Regional Flow Duration

Curve Model for the
Sg. Perak Sub-Basin

Estiration o fwater suaiia by and vanability in the Flow Duration
Curves (FOO) sre essennal fo provde valusble Joput in
g &hima Hng Mydropowe r, wa ter suppdly, wa ter pofuhionand other
walter resoprce sppiications Oue fa flmted Aregm fow saions
locared in ikl aregs, the planning of @ hidropower site 8 nd
gssesang s potental incfuding the economie #a bility 8 nd nak
co Lk be diffewdt. ‘The introduetion of regio nalised technigue s for
the FOC helps o e stimgte the water variabiiny at the Jntended
Ate. The purpose of thiz study J5 o develop & regonal FOG
modelat @ selected sub-fe a0 of the Sg. Ferak watershed. The
Method vses aing stream Mow stations o seguire Hhelr regiongf
coeffeients &ad to combing them with the regionaf model of
logarithme equations. A FOC can be developed at any paint
of the rivers in the sub-ba 50 bl psing ooy Fhelr draing ge ares
a5 the independent vanaitie. The accoracy of Hhe regiong’
model is exgmined By companng the measures by vsing the
Fool Mesn Syusre Relative Errar (ER). The reswts in modef
VENMation using fogarithmic model indieate that the ER give
waives between 136582 and 18309 which iz guwite good for 8
fea siEiity and de Sktop Stodly.

KEYWORDS: Flow Duration Corves, Hydropower, Regiongld
Model

INTRODUCTION

The flow duration curve [(FDC) is one of the informative
rmethods that shows characteristics of the flow for a river,
and has been a useful tool for warious water resource
problerns such as in irrigation, water supply planning,
pollution studies and small hydroelectric power planning.
It iz a historical cumulkative curve that shows the percent
of time specified discharges that are equaled or exceeded
during & given period ordered from rmaximum to minirumm
flow. Srmakhtin (20017 stated that FDC can be constructed
using daily, monthly or annual data and calculated on the
basis of all similar calendar months from the whole recond
period.

The information on the availabilty of flow over a time
from the area under the FOOC is used to determine the
gverage annual energy for the determination of economic
viability of a hydropower project. Wogel and Fennessey
(1995F presented a power duration curves derived from the
combination between an FOC and power discharge rating
curves. Warnick (1984 F illustrated the application of FDCs
to hydropower feasibility studies for run-of-river operation.

Reqionalisation of FOC of an interest area is important
to reduce the time and cost of 2 water resources study,
It enables researchers to simplfy and estimate the river
flow availabilty of any water resource projeds especially
a3 hydro project. FDC regionalisation can be analyzed by
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several methods. Rajonaman Poet &b (200771 states that
the reqional parametric method is used for estimating FDC
gt ungauged sites.

YU et al (2002)° suggeststhat FOC can be regionalised
and methods could be divided into two groups; firstly,
the one which uses mathematical equations or statistical
distribution to fit FODC constructed from gauged data and
secondly, the regression between the discharges of some
specific percentage. Castellarin etal. (2004 F has classified
reqionalisation procedure based on statistical, parametric
and graphical approaches.

kany of the rivers in Malaysia possess the potential
to be developed as run-off river schemes supporting mini
fydro-electric projects. Owerall, the technical potential
of hMalaysia's hydropower resources has been estimated
to be about 123,000 Gigawatthours (GWh) per year. The
geographicdistribution of hydropower resourcesin Malkay sia
i uneven. Peninsular Malaysia has only 16,200 GWhiear
[12.2%) of the resources. However, Sarawsak with and area
slighthy =rmaller than Peninsutar Malaysia has over 65,500
GWhAgear (53.2%) of hydropower resources while Sabah
Fras 41,200 GWhhAgear [33.5%) of Malaysia's total technical
potential hydropower resources. 3g9. Perak has about
3800 GWh which is 23.3% of 16,200 GWh of energy for
Peninsutar Malaysia. Figure 1 shows the potential energy
distribution for a river basin in Peninsular Malaysia [Yong
Huat, 1988,

Malaysia Hydropower Resources Distribution
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In orderto explore the feasibility of using hydropower as
an additional energy source in Perak, it is necessany to be
able to define the vartability of flow awvailable in the streams
wherethe hydropower plants might be constructed.

Since most of the identified sites for smmall hydropower
projects are normally located along small streams in remote
areas where flow records are rarely available, regionalized
FOZ methods must be developed to estirmate the stream
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flow weater variability and the power potential at the selected

Site.

The objective of this study is to develop | simple
regionalised rmodel to estimate the daily mean FDC at
ungauged sites inthe Sg. Perak river sub-basin.

The findings of this study would help the developer of 2
hiydro-electric project to estimate the availability of flow from

the Reqgional FDC at S9. Perak river sub-basin.

LITERATURE REVYIEW

Subrarmnanya (20037 describes the FOC of a stream as
the graphical plot of discharge against the percentage of
timme the flow was equaled or exceeded and consequenthy
the power and energy on site. From this, it would then be
possible to check the design scheme detailed in the pre-
study for the use in power and energy calculation, prepare
the operation simulation and unify the design process. This
curve iz also known as thedischargefrequency curve,
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The stream flow data is arranged in 2 descending
order of discharges, using class intervals i the number of
individual values is very large. The data used can be the
daily, weekly or monthly values. If M number of data points
areused in thelisting, the plotting position of any discharge
(or class value) Qi

Pp = [mfM+1]]* 100 (1)

Where m is the order number of the discharge [or class
value), and Pp is the percentage probability of the flow
rmagnitude being equaled or exceeded. The plot of the
discharge, © against Pp is the flow duration curve [Figure
2). The flow duration curve represents the cumulative
frequency distribution and can be considered to represent
the stream flow variation of an average water year,

STUDY AREA

Ferak river basin situated in the state of Perak is the second
largest watershed after 29. Pahang river Basinin Peninsular
halaysia. It flows over 420 kmnin e 14,834 km? catchrment
that covers 70% of the state land. It starts from the north-
western corner of the state, flows south to Teluk Intan,
where it bends westward and into the Straits of Malacca.
The 2g. Perak river basing are shown in Figure 3.
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Theclimatic features ofthearea areuniformiemperature,
high hurnidity and relatively high rainfall. The mean maonthly
temperature varies from 26°C to 27°C. The wariation in
rmonthly temperature is not more than 2°C. The minirum
average refative humidity in the area is around 79% during
thedry segson and pesks 2t 2 mean of approximately 86%
in thewet season.

Geo-morphologically, the terrain in both  catchment
aregs can be described as steep dissected hills with a relief
of 400 — 1,500m. Several of the main streams have been
dissected along linearments trending W and KW The main
streamns have incised meanders over their lower courses
before entering an area of low dissected hills. The area has
3 high potenttal for hydropower developrnents due to its
steepness and sufficient rainfall to generate electricity.

Table 1 shows the information of the stream flow gauging
station inthe S9. Perak sub-basin. Mine stream flow stations
in the sub-tasin were selected indeveloping the model.

Figeere 2 5. Peral river hasin ard slvdy aea of sud-basin

METHOD OF ANALYSIS

The FDC curves can be fited with five mathematical
models which are the logarithmic, quadratic, cubic, power,
and exponential models. The equation (Eq.) of each model
can bewritten as follows

Q=a,+a,n(D) 2)
Q=b,+ 60 +bD? (3
Q=+ oD+ o0+ DR (4]
@=d, (D) (3)
Q= e, exp (g,D) (6
QI =T +1,In(D) (7
QI =g, *+ g0+ 5,07 (8]
Qi) =h, + h,0+ h,D?+ 0 D? (97
e () (10)
Q/Q,, = Jexp (,D) (11)

where a-j are the relevant coefficients.
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Taile {1 Streaw fow slelons charaoten dics

Station code

1.1 4311445 g. Pelus at kKg. Lintang

12 o029 Sg. Piah at Chenmb

1.3 6035 30. Pelus at Kuala ¥um

14 461146 3 30. Kinta at To. Rambutan

15 4310401 3q. Kinta at Weir G, kg. Tualkng
16 4212467 39. Chenderiang at Bt. 32

1.7 4012401 3. Bdor at Makyan Tin Bhd

1la 4111455 3. Batang Padang at Tg. Kemmat
19 3913455 2. Sungkaiat Sungkai

Examples of the fited line of O versus D and Q0
versus D from logarithmic station 6029 are shown in Figure

4 and Figure 5 respectvehy.
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Station name

Feriod of Complete Agency
record year record area [I{Fn-]
1954-1997 11 JP S
1955-1995 12 THE 2328
1935-2010 3 THE 330
1950-2005 25 JR S 245
1975-2010 22 JP S 1700
1970-2010 13 JP S 119
1950-2010 12 JP 5 210
1950-2005 11 JPs 445
1950-2010 12 JP G 239

By using the regression analysis, thermodelsinEq. (21—
(6land Eq. (71— (11)were fited to each set of paired values
of O wversus D and Q/Q wersus D respectively.

The model with regression coefficients (R? ) closest to 1
is the best ft seleded. The values of B2 of Eq. (2], (3], (4],
(51and (f] are equaled to that of Eq. (71, (&), (9], (101 ard
(11) respectively. Table 2 shows R? of each model for each
station.

Theaverage R? for all stations in 3g. Perak River basin
of the logarithmic, quadratic, cubic, power and exponential
rmodelsare 0,98, 0.90, 0.95, 0.77 and 0.91 respectively. The
logarithmic gives the highest values closest to 1.

Therefore, the logarithmic model is then selected and
takes into consideration the regionalisation of the flow
duration curves rmodels.

During the prefeasibility study of hydropower projects,
the model for prediction of FOC should be kept as simple
as possible. The parameter use in the model should
be obtained easily Therefore, during the initial stage of
hydropower, only the drainage area should be used in the
development of the regionalised model.

Mine gauging stations in the sub-basin were selected
to develop the regional model. Stream flow daily mean
discharge data which were used for model development
and rnodel verification are indicated in Table 1 and Table 3
respectivehy.

Tatle 2 Regressior cosfficiemt (R°) of five m athew sica! m odels for the FOC for S, Ferah stean fow stations

1 4911445 0.9359 08982 0.9455 0.7221 08617
2 G029 0.9710 09335 09743 08546 09581
3 G035 0.9926 09225 09681 08922 09601
4 4511453 0.9743 08293 0.3915 0.3 322 09655
5 4310401 0.9362 09351 0.9310 0.7534 09356
(5] 4212467 0.9904 03975 09522 0e6e7s 08769
T 4012401 09577 08676 09401 06007 0.7733
3 4111455 0.9595 09611 09345 0.a097 09761
Q 39134538 093896 0.E870 09404 08197 09335

AYERAGE 0983 0.9042 0.9542 0. 7725 09173

[Combimuwed o page 22
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Taile 3 Stream fowfor o ode! werfcahion

Station Pericd of | Complete | Agency | Darainage
name record year area [km3]
record
3g. Pari at 1960-20058 16 JPS 245
Jalan Silibin
39 Fampar  1960-1993 11 JPS 452
at kg. Lanjut

Regression coefficients of &, &, and f,. f, from the
logarithrmic model in Eq. (2) &and in Eq. (7) from each station
were taken and tabulated in Table 4.

Tahle §: Regression cosfoients fow fHed o oodes

Station

Lagarithmic

Dimensionless log.

i S [ NN N N

4911445 1366 1922 0.41 -0.58
029 6.49 373 063 037
6035 £.55 528 0.55 -0.45
4611463 1.14 .57 0.16 -0.90
4310401 27 56 A7.70 0.37 063
4212467 1.72 547 0.25 -0.75
4012401 362 0,47 0.28 072
4111455 15.32 -15.49 0.50 -0.50
301 3455 &.33 9.08 0.41 .59

Spatial coefficients relating the drainage area [(A) and
theindividual regression coeffizients of stream flow FOCs in
S0. Perak sub-basin are plotted by a straight line equation
(Figure 6 and Figure 7). The straight line equations of these
coefficients can be written as

8, = K 1 IGIA) (12)
a2 =k, + k(4] (13)
f1=rm, + rmy(A) (14]
£2 = m, + m,(A) (15

The spatial coefficients (kltcu k_‘ and r, to m_‘]are tabulated
in Table 5.

The representative mean flow (Qm] for the regionalised
mean flow is pedformed by determining the relationship
between the mean annual flow and the drainage area for
all nine stream flow stations in Figure 8, which iswritten as
Eqg. (18]

Log coef,

40 a, = DDV4GA + 1 5TBE

‘ X R =0 A404
s .t :
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Tahle 5: Spatial coxficients for FOC &od'e!
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Dimensionless logarithmic

D =a. AR [1&]

where & 1s the drainage area in km® while @ and b are
constants: the coefficients e, band Q1 for each station are
shown in Table f.

Fame & Coefizients in developing @ _ (6]

Station A (km?) b (=
A"

4911445 1090 43,14
029 235 11.29
&0 35 33 15. 30

451146 3 248 11 56

4310401 1700 0.09949 05676 5343

4712457 119 6531

4012401 210 10, 34

4111455 445 19.53

913458 289 1363
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The dizcharge Q) corresponding to the percentage of
time (D] atthe interval increasing 1% each step to 100% for
each station were computed and compared between the
results from the logarithmic and cubic model to find the best
fitted equation.

To create a model, coefficients 4, &, 4, &, and
codfficients £, . f,. f, from Eq. (12). Eq. (13). Eq. [14] and
EqQ. (15 into Eq. (2] and Eq. (7). The calculated discharges
By logarithrnic models can be expressed as:

Q= [k, + b AL+ (g + kL CAY IniD)
Q0= (g + A+ (g + g (A) In(D)

where the constant k, to k,, and m, to m, are tabulated in
Table 5.

(17
(18]

RESULT ANALYSIS
Using the coefficient of k to k. m, to m,, from Table 5,
constant &, b from Table &, and the drainage area of each
station, the predicted discharge from 1 to 100% with
intervals of 1% for each step or percentage of time (D] are
determined from Eq. (17 and (18] respectively. The error
ER of model calibration and rmodel verification for each
station and sub-Casin are shown in Table 6 and Table 7.
kodel calibration and mode verification are required
to evaluate the accuracy of the regional model which is
developed fromn data of gauging station in Table 1. The
rmodel calibration is achieved through the comparison of
sets of river gauging stations used for model developrment,
By compating the actual measured discharge with the
computed discharge using the logarithmic models, using
Eq. (17) and [18).

For model verification, two sets of discharge data from
station 2g9. Par at Jakan Silibin (Stn. Moo 4610466) and
discharge data from station 59, Kampar at kKg. Lanjut (Stn.
Mo 4 311464 ) were used.

The accuracy of regional models is examined by
comparing the Model FDC with actual measured FDC. The
verification of the results is presented in terms of root mean
square retative error (ER)in order to evaluate the accuracy
of the prediction of the developed FDC model. The ER
equation is defined as in Eq. [19].

Ebc:,nl[ﬁ‘ﬂr 2 :;]Drn }:

‘\,I ELQEI Q* Dy,

ER = 100

(19]

where D is the percentage of time between 1to 100%, QD
is the computed discharge at any percentage of time: QD
isthe measured discharge at any percentage of time.

The average ERs for model calibration in Table 7
are 29.82% (logarithmic) and 30.62% [dimensionless
logarithrmic) while the ERs for rmodel verification are shown
in Table 5.
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Taile 7. Compansor of ook @ e3n Spuane
relgtive emor (ER) for & odel o3 iaeahion

Dimensionless [og.

a9 27.29% F1.08 %

G35 35.9% 42 56 %
4911445 43, 28% 37.58%
4511455 53 32% 56.05%
4310401 10.54% 17.15%
4212457 20.45% 20.33%
4012401 27.21% 25.67%
4111 455 34.64% 3387%
3913458 12.78% 11.33%

Taile B Companisor of mod @ e3n Spuane
relgtive erme (ER) for & odsl e ahion

Dimensicnless log,

39. Kampar at 1365 % 12 66%
kQ. Lanjut
3. Par at Jalan 13, 30 % 36.153%
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CONCLUSION
The FDC using logarthmic fitting distribution equations and mode| gives the
best predictions.

The findings from this study differ from those of other researchers such
as Rajonaman P. et 2/, [2007*who had used the logarithmic and exponential
model in the regional model of Salawin river basin, Quimpo et af. [1983F
had proposed that only the exporential equation be used in the Philippines
regional FDC, while Mimikou and Kaemaki [1985)% suggested to use the
cubic equation in modeling FOC.

The differences in the results could be attributed to sewveral factors,
ramely the wvariations of the regions modelled, the set: of stream flow
available whic h have been based on different lengths of recorded data, and
alza the differert climatic ©haracteristics of the regions.
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