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ABSTRACT

Sedimentation is one of the major probfem the hydropower scheme in Malaysia.
Cameron Highlands is known to have one of the worse if not the worst sedimentation
problem in Malaysia.Uncontrolled deforestation and indiscriminat@nd clearingfor
agricultura) housing developmenaind road constructio resulted in widespread soil
erosion over the land surface of Cameron Highlands leading to sedimentation of the rivers
and ofthe Ringlet ReservoirThe objective of thishesisis to determine thenean annual

soil loss rate usinthe RUSLE modelfor the Upper Catchment of Cameron Highlands for

the years 1997 and 2006. Data swh rainfall paern, soil type, topographyove
management and support praetivee utilized for soil modeling usinghe integration of
RUSLE and ArcGIS The subcatchmentsof Telom, Kial and Kodol, Upper Bertam,
Middle Bertam, Lower Bertam, Habu, Ringlet and Reservoir catchments were studied. The
subcat chment of Plaudur was excludedwdsr om tF
not sufficient. Sediments weraletached and trsported from the upper catchmed

were eventually deposited in the Ringlet Reservdihe sediment yieldf the Ringlet
Reservoirwas predicted to be 282,465.5/nyear for 1997 and 334,853.5°nyear for

2006 from this study This number is expected tincrease with time as agriculture
activities and deforestation continues to take plaiece, the life expectancy for the dead
storage was decreased tremendobiglgause of the increasing sediment yield with time
compared to the design life expectanéyhe dead storagé he drastic situation in Ringlet
Reservoir suggests that if nothing is done, the reservoir will lose its entire storage in the
next three to five years. In the immediate and medium term, it is expected that any
effective strategy for nmmagement of the sedents would have to be based on the

6concentrate and removed approach, i n whic
concentration and removal points along the streams are identified in the Ringlet End and
Habu End In the longerterm, the6 cont r ol at sourced6 strateg

based on modifications to the current land use practices, to encourage soil conservation and
minimize soil loss from the contributing catchments, this reducing sediment loads into the
streams aoh reservoir.
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1 INTRODUCTION

1.1 Overview of Cameron Highlands

Malaysiais separated bthe South China Sea into two regierBeninsular Malaysia and
Malaysian Borneo.Cameron Highlansl is situated in the Pahang Stabé Peninsilar
Malaysia(Figure 1) and occupies an area of approximatgly knf (Fortuin, 2006) This
Highlands is situatedon the Titiwangsd&Range of Peninsular Malaysehich is generally
narrow andsharply defined antiroadens out into a dissected mas$ibpproximately 24
km long from north to south ar@lkm wide from east to wegf enaga National Berhad ,
2000) The average elevation of the catchment is approximat@B01m and lte highest
peak is MounBrinchang at 2,032n (Tenaga National Berhad Research, 200@ameron
Highlands is one of the largest hill resorts in Malaysiad is referred toa s
B o w Igrdwing a wide variety of vegetables, flowers and other ornamentatgéand
supplying thento major cities in Malaysiand Singpore. In addition to offeringefuge to
the heat and humiditjknown to MalaysiansCameron Highlargl also provides many

0 Gr ec

tourist attractions such as tea plantations, tea factories, rose gardens, strawberry farms,

natural waterfalls, golf courses and agtaonial-style homes offeringa glimpse of the
past.The main townsituated in Cameron Highlandse Ringlet, Tanah Rata, Brinchang

and Kampung Raja.
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Figure 1. Map of Cameron HighlarelPassion Asia, n.d.)




1.2 Cameron Highlands Catchments

Cameron Highlands is dividenito the Upper andthe Lower Catchmen{Map 1). The
Upper Gitchment 6Cameron Highlands consists thie Telom andthe Bertamcatchment

(Map 1). The Telom catchméns further divided into sulatchment®o f

Pl audbur

and Kial & Kodol with the total area of 110.3 knirhe Bertam catchment consists of

Upper Bertam, Middle Bertam, Lower Bertam, Habu, Ringlet and Reservoir as sub

catchments with the total area d3.Z knf. Finally, the Lower Catchment consists of the
Batang Padang catchmerll the catchments of Cameron Highlands are showvap 1:
Cameron Highlands Catchments and -Satthmentislap 1 and the reddiamond in the

Reservoir suitatchment is th&ultan Abu Bakar Dam.

Upper
Catchment

Lower  ewangesmg

Catchment

'S

Map 1. Cameron Highlands Catchments and Salbchments

Middle Bertam

ey /,/\\

Tablel: Subcatchments o€ameron Highland&Jpper Catchmentélrenaga National

Berhad, 2010)

Upper Catchment Sub-Catchment Area (km?)

Pl audur 9.7

Telom Kial & Kodol 22.8
Telom 77.8

Total 110.3

Upper Bertam 20.98

Middle Bertam 13.44

Lower Bertam 4.34

Bertam Habu 19.12
Ringlet 9.72

Reservai 2.8

Total 70.4

T



1.3 Cameron Highlands i Batang Padang Scheme

Cameron Highlanslis home tothe Cameron Highlands BatangPadang Hydroelectric
schemepne of the three hydrpower schemes developed by the national utility Tenaga
Nasional Berhad (TNB) ifPeninsular Malaya. The Scheme is designed as a peaking
power station with a total installed capacity of 26BN (Tenaga National Berhad
Research, 2009 heremainingtwo hydropower schemes are Sungai Perak Hydro Power
Schene (1,249 MW)in the state of Peraknd Sultan Mahmud Hydro Power Scheme,
Kenyir (400MW) in the State of Terenggaiflienaga National Berhad Research, 2009)

The Cameron Highlargd- Batang Padag Hydroelectric Scheme spravacoss several
river systemsn the State of Paharend Batang Padang@iver in the State of Perak he
Cameron Highlanslscheme utilizeghe water of Telom River and Brtam River in the
Pahang State. The other portion of the hydroelectric scheme, whiwh Batang Padang
scheme utilies thewater of Telom and Bertam Riveds/erted from the Riglet Reservoir
as well aghe water of Batang Padang River and its tributavsterflows from the upper
to lower catchment arg@irough a series of transfer tursiéd augment the supply to the
power plants btiin the Scheme.

There are seven pa@w stations in the Cameron HighlandBatang Padanglydroelectric
Schemeshown inFigure2. The power stations akampung Raja (0.8MW), Kuala Terla
(0.5MW), Robinson Falls (0.81W), Habu (5.5MW) and Jor (100 MW) of the Cameron
Highlands Scheme, and Woh (1B30W) and Odak (4.2MW) of the Batang Padang
Scheme(Choy & Darul, 2004) The Cameron Highland BatangPadag Hydroelectric
Scheme includethe constructiorof the threedamslisted below(Choy & Darul, 2004)

I.  The Sultan Abu Bakar Daiinthis damimpounds water of Bertam River and water
diverted from Telom River, eating the Ringlet &ervoir which suppliethe Jor
Power Station.

.  The Jordami this damimpound the water of Batan§adang River anthe water
discharged from the Joroler Station to create the Joes$ervoirwhich supplies
theWoh Power Station.

[ll.  The Mahang Dani this damimpounds the water discharged from the Woh Power
Station andstores water to supptye Odak Power Station

Table2: Breakdown of Cameron Highlasd Batang Padang Schen(iEenaga National
Berhad Research, 2009)

River Systems Power Plants

Cameron Highlands Scheme /
Upper Catchment

f Telom River (76.7 ki)
f Kodol River (1.3 krf)
f Kial River (22.7 km)

1 Kampung Raja (0.8 MW)
1 Kuala Terla (0.5 MW)

Cameron Highlands Scheme /
UpperCatchment

{ Bertam River (72.6 kf)

1 Robinson Falls (0.9 MW)




1 Ringlet Reservoir impounded | 1 Habu (5.5 MW)
Sultan Abu Bakar dam 9 Sultan Yussof or Jor (100 MW)

Batang Padang Scheme /
Lower Catchment

Batang Padang River (121.9 Rm
Lengkok River (13.1 kf)

Bot River (9.0 krf)

Tidong River (5.6 krf)

Who River (56.1 krf)

Semai River (12.5 kM)

Chenes River (1.8 kin

Bemban River (10.5 kip

1 Sultan Idris Il oiWoh (150 MW)
Odak (4.8 MW)
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The details of the seven power plants of the Cameron HighlanBastang Padang

Hydroelectic Scheme such as the turbine type, average annual units generated and head

are shown below ifable3.

Table3: Plant names and details of Cameron Highland®atang Padang Hydroelectric

ScheméKaushish & Naidu, 2002)

Power Year Turbine Average | Head (m) | Catchment| Remarks
Plants comm.. Type Annual Area
units gen. (km?)
(GWh)
Kampung | Nov 1964 | Horiz. 6.2 83.8 30.8 Runof
Raja Francis River
Kuala Nov 1964 | Horiz. 4.2 39.3 43.3 Run-of-
Terla Francis River
Robinson | Nov 1959 | Pelton 7.6 234.7 21.4 Run-of-
Falls Wheel River
Habu Jan 1964 | Horiz. 34.0 97.5 132.7 Habu pond
Francis
Jor Dec 1963 | Pelton 324.0 573.0 183.4 SAB dam
(SYPS) Wheel
Woh Dec 1967 | Vertical 480.0 4206 393.9 Jor dam
(SIPS) Francis
Odak Dec 1967 | Vertical 14.0 12.2 394.4 Mahang
Francis dam




1.3 Study Site: Ringlet Reservoir and Sultan Abu Bakar Dam

TheRinglet Reservoir is locatealithin the Bertam catchment atide subcatchmenbf the
Reservoir The Ringlet Reservoir is situateapproximately500 m to the north of Ringlet
town shown in Figure 3. The reservoir is impounded ke Sultan Abu Bakar Dam
constructed othe Bertam River in 1963, and wdssigned to regulate the flood waterto
the underground 3ran Yussof also known as tlder Power Station situated anseparate
catchment in the District of Batang Paddmcatedin the State of Perak.

.
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Figure 3: Ringlet Reservoir and Sultan Abu Bakar Dérenaga National Berhaah.d)

Specifications of the &ltan Abu Bakar Dam are shown rable 4 bdow. The designed

gross storage of thRinglet Reservoir is about 6.7 milliom®, of which 47 million m® is

live storagg(Choy & Darul, 2004)It impoundsthe water fronthe Bertam Riverand from
theTel om River, Pl aubur River, Kodol River
from the Telom catchmerthrough the10.25 kmlong Telom tunnel into the Bertam
catchment. Sultan Abu Bakar Dam is a concrete buttress and rockfill dam constructed of
52,000 m® of concrete and 1000 m® of rockfill (Choy & Darul, 2004) The left bank is

mass concrete gravity &@n whilst the right bank is made of rockfill, which is contained
behind the mass concrete retaining wall with an upstream concrete faceCh@all &

Darul, 2004) The danmhas a height o#0mwith a crest length 0140 m (Choy & Darul,

2004) It hasa 1.8 m diameter concretlned steel drain pipe &L 1037.64m (Choy &

Darul, 2004) The gatedspillway structureis equipped with 1 tilting and 3 radial gates
which are floatoperatedwith a manual overriddChoy & Darul, 2004) The Ringlet
Reservoirholds4.7 million n? of water storage with a surface atesaling 60 ha with a

fifull supply leveb (FSL) at EL 1071.7In (Choy & Darul, 2004)



Table4: Specifications of Sultan Abu Bakar Ddhenaga National Berhad, 2010)

Dam Type [m] Concretg(52000m°) andRockfill (19000 )
Crest Level [EL. m] | EL. 1074.2 m

Dam Height [m] 40

Length of Dam [m] 140

Gross Storage [MCM] | 6.7

Usable Storage [MCM] | 4.7

Surface area at FS| [km?] | 60ha at EL 1071.7in

Catchment area | [km?] | 183.4

Normal operating

level [EL. m] | EL. 1068.3 m

Min. operating level [EL. m] | EL. 1065.2 m

Max. operating ey 1y | EL. 1070.4 m

level

Spillway

Type Controlled gated spillway
No. of spillway 3 radial gates, 1 tilting gate
gates

Spillway Gates

Titling Gate 6.1 m.wide x 3.3m. Height (20 ft.x 11 ft.)

1 Bottom hinged at E 1068.0 m (EL. 3504.0 ft.)
1 Opens at reservoir level EL. 1070.7 m

1 (EL. 3513.0ft)

1 Fully open at reservoir level EL. 1071.0 m.

§ (EL.3514.0 ft° 65.1 m/s (2,300 cusecs)
1

1

1

1

1

2.2 m. wide x 5.0m. Height (40 ft. x 16-6.in.)
Open at reservoir level level ELO71.1 m.
(EL. 3514.08 ft)
Fully open at reservoir level EL. 1071.4 m.
(EL. 3515.00 ft)° 300.2 nils per gate (10,60
cusecs) or 900.5 s for 3 gates (31,800 cusecs

Radial Gates

Water fromthe Ringlet Reservoir is channeled through a tunnel to the Sultan Y(ks)f
Power Station and thendischarged though a tailrace tunnel into the Jor Reservoir of the
Batang Padang Hydroelectric Scheme. The Ringlet Resdrasiadead storage aibout
2.0million m?, is estimatedo havea useful life of approximately 8gears(Choy & Darul,
2004)
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1.4 Problem

Sedimentation in a reservoir isratural consequence frothe construction of a dam,
which slows down the stream flow and thus causes sediment depositidhe i
impoundmentAs a resulof the increased sediment Isadhrried by the rivers feeding into

the reserwoir, Ringlet Reservoir has been silting up at an alarming rate. This has been
brought about by thesignificant change in land use within the upper catchmentof
Cameron Highlandsver the years. The langse changeassociated witlthe farming of
vegetables, fruits antbwers on steep vallsyappears to have increased significantly.

Prior to the completionf the hydropower scheme, it wastimated that about 90% of the
Telom catchment and 65% of the Bertam catehimwere covered in foregfenaga
National Berhad , 2000)These now developed areas consistinly of tea plantations,
vegetable farms and residential areas. The measured sediment contents of the rivers in the
scheme at thatime were not very high and was estimated that the Ringleeservoir

would have a useful life of approximately 80 years, with no special provisions to cope with
sedimentatiorfTenaga National Berhad , 2000)

Agricultural activities have increased from approximately 10% to 34% in the Telom
catchmentand from28% to 36% inthe Bertam catchment between 1960 and 1990.
(Tenaga National Berhad Research, 20@dout 40% of the farmland is tea plantatio
and the rest is cultivated for vegbtes, flowers, fruits and otherops. The number of
residentialhouses in Cameron Highlasitias reportedly increased from 3860 units98Q

to 5526 units in 1991By 1999, gproximately700 hotels and 185 units opartments
were reportedly completgd enaga National Berhad Research, 2005a)

The rate ofsedimentfilling increased from 30,000thy ear in t he 1°09606s
year inthee ar | y (TeBaga) Nasonal Berhad Research, 200%) 1999, Ringlet
Reservoir ha lost allof its dead storage (ghillion m®) plus 70% of its live storage (4.7

million m® to sedimentatiorfTenaga National Berhad Research, 200%9)ese statists

suggest that, in order to maintain the reservoir operation at a satisfactory level, a minimum
rate of 100,000m® of sediment must be dredged or removed annually fomt the
reservoir and the settling ponds above the check @emaga National Berhad Research,
2009)

The power station isurrently operting mainly as a ru+of-river for a short time period
during peak hours. It is estimated that withquibpersedimentation removal measurtdse
scheme will cease to opéeafor load peaking and become an unregulatedofuiver
scheme, where generation will be subjectady to immediate availability of water
(Tenaga National Berhad Research, 2003th)is will result in a sharp drop in annual
revenue from RM 175 Mibn to a mere RM 78.5 Million(Tenaga National Berhad
Research, 2005b)Heavy sedimentation has also incurred costs in termiheoearly
replacement ofabradedturbine blade, construction dhe Telom desander structure in
1992, frequent desilting works of Ringlet reservoir, loss of stored water dueettiow
due to the displacement of water by sedimantl outages due to cloggingtbé Kampung
Rajad intake and duringhe de-silting of the Telom wnnel (Tenaga National Berhad
2000) The reduced storage of RingleeRervoir has also increased the risk of spilling and
flooding tothe farms and settlement areas locatednstream of Sultan Abu Bakar Dam
(Tenaga National Berhad Research, 200880, the dimping of dredged materials has
recently lecome an environmental concdracause there are no proper dumping sites for
the growing amount of dredged matefibsénaga National Berhad Research, 2005b)



In a nutshell, here are various soceconomic and environmental costs and damages
associated with excessive soil erosion, sediment transport and deposition. These include
(Tenaga National Berhad Research, 2009)

1 Loss of peaking power revenues

Replacement costs for the turbine uwitee to sand abrasion
Loss of floodcontrol storage volume

Potential threat to dam safety

= =4 4 A

Adverse environmental impact to the ecological system along thensteead flood
plains

1.5 Objective

Sedimentation isa major concern tothe hydropower scheme in Malaysi@ameron
Highlands is known to have one of the worse if not the worst sedimentation problem in
Malaysia.Extensive deforestation and indiscriminate earthdozing for agricultural and
housing development as well asad constructiomasresuled in widespread soil erosion
over the land surfacef Cameron Highlands leading sedimentationf the streams and of
theRinglet Reservoir.

The objective of thighesisis to determine theverage annuadoil loss rateusing the

RUSLE modelfor the Upper Catchment of Cameron Highlarids the years 1997 and

2006 Data suchasrainfall patern, soil type, topographgove management and support

practiee were utilized for soil modeling using RUSLE and ArcGIlEhe subcatchment®f

Telom, Kial and Kodol, Upper Bertam, Middle Bertam, Lower Bertam, Habu, Ringlet and
Reservoirwere studied. The subc at ¢ h me nt of Pl audur was ex.
because data from thegionwas not sufficientThe results from this study will represent

the sediment yield in the Ringlet Reservoir where Sultan Abu Bakar Dam is loTagd.

resuls of this thesiswill be used to proposa sediment mitigation plan to solve the
sedimentatiomproblemat Ringlet Reservoir.

The advantage afsingthe RUSLE model is that it has been widely used and tested over

many yearssubsequentlyhe validity and limitations of this model are already known. The
disadvanage of this model is that it had bedaveloped using data from th&S, and

therefore significant adjustments to the algorithms used to derive the key faotors

required before the model can be applied to other areas such as Malaysia. This thesis
follows the RUSLE model guidelinesfor Malaysia froma r epor t titled AP
Design Guides for Erosion and Sedi ment Cont
of Natural Resources and Environment Malaysi€2010
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2 LITERATURE REVIEW

2.1 Soil Erosion

Water and wind are the main agents resiae for soil erosionSedimentatiorand soil

erosion includes the processs of detachment, transportation and depositionsofid
particles also known as sedimer(ttulien, 2002) These soil erosion sequenceare
demongrated inFigure 6. Theforms of waterresponsible for soil erosion araindrop

impact runoffand flowing wate(Wischmeier & Smith, 1978Frosion from mountainous

areas and agricultural lands are the major sourceduins@ét transported by streams and
deposited in reservoirs, flood plains and deltas. Sediment load is also generated by erosion
of beds and banks of streams, by the mass movements of sediment such as landslides,
rockslides and mud flows, and by constructativity of roads, buildings and dams.

Detachment

Zone S\ [SSEN

Detachment &
Transport

Drainage\
\

basin

\ \
Lake or\
\

ocean \_N\)— _

Figure 6: Soil Erosion(lowa Stormwater Runoff Control, n.d.)

The processes of soil erosion are showifrigure 7. Sheet erosion happens when raindrop
impact transports particles and becomes runoff traveling over the surface of the ground
(Fortuin, 2006) Rill erosion occurs when water from sheet erosion combines to form small
concentrated channglBortuin, 2006) Erosion rates increase due to higher velocity flows
as rill erosion startdVhen water in rills concentrates to form larger channels, it results in
gully erosion(Fortuin, 2006) Finally, stream channel esion take place wherwater

flows cut into the bottom of the channel and makes it de@matuin, 2006) Soil erosion

may not be obvious on the ground surfacegaadrops are transporting some amount of
particles but soil erosiowill be morenoticeable when water flow concentrates to form
rills and gulliegKim, 2006)
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Figure 7: Types of Water Erosiofiowa Stormwater Runoff control, n.d.)

The common erosion featurésund n Cameron Highland ar@enaga National Berhad
Research, 2004)

I.  Flow driven soil erosion:
Rills

Gullies

Flow pathways
Raindrop marks
Deposition sites
Pedestals

Distribution of leaf litter

= =4 4 4 4 A4 -5 -2

Debris dams

[I.  Mass movement:
Landslide(usually large scale)
Landslip

Wall/ bund collapse

Drain widening

Large accumulations of sediment

= =4 =4 4 A -

Slumping
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2.2 Soil Erosion Models

The soil erosion prediction methods were first developed inl&; consequentlynany

soil loss estimation equatiomgeredeveloped bya number of researchei®ver the years,

these equations improved as new variables and factors were added to the soil erosion
equation Smith and Whittpresented one of the first ratiorslil erosion equatioandit is
amethod ofestimating s losses from fields of claypan so{Smith & Whitt, 1947) This
equation (equation 1) is shown bel¢@8mith & Whitt, 1947)

o 689 d Q)
Where:
A'i Annual soil loss, in tones Haear"

Ci Average annual soil loss from claypan soils for a specific rotation, slope length, slope
steepness, and row direction

Si Slope steepness
L 7 Slope length

K1 Soil erodibility
P11 Support practice

Then, he Universal Soil Loss Equatiomodel (USLE) was adpted by the Soll
Conservation &rvice in U.S. in 1958 and became the most widely used and accepted
model to make long term assessments of soil erosion. The USLE model was developed by
Wischmeier & Smithbased on data from more than 10,086t plots throughout the East

of the U.S.in 20 yearWischmeier & Smith, 1965)The test plots were managed with a
standard of 22n flow lengths allowing this method to be more accurate and reliable
(Wischmeier & Smith, 1965)TheUSLE has six factors and #&pplicableto calculate sheet

and rill erosion onlyHowever, the USLE is known to have a few shortcomiffgast one

of the input data is not accurately specified, the multiplicationeftk factors will lead to

a large error of resultéSonneveld & Nearing, 2003There arealso questions about the
reliability of the parameter values assigned to the m@tmineveld & Nearing, 2003)

Additional research and experience have resulteshinpgradef the USLE from the past
30 years.The improved equations developed based on the USaeiehare such as the
Modified Universal Soil Loss Equation (MUSLBY J.R. Williams(Williams, 1975) the
Areal Nonpoint Source Watershed Environmental Resources Simulation (ANSWigRS)
D.B. Beasley (Beasley, Huggins, & Monke, 1980d)he Unit Stream Poweii based
Erosion Deposition (USPED)y H. Mitasova (Mitasova, Hofierka, Zlocha, & Iverson,
1996) and Revised Universal Soil Loss Equation (RUSLEy K.G. Renard(Renard,
Foster, Weesies, McDool, & Yoder, 1997)

Among the newly developkeequations mentioned above, the most extensive work that
focuses on better parameter estimations is undoubtedly the Revised Universal Soil Loss
Equation (RUSLE) bK.G. Renard (1997)The RUSLE incorporates improvements in the
factors based on new and teetdata but keeps the basis of the USLE equafitwe
RUSLE was enhanced by revising the weather factor, the soil erodibility factor depending
on seasons, revising the gradient and length of slope and developing a new method to
calculate the cover managem factor (Renard, Foster, Weesies, McDool, & Yoder,
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1997) The RUSLE assumes thaetachment and deposition are controlled by the sediment
content of the flow(Pitt, 2007) Erosion is limited bythe carrying capacity of the flow but

is not source limitedPitt, 2007) Detachment will no longer take place when the sediment
load has reached the carrying capacity of the f{@wt, 2007) The RUSLE equation
(equation 2) is shown belo{iRenard, Foster, Weesies, McDool, & Yoder, 1997)

o YD WD (2)
Where:
A'i Annual soil loss, in tosha' year*

R T Rainfall erosivity factoran erosion index for thgiven storm period in Mdhm/(hahr.
year)

K i Soil erodibility factor, the erosion rate for a specific soil in continuous fallow
condition on a 9% slopeaking a length of 22.1m in.hahr/ (MJ.mmha)

LS 7 Topographic factor which represent the slopegtbrand slope steepness. It is the
ratio of soil loss from a specific site to that from a unit site having the same soil and slope
but with a length of 22.1m

C i Cover managementactor, which represents the protective coverage of canopy and
organic matesll in direct contact with the ground. It is measured as the ratio of soil loss
from land cropped under specific conditions to the corresponding loss from tilled land
under cleastilled continuous fallow conditiongRenard, Foster, Weesies, McDool, &
Yoder, 1997)

P 1 Supportpractice factor which represents the soil conservation operations or other
measures that control the erosidh is measureds the ratio of soil loss with a specific
support practice to the correspondingdowith plowing up and down slopéRenard,
Foster, Weesies, McDool, & Yoder, 1997)

L, S, C and P facts are dimensionlegsarameters and they are normalized relative to
standard plot conditions. The USLE and the RUSLE igserily a globally accepted
method for soil erosioprediction in the U.S. anah other countriesll over the world
These models haugeen accepted to be useful, accurate and reliable.
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2.3 Geographic Information System and Soil Erosion Modeling

A Geographic Information System (GI$ a system that captures, stores, integrates,
analyzes, manages and visualizes data thdinkexl to coordinates or locations. GIS is a
combination of statistical analysis, database and cartography that allowsaheou
identify geographic informatiomrelationships, patterns aricends(Omar, 2010) For this
study, ArcGIS version 9.3wvas utilized. Figure 8 shows the procedures of RUSInBodel
integrated withArcGIS.

Since 1970s, GIS has beetilized in the field ofenvironmental manageme(itim, 2006)

GIS application to hydrologic and hydraulic modeling as well as flood mapping and
managemenbnly began about 20 years laigim, 2006) The Digital Elevation Model
(DEM) is a breakthrough irhefield of geomorphological analysis kmese of itsability to
portray elevation and topograp(iim, 2006) The DEMis able to demstratechangesn
landscapevith time because ofhe relocation of soil leading to sediment depositibinis
process naturally affectbe hydrologicaprocesses that occwithin and over hillslopes
(Kim, 2006)

GIS is a ery helpful program for soil erosion modeling. GIS application in soil erosion
analysis is increasing because of the advantaigesmbining GIS and soil erosion models.
Firstly, interfacingGIS capabilities with th&USLE providesa relatively fast analys and
visualization oflikely sheetand rill soil erosion potentigBlaszczynski, 2001)This is
useful because it will allow simuian of large scale studies using large amounts of data
requiringonly arelativelyshort pocessing timéBlaszczynski, 2001)This is becaus&IS
acquiresa spatial functionthat will performthe georeferencing and spatial overlays
without consuming too much tin{harma, Menenti, & Huygen, 1996)

Secondly,GIS also permitssimulation of different scenarios from various changing land
use conditions and management alternatives in space an@@laszczynski, 2001)This

will allow the evaluation of thepossible effectsof each management practice sail

erosion GIS is also a sophisticated tool where animate sequences of model output images
across time and space can be displayed enabling the model output to be visualized from
external perspectivgdim, 1996) The catchmentan also benodelledwith more specific
aspectdecause GIS enables the use of large catchments/aritbus resolution or more
pixels(Dee Roo, 1996)

Next, theintegrationof RUSLE andGIS can also based as an automation tdolassist in

the standardization athe application of the RUSLE ttargeareas Whenthe procedure is
normalized and the input data is of comparable quality, automated processing allows the
same proedure to be repeateslith the normalized procedure on different arsasthe

areas can be comparedthout bias(Blaszczynski, 2001)The integrationof RUSLE and

GIS canbe further appliedsa core procedurdéor othergeomophologicand hydrologic
applications such as watershed conditiamalysis water quality monitoring of
environmental pollutants in soilsediment loading of streams andetis and noipoint

source pollutior{Blaszczynski, 2001)
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Figure 8: Procedures of RUSLEtegratedin ArcGIS (Omar, 2010)
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3 RAINFALL EROSIVITY FACTOR (R)

3.1 Literature Review

Malaysiais geographically lying along the equator where the amounira@ndsty of the

rainfall is high causingoil to be more susceptible to water erosibactors such as total
rainfall, rainfall intensity, rainfall duration, size, velocity and shape of raindrops and the
kinetic energy of the rain contribute a great influenceeoosion(Ministry of Natural
Resources and Environment Malaysia, 201@pon reaching the ground, the raindrops
supply the main energy for soil detachment. Other rainfall characteristics such as intensity,
duration and tal rainfall have influence on the resulting runoft.

The rainfall erosivity factorR facto) represents the erosion potential caused by rainfall
(Renard, Foster, Weesies, McDool, & Yoder, 199Rerainfall erosivity factor(R factor)
for the particular locality is the average annual total of the stoEfi, values for that
locality (Renard, Foster, Weesies, McDool, & Yoder, 19%1), is the individual storm
index valueswvhich equalsto E which is the total kinetic energgf a stormmultiplied by
Isowhich is the maximunrainfall intensity in 30 minutesthe multiplication of El reflects
the total energy and peak intensity combined in each particular stamtinuous rainfall
recordsare neccesary to calculate the maximum 30 minute rainfall intensiBlsf). To
obtain an accurate R factoEls needs to be calculated with continuous records over
multiple years for multiple stations located at #nea of thestudy site.The bestequation
for R factor was developed byWischmeier and Smith shown in equation 3 below
(Wischmeier & Smith, 1965)

Y

p o~
T 00 3)

Where:

R T Rainfall erosivity factor

E T The total storm kinetic energvJ/ha)

l30T Themaximum 30 minutes rainfall intensity

j T The index for the number of years used to compute the average
ki The index of the number of storms in each year

ni The number of years to obtain average
m1 The number of storms in each year

The total storm kinetic energy for each storm, E is obtained by summation of the product
of unit kinetic energy and the respectivenfall volume of all the increments in a rainfall
event, as given belown equation 4(Ministry of Natural Resources and Environment
Malaysia, 2010)
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0O Qw (4)

Where:

E T Total storm kinetic energ{MJ/ha)
K'i Number of storm intervals

R Index numbepf storm intervals
e 1 Unit kinetic energy forf interval
V., T Total rainfall depth for'f interval

The energy of a rainstornsiclosely related ta ai nf al | amount and al
component intensitie@Vischmeier & Smith, 1978Higher intensity and terminal velocity

of arainfall generallyresults in the increase the median raindrop ze (Wischmeier &

Smith, 1978) Rainfall energy is directly related to rain intensgyce the energy of a

given mass in motion is proportional to velocity squakegliationss and 6(Zainal, 1992)
describethe relationshipwheree; is thekinetic energy for? intervat

Q ¢pmPwé QQ N XPOFTR (5)
Q¢ yap Q. XHOAR (6)

However, large variations exist in the estimation of soil erosion. This is due to the
availability of limited data and relevant information for calculating the factors; especially
the rainfall erosivity factor. Realistic estimation of monthly rainfall etts El3o values
requires long term pluviographic data at 15 min intervals or less. In many parts of the
world, especially developing countries such as Malaysia, spatial coverage of pluviographic
data is often difficult to obtain. Monthly, seasonal andiuah rainfall data are usually
available for longer periods and are generally used to calculate R {Atiastry of
Natural Resources and Environment Malaysia, 20t@hce are likely toesultin a less
accurate estimatioof rainfall erosivity.

In the Urban Stormwater Managemémanualfor Malaysia rainfall design methods have
been adjusted to suit Malaysian conditions. The frequency and intensity of rainfall in
Malaysia is much higher than in most countridased on Vwme 4 (Chapter 13Design
Rainfall), the maximum 3®ninutes rainfall intensitylso) for the storm of requiredRI
were determined by using 20 years ARI desigmre Average Recurrence Interval (ARI) is
referred to as the return period, is the averagetteoftime between events that have the
same magnitude, or volume and dura{ibepartment of Irrigation and Drainage Malaysia,
2000) Equation 7(Department of Irrigation and Drainage Malaysia, 20680 be used to
get rainfall intensity values for a given duration a®ll, once the values of coefficierds

b, c,andd are known Table 5 gives derived values of ¢hcoefficients in equation below
for the Cameron Highlands in the state of Pah&ogn the Department of Irrigation and
Drainage Malaysia
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IT0O o Gaéd wad Qa & (7)
Where:
RI.7 The average rainfall intensitynm/hr) for ARI and duration t
R 1 Average return interval (years)
t 17 Duration (minutes)
a, b, candd are fitting constants gendent on ARI

Table 5: Fitted coefficient a, b, ¢ and d for Cameron Highlaf@spartment of Irrigation
and Drainage Malaysia, 2000)

State Location Data ARI Coefficients of the IDF Polynomial
Period (year) Equations
a b C D
Pahang Cameron 1951 2 49396 @ 0.2645 -0.1638 @ 0.0082
Highland 1990

5 4.6471 0.4968 -0.2002 @ 0.0099
10 43258 0.7684 -0.2549 0.0134
20 48178 0.5093 -0.2022 0.0100
50 5.3234 0.2213 -0.1402 0.0059

100 5.0166 0.4675 -0.188 = 0.0089

After determining thesb, R factor is obtained by using the equat®(Forest Research
Institute Malaysia, 1999and equation 9(Morgan & Davidson, 1986pelow. Elso in
equation 8 ighe individual storm index valuesmilar to equation 4 but using a different
eqguation developed by Morgan (198Bpsed on Volume 4 (Chapter-1B3esign Rainfall)

in the Urban Stormwater Managemeévitinual for Malaysia the maximum 3@ninutes
rainfall intersity (Iso) for the storm of required\RI were determined by using 20 years
ARI design.

(0]6)
D Y&t
O B¢ Y@y

(8)

(9)

Ei Annual erosivity (J/rf)
l30T The maximum 3@ninutes rainfall intensity (mm/hr) for the storm of required ARI
P11 Annual rainfall (mn)

Anothersimilar equation is also proposed Bwls (1978)for calculation of the R value
based on empirical study in Indonesia as shown below where P is the annual precipitation
in mm. This equation is applicable to Malaysia because moflai climatic conditios to
Indonesia and data for annual precipitation is easier to obtaiphlimraographic data at 15

min intervals or less in a developing countguation 1QBols, 1978)is shown below:
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Pi1 Annual rainfall (mm)
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3.2 Data

The amount of rainfall and the number of rainy days are higher in Cameron Highlands
because of the highumidity and thdower evaporation irthe highlandsconpared to the
lowlands (Fortuin, 2006) The average annual rainfallof Cameron Highlansl is
approximately2,800 mmand he averagemonthly rainfallamount is roughly betweetb0

to 250 mm(Fortuin, 2006) Precipitation happens frequently in Cameron Highlands with
morerainfall amountduring thetwo majormonsoonsNortheast and Southwe&oriman,
Karim, Mokhtar, Gazim, & Abdullah, 2010The months oflanuary and Februaare the

most aridwith monthly rainfall amounof about100 mm while October and November are
the moistestmonthswith monthly rainfall amounof about350 mm(Fortuin, 2006)

1) Automatic Rainfall Gauge Station

Hydrological data can be obtained from the Hydrological Station of the Department of
Irrigation and Drainage (DID) Malaysia. There asaly 31 automaticrainfall gauge
stationsinstalledin the State of Pahang wigeCameron Highlands is locatehd only one
automaic rainfall gauge statiom Cameron Highlands itsedituatedon Mount Brinchang
(Ministry of Natural Resources and Environment Malaysia, 20T0)s data provide
continuous 1@minute interval rainfall records to calculdtee maximum 30 minute rainfall
intensity (Elso). The data collectedatesfrom 1999 to 2008Therefore data from one
automaticrainfall gauge station doe®t provideenough spatial coverage of pluviographic
data to obtain an accurate R factusing equiaon 3, 4, 5 and 6 which requires the
computation of Ed.

2) Manual Rainfall Gauge Station

Table 6 presents station nanmand location of the 1énanualrainfall gauge stations in the
Cameron Highlands. Thesmanual rainfall gauge stations are managedy blenaga
National Berhad (TNB) showmiMap 2. Daily precipitation records are available ®r
years starting om 1999 to 2006 showm iTable 7. R factor can be calculated using
eqguation8 and 9 after obtainingd value using equation The fitting constantga, b, c, d)
for the FI; value is shown iriTable 5 for the 20 years ARI desigto be calculate in
equation Avhere R is 2Q/ears and t is 30 minutes, this would provide thevdlue to be
placed in equation 8The other way of calculating R factor liy using equation 1@y
utilizing theannual precipitation.

Table6: TNB Manual Rainfall Gauge Statisn

9001 Blue ValleyTea Estate 101.4194 4.5861
9002 KampungRaja 101.4167 4.5514
9003 Telomintake 101.4250 4.5422
9004 QungaiPalasTea Estate 101.4167 45167
9006 Station Janaletrik Bintang 101.4250 4.4944
9007 Bahi Kaji Iklim Tanah Rata 101.3833 4.4667
9008 Station MARDI Tanah Rata 101.3850 4.3875
9009 Siation Janaletrik Habu 101.3833 4.4167
9010 BohTea EstatéKilang) 101.4250 4.4514
9111 Balai Kajicuaca Tanah Rata 101.3667 4.4667

21



Legend
rain station TNB
STN_NO
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Map 2: Location of TNB ManuaRairfall GaugeStatiors

Table7: Annual Precipitation Records from TNB (mm)

Stsgon 1999 2000 2001 2002 2003 2004 2005 2006 Average
9001 | 2183.7 2077.7 1852.8 1417.4 1788.5 1397.0 1827.0 2970.0 1939.26
9002 | 2663.9 2429.6 2289.6 2023.2 2404.2 2177.6 1716.3 2529.3 2279.21
9003 | 1638.5 1341.0 1471.0 1867.0 24325 1417.0 1967.1 2340.5 1809.33
9004 | 3654.4 2873.0 2382.0 2411.5 2894.0 2907.0 2201.0 2704.0 2753.36
9006 | 3516.5 2921.5 2452.0 2537.5 20990 2222.0 22255 2590.5 2570.56
9007 | 3369.0 2934.2 2488.5 2338.0 2544.2 2283.2 2210.3 2556.0 2590.43
9008 | 3309.4 2908.3 2433.0 2226.3 2733.5 2456.8 2158.9 2698.4 2615.58
9009 | 3096.5 3017.0 2206.5 2006.0 2406.7 1929.0 2108.0 2459.0 2403.59
9010 | 2949.0 2407.0 2021.0 1866.5 2508.5 2121.2 1833.1 2316.6 2252.86
9111 | 3707.1 3172.0 2631.7 2816.9 2975.8 2411.6 2883.4 2776.9 2921.93
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3.3 Method

After data collectionR factorwas determined for each year for all seleataifall gauge
stationsusing the equationsted aboveThen,the average Ractor or each rainfall gauge
station wa inserted into ArcGISlsohyetmaps for R factor we generated usingrcGIS.

All the data points were interpolated spatiallyngsthe Ordinary Kringing methofdund

in the ArcGISSpatial Analyst toolo make thesame resolution or grid cell size as the other
mapsinsertedin the ArcGE (Ministry of Natural Resources and Environment Malaysia,
2010) The parameers used for Kringing method aséown n Table8. Kringing is based

on statistical models that include autocorrelatiorthat is, the statistical relationships
among the measured points. Because of this, not only do geostatistical techniques have the
capability of prodicing a prediction surface, they also provide some measure of certainty
or accuracy of predictions.

Table8: Summary of interpolation parameters using simple Kringmistry of Natural
Resources and Environment Malaysia, 2010)

Parameter

Values

Value to be interpolated

R factor

Semivariograms Properties
A. Kringing Method

Ordinary Kringing

B. Semivariogram Model Spherical
Interpolation cell size 5x5 km
Kringing Parameter

A. Search Type Fixed

B. Number of Points 15

C. Maximum Search Distance 150 km

3.4 Results

Rainfall erosivity or isohyet map for the R factor was developedusing the method
described aboveThere wa not enough spatial coverage of pluviographic diaten the
automatic rain gage stationto obtain an accurate R factor using equatiod,3% and 6
because data for one rainfall station is not endagimterpolation of R factor for the area
of the upper catchment of Cameron Highlantise R factor prduced from equation 7, 8
and 9 was too big shownn Map 3. The most accurate R factor was obtained using
equation 10 for Cameron Highlands showrMap 4. The value of R factor for Cameron
Highlands was compared witither methods byHarper, 1987 from Thailand which yield
the results of 993 MJ.mm/(ha.hr.year), Merritt, 2@@2n Thailand whicthyield the results
of 1003 MJ.mm/(ha.hr.yeagnd Morgan, 1974 frorMalaysiawhich yield the results of
1379 MJ.mm/(ha.hr.yearLell size of 20n was used for this map.
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Map 3: R Factorusing the FRIM,1999 methoddé&ation 7, 8, 9)
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Map 4: R factorusing Bols, 1978 method (Equation 10)
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4  SOIL ERODIBILITY FACTOR (K)

4.1 Literature Review

The soil erodibility factor (K factorineasureshe susceptibilityof soil particles or surface
materials to transportation and detachment by the amount of rainfall and runoff input
(Renard, Foster, Weesies, McDool, & Yoder, 199%)is known that the most easily
eroded soil particlesire silt and very fine sand anbet less erodible soil particles are
aggregated soils because theyaseruedogether making it more resistib|im, 2006)

The K factor soil survey data comprises measurement under a standard unit hlet;
standard unit plot has a 9 percent gradient skpa length of 22.1 m in a continuous
fallow condition(Weesies, 1998)The most widely ustand frequery cited relationship

to estimate th& factoris the soHlerodibility nomograptusing measurable propertiéche

soil erodibility nomograpltomprises five soil profile parameters: percent of modified silt
(0.0020.1mm), percent of modifiedaad (0.22mm), percent of organic matter (OM),
class for soil structure (s) and permeability (p). Extensive work is done by Tew, 1999 to
produce a Malaysian condition soil erodibilty nomograph, based on unmodified
nomograph by Wischmeier, 194and relatie K values obtained from experimental work
using a portable rainflasimulator. Modifications are carried out to get the best correlation
between relative K value and the predictedv&lue from the existing nomograph to
produce a nongraph for Malaysian sbseries by modifyingthe four parameters in the
nomographaccordingly:percentage of sand passing 6206 mm, percentage of organic
matter content, soil structure and permeabilittye resulted @mograph is shown iRigure

9 (Tew, 1999) A similar equation is also derived for the calculation of soil erodibility for
Malaysian Soil Series shown in equation(Tg&w, 1999)

O p8 pm pg OODD® ®i o yYdtn ¢ Tpnm (11)
Where:
K1 Soil Erodibility Factorton/ha)(ha.hr/MJ.mm)
M1 (% silt +% very fine sand) x (100% clay)
OM T % of organic matter
ST soil structure code
P11 permeability code
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Figure 9: Soil Erodibility Nomograpl{Tew, 1999)

In Malaysia, the values of K factor for soil series have been determined by the Department
of Agriculture (DOA). The most recent values from 2010 are obtained from DOA
consisting 289 soil series type anihe respectiveK values. The first 15 soil series are
shown inTable9:

NO SOIL SERIES CODE K Value
1| ASAHAN AHN 0.002621
2 | AKOB AKB 0.002200
3| ALMA AMA 0.002210
4 | APEK APK 0.002591
5| ALOR SEMAT AST 0.002200
6 | AWANG AWG 0.003079
7 | BUKIT AJIL BAL 0.002200
8 | BENDA NYIOR BAR 0.002200
9 | BEMBAN BBN 0.002200

10 | BERINCHANG BCG 0.002205
11| BELADING BDG 0.002257
12 | BADAK BDK 0.002252
13| BEDUP BDP 0.002200
14| BEOH BEH 0.002200
15| BAGING BGG 0.002571

Table9: K factor for MalaysianSoils (Department of Agricultuy2010
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4.2 Data

The Malaysian soil series map svavailable for Peninsular Malaysia from the Department
of Agriculture (DOA) shown inFigure 10. Figure 11 shows the close up of Cameron
Highlands located in the state of PahaimgFigure 11, the redrepresentsirban land and
the green represents soil group B which means soils havimgpderate infiltration rate
when thoroughly wet and have moderately fine texture to moderately coarse t&keire.
surface soils in Cameron Highlands are higigatheredthey are approximately 50%
sand and 30% silt or cla¥rortuin, 2006) The soil group for th&€ameron Highlands was
not specifically definedn Figure10 from DOA. TheCameron Highlandsoil seriesshape
file for ArcGIS input wasrequested andbtained from the Deptment of Agriculure as
shown inMap 5. The soil series shape file shoWseesoil categories: mined land, steep
land and urban land.
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Figure 10: Peninsular Malaysia Soil Group Map (Department of Agricul{2@07
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Figure 11. Cameron Highlands Soil Group Map from Figure 1
(Department of Agriculture)
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Map 5: Cameron Highlands Soil Grouphape Fildrom Department of Agriculture
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