy UNIT HYDROGRAPH DERIVATION USING INTEGER NASH
1 MODEL ‘)

WRITE(2:401)

FORMAT(10X,120(°~*)/)

WRITE(2,402)

FORMAT (30X, 'DIRECT SURFACE RUMNOFF (MX*3/8SEC)’/)
WRITE(2,403)(DSRO(L)YsI=1sNRUN)}

FORMAT(AX,10F12,3)

WRITE(2r404)

FORMAT (/30X ‘EXCESS RAINFALL (MM)'/)
WRITE(2s405)(EXEC(I)sI=1/NRAIN)

FORMAT(4X+10F12,2)

CALL MRUN(DSROsNRUN,DLT:QM1,QH2)

CAl' MRAINCEXEsNRAIN:DLT)»RM1,RH2?

WRLTECZs2) QM1 OM2/RM1RND

FORMAT(4Xy 'FIRST MOMENT OF DSRO (HRS)=-‘»2X:F10.3/4X,
1/SECON. MOMENT OF DSRO (HRCK¥2)--'»2XsF10.2/4X»
2/FIRST MOMENT OF ERH (HRS)- :2XF10.3/4%,

Xv-1/12



2345

580
3703

3803
3807

3706
1007

4781

1700
23
24
343
4190
411

346

678
579

3°SECOND MOMENT OF ERHC(HRS*%2)-7,2X,F10.3)
ANK=QM1--RM1 ’

AK=( (GM2-RM2-2XANKERM1 ) -ANKX¥X2) /ANK

AN=ANK/AK

BNK=ANKX¥AK

WRITE(Ss2345)ANSAK

FORMAT (4X» "ACTUAL VALUE OF N=':F5.3/4Xs ACTUAL VALUE OF
1K{(HR8)="sF&.3)}

WRITE(2,4781) ANK,BNK

WRITE{(&:4781) ANK,BNK

WRITE(6y3703)

FORMAT (AX:/BUPPLY INTEGER VALUE OF NT’$)

READ(S%) N

AN=N

AK=ANK/AN

WRITE(4,3805) AK

FORMAT (44X, {MODIFIED VALUE OF K=’'sF5.3)

ANK=ANXAK

BNK=ANKX¥AK

CALL INTR{NsAK,DLT:+DNRUN+UH}

WRITE(2,1007)ANsAK

FORMAT (4%, *VALUE OF N-/s2XsF8,3/4Xs’VALUE QF K(HRS)-‘y2XsF8.3)
WRITE(2,4781) ANKrENK

FORMAT (4%, 'FIRST MOMENT OF IUH(HRS)=’,FS5,2/4Xs SECOND MOMENT OF
1IUH ABOUT THE CENTROID(HRS**2)='+F10.2)

SUMI=0,90

PO 1700 I=1sNRUN

UR(I)=UH(I)XDLT

SUMI=SUMI+UR(I?}

CONTINUE

WRITE(2y23)5UNMI

FORMAT(10X: ‘AREA OF UH=’sF12.3)

[0 24 I=1»NRUN

UHS(I)=,277XCAXUH{ I} xVOL

WRITE(2:343)

FORMAT(20X: ‘UNIT HYDROGRAFH DRDINATES (M¥23/8EC) ")
WRITE(2,410)D

FORMAT(/4Xr ‘TIME’s10X+F5.0y’~HOUR U.H. ORDINATES")
WRITE(2,411)

FORMAT(4Xs‘ (HRS) 21Xy " (CUKEC) ")
WRITE(2y346)(TIME(I),» UHB(I),I= ivNRUN)
FORMAT(4XsFS5.021X-F12,3)

WRITE(&4s4781) ANKsEBNK

WRITE(6:478)

FORMATC(4Xs 'O YOU WANT TO TRY WITH OTHER INTEGER VALUE OF N77$)
READ(S,477)IANE

FORHAT (A4)

IF(IANS.EQ.IYES) G0 TO 480

STOP

END
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10.

11

12

" 10

11

PSP Tt e e 23333333833 ¢233 233333232233 ee ettt ity
THIS SUBROUTINE GIVES FIRST ANI SECOND MCMENTS OF DSRO
SUBROUTINE MRUN(DSROsNsDELT,DM1,DN2)

DIMENSION DSROC(S0)sSUM(50) »TIME(S0)

DO 10 I=1sN

SUM(I)=(DSROCI)+DSROCI+LD) /2.0

AK=0.0

no t1 I=1,N

TIME{I)=AK+DELT/2

AK=AK+DELT

CONTINUE

81=0.0

82=0.0

§3=0,0

DO 12 I=1»N

S1=51+8UM(I)

§2=S2+SUM(IIXTIME(I)

S3=SI+SUM(IIRTIME(I)KTIME(I)

CONTINUE . '

PM1=52/51

DM2=83/81

RETURN

END

P21 3233322733233 3322223233333 3233 3733383332333 2303333323524
THIS SUBROUTINE GIVES FIRST AND SECOND MOMENT OF EX. RAIN
SUBROUTINE MRAIN(REXsN»DELT,DR1,DR2}

DIMENSICON REX(S0)sTIME(SO)

AK=0.0

D0 10 I=1,N

TIME(I)Y=AK+DELT/2

AK=AK+DELT

CONTINUE

$1=0.0

§2=0.0

§3=0.,0

DO 11 I=1.N

S1=514+REX(I)

S2=824REX(I)¥TIME(I)

S§3=SI+REX(IIXTIME(I)XTIMELT)

CONTINUE

DR1=852/51

DR2=83/51

RETURN

END ‘

b ITTTeITEeT TR 3333303333333 3300382333322 2 32 ¢80ttt
SUBROUTINE INTR{(NsAK:DT:DsNCsUH)

DIMENSION G(100}yUH(100),Y(100)

Ge(1)=0.

NO1=NO+1

DO 20 I=2,NO1
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15
10
22
30

20

40

SuM=1.
Y(I)=FLOAT(I~1)%DT
Y(I)=Y{I)/AK

DO 30 J=1s(N-1)
IF(J.EQ.1)BG TG 10
FAC=1.

DD 15 K=1:.
FAC=FACXFLOAT{K)

6Gg 7O 22

FAC=1.
SUM=SUM+Y (I} XXJ/FALC
CONTINUE
G(I}=1.-EXP{-Y(I))%3UN

" CONTINUE

UH{1)=0,.
pa 40 I=2,N01

UH(I)=(B(I}-G(I-1))/D

CONTINUE
RETURN
END
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B. DESCRIPTION OF CCMPUTER PROGRAMME INTNAS.FOR

The programme INTNAS.FOR is used for the derivation
of unit hydrograph using Integer Nash Model. The pregramme
is written in FORTRAN-IV language and run on VAX-11/780
computer system. The variables used in the programme aé
input and output lists are having the same meaning as that
of the conventional Nash model programme described in Appenr
dix -XIV. The main programme calls the following subroutines
{i) SUBROUTINT MRUN(DSRO,N,DELT,DM1,DM2)

(ii) SUBROUTING MRAIN (REX,N,DELT,DR1, DR2)
(iii) SUBROUTINE INTR(N,AK,DT,D,NO,UH)

The subroutines given at (i) and (ii) are already des-
cribed in Appendix-XIV. The variables used as the auguments
of the SUBROUTINE INTR are described bhelow:

VARIABLE DESCRIPTION
N Integer value of WNash model

parameter 'n'

AK Parameter 'K' for the model(hrs)

DT Computational interval (hours)

D Duration of unit hydrograph
(hours)

NRUN No. of direct surface runoff

UH Vector of unit hydrograph

C. INPUT SPECIFICATIONS

The values of the same input lists as described in
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Appendix-XIV for conventional WNash model are required to

be supplied through a data file INTNAS.DAT. In addition

to this integer value of the parameter 'n' is to be supplied
through terminal in interactive mode at the time of" running
the programme as follows: |

(i) The following matter will be displayed over the terminal
screen during the execution of the programme. -

ACTUAL VALUE OF N=X

ACTUAL VALUE OF K{HRS)=Y

FIRST MOMENT OF IUH(HRS)=A

SECOND MOMENT OF 1IUH ABéUT THE CONTROID (HRS**2)=R
SUPPLY INTEGER VALUE OF N?

(ii) The cursor will wait for an input to be supplied by
the user through terminal in free format. At step (1),
X,Y,A and B are real constants computed by the programme.

{iii)Once the required input are supplied, the modified
values of parameter K, first and second moment of IUH
will be displayed over the terminal as:

MODIFIED VALUE. OF K=C'
FIRST MOMENT OF TUH{HRS)=A'
SECOND MOMENT OF IUH ABOUT THE CENTROID (HRS ** 2)=Rp'

where A',B' and C' are the real constants.
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(iv) Further, the cursor will wait after displaying the

{v)

(D)

matter given below: . ;

DO YOU WANT TC TRY WITH OTHER INTEGER VALUE OF N?

Now user may supply either . 'YES' or 'NO' depending
upon his requirement. If the response is 'YES' then
the control will be transferred to the ‘statement asking
for another integer value of parameter 'n' as follows
and step (ii) onward will be repeated:

SUPPLY INTEGER VALUE OF N?

Otherwise, the execution will stop.

OUTPUT SPECIFICATIONS

The output file INTNAS.QUT consists the values of - the

following output lists in the specified format:

REC.No. OUTPUT LISTS FORMAT

1

Nil : 30X,"UNIT HYDROGRAPH DERI-

VATION USING. INTEGER NASH

MODEL'
Nil 10X,120¢('-") "/
Nil 30X, '"DIRECT SURFACE RUNOFF

{M**3/SEC)"'/
(DSRO(I),1=1, 4X,10F 12.3
NRUN)
Nil / 30X, 'EXCESS RAINFALL{MM)'/

{EXE(1),I=1,NRAIN) 4X,10F12.2
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Ri

12

3

g
i

RisEm

of N.

OM1, GM2,RM1,RM2

ANK, BNK

AN AKX

ANK, BWK

Nil

Bil

C(PTMR(T),URS(I),

T=1, NRUN)

4X, 'FIRST. MOMENT OF DSRO(HRS)-',
2X,F10.3/4X, 'SECON. MOMENT
OF DSRO (HRS**2)-',2X,F10.3/
4X, 'FIRST MOMENT OF ERH
(HRS)-',2X,F10.3/4X, 'SECOND
MOMENT OF ERH(HRS**2)-°,

2X,F10.3

4X, 'FIRST MOMENT OF IUH(HRS)

=', F5.2/4X,'SECOND MOMENT
OF IUH ABOUT THE CENTROID
(HRS¥*2)=",F10.2

4X, 'VALUE OF N-',2X,F8.3/4X,
'VALUE OF X(HRS)-',2X, F8.3
Same format as for the output.
lists at rec.no.8

10X, 'AREA AOF UH=', F12.5

20X, 'UNIT HYDROGRAPH ORDI

NATES (M**3/SEC)’

17x%, *TIME', 10X,F5.0, "=
HOUR ,UH ORDINATES'
4X,"'(HRS)', 21X,'(CUMEC)}'
4%,PS.0,21X,F12.3

. be '
‘Reg.no. 9 to 15 will fepeated for each integer values
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E. EXAMPLE
' Derive 6-hour unit hydrograph using Integer Nash
Model. Use the data of a storm given in Appendix XIV as
an example for the derivation of unit hydrograph using con-
_ventional Nash Model
{a) Input: The structure of the iunput file .INTNAS.DAT would
be as given below for the above example
1700
6
6
1
10
0 250 1050 -2050 4350 4150 2300 1070 450 120
3
40.209 100.209 60.209
Additional informations supplied by the user through
terminal and displayed on the terminal during execution
are given below:
ACTUAL VALUE OF N=4.410 (displayed)
ACTUAL VALUE OF K=4.081 {(displayed)
FIRST MOMENT OF IUH(HRS)=18.00 (displayed)
SECOND MOMENT OF IUH ABOUT THE CENTROID=73.44(displayed)
SUPPLY INTEGER VALUE OF N? 4 (supplied).
MODIFIED VALUE OF K=7.499 (displayed)
FIRST MOMENT OF IUﬁ {HRS)=18.00 (displayed)

SECOND MOMENT OF IUH ABOUT THE CENTROID=80.97(displayed)
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DO YOU WANT TO TRY WITH OTHER INTEGER VALUE OF N? YES (Supplied)
SUPPLY INTEGER VALUE OF N?5 (Supplied)

MODIFIED VALUE OF K=3.599 (displayed)

FIRST MOMENT OF IUH {HRS)=18.00(displayed)

SECOND MOMENT OF IUH ABOUT THE CENTROID (HRS**2)}=64.78(displayed)
DO YOU WANT TO TRY WITH COTHER INTEGER

VALUE OF N? NO (supplied) .

FORTRAN STOP (displayed}
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(b) output

INIT HYDROGRAPH DERIVATION USING INTEGER NASH NODEL '

DIRECT SURFACE RUMIFF (K$$3/5EC)
0.000 250,000 10504000  2050.000  4350.000 4150000 2300000  1070.000 450,000
EXCESS RAINFALL (M)

40.21 100.21 40.21
FIRST HOGMENT OF DSRD (HRS)- 27,595
SECON. NOMENT OF DSRO (HRSH$2)- 852,572
FIRGT MOMENT OF ERH (HRS)- 7.398
SECOND MOMENT OF ERH(MRS3$2)- 109,785
FIRST KOMENT OF IUH(HRS)=18.00
SECOND WOMENT OFIUH ABOUT THE CENTROID{HRS$$2)= 3.4
VALUE OF N~ 4.000
VALUE GF K(HRS}- 4499
FIRST HONENT OF IUH(HRS)=18,00
SECOND MOMENT OFIUH ABDUT THE CENTROID(HRSH2)= 80,97
AREA OF UH= 0.99771
UNIT HYDROSRAPH ORDINATES {MEX3/SEC)

TINE 6.-HOUR U.H. ORDINATES
(HRS} (D)
. 0,000
[ 1,651
12, 18.221
18, 22,503
24, 18,549
30, 9.448
34, ’ 4.589
42' 21“10
48, 0.818
. 0,315

VALUE OF B- 5.000
VALUE OF K(HRS}- 3.599
FIRST MOMENT OF IUM(MRS)=18.00
SECOND MDMENT OFIUM ABOUT THE CENTROID(HRS$$2)= &7
AREA OF UM= 0.99915
UNIT HYDROGRAPH ORDINATES {M4$3/SEC) .

TINE &,-HOUR U.H, ORDINATES

(HRS) (CUNEC)
[ ’ 0.000
& 2,183
12, 15,957
18. 24,805
Fil 18.430
30, 9.493
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42,
48,
o4

4142

1.542
0,520

0.183



APPENDIX XVI

A.COMPUTER PROGRAMME CLARKF.FOR

c fHiS PROGRAMME IS USED FOR UNIT HYDROGRAPH DERIVATION
c USING CLARK HODEL
DIMENSION TAREA(100),FLOWINC100),CUMAR(100)PTINE(100),
1TIME(100) sCUMACLI00) fUH(100),UC100) :
DATA LIYES/’YES'/
OPEN(UNIT=1,FILE=’CLARKF.DAT’,STATUS=/0LD")
OPEN(UNIT=2,FILE='CLARKF.0OUT’ sSTATUS='NEW')
CA=CATCHMENT AREA (SQ.KH).
READ(1,%)CA
DLT=COMPUTATIONAL INTERvAL (HOURS)
READ(1+%)DLT,
P=DURATION OF UNIT HYDROGRAFH (HOURS)
READCL, XL
NDUH=NO OF UNIT HYDRDGRAPH DRDINATES
REALIZ 1y #)NDUH
e VOL =UNIT VOLUME OF UH (HM)
. READ{1:¥)VOL
C TC=TIME OF CONCENTRATION (HODURS)
READCL s XY TE
C R=5TORAGE COEFFICIENT (HDURS)
READ(L+%IR
o NT=NO, OF ORDINATES OF TINE AREA BIAGRAMME
, CREADCEr$INT
G TAREA=VECTOR CONTAINING TIME AREA DIAGRAMME ORDINATES
READC1+%) (TAREACI) s I=1¢NT)
TIME(1)%0.0
IO 1 I=2,NDUM
TIME{I)=TIME(I-1Y4DLT -
1 CONTINUE
CUMAR{1)=0.0
D8 2 I=2.NT
CUMARCT)=CUMAR(I-1)+TAREACT)
CONTINUE
B0 30 Is1,NT
FTINE(I)=(TIME(I}/TC)}*100,0
30 CONT INUE
DLTi=DLT
MTR=0-
21 NTiHE=TC/DLY
WRITE(2,560)
noa CORMAT (30X ’CLARK MOBEL COMPUTATIONG’)
WRITE(2+510)
L1 FORMAT(10X»120('~"3 )
N1=DLTL1/DLT
NDUH:=NDUHEN1
TIME{1)=0,0
00 190 I=2,NDUH
© TIMECI)=TIMECI-1)+DLT
166 CINTINUE
HYINE=NTINE+1

Lor B o SRR o BN |

r
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10

11

r
i

14

DO 4 I=1,NTIME
DF=(TIMECI)}/TCIXL00
IFC(DF.GT.100)CUMACTI)=CA
IF(IF.GT+100)60 TO 4

CALL INTER(DFyDLsPTIME,CUMARsNT)
CUMA(I)=DL

CONTINUE

FLOWIN{1)=0.0

DO 5 I=2,NTIME

FLOWINCI)=CUMACI)-CUMACI-1)

CONTINUE
B0 & I=1+NDUH
FLOWIN(I)=0, 277B*VDL*FLDUIN(I)/DLT

. CONTINUE

N=D/DLT
AN=N

. CO=DLT/CR+0, 5¥DLT)

C1=1,-00"
Ui1iy=0.0
UH(11)=0.0
NTR=NTR+1
WRITE(2s301)NTR -

‘FUﬂNAT(10Xp'TRIAL Oo’rZXrI3)

WRITE(Z22302)TCHR
FORMAT {4X+4TC. (HDURS)‘,IFio 2/4X9’R(HDURS)"!F10.;)
DG 7 1=2,NDUH . -

CUCID) = CO*FLOUIN€1)+CIKU(I 1)

©UH(I)=0,0
D0 8 J=0.N
KTl

IF(K.LE.O)YBO TO 8¢

- IF(J.ER.0.OR.JLEQ.NIGD TO ¢

UH (1) =UHCTY+U (KD

80 TO B :

UHCT ) =UHCT) 40, SXUCK)
CONTINUE
UH{I) =UH () /AN

CONT INUE

CMRITE(2510)D

FORMAT(4Xs"TIME' y10Xy"IUH ORDINATE’ ySX+FS.0r

1’~HOUR UH ORDINATE’)

WRITE(2y11} .

fURHAT(3X!'(HDUR) s 11Xy " (MXX3I/SEC) v 11Xy {MEXI/SEC)’)
WRITE(2s12)(TIMEC(I)sUSI) s UHCI) s I=1sNOUH}

FORMAT (2ZXsF&.2730XsF12.3,10%XsF12.3)

WRITE(4r14)NTR

FORMATCAXy DO YOU WANT TO REUIBE TC FOR TRIAL NO. 7'!13!2Xr$)
READ(S,IS)IANS

FORMAT(A4)

CIF(IANS.NE.IYES)GO TO 170
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,16

170
220

23

1
&

18

19

503

11

[

WRITE(&v16) -~ R B -4[“'111', S
FORMAT (4Xr ' SUPPLY vaLus ur TCT’!) S T
READ(S,%57C .

WRITE(4)220)NTR

FORMAT{4X; ‘DO YOU WANT TO REVISE THE COMPUTATIONAL

1 INTERVAL FOR TRIAL NO.T’r13:2%Xs$)

READ(S13)ICNS

IF(ICNS.NE.IYES) GO TO 17

WRITEC(6223)

FORMAT(AXy ‘SUFFLY REUISED VALUE OF COMPUT. INTERVAL?'$)
READ(S»¥)DLT

WRITE(A+1B)INTR

FORMAT (4Xs ‘D0 YOU WANT TO REVISE R FOR TRIAL NO.?711312X18)
READ(S,15) IENS

IFCIBNS.NE.IYES)GO TO 20

WRITE(6s19)

FORMAT (4X» *SUPFLY VALUE OF R?‘$)

READ(S ¥R

CONTINUE

IF(IANS.NE.IYES.AND,TBNG.NE.IYES,AND, ICNS.NE.IYES) GO TO 511
WRITE(2,503)

FORMATC’1%)

IF(IANS.EQ.IYES.OR, ICNS.ER.IYES)GO TO 21
IF(IANS.NE.IYES.AND.ICNS.NE.IYES,AND, IBNS.EQ.IYES)GO TO 22
sTOP

END
gkttt dabii bt i L
SUBROUTINE INTER(AsBrCyDsM)

DIMENSION C(100),D(200)

DO L I=1;M

IF(A.BE.C{I))G0 TO 1

NI=I

60 TO 2

CONTINUE

NIi=NI--1

D1=D(NI)-D(NIL)

02:=CNT)-CINEL)

DF=A-C(NI1)

B=(D1/D2)XDF+D(NIL) .

RETURN w

END
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B. DESCRIPTION OF COMPUTER PROGRAMME CLARKF.FOR

The programme CLARKRFOR is used for unit hydrograph deriva-.
tion using Clark model. The programme is written in FORTRAN-IV

language and run on VAX-11/780 system. The variables used in the

programme are described below:

VARIABLE DESCRIPTICN
CA  N  Catchment area (Sq Km)
DLT _ Computational intefval (hdﬁrs)
D - . Durati;n of unit hydrograph {hours)
NDUH No. of unit hydrograph ordinates
VoL Unit Volume of ¢H (mm)
TC Time of concentration (hours)
R " Storage co-efficient (hours)
NT ' No.of ordinates of time area diagramme
TAREA Vector of time-area diagramme ordinates
NTR Triél no.
u . Vector of IUH ordinate (msfs)
UH . Vector of UH ordinate (m3/s)
- TIME ' Vector of time ordinates (hour)

The main programme calls the SUBROUTINE INTER (A,B,C,D,M).
This subroutine inter polates the time area diagramme ordinates
corresponding to any time interval less than or equal to time
of concentration. The variables used in the arguments of the

SUBROUTINE are described as follows:
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VARIABLE DESCRIPTION

A Ratio of cusmulative time periods to time of
concentration in percentage for interpolation.

B Interpolated value of cumulative time area
diagramme ordinate corresponding to A.

c Vector containing the ordinates of the cumula-

tive time periods as & percentage of time
.of concentration.

D _ 1'Vector containing the cumulative time-area
diagramme ordinates.

M No. of-the.cimerarea diagramme ordinates.

C. INPUT SPECIFICATIONS

The input file CLARKF.DAT consists the values of the follow-
“ing input lists in the specified format:

Rec. No. INPUT LISTS FORMAT
1 CA . Free
2 DLT ‘ Free
3 D ' N Free
4 " NDUH Free
5 VoL _ Free
6 TC  Free
7 R Free
8 NT | Free
9 {TAREA(I),I=1,NT) Free

The values of the model parameters TC and R and the compu-
tational interval DLT may be changed by the user through the
terminal in interactive made as given below and the unit hydro-
graph may be derived accordingly for each trial run:
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(1) Matter displayed during the execution:

DO YOU WANT TO REVISE TC FOR TRIAL NO.? N1 YES/NO, Here

s 1
N1 is an integer constant displayed on the terminal and 'YES'

or 'NO' has to be supplied by the user through the terminal. If
the user response is YES the following informations are required
to be feeded interactively otherwise the control will be.trans-
for ed to step (ii).

SUPPLY VALUE OF TC? A
Here A is a real constant to be supplied by the user to revise

the value of Tc for the next trial run.

(ii} DO YOU WANT TO REVISE THE COMPUTATIONAL INTERVAL FOR TRIAL
NO.? N2 YES/NO
Here N2 1s an integer constant displayed con the terminal sereen
in I3 format. Either 'YES' or 'NO' is supplied by the user th-
rough terminal. If user has supplied 'YES' then the contrcl will
be transferred to the write statement which displays the follow-
ing:

SUPPLY REVISED VALUE OF COMPUT.INTEVAL?

Now the cursor will wait for the revised value of compu-
tational interval. Once this is supplied the computation will

proceed to step (iii).

However, .1f user has supplied 'No', then the control will
be transferred to étep (iii) without asking for the value of

revised computational interval.

(iii) DO YOU WANT TO REVISE R. FOR TRIAL NO? N3 YES/NO

Here N3 is an integer constant which represents the trial

no. and displays on the terminal in I3 format.Either 'YES' or
AVI-6/11 '



'NO' is supplied through terminal by the user depending upon the

requirement. If user want to revise the value of R in the next
trial, then 'YES' may be supplied in response of the above querry
and the revised value of R may be supplied in response of the

querry made as below:

SUPPLY VALUE OF R? B

Here B 1is a real constant which repesents the revised

value of R.

From here the control will be transferred to an appro-
priate statement in the programme to compute the unit hydrograph
using revised parameters in case user has suppliéd 'YES' in res-
ponse to any one of the querries listed above. More over, the
above querries will be repeated again for the next trial. If the
user response in all the querriesmade is 'NO% then the control
will be transferred to the stop statement and execution will be

over.

D. OUTPUT SPECIFICATIONS

‘The output file CLARKF.OUT consists the values of the

following output lists in the specified format:

Rec.No. OUTPUT LISTS FORMAT
1 Nil 30X, 'CLARK MODEL COMPUTATIONS'
2 Nil 10X, 120 (*-')

3 NTR 10X, 'TRIAL NO.', 2X,I3
4 TC,R ' 4X, 'TC{HOURS)=', F10.2/4X, 'R

(HQURS)=', F10.2

3 D 4X,'TIME', 10X, ‘'IUH ORDINATE',
5X, F5.0, '~ HOUR UH ORDINATE'
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6 Nil 3X,'(HOUR)', 11X, ‘'(M**3/SEC)’,
11X, '(M**3/SEC)'

7 (TIME (1), U(I), 2X, F6.2, 10X, F12.3, 10X,F12.3
UH(I), I=1,NDUH)

Note : The above output lists are repeated for revised values
of the parameters Tc or R or computational interval DLT.

E. EXAMPLE

The time-area diagramme otd;nates for a typicdl catchment
are‘given below; If clark model parameters derived from the direct
surface runoff hydrograph and ‘excess rainfall hyetograph of a
storm in the catchment are 8 hours (Tc) arnd 7.5-hoﬁrs (R) res-
pectively, derive 20 ordinates of 2 hour unit hydrograph with

volume 10 mm. The catchent area is 230 sq.kam.

Time (hrs) 0 1 2 3 4 5 6 7 8
Area (Km2) 0 10 23 39 43 42 40 35 18

'IE clark model parameters, Tc éﬁd R are 7.0 and 7.5 hours

respectively, derive 2 hour unit hydrograph with unit voluse 10mm.

ta) Input :
The structure of the input file CLARKF.DAT for the above
example would be as given below:

250
1
2

20

10

8

7.5
9 .
0 10 23 39 43 42 40 35 18
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The values of the parameters are revised interactively as

given below while running the programme:

DO YOU WANT TO REVISE TC FOR TRIAL NO? 1 YES-
SUPPLY VALIJE OFTC? 7.0

DO YOU WANT TO REVISE THE COMPUTATIONAL INTERVAL FOR TRIAL
No. 7 1 NO

DO YOU WANT TO REVISE R FOR TRIAL NO.? 1 NO.

DO YOU WANT TO REVISE TC FOR TRIAL NO. ? 2 NO

DO YOU WANT TO REVISE THE COMPUTATIONAL INTERVAL FOR TRIAL
NO. 7 2 NO

DO YOU WANT TO REVISE R FOR TRIAL NO.? 2 NO
FORTRAN STOP
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(b) Output

CLARK MDDEL CDMPUTATIONS

TRIAL NG. i

TL (HOURS) = 8.00

R(HOURS )= 7450

TINE IUH DRDINATE 2,~HOUR UH ORDINATE
{HOUR) {(M¥%3/8EC) (HXX3/8EC)
0.00 0.000 0.000
1.00 3.472 0.848
2.¢0 11.029 . 4.4%3
3.00 23.190 12.178
4,00 \.los23 23&157
$.00 45,404 : 34.740
6.00 : 53.619 44,913
7.00 : : 59.070 52.%928
8,00 97.937 57.424
9,00 i 50,695 54,410
10,00 44,358 - 90.921
11.00 38.813 - | 44,556
12.00 313.9262 i8.987
13.00 29.718 34.113
14,00 26,002 29,849
15.00 22.752 24.118
16+00 19.908 22,853
17.00 17.419 19,997
18.00 15.242 17.497

1%2.00 ' 13.337 15.310

CLARK MODEL COMFUTATIONS

TRIAL NO. 2

TC (HOURS)= - 7.00
R{HOURS) = 7.50
TIME ' IUH ORLINATE 2.-HOUR UH ORDINATE
(HOUR) (MX%3/8EC) {MXRX3I/SEC)
0.00 0.000 0.000
1.00 4,613 1,153
2.00 14.7252 T.995
3.00 28.981 15.774
4.00 42,225 28,734
3.00 33.118 41,437
6.00 60.845 52.331
7.00 67.147 60,499
8.00 764117 . 67.819
¢.00 66.4602 71.494
10.00 58.277 66.7200
11.00 C50.993 : 98,537
12,00 44.618 91.220
13.00 ’ 39.041 44,818
14,00 34.161 . 39.215
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Appendix-XVII

A.COMPUTER PROGRAMME S-CURVE.FOR

THIS PROGRAMME IS USED FOR S~CURVE DEVELOPMENT HERE!
N=NO. OF UNIT HYDROGRAPH ORDINATES
VH=VECTOR CONTAINING THE VALUE OF UNIT HYDROGRAPH
ORDINATES

HR=DATA INTERVAL IN HOURS

DO =DURATION OF UNIT HYDROGRAFPH

DIMENSION UH(100),S(100):T(100}
OPEN(UNIT=1sFILE=*SCURVE.DAT’»STATUS=-0LD")
OPEN(UNIT=2,FILE="SCURVE.DUT’+STATUS="NEW’)
READ (1,%) N

READ (1,%) (UH(IXsI=1sN)

READ(1+X) HR, DO

T(1)=0,0
DO 1 I=2,N

1 T(E)=T(I~1)4HR

NB=DQO/HR
DO 20 I=1:+NB

20 B(I)=UH(I)

DO 2 I=(NB+1),N

S(IN=8(I-1)4UH(T)

WRITE (2:3) :
FORMAT(20Xr‘DEVELOPMENT OF S-CURVE’)

WRITE (2,4}

FORMAT (20X:22(7.'))

WRITE (2,87

FORMAT(10Xs*TIME»5Xs‘UNIT HYDROGRAPH’ ;10X *S-VALUE’)
HRITE (2,4)

FORMAT (10X 4 _" ) 5X015(/_")s10Xs7("’_"))
WRITEC2s7) (TCIDsUHCTII»S(TI) s I=12N)
FORMAT (10X+F4.0+30XsF6.2114%XsF6.2)
CLOSECUNIT=1) '
CLOSE(UNIT=2)

sSTOP

END

nenono

o~ B s W N

~
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B. DESCRIPTION OF COMPUTER PROGRAMME SCURVE.FOR

" The programme SCURVE.FOR is used for the development of S-
curve hydrograph from T-hour unit hydrograph. The programme is
written in FORTRAN-IV language and run on VAX-11/780 Digital
Computer System. The variables used as the inpﬂt and output lists

in the programme are described below:

VARIABLE DESCRIPTION

N No. of unit hydrograph ordinates

UH A yector of unit hydrograph ordinates
(m”/s)

HR .Data interval (hrs)

bo - Unit hydrogtaph duration (hrs)

T A vector of time period (hrs)

] ?mgizgor of S-ghrve hydrograph ordipates

C. INPUT SPECIFICATIONS

The input file SCURVE.DAT consists the values of the follow-

ing input lists in the specified format:

REC. NO. INPUT LISTS FORMAT
1 N _ Free
2 (UH(I),I=1,N} Free
3 HR, DO _ Free
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b OUTPUT SPECIFICATIONS .

The values of the following output lists will be written
in the qutput file SCURVE.OUT in the specified format: '

REC.NO.. OUTPUT LISTS: FORMAT
Nil 20X, 'DEVELOPMENT OF S-CURVE'
2 Nil 20X, 22 ('-*)
3 Nil - 10X, 'TIME', 5X,'UNIT HYDROGRAPH'
" 10X, '"S-VALUE'
4 © Wil _ 10X, 4('~'), 5X, 15('-'), 10X,
7(!_!)
5 (T(I), UH(I)}, 10X, F4.0, 10X, F6.2, 14X,

S(I), I=1,N} F6.2

E. EXAMPLE

The unit hydrograph shown below resulted from a 4-=hour
duration storm. Determine the ordinates of the associated S-curve

hydrograph.

Time (hrs) 0 4 8 12 16 20 24 28
UH ordinates(n3/s) O 20 S0 70 65 60 40 0O

{a) Input :
The structure of the input file SCURVE.DAT for the above

example would be as given below:

8 ‘ .
0 20 50 70 65 60 40 O
4 4
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(b) Output

TIME
0.
4,
8.

12.
16.
20,
24,
28,

DEVELOPMENT OF S8-CURVE

e el o R T ———
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APPENDIX=XVIII

A ,COMPUTER PROGRAMME SUPERIM.FOR

“HIS PROGRAMME IS USED FOR CHANGING THE DURATIDN OF
UNET HYDROGRAPH BY SUPERIMPOSITION METHOR
APFLICABLE WHEN NEW. DURATION OF UH I8 INTEGER MULTIPLE
OF OLD DURATION OF UH

DIMENSION UOLD(100) UNEW(100) SUMC100) s TINE(100)
OPENC(UNIT=1,FILE='BUPERIH.DAT’ STATUS="0LD") '
OPEN(UNIT=2,FILE="SUPERIM.OUT'sSTATUS="NEW’)
DO=0RGINAL DURATION OF UNIT HYDROGRAFH (HRS)
READ(1:%)D0 .

DN=NEW DUATION OF UNIT HYDROGRAFH (HRS)

READ(1.%)DN

DLT=COMPUTATIONAL INTERVAL (HRS)

READC1+%)DLT

NDUH=NO OF ORDPINATES OF DO-BURATION UNIT HYDROGRAFH
READ(1,%¥)NBUH

UOLD=VECTOR CONTAINING DO-HOUR UNIT HYDROGRAFH (Mk%3/SEC)

READ(1,%) (UOLDC(I) s I=1»NDUH)
TIME(1)=20.0

¥=DN-DO

M1=M/DLT
NRUN=NDUH+M1

DO 1 I=2yNRUN
TIMECI)=TIMECI-1)+DLY
CONTINUE

N=DO/DLT

N1=DN/DO

DO 2 I=1+,NRUN
SUM(I}=0,0

L=0

D0 3 J=ir1:N

K=I~-J+1

L=L+1

IF(L.GT.NL1)GOD YO 2
SUM(I)=SUM(I)+UOLD(K)
CONTINUE

CONTINUE

DIV=DN/DD

D0 4 I=1sNRUN
UNEW(I)=SUM(I}/DIV
CONTINUE

WRITE(2:5)

FORMAT(30Xs’'CHANGE IN UNIT HYDROGRAPH DURATION USING SUPERIM

IFOSITION METHOD')}
WRITE(2+4)
FORMAT(10X+120("~")/)
WRITE(2:72D0

FORMAT (4X, 'TIME' » 10X F6,0+ "-HOUR DURATION UNIT HYDROGRAFH'}

WRITE(2,8)
FORMAT (4Xy * (HRB) "y 25X, * (CUMEC) ' /)
WRITE(2,2)(TIMECI)} +UOLDCI) rI=1 o NDUH)
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FORMAT (3XsF5.0+,25XsF12.2)

WRITE(2,10)DN ' : :
FORMAT(4Xs TIME’ »10X»F6.0y ’~HOUR DURATION UNIT HYDROBRAFH’)
WRITE(2:8)

WRITE(2,9)(TIMEC(L) yUNEW{I)»I=1 NRUN)

STAOP

END
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B.

DESCRIPTION OF COMPUTER PROGRAMME SUPERIM FQR

"y

Poot
O

The programme SUPERIM FOR is used for changing the duration

of unit hydrograph by superimposition method. The progranme is

written in FORTRAN-IV language and run on VAX-11/780 computer

system. The variables used in the programme are described below:

VARIABLE

DO
DN

DLT

NDUH
UOLD
UNEW

C.

DESCRIPTION

Original duration of unit hydrograph (hour)

New duration of unit hydrograph (hour!
Computational interval (hours)

No. of ordinatos of DO~duration unit hydrograph
Vector of DO-hour unit hydrograph (p3/s)

Vector of DN-hour unit hydrograph (m3/s)

INPUT SPECIFICATIONS

The input file SUPERIM.DAT consists the values of the follow

ing input lists in the specified format:

REC.No.

Ln £ w N ]

INPUT LISTS FORMAT
DO Free
DN ] Free
DLT Free
NDUH Free
~(UOLD(I),I=1,NDUH) Free
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"D.  OUTPUT SPECIFICATIONS

The output file SUPERIM OU{ fFonsists the. valugs of the
‘following: output lists in- the ‘spectfied format T

REC.NO.  OUTPUT LISTS FORMAT ~
1 Nil - 30X, 'CHANGE IN UNI®,HYDROGRAPH DURA-
TION USING SUPERIMPOYITION METHOD'
2 Nil . 10X, 120 (*-1y/ %
3 DO 4X, 'TIME', 10X, FB.D, '-HOUR DURA-
TION UNIT HYDROGRAPH'
4 Nil 4X, '(HRS}', 25X, '(cumzc) /
5 - (TIME(I),U0LD  3X, F5.0, 25X, F12.2.
(I),I=1,NDUH) .
6 DN 4X,'TIME', 10X, F6.0}, '-HOUR DURATION
UNIT HYDROGRAPH @
7 Nil 4X, '(HRS)', 25X, "(QUMEC)'/
8 (TIME(I) ,UNEW (I}, 3X, F5.0, 25X, F12.2
I-1, NDUH)
E. EXAMPLE

Using the data for the example given in APPENDIX-XVII, obtain the unit
hydrograph of 12 hour duration using superimposition method.

(a) - The structure of the input file SUPERIM.DAT would be as
given below for the-above example.

4
12
4
8 .
0 20 50 70 65 60 40 0
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{b) Output

CHANGE IN UWIT HYDROGRAPH DURATION USING SUPERINPOSITION METHOD

TINE 4,-HOUR DURATION UNIT HYDROGRAPH
(HRS) (CUMET)
4. 2.00
4, : 20,00
8, 50,00
12, 70,00
144 45,00
A, 40,00
A4, 4000
2. 0,00
THE 12,-HOUR DURATION UNIT HYDROGRAPH
{(HRS) {CIMEL)
0. 0.00
4 6467
8. 21,33
12, 46,47
16, 81.67
”0 - 65-00
A, 55.00
. n.3
3, 13.33
3. 0.00
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APPENDIX-XIX

A .COMPUTER PROGRAMME NEWD.FCR

THIS PROGRAMME COMPUTES THE UNIT HYDROGRAFH ORDINATE OF
NEW DURATION USING S-CURVE TECHNIQGUE HERE:
N=ND.OF UNIT HYDROGRAPH ORDINATE OF ORGINAL DURATION
UH=VECTOR CONTAINING THE VALUES OF UNIT HYDROGHAPH
ORDINATES OF ORIGNAL DURATION

HR= DATA INTERVAL IN HOURS

DO=ORIGNAL DURATION OF UNIT HYDROGRAFH

DN=NEW DURATION OF UNIT HYDROGRAFH

RATID DN/HR SHOULD BE AN INTEGER NO.

DIMENSION UH{100),5(100),F{(100),DRC(100},D8(100)
OFPEN (UNIT=1,FILE='NEWD.DAT +8TATUS='0LD ")

OPEN (UNIT=2,FILE="NEWD.0UT’sSTATUS='NEW’)

READ {(1»%) N

READ (1,%) (UH(I)» I=1,N}

READ (1rs%) HR»DO»DN

T(1)=0.0

DO 1 I=2:N

T(I)=T(I-1)+HR

NBEG=D0/HR

DO 2 I=1,NBEG

S(I)=UH(I)

DO 30 I=(NBEG+1)sN

S(I)=8(I-1}+UH(I)

WRITE <2+3) ‘
FORMAT(20Xy 'DEVELOFMENT OF S-CURVE")

WRITE (2,4}

FORMAT (20X222(°_"))

WRITE (2+5)

FORMAT (10X, 'TIME’ s SX» UNIT HYDROGRAPH’ 10X 'S-VALUE’)
WRITE (2s6) .

FORMAT (10X e d (/") SX»i5¢ /)3 110Xa7('_"))
WRITE(2:7) (TC(IX}sUHCI)S(I)2I=1sN)

FORMAT (10XrFA.0,10XsF6.+2,24%5F6.2)

NB=DN/HR

DO 8 I=1sNE

DS(I}=S(I)

DO ? I=(NB+1):N

N8{I)=8(I)-S(I-NB)

NEND=N+NB-1

DO 10 I=(N+1),NENDR

DS(I)=S(N)-S{I-NB)

WRITE(2,11)

FORMAT{(20X» "NEW UNIT GRAFH’)

WRITE (2+12)

FORMAT(20X 14077

WRITE (2,14)

FORMAT(10Xs 'TIME» 10Xy’ NEW U H COQRDINATES’)
WRITE (2,15)

FORMAT(10X,4( " _"2»20X180'.° )

00 1& I=(N+1)sNEND
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14

i8

1?

19

T{I)=T(I-1)+HR

DO 18 I=1,MNEND

DES¢Iy=D]{TIYXD0 /DN
DES(I)=AINT(DS(TIYX10040.58)/100

CONTINUE

WRITE (2173 (T(I¥sD5(T):I=1sNENID)
FORMATCLOXF4.0,10X¢F12.7

NDOD=D0O

NDN=I}N : ’

WRITE (2+1%) NIOOyNDN _ ' o
FORMAT (10X, 0RIGMAL DURATION QF UH=", I35, HOUR”
1/10Xy "NEW DURATION OF UH=‘,15s "HOUR"} '
CLOBE(UNIT=1) : s
CLOSE{(UNIT=2)

§TOP

END
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B. DESCRIPTION OF COMPUTER PROGRAMME NEWD.FOR

The programme- NEWD.FOR computes the unit hydrograph ordi-
nate of new durétipn using S—curve_technique._The programme is
written in FORTRAN-IV language and run on VAX-11/780 computer
system. The viriables used as input lists and output lists are
described below:

VARIABLE ‘ PESCRIRTION‘
N No. of unitjhydroggaph ordinate of original
) durat;pn ) .

w0 Vectdr of ﬁﬁit hydrograph ordinates of ori-
ginal duration fm3/s)

HR :fw B ' bafa iﬁtérval kgoﬁr) o

DO | Original duration of UH (hour)

DN New duration of UH (hour)

s Vector of associateé s-curve hydrograph ordi-

qgtes_(m315l“

Ds Vgctog,of_DN-hour.gqit hydrograph‘o;dinates

(n3/s)
. . s il
T ‘ Vector of time period (hours)

NDO, NDN Same as DO and DN respectively

c. INPUT SPECIFICATIONS

The input file NEWD.DAT consists the values of'the‘ﬁquoW*

ing input lisps in the specified formatf

REC.NO. . INPUT LISTS .. FORMAT
1 N ' Free
t .
2 (UH(I),I=1,N) Free

3 HR, DO, DN Free
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3.

OUTPUT SPECIFICATIONS

The output file NEWD.OUT will be created after the

‘execution of the programme. The output file NEWD.OUT consists

the values of the following output lists in the specified format:

REC.NO.

10

11

OUTPUT LISTS
Nil
Nil
N1

Nil

©A{T(I),UH(I),S(1),

I-1, N)
Nil
Nil
Nil
Nil
(T(I},DS{I),I=1
NEND)
NDO, NDN

EXAMPLE

FORMAT

20X, ' DEVELOPMENT OF S-CURVE'
20X, 22 ('-')
10X, 'TIME', 5X, 'UNIT HYDROGRAPH',

(10X, 4('-'),"S-VALUE'

10X, 4('='), 5K, 15('-'}, 10X, 7('=)
10X, F4.0, 10X, F6.2, 14X, F6.2

20X, 'NEW UNIT GRAPH'

20X, 14('-")

10X, 'TIME', 10X, 'NEW UH ORDINATES'
10X, 4('~-'), 10X, 18('-')

10X, F4.0, 10X, F12.2

10X, 'ORIGINAL DURATION OF UH = ',
I5, 'HQUR'/10X, 'NEW DURATION OF UH="',
15, 'HOUR'

Using the data for the example given in APPENDIX-XVII,

obtain the unit hydrograph of 12 hour duration using s-curve

method.
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{a) " Input :
The .struéture- of the input’ file'NEHD'.D'AT would be as’
given below for the above example:
8 ' ‘ N
0 20 50 70 65 -60 40 O
4 4 12 e '
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{b) oOutput

TIME
0.
4,
B.

12,
16
20,
24,
28.
32,
36,

DRIGNAL DURATION OF UM=
NEW DURATION OF UH=

DEVELOFMENT OF §--CURVE

UNIT HYDNROGRAFH

0.00
20.00
30,00
70.00
65.00
60,00
40,00

0.00

NEW UNIT GRAFH

e o e

0.00

12HOUR
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4HOUR

5-VALUE
0.00
20.€0
70.00
140.00
205,00
245,00
205.00
30%5.00



400
401
402
403
404
405
404

407

845

APPENDIX-XX

A.COMPUTER PROGRAMME REPRCD.FOR

HIS PROGRAMME IS USEDL FOR REPRCOUCING THE OBSERVED DRSRO
DIMENSION TIME(100),DSROC100),CDSROC100>,UH(10C) EXE(100)
OFEN{UNIT=1,FILE='REFEOD.DAT s STATUS='0LD)
OPEN(UNIT=2yFILE=*REPROD.OUT»STATUS=*NEW’)
CA=CATCHMENT AREA (SQ.KM)

READ(1+%)CA

DET=COMPUTATIONAL INTERVAL (HOURS)

READ(1,%)DLT

NRUN=ND OF DSRO ORDINATES

READ (17 %)NRUN

p0 1 I=1,NRUN

DSRO(I)=0.0

CDSRO(11)=0.0

EXE(I}=0.0

TIME(I)=0.0

UHC(I) =0, 0

CONTINUE

DO 500 I=2sNRUN

TIKECI)=TIME(I-1)+DLT

DSRO=VECTOR CONTAINING THE DSRO ORDINATES (M¥%x3I/GEC)
READR(L %} (DSROCI) rI=1+NRUN)

NRAIN=NO. OF EXCESS RAINFALL BLOCKS

READ(1sX)NRAIN

EXE=VECTOR CONTAINING THE EXEESS RAINFALL VALUES(MM}
READC(1 %) (EXECI>»I=1,NRAIN)

D=DURATION OF UNIT HYDROGRAPH(HOURS}

READC1,%)D

VOL=UNIT VOLUME OF UH (MM)

READ(1s¥)VOL

NDUH=ND. OF UNIT HYDROGRAFH ORDINATES
READ(1s¥}NIUH

UH=VECTOR CONTAINING U.H. ORDINATES (M¥%x3/SEC)
READCEy X} CUHC(TI ) » I=1 o NDUH)

WRITE(2y400)

FORMAT{30X: 'REFRODUCTION OF ORSREVED OSRO USING UNIT HYDROGRAFH')
WRITE(2,401)

FORMAT(10X,120(" )/

WRITE(2,402)

FORMAT(30Xy 'DIRECT SURFACE RUNOFF (MXX3/SEC)’/)
WRITE(2,403)(DSROCT )y I=1sNRUN)

FORMAT(4X,10F12.3)

WRITE(2,404)

FORMAT (/30Xy 'EXCESS RAINFALL (MM)‘/)

WRITE(2,405) (EXE(I)rI=1,NRAIN)

FORMAT(4X»10F12.2)

WRITE(2,406)0 ’
FORMAT{(/30X+F5,0s’~HOUR U,H. ORDINATES(MX%I/SEC}’)
WRITE(2,407){UHCI)+»I=1,NDBUH)

FORMAT{(4X,»10F12.3)

SUM=0.0

DO 845 I=1,NDUH

SUM=SUM+UH(I)%DLT
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UVOLUM=0,2778%CAXVOL
.0 846 I=1sNDUH
866 . UHCIN=UH(I)¥(UVOLUM/SUN)
) CALL CONVOL(CDSRO,UH EXEsNRUN)
FEAK1=0.0
PEAK2=0.0
TPEAKI=0.0
TPEAK2=0.0
DO 847 I=1,;NRUN
IF (PEAK1 .GE.DSRO{(1}))GO TO 898
PEAK1=DSRO(TI)
TPEAK1=TIME(L) .
898 IF(PEAK2.BE.CDSRO(I)) GO TD 847
e ‘PEAK2=CDSRO( I}
TPEAK2=TIME(ID)
8&7 CONTINUE
B UHP=0.0
“UHTP=0.0
DO 868 I=1,NDUH
IFCUHP.GE.UHCIY)IGO TO 848
UHP=UH(I)
UHTP=TIME(D)
848 CONTINUE
' MRITE(2+402)UHFsUHTF
402 FORMAT(4Xs *U,H, FPEAK(MEX3/8)="+2X»F5.0/
' 14%y‘U.H. TIME TD PEAK (HRS)=’s2X»F5.0)
WRITE(2,1119)
1119  FORMAT{4X, 'COMPARISON OF OBSERVED AND COMPUTED HYDROGRAPHS
S 1 USING UNIT HYDROGRAFH’) i

WRITE(25401)

. WRITE(2,27)

27 FORMAT(4Xy 'TIME’ »4Xy 'OBSERVED D. S. R. O, 7y4Xy'CONP
1UTED B, 8, R. 0. 7}
WRITE(2,11202

1120 FORMAT(4Xy‘ (HRB) * 515X (CUMEC) " » 15X, * (CUMEC) ")
) DD 28 I=1sNRUN
WRITE(2+29)TIME{(I) »DSROCI)CDSROCI)

2% FORMAT(AXsFS.0s15XsF741+15X+F7,1)
28 CONTINUE
§2=0.0

DD 6835 I=1,NRUN
4835 §2=824DSRO(I)
ANRUN=NRUN
SMEAN=82/ANRUN
84=°o°
D0 48356 I=1,NRUN
83=83+(DSRD(I}-SHEAN) ¥*2
6836 §4=S44 (DSROC(I)-CDSRO(I) kX2
EFF=(({83-84)/53)x100.0

XX-2/11



WRITE(2:+46837) EFF
6837 FORMAT (4X, "EFFICIENCY OF THE MODEL=‘,F10.2)
WRITE(Zs405IPEAKL s TPEAK1
605 FORMAT (4X,"0BS. PEAK {MXX3/5)=*,2XsF7.1/4%,
1’OBSERVED TIME TO PEAK (HRS)='s2XsF5.0)
WRITE(2+607)PEAK2, TPEAK2
607 FORMAT (4Xy 'COMPUTED FEAK (MXX3/S)=‘y2XsF7,1/4Xs
1’COMFPUTED TIME TO PEAK (HRS)=’,2XsF5.0)
CALL ERROR{(DSRO,CDSROsNRUN:STErAREARPE)
WRITE(2:30) STEsABE»ABPE
30 FORMAT(4X: 'AVERAGE STANDARD ERROR=‘,2X,F8.3/4X, ' AURERGE AR
1SOLUTE ERROR="’»2XsF8.3/4%r’AVERAGE PERCENTAGE ABSOLUTE ERROR
='+2X»F8.3)
PEF=(ABS(PEAK1-FEAK2)/PEAK1)X100
PET=(ABB(TPEAK1~TPEAK2)/TPEAK1)X100,0
WRITE(2,4838) FEF»FET
6838 FORMAT(4Xs "PERCENTAGE ABSOLUTE ERROR IN PEAK=’sF10.2+/y
14X, 'PECENTAGE ABSOLUTE ERROR IN TIME TO PEAK=‘,F10.2)
STOP
END
[ KEREEXKERRKERERRERRREEKRRERRREREXKREOKERRRKRKRRKKEREKRRERKK RS £ R
SUBROUTINE CONVOL (GESTsUHHREX)NRR)
DIMENSION QEST(50) sUHH{S0)REX(S0)
DD 20 I=1,NRR
SUM=0.,0 ‘
D0 10 J=1,1
KK=I-J+1
10 SUM=SUM+UHH(J)XREX (KK}
20 REST(I)=SUM
RETURN
END
c FRERERREXERRRERKKEAK KRR KRR RRRERK KK CKRROORKRK R KRR KT RERRKKK
SUBROUTINE ERROR(OBSO:COMFGsNsSEsAEsAFE)
DIMENSION OBSQ(50),COMPR(S0)
SUM1=0,0 '
AN=N
D0 10 I=1,N
10 SUM1=8SUM1+ (CONPG(I)-OBSO(I))%%2
SUMi=SUM1/aN
SE=8QRT(5UM1)
SUM2=0.0
8UMZ=0.0
DO 20 I=1:N
SUM2=8BUM2+ABS (COMPQ(I)~-0BSQ(I))
IF(OBSQ(I).EQ.0)GC TO 20
' SUM3=SUM3+ (ARS(COMPR(I)-DBSR(1))/0BSR{I))
20 CONTINUE
SUM2=5UM2/AN
AE=5UM2
SUM3={(SUM3/AN)X100
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AFE=8UM3
RETURN
END
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B..  DESCRIPTION OF COMPUTER PROGRAMME REPROD.FOR

The 'programme REPROD.FOR 1s used for reproducing . the
observed direct surface runoff hydrograph and computes the vari-
ous error. functions based on the observed and computed direct
surface runoff hydrographs. The programme is written in FORTRAN-
IV language and run on VAX-11/780 computer system. The variables

ugsed in the progrémme as input and output lists are described

below:

VARIABLE DESCRIPTION

CA Catchment area (sq.km)

DLT Computationﬁl interval (hours)

NRUN No.of DSRO ordinates

TIME Vector of time period .(hours)

DSRO ‘ Vector of observed DSRO ordinates (m3/5)
NRAIN No. of excess rainfall blacks 7
-EXE Vector of the excess rainfall values (mm)‘
D Duration of unit hydfograph (hour) -
VOL Unit Volume of UH {mm)

NDUH No. of UH ordinates

UH - Vector of UH ordinates (m3/s)

UHP UH peak (m3/s)

UHTP UH time to peak (hours)

CDSRO Vector of computed DSRO ordinates (m3/s)
EFF Effiéiency of the model used for UH derivation (Z)
PEAK] Peak ordinate of observed DSRO (m3/s)-
TPEAK] Time to peak of observed DSRO (hrs)
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PEAK2 Peak ordinate of computed DSRO (m3/s)

TPEAK2 Time to peak of computed DSRO (hour)

STE Average standard error

ABE Average Absolute error

ABPE Average percentage absolute error

PEP Percentage absolute error in peak

PET Percentage absolute error in time to. peak.

The main programme calls the following SUBROUTINES
(1) SUBROUTINE ERROR (0BSQ, COMPQ, N, SE, AE, APE)

(i1) SUBROUTINE CONVOL (QEST, UHH, REX, NRR)

The purposeof the above subroutines and the desériptions

of the variables used as arguments of the subroutines are given
below:

(1) SUBROUTINE ERROR {OBSQ, COMPQ, N, SE, AE, APE)

This subroutine qalculates three eror functions from observed and

computed .direct surface runoff hydrographs. The variables used

as arguments are described below:

VARIABLE DESCRIPTION

0BSQ A vector of observed DSRO (m3/s)
COMPQ A vector of computed DSRO (m3/s)
AE Average standard error

AE : Average absolute error

APE Average percentage absolute error
N No. of DSRO ordinates

XX-6/11



(11) SUBROUTINE CONVOL (QEST, UHH, REX, NRR)

This subroutine computes the direct surface runoff convol-
‘utihg” the excess rainfall with unit hydrograph. The variables

used as arguments are:

VARIABLE DESCRIPTION

QEST Vector of computed direct surface nnnff(m3/s)
UHH Vector of D-hour unit hydrograph (nBIDLT hour)
REX . Vector of excess rainfall (mm)

NRR Number of DSRO to be computed

C. INPUT SPECIFICATIONS

The values of the following input lists are to be supplied
through the input file REPROD.DAT in the specified format:

REC.No. INPUT LISTS : FORMAT -

1 CA . Free
2 DLT Free
3 NRUN Free
4 "(DSRO(I),I=1,NRUN) Free
5 NRAIN Free
6 (EXE(I),I=1,NRAIN) Free
7 D ‘ Free
8 VoL | Free
9 NDUH _ Free
10 (UH(I),I=1,NDUH) * Free
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D. OUTPUT SPECIFICATIONS

The output file REPROD.OUT consists the values of the

following output lists in the specified format:

REC.No.
1

2
3
4
5
6

~J

10

11
12

13
14

15
16

17

18

OUTPUT LISTS
Nil
Nil
Nil
(DSRO(I) ; I=1 ,NRUN)
Nil

(EXE(I),I=1,.
NRAIN)

D
{UH{1),I=1,NDUH)

UHP, UHTP
Nil

Nil
Nil

Nil

TIME(1) , DSRO
(1) ,CDSROL)

EFF
PEAK1,TPEAK1

PEAK2 , TPEAK2

STE,ABE,ABPE

T XX-8/11

FORMAT

30X, 'REPRODUCTION OF OBSERVED DSRO
USING UNIT HYDROGRAPH'

10X, 120 (*=")/

30X, 'DIRECT SURFACE RUNOFF (M**3/SEC)'/
4X, 10 F12.3

/30X, 'EXCESS RAINFALL (MM)'/

4X, 10 F12.2

/ 30X,F5.0, '-HOUR U.H.ORDINATES (M**3/SEC)'

4X, 10 F12.3
4X,"U.H. PEAK (M**3/S)=',2X,F5.0/4X,
'"U.H.TIME TO PEAK (HRS)=! 2X,F5.0

4X, 'OOMPARISON OF OBSERVED AND COMPUTED
HYDROGRAPHS USING UNIT HYDROGRAPH'

10X, 120 ('-')/

4X, 'TIME} &X,'OBSERVED D.S.R.0. !
4X, ' COMPUTED D.S.R.0.'

4X, '(HRS)',15X, '(CUMEC)',15X,'{CUMEC)'
4X, F5.0, 15X, F7.1, 15X, F7.1

4X, 'EFFICIENCY OF THE MODEL-) F10.2

4X,"OBS.PEAK (M**3/5)=!2%,F7.1/4X, ' OBSERVED
TIME TO PEAK (HRS)=} 2X, F5.0

4X,'COMPUTED PEAK (M**3/S)=}2X,F7.1/
4X,'COMPUTED TIME TO PEAK (HRS)=}2X,F5.0
4X,'AVERAGE STANDARD ERROR=}2X,F8.3/
4C, ' AVERAGE ABSOLUTE ERROR=}2X,



F8.3/4X, ' AVERAGE RECENTAGE. ABSOLUTE ERROR=} -
m’ F803 ’

19 PEP,PET 4X, ' PERCENTAGE ABSOLUTE ERROR IN PEAK=)

F10.2,/,4X, 'PERCENTAGE ABSOLUTE ERROR
IN TIME TO PEAK=} F10.2

Note : Rec. no. 14 will be repeated for NRUN times.

E. EXAMPLE

The direct surface runoff hydrograph and excess rainfall hydrograph
ordinates for a storm in a catchment are given below. 6-hour representative

unit hydrograph ordinates with v"olume_ imm are also given below. Compu-
te the direct sirface runoff using the given unit hydrograph.

Also compute the various error functions from cbserved DSRO and

computed DSRO ordinates.

The catchment area 1s 1700 sq.km.

Time Excess Rainfall Observed DSRO

(hrs) (mm) (m3/s)
0 0 0
6 40.209 250

12 100,209 1050
18 60.209 © 4350
24 - 4150
30 - 2300
36 - 1070

42 - 450

48 - -120

54 - 0
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6-hour unit hydrograph data

Time 6-hour unit hygrog;aph withinm
{hrs) unit volume (m>/s)
0 0
6 2.97
12 17.83
18 23.61
24 17.43
30 9.59
36 4.44
42 1.790
48 0.0
{a) Input :

The structure of the input file REPROD.DAT would be as

given below for the above example:

1700

6

10

0 250 1050 2050 4350 4150 2300 1070 45C¢ 120
3

40.209 100.209 60.209

6

1

8

0 2.97 17.83 23.61 17.43 9.59 4.44 1.79 0

XX-10/11



(b) Output

REPRODUCTION OF OBSREVED DSRO USING UNIT HYDROGRAPH

DIRECT SURFACE RUMOFF (He43/SEC)

0.000 250,000  1050,000  2050.000  4350.000  A1%0.000  2300,000
RATNFALL (1)

40.21 100,21 80.21

&+-HOUR U.Hs ORBINATES(KEX3/SEC)
0.000 2,970 17.830 23610 17,430 9,390 4,440
Ul PEAK(NES3/S)= 24,
Ui, TINE TO PESK (HRS)= 18.
CONPARISON OF OBSERVED AND CONPUTED HYDROGRAPHS USING UNIT HYBROGRAPH

430.000

120,000

TI Dy 5« R O: COSPUTED D S+ R. 0.

(HRS) {CUMEC) {CUMEC)
0 0.0 0.0
& 230.0 121.0

12, 1050,0 10283
18. 2050.0 2954,3
. 4350,0 4196.3
30, 4150.0 3501.8
34 2300.0 218.6
2. 1070,0 1109.1
48, 450.0 w27
4, 120,0 169.2

EFFICIENCY DF THE MODEL= 94.98

OBS, PEAK (NBX3/S)=  4350.0

(BSERVED TIME TC PEAK (HRS)= 24,

COMPUTED PEAK (NK33/S)= 4194,

CONPUTED TIME TC PEAK (HRS)= 24,

AVERAGE STANDARD ERRGR= 341,651

AUREAGE ABSOLUTE ERRDR=  189.092

AVERRGE PERCENTAGE ABSOLUTE ERROR=  13.129
PERCENTAGE ABSOLUTE ERROR IN PEAK= 3.9
PECENTAGE ABSOKUTE ERROR IN TINE TO PEAK= 0.00
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APPENDIX -XXI

A.COMPUTER PROCGRAMME SYNTH.FOR

THIS PROBRAMM IS USED TO DEVELOP SURFACE RUN OFF

HYDROGRAFPH FROM UNIT HYDROGRAFH AND CDMPOSITE SYROM HERE

N=NO.OF DRDINATES OF UNIT HYDRDGRAPH

DT=DATA INTERVAL

I=DURATION OF UNIT HYDROGRAFH

NR=NO. OF ORDINATES OF RAIN FALL

R=VECTOR CONTAINING THE RAIN FALL VALUES

UH= VECTOR CONTAINING THE UNIT HYDROGRAPH ORDINATES
DIMENSION UHC(100):R{100)»F(100,100),T(100),TINE(L100)
OPENC(UNIT=1+FILE="SYNTH.DAT’ +STATUS='0LD")

DPEN (UNIT=2,FILE='SYNTH.OUT’,STATUS='NEW’)
READ(1¢%) N

READ(1+%) (UHCI)sI=1sN)

READ(1+%) DT»D

READ(1:X%X) NR

READC(L %) (R{I)sI=1:NR)

NB=1"

NEND=N

NM=I/DT

DO 1 I=1sNR

K=0

DO 2 J=NBsNEND

K=K+1

PCIs ) =UH(KIXR(I)

NE=NB+NM

NEND=NEND+NM

CONTINUE

NEND=NEND-NM

DO 3 J=1sNEND

T(H=0.0

DO 4 I=tsNR

TCHD=T(H+P{Tr I}

CONTINUVE

WRITE (2+5) )
FORMAT(20Xs ‘DEVELOPHENT DF COMPOSITE HYDROGRAFH )
WRITE (2:8)

FORMAT(20X35("'-"))

WRITE (2+7) NsD L

FORMATC(10Xy  ND.OF UNIT HYDROGRAFH DRDINATES’,»I3/10X»
1“DURATION OF UNIT HYDROGRAPH’»F3,0?

TIME (1)=0.0

DO 8 1=2, NEND

TIME(I)=TIME(I-1)+DT

WRITE (2:%)

FORMAT(15X UNIT HYDRDGRAFH DATA’)

WRITE (2+10)

FORMAT(1SXs20{"—")?

WRITE(2¢£81)

FORMAT( 10X, 'TIME 10X+ "UNIT HYDROGRAFH DRDINATE")
“WRITE(2.12)
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12
14
15
14
17
i8

19

FORMAT (10Xs4(7~/)»10Xs23¢"~"))

WRITE (2s14) (TIME(I)sUHCI)sI=1:N)

FORMATC10XsF3.0,20X,F10.2)

WRITE(Z2y15)

FORMAT (20X 'COMFOSITE HYDROGRAFH DETAILS’)

WRITE(2,14)

FORMAT(20X,28( "))

WRITE(2:17)

FORMATC(10Xy ' TIME’»10Xs "DISCHARGE ")

WRITE(2,18)

FORMAT (10X 4(" ~
WRITE (2,19) (TIMECI}»T(I)»I=1,NEND)

B ER ) S AR B

FORMATC(10X»F3.0211XsF?.2)

CLOSE(UNIT=1)
CLOSE(UNIT=2)
STOP

END
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B. DESCRIPTION OF COMPUTER PROGRAMME SYNTH.FOR

The programme SYNTH.FOR is used for computing the direct

surface runoff hydrograph from the excess rainfall of the multi-
period storm and unit hydrograph. The programme is written in

FORTRAN-IV language and run on VAX-11/780 computer. The vari-

ables used in the programme are described below:

VARIABLE DESCRIPTION

N. No.of unit hydregraph ordinates

UH _ Vector of UH ordinates (m3/s)

DT Data interval (hours)

b Duration of unit hydrograph (hour) with one
cm unit volume

NR No. of excess rainfall blocks

R Vector of excess rainfall blocks {cm). Each -

block of excess rainfall is of D-hour duration

TIME Vector of time period (hours)
T Vetsbor of~ computed DSRO ordinates (m>/s)
C. INPUT SPECIFICATIONS

The input file SYNTH.DAT consists the values of the

following input lists in the specified format.

REC.NO. INPUT LISTS FORMAMT
1 N Free
2. (UH(I),I=1,N) Free
3 DT,D Free
4 NR Free
5 (R(I),I=1,NR) Free
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D. OUTPUT SPECIFICATIONS

The output file SYNTH.QUT consists the values of the
following output lists in the specified format.

REC.NO.  OUTPUT LISTS FORMAT

1 Nil 20X, 'DEVELOPMENT OF COMPOSITE HYDROGRAPH'
2 Nil - 20X, 35('~")

3 N,D 10X, 'NO. OF UNIT HYDROGRAPH ORDI-

NATES}I3/10X,'DURATION OF UNIT
HYDROGRAPH, F5.0

4 Nil 15X, 'UNIT HYDROGRAPH DATA'

5 Nil 15X, 20('-"')

6 Nil 10X, 'TIME', 10X, 'UNIT HYDROGRAPH

ORDINATE®

7 Nil ‘ 10X, 4¢'-'}, 10X, 23('-')

8 (TIME(I),UH(I), 10X, F3.0, 20X, F10.2
1-1,N)

9 : Nil 20X, ' COMPOSITE HYDROGRAPH DETAILS'

10 Nil 20X, 28('-")

1 Nil 10X, 'TIME', 10X, 'DISCHARGE'

12 Ni1 10%, 4('-'), 10X, 9('-")

13 (TIME{I),T(I), 10X, F3.0, 11X, F9.2
I-1,NEND) :

E. EXAMPLE

The data provided below give details of a 4 hr. unit
hydrograph and of a design storm from which all losses have

been abstracted (design excess rainfall). Determine the design
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hydrograph of direct surface runoff which will result fiom this

composite design storm.

4-hr. unit hydrograph data

Time (hr) 0 2 4 6 8 10 12 14 16
Discharge(m /s) 0 40 90 135 130 120 80 40 0O
Storm data

Time (hr) 0-4 48 812

Design Excess rainfall (cm) 0.4 1.2 0.5

(a) Input

The structure of the input file SYNTH.DAT would be as
given below for the above example :
9
¢ 40 90 135 130 120 80 40 O
2 4
3
0.4 1.2 0.5
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(b) Output

NO.OF UNIT HYDROGRAPH ORDINATES ¢

DEVELGFMENT OF COMPOGSITE HYBROGRAPH

DURATION OF UNIT KYOROGRAPH 4.
UNIT HYDROGRAPE DATA

TIHE

00
4.
&,
B.
10.
12
14,
14,

TINE

0.

2

4.
b+
H.
10,
12,
14,
14,
18,
204

24,

UNIT HYDROGRAPH ORDINATE

0.00

4¢.00

20,00

135,00

130,00

120.00

80.00

40,00

0.00

COMPOSITE HYDROGRAPH DETAILS

DISCHARGE
0.00
16.00
36.00
102.00
160,00
230.00
213.00
22750
181,00
108.00
40,00
20,00
0,04
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