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MONDAY 3*” JULY 2006

FLUVIAL SEDIMENT DYNAMICS AND THE IMPORTANCE OF EXTREME EVENTS
0845-0850 WELCOME AND OPENING COMMENTS

0850-0910 Suspended sediment yield from continents mto the world ocean, spatial and temporal changeability
AP DEDKOV & AV GUSAROV (RUSSIA)

0910-0930  Sediment yields m the Exe basin a longer-term perspective
ANNA HARLOW, BRUCE WEBB & DES WALLING (UK}

0930 - 0950  Influence of different factors on the sediment yield of the Oka basin rivers (Central Russia)
VALENTIN GOLOSOV (RUSSIA)

0950 - 1010 Glacial erosion and sediment transport in the Mittivakkat Glacier catchment, Ammassalik Island, southeast Greenland,
2005
BENT HASHOLT & SEBASTIAN H MERNILD (DENMARK)

1010- 1030  Sediment transport during a flushing flow m the lower Ebro River
RAMON J BATALLA, DAMIA VERICAT & ANTONI PALAU (SPAIN)

1030-1040  Questions and Review of Session - Chair Rob Duck

1040-1110 MORNING COFFEE / REFRESHMENTS

1110-1130  Flood and sediment transport response to hydrometeoroalogical events of diverse magmtude 1 Vallcebre basin, Eastern
Pyrenees
MONTSERRAT SOLER, DAVID REGUES, JEROME LATRON & FRANCESC GALLART (SPAIN)
1130-1150  Episodic discharge of coarse sediment m a mountain torrent
RICHARD JOHNSON & JEFF WARBURTON (UK)
1150 - 1210  The life-span of a small high mountain lake, the Vordere Blaue Gumpe 1n the Bavarian Alps
DAVID MORCHE, CHRISTIAN KATTERFELD SEBASTIAN FUCHS & KARL-HEINZ SCHMIDT (GERMANY)
1210-1230  Output of bed load sediment from a small upland drainage basin in Hong Kong
MR PEART & L FOK (HONG KONG)
1230-1250  Suspended sediment dynamics for June storm events in the urbamized River Tame, UK
DM LAWLER, I DL FOSTER, G E PETTS, S HARPER & I P MORRISSEY (UK)
1250- 1300  Questions and Review of Session — Chair Peter Molnar

1300 - 1400 LUNCH

1400 - 1420 A volumetric approach to estimate bed load transport in a mountain stream (Central Spanish Pyrenees)
N LANA-RENAULT, D REGUES, J LATRON, E NADAL, P SERRANO & C MARTI-BONQO (SPAIN)

1420 - 1440 An underutilized resource histoncal flood chronologies a valuable resource for determining hydrogeomorphic change
NEIL MACDONALD (UK)

1440 - 1500  Estimating so1l erosion and sediment transport in the drainage basin of the proposed Selova Reservoir, Serbia
STANIMIR KOSTADINOV, NADA DRAGOVIC & MIRJANA TODOSIJEVIC (SERBIA & MONTENEGRO)

1500 - 1520  The effect of the ‘Great Flood of 1993° on suspended sediment concentrations and fluxes 1n the Mississippt River Basin,
USA
ARTHUR J HOROWITZ (USA)

1520 - 1530 Questions and Review of Session — Chair Larissa Naylor

1530-1555 AFTERNOON TEA / REFRESHMENTS

1555-1615  Hydromorphological adjustment in meandering river systems and the role of flood events
JANET HOOKE (UK}

1615 - 1635 Sediment transport rates of major floods 1n glacial and non-glacial rivers in Norway in the present and future climate
JIM BOGEN (NORWAY)

1635-1655  Sediment erosion, transport and deposition during the July 2001 Mawddach extreme flood event
GRAHAM HALL & ROGER CRATCHLEY (UK)

1655-1715  Evaluating the impacts of impoundment on sediment transport using short-lived fallout radionuclides
FRANCIS J MAGILLIGAN, NIRA L SALANT, CARL E RENSHAW, KEITH H NILSOW ARJUN HEIMSATH &
JAMES M KASTE (USA)

1715-1725  Questions and Review of Session — Chair Edeen Cashman

1725 CLOSE OF DAY 1 PAPER SESSIONS
1800 DINNER FOR RESIDENT DELEGATES
1910 CITY OF DUNDEE CIVIC RECEPTION in Dundee City Chambers — open invitation to all delegates and

guests, Buses available (one-way) to transport delegates into the city.
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TUESDAY 4™ JULY 2006
THE STRUCTURE, FUNCTIONING AND MANAGEMENT OF FLUVIAL SEDIMENT SYSTEMS

0850-0910
0910 - 0930
0930 - 0950

0950 - 1010

1010 - 1030

1030 - 1040

1040 - 1110

1110-1130

1130-1150

1150 - 1210

1210 - 1230

1230 - 1250

1250 - 1300
1300 - 1400
1400 - 1420
1420 - 1440

1440 - 1500

1500 - 1520
1520 - 1530
1530 - 1555
1555 - 1615
1615 - 1635

1635 - 1655

1655 - 1715

1715 - 1725

1725

1800

1930

Varety 1s the spice of river life recognmising hydraube diversity as a tool for managing flows m regulated rivers

M C THOMS, M REID K CHRISTIANSON & F MUNRQ (AUSTRALIA)

Changing use and hydromorphological adjustment n a coastal lagoon — estuarme system, the Ria de Aveiro, Portugal
JOSE FIGUEIREDO DA SILVA & ROBERT W DUCK (PORTUGAL)

Multi-scale analysis of island formation and development 1n the Middle Loire River, France

EMMANUELE GAUTIER & STEPHANE GRIVEL (FRANCE)

Modelling flow, erosion and long term evolution of ncising channels managing hydrology and geomorphology for
ecology

TIMOTHY NORTON, JULIAN LEYLAND & STEPHEN DARBY (UK)

The role of sediments n the dynarmcs and preservation of the aquatic forest in the Nestos delta (N Greece)

D EMMANOULOUDIS, D MYRONIDIS, S PANILAS & G EFTHIMIOU (GREECE)

Questions and Review of Session — Chair Dirk De Boer

MORNING COFFEE / REFRESHMENTS AND FORMAL POSTER SESSION (1)

Evaluating the effectiveness of the Illinois River Conservation Reserve Enhancement Program m reducing sediment
delivery

MISGANAW DEMISSIE, LAURA KEEFER, JIM SLOWIKOWSKI & KIP STEVENSON (USA4)

A practical method for the management of road runoff

INGRID TAKKEN JACKY CROKE, SIMON MOCKLER (AUSTRALIA)

The use of buffer features for sediment and phosphorus retention in the landscape mmplications for sediment dehivery and
water quality in nver basins

PN OWENS, JH DUZANT, L K DEEKS G A WOOD, R P C MORGAN & AJ COLLINS (UK)

Sediment momtormg and sedunent management in the Rhine Raver

STEFAN VOLLMER & EMIL GOELZ (GERMANY)

Are floodplain-wetland plant communities determined by seed bank composition or mundation periods?
MUNIQUE WEBB, MICHAEL REID, SAMANTHA CAPON MARTIN THOMS SCOTT RAYBURG & CASSANDRA
JAMES (AUSTRALIA)

Questions and Review of Session — Chair Andjelka Belic

LUNCH

Morphometric analysis of UK lake systems as a compliance tool for the European Water Framework Directive

JOHN S ROWAN, IAIN SOUTAR & GEOFF E PHILLIPS (UK)

Flows that form the hydromorphology of concave-bank bench formation m the Ovens River, Austraha

G JVIETZ, M J STEWARDSON & B L FINLAYSON (AUSTRALIA)

Strategies for reducing sediment connectivity and land degradation 1n desertified areas using vegetation the RECONDES
Project

PETER SANDERCOCK & JANET HOOKE (UK)

The diversity of inundated areas in sermarid flood plain ecosystems

ORLA MURRAY, MARTIN THOMS & SCOTT RAYBURG (AUSTRALIA)

Questions and Review of Session — Chair Harriet Orr

AFTERNOON TEA / REFRESHMENTS

Unravelling the physical template of a termunal flood plamn-wetland sediment storage system

SCOTT RAYBURG, MARTIN THOMS & ERIN LENON (AUSTRALA)

Ruver sediment/pathogen interactions importance for policy development on safe water practices

IAN G DROPPO, STEVEN N LISS, DECLAN WILLIAMS & GARY G LEPPARD (CANADA)

Linking pattern and process. the effects of hydraulic conditions on cobble bio-film metabolism in an Australian upland
stream

MICHAEL REID & MARTIN THOMS (AUSTRALIA)

Combining biology and hydrology — questions from an mntegrated study of chalk streams

ROGER § WOTTON & GERALDENE WHARTON (UK)

Questions and Review of Session - Chair Ellen Petticrew

CLOSE OF DAY 2 PAPER SESSIONS

DINNER FOR RESIDENT DELEGATES

TASTE OF SCOTLAND - WHISKY & CHEESE RECEPTION (open invitation to all delegates and guests)
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TUESDAY 4™ & THURSDAY 6™ JULY 2006

TWO POSTER SESSIONS WITH AUTHORS IN ATTENDANCE (1040 - 1110)

The role of channel storage m controlling the effective particle size characteristics of fine sediments
PAUL A CLARK, DESMOND E WALLING & GRAHAM J L LEEKS (UK)

Erodibility of Quaternary alluvial terraces of the Taleghan dramnage basin, Iran
SADAT FEIZNIA & MOHAMMAD-SADEGH ZKIKHANI (IRAN)

Extending flood records using geochemical analysis of palacochannel sediments
ANNA F JONES, PAUL A BREWER & MARK G MACKLIN (UK)

Erosion and accumulation processes in the Azau Valley i Central Caucasus during the last thousand years
ADAM LAJCZAK (POLAND)

Space and time vaniability of suspended particulate matter (SPM) transport in 32 French rivers

MANO, V., MOATAR, F COYNEL, A ETCHEBER, H, LUDWIG, W, MEYBECK, M, NEMERY, J, POIREL,
A, BLANC, G & SCHAFER J (FRANCE)

Taking stock of lake hydrology i the UK
ANDREW BLACK JOHN ROWAN, OLIVIA BRAGG & ROBERT DUCK (UK)

Spatial and temporal vartation of grain size distributions of alluvial deposits 1n an Alpipe river
DAVID MORCHE & MARKUS WITZSCHE (GERMANY)

Identifying scientific questions and tools for delivering WFD monitoring requirements — recent research on

managed realignment sites
LARISSA NAYLOR, ELIZA GHITIS, ROBIN ROTMAN & ASHLEY SPRATT (UK)

Hillslope erosion submodel for ramfall-runoff model m GIS
ALEJANDRO DUSSAILLANT (CHILE)

Sediments m one of the drainage canals from the Danube-Tisa-Danube hydro-system
S PANTELIC, A BELIC, PHD, R SAVIC, & S BELIC (SERBIA & MONTENEGRO)

Application of remote sensing data to reconstruct long-term changes 1n lake water quality parameters across
Europe

EIRINI POLITI, MARK CUTLER & JOHN ROWAN (UK}

The mechamcs and sigmficance of debris flows m Scotland a case-study in Glen Ogle

FRASER MILNE, MICHAEL C R DAVIES & ALAN WERRITTY (UK)

Ruver suspended sediment yield mvestigation by MLP neural network, case study of the Bar River, Neyshaboor,
Iran
SEPIDEH ZAKIKHANI, HADI MEMARIAN KHALILABAD & SADAT FEIZNIA (IRAN)

Longitudinal patterns of bed (not bar) material gramn size samples 1n a large, coarse and nuxed bedded, navigable
river
MICHAEL BLISS SINGER (USA)

The Ayeyarwady River - 125 years on
RUTH ROBINSON, MICHAEL BIRD, NAY WIN OO DAVID HIGGITT, LU XI XI, MAUNG MAUNG AYE &
TREVOR HOEY (UK)

Analysis of the relation between “horizontal” flow turbulence and bed deformation
DONATELLA TERMINI & CARLO LO RE (ITALY)

Incorporating chimate change 1n niver typologies
ORR, HG, WALSH, C L, LARGE, ARG, NEWSON, M D, KILSBY, CG & WILBY R L (UK)

Riffle-pool morphology, morphodynarmics and bed mobility under disturbed und undisturbed sediment supply
conditions

THOMAS VETTER (GERMANY)

The observation and quantification of o1l mugration and bmding in sediments using T, magnetic resonance
imaging

ALISON REEVES & SANDY CHUDEK (UK}

Significance of extreme storm runoff m the delivery of lullslope sediment to upland fluvial systems
JEFF WARBURTON, RICHARD JOHNSON & DAVID MILLEDGE (UK)

The deternunation of effective sediment yield factors using Principal Component Analysis
MOHAMAD SADEGH ZAKIKHANI, MASOUD NASRI & SADAT FEIZNIA (IRAN)
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WEDNESDAY 5™ JULY 2006

FIELD EXCURSION SEDIMENT DYNAMICS AND THE HYDROMORPHOLOGY OF THE
RIVER TAY, SCOTLAND

All Delegates and guests are nvited to journey up the River Tay, from the lower reaches of the estuary
to the headwaters and beyond!

0830 DEPART CONFERENCE CENTRE
ITINERY
Lower Tay Estuary Water circulation and sediment provenance
Upper Tay Estuary Hydromorphological adjustment
City of Perth Flood risk mitigation strategies in an uncertain climate
Pitlochry Faskally Dam and Pitlochry salmon ladder

PACKED LUNCH

River Garry Wandering gravel-bed rivers and conservation constraints
Loch Tummel Hydropower, hydromorphology and ‘The Queen’s View’
Allt Dubaig Sediment transport and downstream fining processes
Distillery Tour Further research into the ‘water of life’

1800 RETURN DUNDEE

1930 Conference Centre Residents Dinner

Epigraphic flood record of River Tay floods inscribed into Smeaton’s Bridge, Perth



IAHS Publication 306

ISSN 0144-7815

Sediment Dynamics and the Hydromorphology of Fluvial Systems
Dundee, Scotland 3™ - 7*" July 2006

THURSDAY 6™ JULY 2006
UNLOCKING THE STRATIGRAPHIC RECORD

0850 - 0910

0910 - 0930

0930 - 0950

0950 - 1010

1010 - 1030

1030 - 1040

1040-1110

1110-1130

1130-1150

1150 -1210

1210-1230

1230 - 1250

1250 - 1300

1300 - 1400

1400 - 1420

1420 - 1440

1440 - 1500

1500 - 1520

1520 - 1530

1530 - 1555

1555 - 1615

1615 - 1635

1635 - 1655

1655-1715

1715 - 1725

1725 - 1735

1745

1930

Variation of suspended sediment transport i the Timah Tasch reservorr catchment, Perlis Malaysia human impacts and
the role of tropical storms

ZULLYADINI A RAHAMAN & WAN RUSLAN ISMAIL (MALAYSIA)

Using geochermcal stratigraphy to indicate post-fire sediment and nutrient fluxes mto a water supply reservorr, Sydney,
Australia

WILLIAM H BLAKE, PETER J WALLBRINK STEFAN H DOERR RICHARD A SHAKESBY GEOFFREY S
HUMPHREYS, PAULINE ENGLISH & SCOTT WILKINSON (UK)

The role of organic matter on the adsorption of mercury in sediments from Amazon lakes, Brazil

DANIEL MARCOS BONOTTO MARCELO VERGOTTI & ENE GLORIA DA SILVEIRA (BRAZIL)

Dating of reservorr and pond deposits by the **’Cs techmque to assess sediment production m small so1t catchments of
the Hilly Sichuan Basin and the Three Gorges Region, China

ZHANG XINBAO, QI YONGQING HE XIUBIN, WEN ANBANG, FU JIEXIONG (CHINA)

Reservorr sedimentanon trends m Ohio, USA sediment delivery and response to land-use change

WILLIAM H RENWICK & ZACHARY D ANDERECK (USA)

Questions and Review of Session — Des Walling

MORNING COFFEE / REFRESHMENTS AND FORMAL POSTER SESSION (2)

The use of '’Cs and *'%Pb,, to mvestigate sediment sources and overbank sedimentatron rates in the Teesta River basin,
Sikkim Himalaya, India

W FROEHLICH & D E WALLING (POLAND)

Sediment storage and transfer in the Mekong generalisations on a large niver

AVIJIT GUPTA S C LIEW & ALICE W C HENG (UK)

Holocene sediment budgets of the Rhine Delta (the Netherlands) a record of changing sediment delivery

GILLES ERKENS, KIM M COHEN, MARC J P GOUW, HANS MIDDELKOOP & WIM Z HOEK (NETHERLANDS)
The deposition and storage of sediment-associated phosphorus on the flood plains of two lowland groundwater fed
catchments

DEBORAH BALLANTINE, DESMOND E WALLING & GRAHAM JL LEEKS (UK)

Changing fluxes of sediments and salts as recorded 1n lower River Murray wetlands, Australia

PETER GELL, JENNIE FLUIN JOHN TIBBY DEBORAH HAYNES SYEDA IFTEARA KHANUM, BRENDAN WALSH
GARY HANCOCK, JENNIFER HARRISON ATUN ZAWADZKI & FIONA LITTLE (AUSTRALIA)

Questions and Review of Session — Martin Thoms

LUNCH

The mnfilling of a terminal floodplain wetland complex

ROBERT COSSART MARTIN THOMS & SCOTT RAYBURG (AUSTRALIA)

The mmportance of temporal changes 1n gravel-stored fine sediment on habitat conditions 1n a salmon spawning stream
ELLEN L PETTICREW & JOHN F REX (UK)

Investigating the remobilization of fine sediment stored on the channel bed of lowland permeable catchments m the UK
ADRIAN L COLLINS & DESMOND E WALLING (UK)

Unravelling flood history using matrices in fluvial gravel deposits

LYNNE E FROSTICK, BRENDAN MURPHY & RICHARD MIDDLETON (UK)

Questions and Review of Session — Wojciech Froehlich

AFTERNOON TEA / REFRESHMENTS

Raver floodplains as carbon simks

D E WALLING, D FANG & RJ SWEET (UK}

Debns flows i Scotland the role of hillslope-channel coupling on downstream sediment delivery

ALAN WERRITTY, FRASER MILNE, MICHAEL DAVIES TREVOR HOEY & ANDREW BLACK (UK)

The impact of changes 1n climate, upstream land use and flood plamn topography on overbank deposition

IVO THONON, HANS MIDDELKOOP & MARCEL VAN DER PERk (NETHERLANDS)

A gradient or mosaic of patches? The textural character of inset-floodplan surfaces along a dryland nver system
MARK SOUTHWELL & MARTIN THOMS (AUSTRALIA)

Questions and Review of Session — Chair Bill Renwick

CLOSE OF DAY 3 PAPER SESSIONS

ICCE PLENARY SESSION

CONFERENCE BANQUET AT DISCOVERY POINT DUNDEE (OPTIONAL)
RESIDENTS’ DINNER AT CONFERENCE CENTRE

V1
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FRIDAY 7™ JULY 2006

EXPERIMENT-BASED AND MODELLING APPROACHES TO SEDIMENT RESEARCH

0850-0910  Sediment phosphorus dynamics m tile-fed dranage ditches
DR SMITH, EA WARNEMUENDE, BE HAGGARD & C HUANG (USA)

0910-0930 A framework for predicting delivery of phosphorus from agricultural land using a decision-tree approach
RICHARD BRAZIER MICHAEL SCHARER, LOUISE HEATHWAITE KEITH BEVEN PAUL SCHOLEFIELD, PHIL
HAYGARTH ROBIN HODGKINSON, DES WALLING AND PAUL WITHERS (UK)

0930 - 0950  Nutrient and contarmnant enrichment i rural areas of southwest Germany
MARTIN SCHWARZ & STEPHAN FUCHS (GERMAY)

0950-1010  Salimity and erosion a preliminary mnvestigation of so1l eroston on a salinised hillslope
MEL NEAVE & SCOTT RAYBURG (AUSTRALIA)

1010 -1030  MOSESS a model for soil erosion prediction at small scales
EDUARDO E DE FIGUEIREDO & HERBETE H R C DAVI (BRAZIL)

1030 - 1040  Questions and Review of Session — Chair Art Horowitz

1040—1110 MORNING COFFEE / REFRESHMENTS

1110-1130  The comparison of numerical and experimental study of dam-break mduced mudflow
SZU-HSIEN PENG & SU-CHIN CHEN (TATWAN)
1130 - 1150  Predicting erosion patterns using a spatialty distributed erosion model with spatially vanable and umiform parameters
DIRK H DE BOER (CANADA)
1150 - 1210  Analysis of local scour downstream of bed sills prelimunary results of experimental work
DONATELLA TERMINI (ITALY)
1210-1230  Importance of watershed lag times in [USG development
KAZIMIERZ BANASIK, MARIUSZ BARSZCZ & LESZEK HEJDUK (POLAND)
1230 - 1240  Questions and Review of Session — Chair Lynne Frostick

1240-1345 LUNCH

Model mmvestigations of the effects of land-use changes and forest damages on erosion 1n mountamous environments
1345 -1405 PETER MOLNAR, PAOLO BURLANDO, JORG KIRSCH & ELKE HINZ (SWITZERLAND)

1405 - 1425  Modelling the impacts of climate variability on sediment transport
EILEEN CASHMAN & KENNETH POTTER (USA4)

1425 - 1445 Effects of rainfall vanab:ility and land use change on simulated sediment yield with SHETRAN
EDUARDO E DE FIGUEIREDO & JAMES C BATHURST (BRAZIL)

1445 - 1455 Questions and Review of Session — Chair Emmanuél Gautier

1455 - 1505 Closing Comments

1505 -1530  AFTERNOON TEA / REFRESHMENTS

1530 - END OF CONFERENCE
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Variation of suspended sediment transport in the
Timah Tasoh Reservoir catchment, Perlis,
Malaysia: human impacts and the role of tropical
storms

A. RAHAMAN ZULLYADINI & ISMAIL WAN RUSLAN

[ivdroCcomor phology Rescarch Group Scction of Geograpin School of Humanitic s
Cnnver it Sams Malaysia HS00 \inden Penane Matavsia

sully cusm my

Abstract In recent years soil erosion, sediment transport and detettoration ot
water quahity 1n many river systems 1n Malaysia have become major conceins
Headwater stteams emanating from forested and agricultural lands supply
much of the potable water in this country The quality, quantity and timmg of
watet from these headwater catchments are strongly influenced by human
activities such as detorestation associated with land conversion for agricultural
purpases This study investigates the impact of human activities and the 10le
of tropical storms on the varnation of sediment transported into the Timah
Tasoh Reservoir, Perlis, Malaysia The study period was two yeats, with watet
samples and gauging cartied out bi-weekly and additional intensive sampling
conducted during storm events These samples were mtegrated with data from
two continuous hourly transmitted water-fevel recording stations located at the
major rivet nput of the reservon [ low and suspended sedunent rating curves
weie developed and used to estimate the discharge and suspended sediment
load Regression equations were used to estimate the dischatge and suspended
sediment Joading at stattons with hmited and discontinuous data The variation
ot suspended sediment load 1s significantly affected by the human activities
and the rainfall and runoff in the catchment aiea

Key words human mpact Malavsia scdiment foad  Tunah Tasoh Resenvorr

INTRODUCTION

In recent years. soi1l erosion, sediment transport and deterioration of water quahty in
many river systems m Malaysia have become major concerns Headwater streams
emanating from forested and agricultural lands supply much of the potable water n
this countiy The quality. quantity and timing of water trom these headwater catch-
ments are strongly influenced by human activities such as deforestation associated with
land conversion for agricultural purposes (e g Douglas ¢r of . 1992, Baharuddin &
Abdul Ralhim. 1994, Ziegler ¢f ol . 2000) The etfect ot land-use changes and human
activities on hydrology and sediment transport are well documented by several
reseaichers (Wan Ruslan & Zullyadim, 1994, Baharuddin, 1998, Stecgen ¢f af . 2000,
Nelson & Booth, 2002) Under natural conditions, a forest delays runoff and encour-
ages mfiltration (Bruygnzeel, 1990), but due to human activity such as urbanization and
settlement, construction, agriculture and other human activities, infiltration will be
greatly reduced thus increasing total runoff and peak flows

In tropical regions. storm events play an important role in determining the amount
ol sediment transpoited out of a catchment system (Wan Ruslan, 2000) Ttopical



372 Zullvadun 1 Rahaman & Wean Rustan Isinail

ramnfall 1s characterized by heavy and intense storms with laige rain drops influencmg
soil eroston and the removal and transport of sediment Raintalls with intensities
exceeding 200 mm h' have been reported, winle those greater than 100 mm h' are
common (I al, 1976). In Peninsular Malaysia, about 125 mm h s expected m 30-mn
dutation storms occurring approximately once m five years. and 100 mm h " intensities
occur once 1n two years (Douglas, 1984) Such storms would defintely create a higher
etoston rate, and will produce a high amount of suspended sediment transported by
river systems  This study mvestigates the role of tropieal storms and the impact of
human activitics on variations in the amount of sediment transported into a reservoir

THE STUDY AREA

I'mah Tasoh Reservon (6°36'N. 100°14°T) 1s located approximately 13 km north of
Kangar town near the Thailand boider (Fig 1) The teservorr has a mean surface area
of 1333 km” and a storage capacity of about 40 milhion m’ The 1eservoir receives
mputs filom two mam rivers, the Tasoh River and Pelanit River, which have a
combined basin area of 191 km” and supply approximately 97 million m* of water mnto
the 1eservon annually The reservorr 1s shallow with a maximum depth of 10 m and
submerged aquatic plants can be seen along the shoteline and in shallow areas At
piesent, the mam purpose of the resetvon s to supply water for domestie and
wndustiial use as well as for irmigation and flood contiol

[hiee river catchments flowing into the reservoir have been selected as the study
area. namely the Jarum River (R1). Upper Pelarit (R2) and Chuchuh River (R3) The
location of each study catchment is tHustrated m big 1 R1 has a catchment area of
644 km™. R2 427 km® and R3 14 8 km~ Table I shows the areal proportion of the
land use of cach of the study catchments The catchments can be giouped mto thiee
categories based on the percentage ot forest cover R3 15 nearly 99% covered with
fotest and very hittle affected by anthiopogenic disturbance R2 can be categorized as
pattially disturbed. with almost 91% forest cover However, this catchment has
quarrying which will mfluence the production of suspended sediment Fhe third
catchment, R1 1s considered highly disturbed with anthropogenic activities occuirtng
on 55 1% of the land area The disturbances are in the form of agriculture activities
such as sugar plantation, rubber and paddy

Iable 1 1 and use 1n the study catchments

Catchments larum Ruver (R1) Upper Pelanit (R2) Chuchuh River (R3)
I and-usc type Arca (km’) % Arca(km’) % Atca(hm) %o
Sucarcanc 1158 180

Urtban & scttlement 071 11 035 08 019 13
Mixed viop 222 34 021 05

Sciub 279 43 0133 08

Rubbet 12 94 201 209 49

Paddy 523 81 04 09

] orest 289 44 9 1872 9 6 14 61 98 7
Grass - 013 03

Quarry 05 12

lotal 64 4 100 272 100 148 100
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METHODOLOGY

Rainfall data were obtained from the six raingauges maintamed by the Dramage and
hiigaton Department (DID) of Perhis (Fig 1) Stiecamflow gauging and water sampling
were carried out every two weeks, integrated with frequent intensive samphing during
storm events Sampling was cartied out from January 2001 to December 2002

Continuous telemetrically-transmitted hourly water level records for R1 and R2
were obtammed from the DID Channel cross-sections, velocities and depths were
measured to obtain discharge data and three replicates were taken tor water sample
analyses The water samples were then filtered using Whatman GFC 47-mm filter
papet and oven dried for 24 hours to obtam the suspended sediment concentration The
suspended sediment concentration was computed by applying the suspended sediment
concentration rating curve equations summarized m lable 2 The suspended sediment
load for each station was determined by multiplying water discharge and sediment
concentration
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Table 2 Suspended sediment rating curve equations used 1o compute the suspended  sediment
concentration (SSC) for cach study catchment

Regression cquation P n S, Regresston cquation I n Sig

(Year 2001) level (Y ar 2002) level
Jurum Rncr (R1)
All Data SSC 0126077 050 207 001 SSC —00630"" 067 110 001
Baseflow SSC 01390 Y 079 65 001 SSC 00610 ° 034 22 o0l
Hightlow SSC =02010"7 051 43 001 sSC 003Q" 7 012 32 ool
Rismng limb SSC 041707 047 s noe1l SSC 135207 027 23 ool
Faltmy limb SSC 00740 w28 48 001 SSC 0057¢8 T 034 27 oot
e pper Pelarie (R2)
All Data SSC -0 065Q"Y 028 107 001 SSC 00320777 066 183 001
Baseflow SSC 00040 ™ 045 d6 001 SSC -0017Q™ 044 49 001
Thghflow SSC=01890°™ 020 36 001 SSC 00240 063 s 001
Risme limb SSC01970°7 046 44 001 SSC 008K 038 43 0wl
[ alling lnb SSC 00120 045 do 001 SN -0034Q" 038 36 001
Che el River (R3)
M Data SSC 012207 028 133 001 SSC 0 125Q" 0 195 0ol
Basctlon SSC 06440 042 48 001 SSC 00490 MY 0360 07 00l
Hightiow SSC=01960 - 023 37 001 S$SC 02450’ 035 4o ool
Rissne limb SSC - 0438 063 1T 001 SSC 04380 063 1T w0l
Fatling Limb SSC 00RO 082 31 001 SSC 0095Q 072 3 00l

RESULTS AND DISCUSSION
Total runoff

Uppet Pelant (R2) had the highest runoit during the study period at 2122 8 mm, while
Chuchuh River (R3) and Jaium River (R1) recorded 12159 and 1159 4 mm, 1espect-
tively (Table 3) When compared to the ranfall 1unoff coefficients. the same tiend
remains The runoft for R2 1s 61% of total rainfall For R3 this drops to 34 7% of total
raintall and for R1 the runoft'is 33 1% of total rainfall (not very much lower than R3)

I'he mean monthly runoff coefficients for each study area are 35 9%. 59 8% and
38 34% tor R1 R2 and R3, respectively ( Fable 3). closely resembhing the total runoft
coefticients For R1 the monthly runoff coefficients ranged between a mimimum ot
1 7% and a maximum of 86 72% The maxumum and mimimmum tunoif coclficients
were 8 2-165 4% for R2 and 12 5-92 6% for R3 The runoff exceeded ramiall twice at
R2, duting December 2001 and October 2002 This was duc to delaved rtunotf because
of the high rainfall in the previous month (239 4 and 2593 mm 1 October and
November 2001, respectively)

Baseflow and stormflow

The monthly average stormflow contribution n the Jarum River (RI) 15 31 9%,
varying fiom zeto to 69 7% (Fig 2) Maximum stormflow occurred 1n September 2002
teflecting high ramfall As illustrated in Tg 2, much of the runoff at R1 1s dominated
by baseflow, except during the wet season In Upper Pelarit (R2), the monthly average
of stormflow was 26 5%, with a maximum of 67 8% As illustrated m Fig 2, much of
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Porcertage (V9

Percentage (%)

Percertage (Y0

R1 R2 R3

Runotf  Raintall e Runoff  Ramfall ©o Runoft  Rantall %o
Year (mm) {mm) Runofl  (mm) (mm) Runoft  (mm) (mm) Runoft
1 otal 2001 5738 16974 338 1093 3 1812 603 604 3 16974 356
lotal 2002 5857 18086 324 1029 4 16695 617 6116 18086 338
lotal 11594 35060 331 21228 34815 610 12159 35060 347
Annual
nean 2928 904 3 5147 8348 3058 904 3
Month
Mcan 48 3 1461 359 885 1451 598 507 1161 383
Max 1399 2053 867 2265 3083 165 4 1455 2053 920
Min 80 00 17 33 00 82 87 00 125
Std Dey 389 949 2014 720 91 1 349 397 919 216

Monthly variation of Baseflow and Stormflow (%) Jarum River (R1)
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Fig. 2 Monthly variation of basellow and storm{low (%)each of the study catchments
during the study period
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the runoff 1n R2 1s dominated by bascflow Stormflow produces a monthly average of
35 3% of tunoff in Chuchuh River (R3), with a maximum of 69 6% Baseflow also
domnates the monthly runoff at R3, except during the wet months of April. May and
September—November 1t 1s clear that stormflow plays a significant 1ole n shaping the
runoff patterns of each catchment duiing the study period

Suspended sediment concentration

Generally. the suspended sediment concentiations closely follow anthropogenic activ-
ittes 1n the catchments (lable 4) The Uppet Pelarit (R2) has the highest mean
concentration of suspended sediment compared to the other two catchments Based on
all the data for 2001, the maximum concentration at R2 was 1544 mg [ | with a
minimum of 1.2 mg L' and a mean of 202 2 mg L '. These are generally higher values
than thosc recorded at the Jarum River (R1) and the Chuchuh River (R3) The
maximum concentration at R1 was 1118 1 mg L . with a munimum of 6 § mg I "and a
mean of 143 7 mg L'. Lower values were obtamed at R3. with a maximum concen-
tration of 702 4 mg L ", a mmimum ot 12 mg L "and a mean of 121 1 mg L !

Based on the whole data set, suspended sediment concentrations for 2002 showed
only slight differences from those of 2001 R1 reported a maximum of 864 8§ mg 1 "a
mean of 1179 mg L' and a mimmum of 23 mg L' Comparable values for R2 were
7848, 1472 and 1 6 mg L', respectively There was no difference mn the maximuin
and mmimum suspended sediment concentrations observed at R3 mn 2001 and 2002
(Table 4)

When the suspended sediment concentration data were divided into baseflow and
stormflow. a distinet contiast was apparent between the study catchiments Durning
baseflow, mean concentrations at R2 and R3 were much lower than at R1 By contrast,
at R2 the low sediment concentrations during baseflow give way to very much higher
values during stormflow, which clearly contributes most of the suspended sediment
Ihis 15 due to human activities around the catchment area Quarrying and former tin
mming 1 the catchment are the major sources of suspended sediment production
during storm events. Quarrying activities clearly influence the suspended sediment
concentiation transported into a river system Wan Ruslan & Zullyadimi (1994) show
that, duting a single storm, the masimum suspended sediment concentration was
63 200 mg L " and the lowest concentration 1100 mg L'

I'able 4 Desceriptive statistic of SSC (mg | 'y at the gauging stations (all data)
2 gauging

Upper Pelarit (R2) Jarum Ruver {R1) Chuchuh River (R3)

Y ear 2001 2002 2001 2002 2001 2002
NMean 2022 147 2 1437 1179 1211 9713
Maximum 1544 784 8 11181 8648 702 4 702 4
Minimum 12 16 68 23 12 12
SD 3242 157 6 125 4 18213 158 6 140 6

n 172 181 207 109 133 195
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Suspended sediment load

As expected, the Upper Pelarit (R2) had a suspended sediment load that 1s higher than
the other study catchments. The total suspended sediment load produced at R2 over
both years was 19688 9 t, compared to 15978 7 and 1923 4 t for Jarum River (R1) and
Chuchuh River (R3), respectively (Table 5) Storm runoff carried a small ptoportion of
the sediment output of R3 (1360 t) compated to RI (11 1481 t) and R2 (13 3223 t).
but the proportion of storm output over total load was the highest at R3 Storms
accounted for 70 7% of the sediment output at R3, slightly hgher than that at Rl
(69 8%) and R2 (67 7%)

Iable § Summary of suspended sediment load values of cach study catchments

R1 R2 R3
Period (vear) 2 2 2
Votal load (1) 15978 72 19 688 88 1923 37
Total vield (tkm ) 248 12 490 88 129 96
Annudl vietd for 2001 (Lhm ~ year ') 92 Ut 31015 5824
Annudl yictd for 2002 (tkm " year ') 15 78 50 73 7172
lotal storm {oad (1) 11 148 16 1332233 1360 00
Total storm yield (1 hm ) [73 11 31183 91 89
Annual storm vield for 2001 (t km ﬁ_\«:dr B} 3494 226 32 34 45
Annual storm yield for 2002 (1 hkm *vear ) 138 17 8553 57 44
Proportion of storm output over total load (%) 69 77 67 66 70 71

The monthly suspended sediment loads varied, reflecting the seasonal ramfail of
the study catchments (Table 6) At R1, the highest suspended sediment amount was
observed in October 2002 (2732 6 1) During this month, storms contributed as much
as 2615 1 t of suspended sediment load, accounting for 95 7% of total load of that
month. The lowest suspended sediment load was observed in February 2002 (15 07 1),
dutmg which no storm event was recorded

At R2, the highest monthly suspended sediment transported was m November
2001 (3766 9 t), during which 2625 6 t was contributed fiom stotm events The highest
petcentage of stoim contribution was obsetved m January 2001 which accounted for
97 7% ot the total load n that month, although January can usually be considered as a
dry month. Nevertheless. the few storms that did occur during this month contributed
much of the suspended sediment load This was due to the availability of new sediment
sources which had accumulated n the niver channel and from the slopes during the
previous wet month The lowest monthly suspended sediment load was in March 2002
(1 39 t) reflecting the driest period during the study with no storms recorded since the
end of January 2002

At R3, the highest monthly suspended sediment load was 1ecorded 1n November
2001 (283 1 1), of which 242 t was contributed from storms n this month The highest
monthly proportion of storm outputs was recorded n September 2002, reflecting the
beginning of the wet season within the study period Most of sediment accumulated
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1 able 6 Monthly variation of suspended sedsment for each study catchment
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Jarum River (R1)

Upper Pelarit (R2)

Chuchuh River (R%)

1 oad Storm Yo load Storm %o 1 vad Storm Yo
{1) (t) storm (t) (1) storm (1) (1) storm

lan-01 737 76 62 02 84 128468 125561 977 8523 963 113
Feb-01 93 57 0 00 404 0 00 1155 0 00
Mar-0' 188 21 2995 159 288 84 27314 946 20 86 284 136
Apr-01 278 63 21502 772 331892 2286 675 325 24 63 758
Mas-01 674 93 117 05 173 33 14 1131 341 69 54 15 33 221
tun-01 431 82 46 27 107 1012 0 00 44 11 519 118
Taf-€H 35 77 0 00 10114 0 00 572 0 0
Auo-Gl 498 27 240 16 48 13 252086 224867 892 74 72 4974 666
Sep 01 2322 0 00 736 73 42726 580 IS 65 4] 00
Oct-01 1003 93 55875 557 368453 247181 671 145 66 [1346 779
Nov-01 1293 3% 7514 581 376685 262561 697 283 1 24195 8B5S
Pec-01 477 77 229 04 479 565 84 12641 223 73 33 4712 643
1an-02 19 01 0 00 913 0 00 547 0 00
I eb-02 15 07 0 00 201 0 00 4 41 0 00
Mar-02 28 34 1584 559 119 0 00 3 88 01 26
Apr-(¥2 697 43 630 83 90 5 87 98 7295 829 59 48 44 71 752
Marn-02 616 93 467 19 757 103 537 8746 8441 5832 3933 674
Tun-02 1557 0 00 313 () 00 4353 0 00
Tul-02 176 44 16217 91 9 27 42 0 00 18 04 1389 770
Aug-02 960 16 905 73 94 3 591 85 39742 672 97 82 727 746
Sep-02 2009 89 185717 92 4 1950 76 0 00 244 57 2122 868
Oct-02 273263 261505 957 172459 1461 88 848 277 83 23478 845
Nov-02 1638 22 1319 64 92 8 121821 1034354 849 175 81 4408 820
De-02 112265 7245 645 71895 59967 834 11152 8829 792
1 otal 15978 73 1114808 698 196889 133223 677 192335 136001 707
Mecean 665 78 464 50 820137 SS510 80 14 56 67

Max 273263 261505 957 3766 85 262561 977 283 1 241 95 86 8
Min 1507 0 0 | 39 0 0 388 0 0]

and deposited in the channel was flushed out by the storms in this month The lowest
monthly suspended sediment load was recorded in March 2002 (3 9 1)

CONCLUSIONS

The variations in runoff and suspended sediment transported 1n the study catchments
show the influence ot anthropogenic activities in the catchment area as well as the
effect of storms This paper shows that there 15 a significant difference in suspended
sedument concentration during the baseflow period compared to that during storm
events Human disturbance, such as quarrying activity, makes sediment available for
transport during a series of storm events Almost 70% of the suspended sedument foad

was transpoited during storms in the study catchments
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