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ABSTRACT

AhydrolosicdmﬂaﬁmmodeLHYSBv[lmbecnappﬁederahmmiﬂwrbadnfm
modelling the daily fiows of the river at Rengali reservoir. Keeping in view the large catchment
arca of 23,250 sq.km. at Rengali reservoir, the basin for the modelling purpose has been divided
into two sub-basins viz, upper sub-basin and lower sub-basin, The upper sub-basin having a
cmhmentareaoflti,m;q.km.upﬂ:Boimigaugtngsiteisbutedasanonﬁmlsub—buhsimc
ﬂwdailyﬁawsﬁ‘omd:iuub—badnummrdedatBohniw:gingsitcmavﬁhblc. The lower sub-
buinbelawBohtﬁmduptoﬂwmmi“dﬂlimcmlmmtmofs,SSOsq.km.isﬂ'nmlaledfor
dﬂlyﬂom.Thcmﬁodﬂowsﬁomduuppnsub—baﬁnmdeﬂmn@ﬂuhwumbbaﬁn
dmgwiﬂ:&cﬂmﬁunhcﬂmnoffﬁ*omdmlowersub—bmmﬂmmm. The model is
caﬁbrstedmthycmofdahmdi:Vﬂﬁdﬂedfmiﬁquonnmccfmawtofnm3yemof
data.

The results of the simulation study are quite encouraging. The model has reproduced the
peahmdﬁelhapeofﬂnhytognphsmmblymmduphcﬁlemmﬁnnﬂmmePET
thmmﬂymmﬂmﬂﬂywmmdnmmy,mcﬂnmakengaﬁmmo&u
uwdfwcm:pmismpmpoumﬂwwmgcdaﬂymwoﬁhﬂomwmpmd&mﬂmmm
capacﬂycmFmﬁcmalyukofﬁemﬂh,hhcmchdedﬂmmcmoddcmbeeﬁeoﬁvﬂy
mdfmfomu&gofﬂowsuRmmﬁmmo&wlﬁchwﬂlbemcﬁnmemgﬂaﬁmofm

(111)



1.0 INTRODUCTION

Rainfall - runoff models are a tool whick can contribute to the wider process of making
decisions on the most suitable strategics for river basin management. They are not replacement for
direct data sources but they allow the most to be made of existing data where such data are scarce.
For example, in cvaluating reservoir yield, styeamflow records are rarely long enough to aliow
reliable estimates of vicld to be obtained; longer records of rainfall are frequently available and a
rainfall-runoff mode] can be used to simulate the river discharges and thus for extending the
stroamflow record for providing more information for reservoir yield evaluation. The increasing
use of telemerry in the short term management of water resources Systems now means that rainfall-
runoff models can be employed as real-time flow forecasting tools. As far as the choice of a modcl
i8 concerned, the selection is never a simple one and is largely based on the type of problem to be
tackled, economic constraints and personal prefercnces 2s well as other hydrologicat
considerations. Data availability is often a crucial factor in such a decision. However, sny gencral
criteria for model choice should be based on matching the requirement of a management problem
with the complexities of the model used.

The present study aims at modelling the dally runoff of river Brahmani at Rengali
reservoit. The river Brahunani originates in Ranchi district of Bihar and drains through Bihar,
Madhya Pradesh and Orissa, The Rengali reservoir consiructed across the river Bralimani in Orissa
is a multi-purpose reservoir providing flood comtrol in the river delts, power generation and
irmigation. Forecasting of river flows at the reservoir site is, therefore, essentially required for
operation of the reservoir during high flow periods. The total length of the river upto the dam site,
through its longest path, is about 420 km., draining an area of 25,250 sq.km. Keeping in view the
large catchment, the basin for the study purpose has been divided into two sub-basins i.c. upper
and lower sub-basins. HYSIM ,which is a very versatile hydrologic simulation model having 22
hydrologic parameters for computation of moisture transfer and 10 hydraulic parameters for
routing of flows through major tiver channels is used for simulation of runoff and routing of
flows 10 the rescrvoir. The description of the model uscd, study area, methodology and the
simulation results are presented in the following chapters of the report.



2.0 HYSIM MODEL

2.1 OVERVIEW
HYSIM is a conceptual rainfali-nunoff modelling system. The acronym HYSIM stands for
HYdrologic SImulstion Model. The model was originally developed by R.E.Manley in UK and
has been used extensively in the United Kingdom and also in Madagaskar, Indonesia, Thailand,
ard Taiwan. The major applications of this model include the extension of flow data records, flood
studies, data validation, simulation of groundwater, modelling of soil moisture and generstion of
flow data for ungauged catchment, The model used in the present smdy is # menu driven PC
buedvuﬁonmdconhﬁmthemoduforboﬂuop&nﬁnﬁonmdmducﬁmm.m
rainfall-runoff model is only one component of the HYSIM syster and other modules deal with
data preparation, parameter estimation and graphics.
The model can use five types of mput data as given below:
i) Precipitation :- This is given as calchment areal average in mm per time increment.
(i) Potential evaporation rate :- Estimates based on an empirical relationship or Tank data
in mm per tims increment.
(iii)Potenﬁdmwmehmte:—Thhunbebasedondegrwdaymﬂwdonmecompm
one in mm per time inctement.
(iv) Discharge to / abstraction from river channels :- The net figure for these is used in
cumecs,
(v) Abstraction from groundwater :- 1t is given in cumecs,

In addition, it can use a flow record given in cumecs, as input to the channels, A gauged
flow record expressed in cumecs can also be used for comparison with the simulated flows.

The data can be of monthly, daily or of any other shorter time increment. The time
increment for different types of data, the hydrologic calculations and the hydraulic calculations can
:.llbeindepcndernofoneanother.TTwonlymuicﬁmtoﬂﬁsisﬂmﬂwﬁmehcmmformy
dnalmmmadaynumbehmmcthmgcrraﬁowmmﬂm.Formmle, onc could use
2-hourly precipitation, 12-hourly PET and 6-hourdy snow melt data as the ratios are 1:6



(precipitation : PET), 2:1 (PET : snow melt), and 1:3 (precipitation : snow melt). The time
increment for the flow record used for comparison must be daily.

2.2 THE RAINFALL - RUNOFF MODEL

HYSIM uses mathematjcal relationships to determine the runoff from precipitation upon a
catchment. These relationships use variables which change with time to define the state of the
catchment, and time invariant parameters to define the nature of the catchment. The HYSIM has
the capability to model the natural inhomogeneity of a catchment by sub-dividing the caichment
into as many sub-caichments as necessary 0 have the reasonably homogenous sub-catchments
with respect to soil types and meteorology. Similarly, the river channels can be divided into reaches
with reasonably mufarmhydrmhc characteristics for the purpose of hydraulic routing. In case of
more than onc sub-catchment, the flows from upstream catchments arc routed through the
catchment being modelled together with flows from local runoff. For this option, either the
recorded flows from upstream catchments may be used or they may be simulated separately for
each of the upstream catchments.

The model can be divided into two parts, (1) Hydrology and (2) Hydraulics. The
hydrology part is the heart of the model and deals with various hydrological processes which are
responsible for production of runcff as received in minor channeln in a catchment. The hydrautics
part deals with the routing of runoff through major river channels in the catchment. The model has
the conceptual modulanity that the hydrologic processes can be simulated without the hydrautic
routing component and also the routing component can be used without hydrologic simulation.
The structure of the model is shown in Figore 2.1 and the various components of the model are
briefly discussed below.

2.2.1 Hydrology
The model represents seven natural storages, these being (i) Snow, (i) Interception, (iii)
" Upper Soit Horizon, (iv) Lower Soil Horizon, (v) Transitional Groundwater, (vi) Groundwater,
and (vii) Minor Channels.
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(i) Snow Storage
Anypmcipitaﬁmfaﬁigasmwishcldinmowstomge&mwhmitiurelcuedinto
interception storage. The rate of release is ¢qual to the potential melt rate.

(i) Interception Storage

Tllilrepresmlsﬂmﬂm‘ageofmﬂilﬁkeonﬂlelemsofh‘m,mﬂc. Moisture is
added to this storage from rainfall or snowmelr, 'Iheﬁrstcaﬂonﬂ:hstorageisforevaporaﬁon
which, experiments have shown, cmtakeplmumoreﬂmﬂwpotmﬁalmparﬁcuhﬂymdw
leaves of trecs. This is allowed for in the model. Any moisture in excess of the storage himit is
passed on to the next stage.

Affer leaving the interception storage, a proportion of the moisture is diverted to minor
chmnelnmagemaﬂuwfordlehnmneablcp'oporﬁmofﬂmcm!menh The next transfer of the
moisnu'eintoﬂleuppcrsoilhoﬁzonstoragc.

(iii) Upper Soil Horizon

T}mmervorrepresenmmmutmheldmtheuppersoilhonzm,w tapsoiLIthauﬁmte
capncnycqualtoﬂlcdepthofﬂmhmzonmNuphedbynnporomy A limit on the rate at which
moisture can enter this horizon is applied, buedonthepownm!mﬂmuonrate.'l'lnsrmh
assumedtohawaﬁmmﬂararcaldimibuﬁon,uhﬁemodehof%wfordmdlhslcyandof
Porter and Mc Mohan. The potential infiltration rate is based on Philip's equation, i.c.

X =90 +40% 4oty
Whm,Xisﬂlecﬁstamhwﬂeddownwudsbymewetﬁngﬁm;tisﬁmesimeX&Qmd A
mdmareﬁmcﬁonsofwﬂtypcmdcondﬁ:ion.lthasbecnshownbmelcyl:hatdlilrehtiomhip.
can be closely approximated to,

= (ZK'Pt)o“" + Kt
Where, P is the capillary suction (mm of water) and K the saturated permeability of the medium
(mt/hr). This allows determination of the potential mﬁhrauunraw Brooks and Corey have shown
that P can be expressed as,

P = P,/ 8§\



Where, Py, is the bubbling pressure (mm of water), v is a parameter (called the pore size
distribution index) and S, is the effective saturation defined as,

Se = (Mm-S)/(LO-8)

‘Where, m is the saturation and S, is the residual saturation, i.e. the minimum saturation that can be
attained by dewatering the soil under increasing suction. By simulating the moisture content in the
upper horizon the forces causing movement of the water can therefore be simulated. The first loss
from the upper horizon is evapotranspiration which, if the capillary suction is less than 15
atmospheres, takes place at the potential rate (after allowing for any loss from interception
storage). If capillary suction is greater than 15 atmospheres cvaporation takes place at a rate
reduced in proportion to the remaining storage.

The next transfer of moisture that is considered is interflow (i.c. lateral flow). The rate at
which this occurs is a very complex function of the effective horizontal permeability, gradient of
the layer and distance 10 a channel or land drain. Brooks and Corey have also shown that the
cffective permeability of porous media is given by,

K, = K(8)™""

Where, K, i8 the cffective permeability (mm/ht) and the other terms are as defined previously.
Because of its complexity no attempt is made to separate the individual parameters for interflow
and it is given as,

Interflow = Rfac, (S)™*""

Where, Rfac, is defined as the interflow run-off from the upper soil horizon at saturation. The
final transfer from the upper horizon, percoiation to the lower horizon, is given by,

Percolation = K, (s)%™"

Where, K, is the saturated permeability at the horizon boundary and S, is the effective saturation
it the upper horizon. By combining the above equations the rate of increase in storage is given by,

ds
- = i-(Rfac; +Ky) S.(m’“’
dt

Where, i is the rate of inflow and S and t are moisture storage and time respectively. Unfortunately
this equation cannot readily be solved explicitly so it has been assumed that the total change in
storage in any time increment is small compared to the initial storage. In this case the equation can



be simplificd and an approximate solution obtained. As a check for extreme situations the change
inltoragciuconlminedtoliewiﬁinmuppumdlowalimitThcupperlinﬁtisdeﬁnedbyﬂle
lewlofst(ngeatwhichﬂwwtﬂowiseqmlmmeinﬂow.'Ihelowerlimitrelumﬂunaeﬂingi
equal 1o 2e£0 in the above equation, in which case an explicit solation is possible,

(iv) Lower Soil Horizon,

mmuwirnpremmoimbelowmenpperhodmnbmsﬁﬂinmomcofmoﬁng
Any unstisfied potential cvapotranspiration is subtracted from the storage at the potential rate,
subject to the samc limitation as for the upper horizon (ic. capillary suction less than 15
atmospheres). Similar oquations to thoso in the upper horizon are emploved for interflow runoff
and percolation to groundwater.

(v) Transitional Groundwater

mhmhﬁnﬂeﬁnwmmoﬁmdrmmﬂwﬁmmﬁmmdwmm.
Prﬁculniyinkmﬁclimestonemchalkcntclnnenhmmyofﬂlcﬁnsmholdingmoismmay
mnnm:bwhhameamnﬂmmmdeepwgmmdwawrmdﬂwumdﬁmu[gmmdww
represents this cffect. Its operation is defined by two parameters: the discharge cocfficient and the
proportion of the moisture leaving storage that enters the chanmels, Being a linear reservoir the
relationship between storage and titme can be calculated exphicitly.

(vi) Groundwater

This is also an infinite linear reservoir, assumed to have a constant discharge coefficient. It
is from this reservoir that groundwater abstractions are made. As in the above case the rate of
runoff can be calculated explicitly,

(vii} Minor Channels

This component represents the routing of flows in minor streams, ditches and, if the
catchonent is saturated, ephemeral channels. It uses an instantaneous unit hydrograph, triangular in
shape, with a time base equal to 2.5 times the time to peak.



2.2.2 Hydraulics

The runoff from minor channels is routed through the major river channels. The HYSIM
allows for dividing the river channcls in & number of reaches with reasonably uniform
characteristics and the runoff is routed through each of these reaches of the river channels,

The madel uses the simplified form of the Saint Venant cquations known as the kinematic
wave method (Lighthill & Witham) for hydraulic routing in the river channels, The velocity of a
kinemnatic wave, V, is given by,

Ve = AQ/ AA
Where, AQ is the incremental change in flow and A A is the incremental change in area.

The equations for Manning's formula when applied to a triangular and a broad rec:angular
channel can be given as,

Q o A for triangular channel

Q a A* for rectangular channel
Since most channels fall between these two extremes then it has been assumed that,

Q= C Al

For flow in bank, A ss a function of Q, is calculated by re-arranging the above equation.
And for flow out of bank, exponential relationships are developed at the start of the programme.
They are of the form,

A= aQ"
Where, a and b are constants. They are based on the geometry and roughness of the flood plain
using Manning's equation. Two such relationships are wsed in the model, one for when the flood
plain is filling up and one for when it is full.

2.3 OPTIMIZATION

When running HYSIM, there are three optimization options available as described below.
2.3.1 No Optimization

Tn no optimization mode the model is run once anly and then the print option is available.
This option is useful in validation of the model and preduction runs.



2.3.2 Single Parameter Optimization

It uses the Newton-Raphson method of successive approximation. In this option, only one
chosen parameter is adjusted until the simulated mean flow is corrected to within a given dogree of
accuracy. Tlﬁsopﬁonisnscdtoobtninawatcrbalameatmcmiyutagcofﬁiﬁng.

2.3.3 Multiple Parameter Optimization
Tt i based on Roscnbrock method in which soveral parameters are varied incrementally to
get the best values of objective functions. The method searches for a mitimum contour of error in
multi-dimensional space. It starts by incrementing each parameter by 10 %. If this is successfuol
then the step is multiplied by a factor of 3.0 and in case of unsuccess, by a factor of -0.5. I a step
would take one of the parameters outside its acceptable limits the stcp size is progressively reduced
until a satisfactory one is obtained. A trial is considered successful if it does not lead 1o a
worsening of the objective fumction. This process is continued for each parameier until cither an
improvement followed by a failure has occurred for that parameter or an almost negligible
improvemsnthasbcmfol]owedbymomermysmaﬂimprovemcnt. A new set of directions is
then searched, one of which is the direction from the starting point to the final value after the first
stage and the others are orthogonal (at right angles) to this one. The procers is repeated until cither
the maximum pertaissible number of iterations is exceeded or the improvement between stages is
Icss than a specified amount.
For the Rosenbrock method three objective functions are available in the model as given below.

(i) The Proportional Error of Estimate (PEE) defined by,

PEE = {Z ((F-Fa)/Fa)*/ (n-1)}** .

Where, F is the simulated mean daily flow, Fy, the recorded daily flow and n the number of
days used for the calibration. This fanction leads o minimization of proportional etrors, ¢.g., an
error of 1 cumec when the recorded flow is 10 cumecs has the same weight as an error of 0.1
cumec when the flow is 1 cumec. The PEE is especially useful when only low flows are of interest.

(i} The Reduced Error of Estimate (REE) defined by,
REE ={Z {F-Fr)'/ L { F-F, y'}"?



Where, Fy, is the mean daily flow. This function gives equal weight to equal errors, c.g. an
error of 1 cumec has the same weight whether the recorded flow is 10 cumecs or 1 cumec. The
REE should be used for fiood modeiling purposes.

(iii) The Extremes Ervor of Estimate (EEE) defined by,
EEE = {( Z(( [F-Fal * [F-Fal )/ (Fa* Fu)))/ (e-D)}**

This function gives much greater weight to the extremes be they high or low flows and is
therefore a gencral purpose objective function. It should be tried first and only if adequate results
are not obtained should one of the other two be tried.

Because of the data inadequacy the optimum of the objective functions may occur when
the simulated mean and standard devistion are different to those recorded. To allow for this the
objective function can be constrained. A maximum acceptable error in the mean flow, EMau%,
and a maximum acceptable error in the standard deviation ESDue% are selected. Based on the
experience, the crrors of 5% for the mean and of 10% for the standard deviation are taken as
acceptable errors and incorporated in the programme. The objective function in this case becomes,

OF cus = OF X CF X CFpy

Where, OF is cither the REE, the PEE, or the EEE, CF, a comrection factor based on the
mean, CFu a comrection factor based on the standard deviation and OFcoan the constrained
objective function.

If the error of the mean is within the limits then CFp is equal 1o 1.0, othervise,

CFa = 1.0+ ( EMug - EM )’/ 10.0

Where, EM is the error in the mean.

CF . i8 calculated in a similar way but using the error in the standard deviation.



3.0 GENERAL DESCRIPTION OF STUDY AREA

3.1 BRAHMANI RIVER BASIN

The river Brahmani, known as South Koel in the upper reaches, rises in Ranchi district of
Bihar at an clevation of about 600 m above msl. The river initially flowing in a north-westerly
direction takes a tumn to the lefi and flows in souih and south-easterly direction receiving many
small tributaries on both the banks.

The Karo, the Sankh and the Tikra are the major tributatics of Brahmani river. The Karo
originates in Chhotanagpur platean of Bihar in Ranchi district at an elevation of 600 m above msl
and flows for a total length of 112 km to join the South Koel in Singhbhum district of Bihar, It
drains an area of 2,741 sq.km. Below this confluence the river is known as Koel. The wibutary
Sankh also riscs in Ranchi district of Bihar at an elevation of 900 m above msl and traverses for
some distance in the state of Madhya Pradesh before entering Bihar territory again. The tributary
draining an arca of 6,933 sq.km. flows for a total length of 196 km. and joins the Koel near
Routkela in Orissa. Below the confluence of Sankh and Koel, the river is known as Brahmani. The
Tikra origitating in Sambhalpur district flows for about 101 km. to join the Brahmani river . It
drains an area of 2,528 sq.km. The Brahmani enters into its delta at Jenapur and has a catchment
area of 36,260 sq.km. at head of the delta. The river carries very high discharges during floods. A
highest flood discharge of 24,246 cumeccs is measured at the delta head. A multi-purpose storage
feservoir intercepting a catchment area of 25,250 sq.km. is constructed at Rengali to moderate the
floods to 12,740 cumecs.

The total length of the Brahmani river from its origin to the owfall into Bay of Bengal at
Damra mouth is about 785 km, of which 258 km is in Bihar and the rest is in Orissa. The total
drainage area of the river is 39,033 sq.km, of which 15,769 sq.km. lies in Bihar, 22,364 sq.km, in
Orissa and the remaining 900 sqg.km. lies in Madhya Pradesh.

The river Brahmani passes through three distinct topographic regions. The upper reach of
the river runs through hilly catchment of chhotanagpur platzau covered with dense tropical forests,
the middle reach through erosionat plains mostly situated in the district of Sundargarh, Sambhalpur
and Dhenkanal, and the lower reach through deltaic plains near the sea shore .

11



Ihmmafewnumberofmedimmdmhmhﬁglﬁonpmjecuhﬂanhnmibadn.The
projects which have already been completed include Pitamahal, Gohira, Rengali multi-purpose
mscrvoir,Dexjmg,AmﬁdivmionwdrdemMndunThemulcmmmdmofﬂlm
projecmisreporwdtobe28,57ﬂha.Inadcﬁﬁontoabm,ﬁlemgoingpmjecunmlyl(mm
Samal Barrage, Dadra GhaﬂmdSspuaBadjcmalsomvisagcaco:mnmdmofz,ﬂ,ﬂOha.in
the basin.

3.2 STUDY AREA UPTO RENGALI RESERVOIR

‘The modelling of Brahmani river is carried out for a drainage area of 25,250 sq.lan. at
Rengali reservoir. The study area lies between the latitudes 23° 37 1o 21° 12’ N and longjmdes 83°
55’ to 85° 48 E . As mentioned in section 3.1, the major tributarics of Brahmani in the study area
upto Rengali dam are Sankh and Karo. Besides, a number of other small tributaries also join the
river on both the sides. The Karo riscs in Ranchi district of Bihar and after flowing for a distance
of 112 km joins the South Koel (ie. Brahmani as it is known in the upper reaches) in Singhbhum
district of Bihar. The tributaries Sankh joins Brahmani at Panposh in Orissa. The flows from this
upperpMofﬁlebasinmbdngmonimdatBohnigaugingmwlﬁchhﬁmmdﬂabout 290
%ms of the river run having a drainage arca of 16,900 sq.km. The Rengali mutipurpose reservoir is
constructed across the river Brahmani at 420 ks, of the river. The total catchment arca at the
dam site i8 25,250 sq.km., the frec catchment between Bolani and the dam being 5,350 sq.km.
Thcuppcrsub—basinuptnBolaniisteatedasanonMsub—bashasmemcordedﬂowsﬁ'mnﬂw
sub-basin are available. The lower sub-bagin of 5,350 sq.km. is simulated for daily flows which
dmgwiﬂithewcordedﬂowsﬁ'omuppcrsub-bashmrmmdmﬂmkmgaﬁm. The map
of the study arca is given in Fig. 3.1.

The study basin is a fairly fan-shaped with an average slope of 1 in 650. The upper basin
lies mostly in the northern platesu which is hilly and covered with tropical mixed forests. The
lower bagin is in crosional plains and is mostly converted into agricultural ficlds. The plain has
becncmatedhﬂxeprocessofemsionaudhuasoilcowrofafewfeetdecpovcrlyingﬂ)ebed
tocks in different stages of decomposition. The basin as it exists can not retain sub-goil water for
futurc use and the runoff joins the river as quickly as possible.

12
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The climate of the basin is tropical with a hot summer and mild winter. The temperature
tises upto 45° C during summer and falls down to 10° C during winter, The average annual rainfall
is about 1500 mm of which nearly 90% is received from south-west monsoons during the period
of June to October. The rainfall received in rest of the months has little significance as most of it is
Toat in evaporation.

The basin has two broad groups of soils, (a) red and yellow soils and (b} mixed red and
black soils. Rice, Wheat, Maize, Ragi and pulscs arc the main crops in the basin. The land use
pattern of the lower sub-basin (i.¢. for which the simulation is carried out ) is given in Table 3.1.

Table 3.1 : Land Use Pattern of Lewer Brahmani Sub-basin

Land use Area (Sq. Km.) % age to wotal arca
01. Forests 2087 38.40
02. Other Trecs 397 7.40
03. Cultivated Area 2243 42.00
04. Pastures and Fallow 465 8.70
03. Land Put To Non-Agricultural Use 188 3.50
Total 5350 100.00
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4.0 DATA REQUIREMENT AND METHODOLOGY

4.1 DATA REQUIREMENT

HYSIM tequires an extensive data and information on hydrologic, hydraulic, topographic
and soil characteristics of the river basin for estimation of model parameters, and rainfall and
potential evapotranspiration for simulation of the flows. The following data as availzble with
various field agencics were collecied and used in the study.

4.1.1 Rainfall

A total of 8 ordinary ramgauge stations viz, Remal, Deogarh, Barakot, Pallahara,
Bonaigarh, Lahunipara, Lathikota and Koira, located in lower sub-basin were identified and their
daily rainfall values of 7 years from 1988 to 1994 were analysed for mean arcal rainfall using the
Thicssen polygon method. The location of these raingsuge stations is shown in Fig. 3.1, and the
plots of daily mean areal rainfall are presented in Figures 4.1 to 4.7,

4.1.2 River Flows

The mean daily river flows from upper sub-basin as recorded at Bolani gauging site, and
the mean daily inflows of Rengali reservoir are collected for a period of 7 years from 1988 to 1994
and used in the study. The location of these sites are shown in Fig. 3.1.
4.1.3 Potential Evapotranspiration

Since the actual daily PET data is not available, the normal monthiy PET values as
applicable for the study area are used.

4.1.4 Other Information pertaining to basin size, topography, soils, river characteristics were
also collected and used in the study for estimation of model parameters.

42 METHODOLOGY

HYSIM is calibrated for daily flows of river Brahmani at Rengali reservoir by comparing
the simulsted flows with the available record of reservoir inflows, Keeping in view the large

1%
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catchment area of 25,250 sq.km. at the dam site, the basin is sub-divided into two sub-basins iz,
upper and lower sub-basins. The upper sub-basin with its catchment area of 16,900 gq.km. upio
Bolani Gauging site is considered as a nominal sub-basin as the recorded flows at this site arc
available. The lower sub-basin having a catchment area of 5,350 sq.km. is taken between the
Bolani gauging site and the dam. The flows from the lowet sub-basin are simulated by the model
using the parameter file and the rainfall and the PET data. The recorded flows from upper
sub-basin arc then routed by the model thfough lower sub-basin alongwith the simulated flows
from local runoff.

The study is conducted using 7 years of data of which, first year of data is used for
warming up of the model, the next 3 years for calibration purpose and the remaining 3 years are
used for validation of the model. The catchment data files for mean areal rainfall PET and
recorded flows are prepared in the required format for calibration and validation period separately.
The cafibration and validation are performed as described below.

4.2.1 Model Calibration

The aitn of model calibration is to obtain a unique and conceptually realistic parameter sct
which closely represents the physical system and gives the best possible fit between the simulated
and observed hydrographs (Sorooshian, 1988). There are 22 hydrologic parameters in HYSIM
which define the nature of the catchment and are used by the model to compute the transfer of
moisture. These parameters do not change with time, Assigning suitable values to these parameters
is crucial to the accuracy of the simulation. Sirnilarly, fen parameters pertaining 1o the hydraulic
characteristics of river channels are used by the model for routing through the major river
channcls. These parameters along with their possible values are discussed below.

A. Hydrologic Parameters

i) Interception storage - From 1 mm for grass land and urban arcas upte 5 mm for woodland.
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ii} Proportion of impermeable area - 0.02 for rural arcas and upto 0.20 or even more for urban

iii)Timctopcakforminorchmels(wimincatclunentmdnmhnpormtemughtubedealtin
routing section) - is given by,

T, =28 (L/ S
where, L. is stream length in Km, S is stream slope in mv/km. and T, is time to peak in houts. The
valucmedforﬂdspamneterahmﬂdbeﬂmawngcvalueoblainedﬁomdorismaﬂmm.

iv) Total available soil fnoisture storage - is given by,

total soil moisture storage = rooting depth x porosity x (1-residual saturation)
The residual saturation is the moisture content below which a soil can not be dewatered by
capillary suction and is approximately equal to that of the wilting point. Its value ranges from 0.1
for sand to 0.25 for clay soils.

v) Proportion of total moisture storage in upper horizon - A value of 0.3 may be used.

vi) Saturated permeability at the top of the upperhmimn-General!yawlueoflOOOrmn/hr. can
beadoptcdforawidemgcofsoﬂs.Alowervahwcanalsobcmedforclaycysoils.

vii)Saturated permeability at the base of the lower horizon - This parameter controls the rate at
which the moisture leaves the soil layers. In a catchment with no groundwater it should have a
value of zero. In catchments where ground water is present its value can vary from 1 mm/hr, for
heavy soils to 100 mm/hr. or more for sandy or gravelly soils. This parameter has to be adjusted
during calibration process.

vili)Saturated permeability at the horizon boundary - This parameter controls the rate at which
moisture moves between the two horizons. Tts value can vary from Smm/hr. in clay upto 500
mm/hr. of more in sandy or gravelly soils. This parameter also has to be adjusted during calibration

process.
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ix) Porosity - Its value ranges from 0.40 for sandy soils to 0.50 for silty clay type of soils.
X) Bubbling pressure - Its value ranges from 80 mm for loamy sand upto 630 mm for clay loam.

xi) Discharge coefficient for transitional groundwater - This parameter represents the recession
from transitional groundwater storage and its value is equal to the proportion of groundwater
storage leaving per hour. It is estimated by hydrograph analysis.

xii) Discharge coefficient for groundwater storage - This parameter represents recession from
lower groundwater storage and its value can be assessed by studying periods in a dry summer
when litle or no rain has fallen. Iis value is given by,

DCAG? =~ Log,(£,/ )/ T
Where, DCAG? is equal to the discharge coefficient, f; is the flow at the end of the time period
chosen, f, is the flow at the start of the time period and T is the time period being studied in hours.
Where the natural recession rate is complicated by groundwater abstractions, and/or discharges to
the rivers, the following equation should be used.

DCAG2 = Log, (( fi-a+b ) / (E-a+b)) / T
Where, a is the net sewage discharge over the period and b is the absiraction rate from
groundwater. If there is no groundwater this parameter should have the value of zero.

xiii)Proportion of outflow from transitional groundwater that becomes nmoff and enters channels -
This parameter can be used to delay the response from groundwater. In such a case, the parameter
has to be given a value close to zero. This will route all flow through the main groundwatcr
reservoir after passing through the transitional reservoir. This parameter is optimized during
calibration.

xiv) Interflow runoff from upper soil hotizon at saturation - This parameter given in mm/hr.
controls the direct or lateral runoff from the upper soil horizon. It has to be adjusted during
calibration process. However, as an initial estimate it can be set equal to the permeability at the
horizon boundary.



xv) Interflow runoff from lower soil horizon at saturation - This parameter controls the direct
tunoff from the lower horizon. Initially this t00 can be set equal to the permeabitity at the horizon
boundary which has 10 be adjusted later during calibration.

xvi) Precipitation correction factor - This parameter is adjusted to allow for the fact that the
raingauges used may over. or undercstimate the true catchment rainfall. As a standard raingauge
collects Iess than a ground level gauge this parameter is normally given a value of 1.04. However, a
different value may also be used depending upon the evidence whether the rainfall is undor or
overestimated,

xvii)Potential evapotranspiration correction factor - This paramcter is adjusted during the initial
fitting period to obtain a water balance.

xvili)Factor for evapotranspiration from interception storage - The evaporation from interception
storage generally takes place at a higher than the normal rate. So, a value of above 1.0 for grass
lands upto 1.5 for wood lands may be assigned.

xi)Snowfall comection factor ~ A standard raingauge underestimates the catch of snowfall, So, a
factor of around 1.5 depending upon the exposure of the gauge may be used when snowfall is
being simulated.

xx) Ratio of contributing groundwater catchment area to surface catchment area.

xxi)Ratio of area ﬁot contributing to groundwater to surface catchment area,

xxii)Pore size distribution index - This parameter is one of the most important parameters in the
model and controls the way in which the soils respond, appearing as an exponent in both the

“moisture/capillary suction’ and “moisture/effective permoability’ relationships. Tts value ranges
from 0.09 for clay soils upto 0.25 for sandy soils,
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B. Hydraulic Parameters

The following hydraulic parameters are required for each river channel section.
i) basc width, (§) top width, (iii) flood plain width, (iv) channel depth, (v) flood plain depth,
(vi) maximum flood depth, (vii) Manning's n for channel, (viii) Manning's n for flood plain,
(ix) channel gradient, and (x) length of river channcl.

The above hydrological and hydraulic parameters were cstimated using the guidelines
described above and the available information on the basin. The initial cstimates of the parameters
whichp]aymhnpoﬂmnrolehcompmaﬁonofmoismmderwmﬁnﬂmopﬁnﬁmdduwsh
calibration process by adopting the following procedure.

(i) Run the model with initial estimates of parameters. At this stage the simulated flows may not
closely resemble the recorded flows, however, at the same time the differences may not be very
much unless there is error in the input data or its format.

(i) Adjust the PET comection factor using the single parameter optimization option to obtain the
same mean of recorded and simulated flow.

(ii} Select Extremes Error of Estimate objective function and run the model in multiparameter
optimization option which uses Rosenbrock approach. If there is no groundwater then the three
paramoters which should be optimized are,
i) Permeability at the horizon boundary.

iii) Interfiow runoff at saturation - upper hotizon

iii) Interflow runoff at saturation - lower horizon

If groundwater is present the following parameter should also be included.

i) Permeability at base of lower horizon.

Update the parameter file for new values.
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) Rmﬂumodel'wiﬂ:ﬂ:encwpamnetersmdplotﬂleoumm. At this stage no further
uﬁhaﬁmmzybcmmmyhnﬂmmmaybccmahaspecmwhmhnpmmnmmwmdbe
made. If there are consistent errors then the following should also be tried.

a) Arc small summer storms consistently over or underestimated 7 If so, adjust the
impermeable run-off factor.

B) Is the total groundwater votume correct but the distribution in time wrong 7 If so adjust
mewceldonnwammcpropwﬁonofﬂnkmﬁﬂmﬂgromdwmfmccmﬁbnﬁngmnmoﬁi

¢) Do the sinmulated flows change too scon, or too late, from summer conditions to winter
conditions ? In the former casc increase the total soil storage and in the latter reduce it.

d) Are major summer storms consistently over or underestimated ? In the former case
incrcase the proportion of soil storage in the upper horizon, in the latier case reduce it.

meonoftheabwechmgesacompmisonofmcordedmdaimuhtedﬂowswﬂldmgive
a good indication of the size of the correction required.

¢) The above approach is not suitable for optimizing the hydraulic parameters. The first
chockofﬂml:ydraulicpmmemﬂutshouldbeca:ﬁedoutiamatﬂlevaluesgiwnbythcmodcl
for bankfull discharge cotrespond to those known to occur. If they do not, check that the arsas
and depths of flow given arc correct. If they are, adjust the individual valucs of mannings n to
obtain the correct bankfull discharges.

For two or three minor flood cvents when the flood did not exceed bankfull, compare short
time mcrement simulated and recorded flows. So that routing errors will not be masked by other
errors, sclect events for which the modcl has correctly simulated the volume of the floods. If the
shape is correct but the timing is wrong check the lengths of the chamnel scctions. If the
hydrograph shape is wrong adjust the channel roughness and the minor channel routing cocflicient
a!tema&velytoobtﬁlmecmmdupe.Nmuhctlfewmnuwhenthebmkﬁmdischmgewas
exceeded by atfeast a factor of two. If thesc events are not satisfactorily simulated then adjust the
flood plain roughness to obtain the correct shape and timing,
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4.2.2 Maodel Validation

The main objective of the validation process is to satisfy the following two conditions
{Sorooshian, 1988).
i} The parameter values are conceptually realistic and,
ii) The confidence in the model's ability to forecast using the optimized parameter vahues is high.

The model validation was carried out by checking the model performance for a period of
record not used in fitting the model. The model was run in no optimization mode for threc years
of data allocated for the purpose and the optimized parameter values as obtained during calibration
were used without amy change in the validation process.

29



5.0 RESULTS AND DISCUSSION

The daily flows of river Brahmani are modelled at Rengali teservoir using HYSIM. The
model is calibrated nsing 4 years of data from 1988 to 1991; the first year of data being used for
warming up of the model and the remaining 3 years for actual calibration. The performance of the
calibrated model in reproducing the flows (validation} is assessed for a different set of data of 3
years from 1992 to 1994, The detailed procedure as adopted for calibration and validation of the
model is discussed in Chapter 4.

The hydrographs of simulated and observed flows for the calibration period are given in
Fig. 5.1, 5.2, and 5.3 and the optimized values of hydrologic and hydraulic parameters of the
madel for the stady basin are given in Table 5.1. It is observed from these hydrographs that except
for a very short period at the beginning of the monsoon seasons, the rising limbs and the recession
limbs of the simulated hydrographs match very well with those of the observed hydrographs.
Further, it is also observed that the simulated peak values in most of the cases are very close to the
observed peak values. The reason for poor simulation at the beginning of the monscon scasons
seems to lie in the fact that the model requires a warm up period to allow errors in the assumed
initial soil moisture condition to become ineffective. Once the conditions are stabilized the model
performs better. The statistical summary of simulation for calibration period is presented in Table
5.2. It can be seen from the table that while the correlation coefficient for the daily and monthly
flow values is achieved as high as 0.961 and 0.997 respectively, the model efficiency of simulation
for the corresponding flows is alsc of the order of 92.25% and 99.0%. The other statistical
measures viz., mean and standard deviation of simulated fiows are also comparable with those of
observed flows.

The hydrographs of simulated and observed flows for the validation period are given in
Fig. 5.4, 5.5 and 5.6. From these validation hydrographs it is observed that the flows in the later
part of the year 1993 are slightly over estimated while for the corresponding petiod in 1994 are
under estimated. It will be worthwhile here to mention the data limitation that the PET values used
in the study are the normal monthly values as the actual daily PET values for the study arca are not
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TABLE 5.1: Optimised Values of Model Parameters

S.No. Parameters Value
Hydrologic P: rs

01. Interception Storage 3.00 mm

02. Impermeable proportion 0.04

03. Time to peak for minor Channels 4,00 hrs,

04. Soil moisture in upper soil harizon 287.09 mm

05. Soil moisture in lower soil horizon 191.39 mm

06. Saturated permeability at the top of the upper horizon 700.00 mm/hr.

07. Saturated permeability at the base of the lower horizon 3.09 mm/r.

0Z. Saturated permeability at the horizon boundary 28.57 mmvhr.

09, Soil porosity 0.43

10. Bubbling Pressure 400.00 mm

11. Recession from transitional groundwater storage 0.165 E - 002/hr.

12. Recession from lower groundwater stroage 0.220 E - 002/hr.

13. Proportion of upper groundwater runoff that enters channels 0,40

14. Runoff from upper soil horizon at saturation 44.715 mm/hr.

15. Runoff from lower soil horizon at saturation 24.406 mm/hr,

16. Correction factor for Precipitation 1.10

17. Correction factor for PET 0.80

18. Adjustment for evapotranspiration from interception storage  1.00

19. Snowfall correction factor Not used in the study

20. Ratio of Groundwater to surface catchment 1.00

21. Proportion of surface catchment without groundwater 0.00

22. Pore size distribution index 0.20

23, Cawhment area 5350.0 sq.kms.

B. Hvdraulic Parameters

. Average base width of rver 60,0 m

. Average top width of river 90.0m

. Flood plain width 250.0m

. Average depth of river 5.0m

. Flood plain depth 1.5m

. Maximum flood depth 20m

. Manning's n for river 0.050

. Manning's n for flood plain 0.070

. River gradient 0.0015

. River length 130.0 kms.
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Table 5.2: Statistical Summary of Simulation for Calibration Period

S5.No. Statistical Indices Daily Flow Values Monthly Flow Values
01. Mean

- Simulated flows 408.008 381.597

- Recorded flows 432.597 403.893
02, Standard deviation

- Simulated flows 818.161 557.696

- Recorded flows 840.246 588.761

03. Objective functions
- Extremes Error of Estimate (EEE)  1.003 -
- Reduced Error of Estimate (REE) 0.278 0.100
- Proportional Error of Estimate (PEE) 2.834 -

04. Correlation Coefficient 0.961 0.997

05. Efficiency 92.25% 99.00%

Table 5.3: Statistical Summary of Stmulation for Vaiidation Period

S.No. Statistical Indices Daily Flow Values Monthly Flow Values
01. Mean .

- Simulated flows 493.270 488.740

- Recorded flows 474.608 470.489
02. Standard deviation

- Simulated flows 1015.058 798.076

- Recorded flows 1003.986 794.690

03. Objective functions
- Reduced Error of Estimate (REE) 0.271 0.184
- Proportional Exror of Estimate (PEE) 1.106 -

04. Cortrelation coefficient 0.964 0.983
05. Efficiency 92.65% 96.60%
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available. Secondly, the flows at Rengali Reservoir as used for comparison purpose are the average
daily reservoir inflows computed from the reservoir capacity curves which are normally subject to
errors as involved in computation of seepage and evaporation losses and the releases and leakages
from the reservoir. Kecping these constraints in mind, it can be conchided that the model has
reproduced the daily flow hydrographs with a fair degree of accuracy. From the statistical
summary of simulation for the validation period as given in Table 5.3, it is seen that the corselation
coefficient for the daily and monthly flow values is 0.964 and 0.983 respectively and the efficiency
of the model is 92.65% and 96.60 % respectively.

In the above calibration and validation processes, the model was rurn for a continuous input
data series allocated for the purpose which included no flow, dry flow as well as high flow periods.
Since the no flow and low flows are observed over a significant period of the study, it w s felt that
the high values of correlation coefficient are probably dominated by these periods. So to have a
higher level of confidence in the model's prediction ability during high flow periods, the model
was run for high flow periods only i.c. from June to October for individual years of the study using
the optimised parameter values as obtained through the calibration for a continuous data sets. The
statistical summary of simulation for monsoon periods for each year of the study is given in Table
5.4. Tt is observed from the table that the model has performed equally good on this sct of data
also as the correlation coefficient for the daily flow values for monsoon periods of individual years
is found to vary within a range of 0.935 to 0.950 showing a variation of just 1 to 3% from that of
the combincd data set.
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6.0 SUMMARY AND CONCLUSIONS

The HYSIM which is a very versatile hydrologic simulation model having 22 hydrologic
parameters for computation of moisture transfer and 10 hydraulic parameters for routing of flows
through tiver chammels has been applied to Brahmani river basin for modelling the daily flows of
the river at Rengali reservoir. From the analysis of the results it is found that in most of the cases
the model has reproduced the flow hydrographs fairly accuratc as the simulated peaks and their
time of rise and fall maich well with the recorded ones. However, the error observed in few
hydrographs can be atiributed, to some extent, to the data since the PET values as used in the
study are norma! monthly values and also the flows at Rengali reservoir used for comparison
purpose are taken as the average daily reservoir inflows computed from the reservoir capacity
curves, Keeping in view these constrainis, the results of the simulation can be rated as quite good.

The results of the study indicate that the model can be effectively used for forecasting the
fiows of the river reasonably accurate. The model can also be used for extension of flow daia
records, checking the flow data record for its consistency (data validation), and for simulating the
flows from ungauged sub-basins of the Brahmani river basin. As the model has the capability to
simulate the flows at shorter time intervals including houdy, it can also be used for real time flood
forecasting purpose.
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